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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sal es office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

Y ou should not ater, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. 'Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific’. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as“ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is“ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home el ectronic appliances, machine tools; persona electronic equipment; and industria robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific™: Aircraft; agrospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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Keep safety first in your circuit designs!

1. Renesas Technology Corp. puts the maximum effort into making semiconductor products
better and more reliable, but there is always the possibility that trouble may occur with
them. Trouble with semiconductors may lead to personal injury, fire or property damage.
Remember to give due consideration to safety when making your circuit designs, with ap-
propriate measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of non-
flammable material or (i) prevention against any malfunction or mishap.

Notes regarding these materials

1. These materials are intended as a reference to assist our customers in the selection of the
Renesas Technology Corp. product best suited to the customer's application; they do not
convey any license under any intellectual property rights, or any other rights, belonging to
Renesas Technology Corp. or a third party.

2. Renesas Technology Corp. assumes no responsibility for any damage, or infringement of
any third-party's rights, originating in the use of any product data, diagrams, charts, pro-
grams, algorithms, or circuit application examples contained in these materials.

3. All information contained in these materials, including product data, diagrams, charts, pro-
grams and algorithms represents information on products at the time of publication of these
materials, and are subject to change by Renesas Technology Corp. without notice due to
product improvements or other reasons. It is therefore recommended that customers con-
tact Renesas Technology Corp. or an authorized Renesas Technology Corp. product dis-
tributor for the latest product information before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.
Renesas Technology Corp. assumes no responsibility for any damage, liability, or other
loss rising from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corp. by vari-
ous means, including the Renesas Technology Corp. Semiconductor home page (http://
www.renesas.com).

4. When using any or all of the information contained in these materials, including product
data, diagrams, charts, programs, and algorithms, please be sure to evaluate all informa-
tion as a total system before making a final decision on the applicability of the information
and products. Renesas Technology Corp. assumes no responsibility for any damage, liabil-
ity or other loss resulting from the information contained herein.

5. Renesas Technology Corp. semiconductors are not designed or manufactured for use in a
device or system that is used under circumstances in which human life is potentially at
stake. Please contact Renesas Technology Corp. or an authorized Renesas Technology
Corp. product distributor when considering the use of a product contained herein for any
specific purposes, such as apparatus or systems for transportation, vehicular, medical,
aerospace, nuclear, or undersea repeater use.

6. The prior written approval of Renesas Technology Corp. is necessary to reprint or repro-
duce in whole or in part these materials.

7. If these products or technologies are subject to the Japanese export control restrictions,
they must be exported under a license from the Japanese government and cannot be im-
ported into a country other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/
or the country of destination is prohibited.

8. Please contact Renesas Technology Corp. for further details on these materials or the
products contained therein.




General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes on the
products covered by this manual, refer to the relevant sections of the manual. If the descriptions under General
Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each other, the description
in the body of the manual takes precedence.

1. Handling of Unused Pins
Handle unused pins in accord with the directions given under Handling of Unused Pins in the manual.
— The input pins of CMOS products are generally in the high-impedance state. In operation with an
unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of LSI, an
associated shoot-through current flows internally, and malfunctions occur due to the false
recognition of the pin state as an input signal become possible. Unused pins should be handled as
described under Handling of Unused Pins in the manual.
2. Processing at Power-on
The state of the product is undefined at the moment when power is supplied.
— The states of internal circuits in the LS| are indeterminate and the states of register settings and pins
are undefined at the moment when power is supplied.
In a finished product where the reset signal is applied to the external reset pin, the states of pins are
not guaranteed from the moment when power is supplied until the reset process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset function
are not guaranteed from the moment when power is supplied until the power reaches the level at
which resetting has been specified.
3. Prohibition of Access to Reserved Addresses
Access to reserved addresses is prohibited.
— The reserved addresses are provided for the possible future expansion of functions. Do not access
these addresses; the correct operation of LS| is not guaranteed if they are accessed.
4. Clock Signals
After applying a reset, only release the reset line after the operating clock signal has become stable.
When switching the clock signal during program execution, wait until the target clock signal has
stabilized.
— When the clock signal is generated with an external resonator (or from an external oscillator) during
a reset, ensure that the reset line is only released after full stabilization of the clock signal. Moreover,
when switching to a clock signal produced with an external resonator (or by an external oscillator)
while program execution is in progress, wait until the target clock signal is stable.
5. Differences between Products
Before changing from one product to another, i.e. to one with a different type number, confirm that the
change will not lead to problems.
— The characteristics of MPU/MCU in the same group but having different type numbers may differ
because of the differences in internal memory capacity and layout pattern. When changing to
products of different type numbers, implement a system-evaluation test for each of the products.




BEFORE USING THIS MANUAL

This user’s manual consists of the following three chapters. Refer to the chapter appropriate to your conditions,
such as hardware design or software development. Chapter 3 also includes necessary information for
systems development. You must refer to that chapter.

1. Organization

e CHAPTER 1 HARDWARE
This chapter describes features of the microcomputer and operation of each peripheral function.

e CHAPTER 2 APPLICATION
This chapter describes usage and application examples of peripheral functions, based mainly on
setting examples of relevant registers.

e CHAPTER 3 APPENDIX

This chapter includes necessary information for systems development using the microcomputer, such
as the electrical characteristics, the notes, and the list of registers.

OFor the mask ROM confirmation form, the ROM programming confirmation form, and the mark
specifications, refer to the “Renesas Technology” Homepage (http://www.renesas.com/en/rom).

2. Structure of register

The figure of each register structure describes its functions, contents at reset, and attributes as follows :

(Note 2)
Bits Bit attributes
(Note 1)
b7 b6 b5 b4 b3 b2 bl bO Contents immediately after reset release
[T To - | | | cpdmode register (cPuM) [Address : 3B14] >\
N (- Name Function At reseQ R:iW
oo ] Processor mode bits Eg"o; - Single-chip mode o [0S
T 1 10: }Not available 0 00
Do e 2 |Stack page selection bit 9:9page 0 |oio
SRRt 3 |Nothing arranged for these bits. These are write disabled 0 [oio
R I~ | bits. When these bits are read out, the contents are “0.” 0 v
[ 4 oo
R 5 [Fix this bit to “0.” 1 Joio
S 6 [Main clock (Xin-Xout) stop bit 9: Gheratine o |oio
b 7 |Internal system clock selection bit |9 Xn-Xeur selected | 0 Joio
[l : Bit in which nothing is arranged [ ] Bitthatis not used for control of the corresponding function
Note 1:. Contents immediately after reset release
0. “0” at reset release
1. “1” at reset release
P Undefined at reset release
[ Contents determined by option at reset release
Note 2: Bit attributes......... The attributes of control register bits are classified into 3 bytes : read-only, write-
only and read and write. In the figure, these attributes are represented as follows :
R....... Read W......Write
o Read enabled O ween Write enabled
O Read disabled [ Write disabled

3. Supplementation
For details of development support tools, refer to the “Renesas Technology” Homepage (http://www.renesas.com).
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HARDWARE

7641 Group DESCRIPTION
DESCRIPTION
The 7641 group is the 8-bit microcomputer based on the 7600 series <Flash memory mode>
core (740 family core compatible) technology. e Power source voltage
The 7641 group is designed for PC peripheral devices, including the At 24 MHz oscillation frequency, @=12 MHz ......... 4.15t05.25V
USB, DMAC, Serial I/0, UART, Timer, Master CPU bus interface and At 24 MHz oscillation frequency, =6 MHz ........... 3.00t0 3.60 V

SO on.

FEATURES

<Microcomputer mode)

e Basic machine-language instructions ............ccccevcveeniiniiicinens 71
o Minimum instruction execution time ...........ccoccceeviieeeniieeene 83 ns

(at 24 MHz oscillation frequency)
e Memory size

ROM 32 Kbytes
RAM L. 1 Kbytes
e Programmable input/output POItS ........cccceevieiiiiiiiienieeieesiiee 66
o Software pull-up reSiStOrs ..........ccoeveerieeiiiniienie e Built-in
® INEEITUPLS ..o 24 sources, 24 vectors

(external 5 including Key input, internal 18, software 1)
e USB function control unit
Transceiver .......cccvevevcveeneeennn, Full-Speed USB2.0 specification
® TIMEIS oot 16-bit O 2 (Timers X, Y)
8-bit 0 3 (Timers 1, 2, 3)
e Serial Interface

Serial IO ..oooiiiiiiiiii e 8-bit 0 1
UART et 8-bit 0 2
@ DMAC ..o 2 channels
o Master CPU bus interface ..........cccoevveiveeiiiiiienieiieeneees 2 bytes
e Special count SoUrce generator ............ccoceeeeeerveeneennnen 8-bit 0 1
® Clock generating CirCUIt ..........ccoceervuierieiiieiiceiee e Built-in

(connect to external ceramic resonator or quartz-crystal oscillator)
e Power source voltage

At 24 MHz oscillation frequency, @ =12 MHz ......... 4.15t05.25V

At 24 MHz oscillation frequency, =6 MHz ........... 3.00t0 3.60 V
e Operating temperature range ..........ccoceeeveereercveeninens —20to 70°C
e Packages

FP o PRQP0080GB-A (80-pin QFP)

HP e PLQPO080KB-A (80-pin LQFP)

e Program/Erase voltage
.................................. Vcc =4.50V1t05.25V, or3.00 Vto 3.60 V
.................................................................. VPP =450V to5.25V
At 24 MHz oscillation frequency, ¢ = 6 MHz (See Table 10.)
e Memory size

FIash ROM .....coiiiiiiiiiiiic e 32 Kbytes
RAM L. 2.5 Kbytes
o Flash memory mode .........cccoccvviieniiiiiciiciceeeee 3 modes

Parallel /O mode
Standard serial I/O mode
CPU rewrite mode
e Programming method ....................... Programming in unit of byte
e Erasing method
Batch erasing
Block erasing
e Program/Erase control by software command
o Command NUMDET .......c.ociiiiiiiiiiiiece e 6 commands
e Number of times for programming/erasing ............cccceecuveneeen. 100
e ROM code protection
Available in parallel I/O mode and standard serial /O mode
e Operating temperature range (at programming/erasing) ..............
...................................................................... Normal temperature

APPLICATION

Audio, musical instrument, printer, scanner, modem, other PC periph-
eral devices

m Notes
The flash memory version cannot be used for application embedded
in the MCU card.
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HARDWARE

PIN CONFIGURATION

PIN CONFIGURATION (TOP VIEW)

64| -a— P20/DBo
[63]-a— P21/DB1

[62] -—~ P22/DB2
[61] -a— P23/DB3

[60] < P24/DB4

[59]| < P25/DBs
[56] < P26/DBs
[57 |- P27/DB7
[56 ] < PO0/ABo
[55] <4 PO1/AB1
[54] < PO02/AB2
[53] - PO3/AB3
[52] <4 P04/ABa
[51]-4— POs/ABs
|50 | <4—~ P06/AB6
[49]<— PO7/AB7
[48] -a— P10/ABs
[47 | <a—» P11/AB9
|46 ] -a—m P12/AB10
[45]<-— P13/AB11
[44]<a— P14/AB12
[43]-a— P15/AB13

[42] <a—» P16/AB14
[41] -4 P17/AB1s

_P74/0BF1 & [65]
P73/IBF1/HLDA

[

P71/HOLD

23]
O

P72/S1

USB D+
USB D-
Ext.Cap
Vss (73]
Vce [74]

P67/DQ7 ~-—

P66/DQ6 ~t—
P65/DQs ~t—m (77|
- [78]

-

-+

-
-
-
P70/SOF e [69]
-
o
<>

P64/DQ4
P63/DQ3
P62/DQ2

BIE
O

o M37641M8-XXXFP

M37641F8FP

EIREEEEER E R EEE|E

0 0 0 5 6 s e 2 5
S QSR FE Z0Z EQ OW O oo Hd o
e LR IR L I
gesgttagllzy 08537
5 e85 g 58 4
i 5
g

10

Package type : PRQPO080GB-A (80P6N-A)

-4 P30/RDY

-4 P31

-+ P32

-4 P33/DMAout
-4 P34/@out

-4 P35/SYNCout
< P36/WR

-4 P37/RD

~ P8o/UTXD2/SRDY
-~ P81/URXD2/SCLK
~&- P82/CTS2/SRXD
& Pg83/RTS2/STXD
~ P84/UTXD1
-4 P85/URXD1
-4 P86/CTS1

- P87/RTS1

Fig. 1 M37641M8-XXXFP, M37641F8FP pin configuration

P73/IBF1/HLDA < [64]

DB2
DB3
DB4
DBs
DBs

60 | < P22
59 | < P23,
[57] < P25
|56 ] <a—m P26

DB7

|55 ] - P27,

/ABo
AB1
AB2
/AB3
AB4
ABs

[54 ] <a— PQo)

[53] < POy,

[52] <a— P02,

[51] - P03,
[50 ] <& P04/

[49] <& P05
[48]-a— P0s/ABs
[47] <& P07/AB7
[46] < P10/ABs
[45] <& P11/ABo
[44] <4 P12/AB10
[43] -a—» P13/AB11
[42] <& P14/AB12
[41] <4 P15/AB13

P21/DB1 -t
P20/DBo <9~
P74/OBF1 -4 [63]

O

P72/S1 < [65]
P71/HOLD - [66]
P70/SOF < [67]
USB D+ < [68]
USB D- < [69)
Ext.Cap <9 [70]

Vss [71]
Vcc @

P67/DQ7 <= [73]
P66/DQ6 < [74]
P65/DQs <4—p [75]
P64/DQ4 <t—p- [76]
P63/DQ3 < [77]
P62/DQ2 <t [78]
P61/DQ1 -t [79
P60/DQo <a—» [80]

O

M37641M8-XXXHP
M37641F8HP

O

4]

P53/|BFo -9 [5 |
P52/0BFo <t [6 |
CNVss/Vep—p[7 |

P57/W/(RIW) <= [

P55/A0 -t 3]

P56/R(E) <t [ 2 |
P54/S0 <t

Package type : PLQPOO80KB-A (80P6Q-A)

[17]

[4]

[15]

P44/CNTR1 < [18]
P43/CNTRo <a—» [19]
P42/INT1 <t [20]

(]
LPF -«— [16]

P51/Tout/XcouT < [9 |

]

XIN — [12]
XouT -— [13]

Vss
Vee
AVcc

RESET—»
AVss

P50/XCIN <a— [10|

[40] < P16/AB14

[30] <« P17/AB1s

[38] <a—m P30/RDY

[37] < P31

[36] < P32

[35] <a—» P33/DMAouT
[34] <a—m P34/pout
[33] <~ P35/SYNCouT
[32] ~a-m- P36/WR

[31] <a-m P37/RD

[30] ~a-m= P80/UTXD2/SRDY
[29] < P81/URXD2/SCLK
[28] ~a= P82/CTS2/SRXD
[27] <4 P83/RTS2STXD
[26] < P84/UTXD1

[25] <« P8s/URXD1

[24] = P86/CTS1

[23] <4 P87/RTS1

[22] <4 P40/EDMA

[21] <& P41/INTo

Fig. 2 M37641M8-XXXHP, M37641F8HP pin configuration
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PIN DESCRIPTION
Table 1 Pin description (1)

Pin Name Function - -
Function except a port function
Vcce, Vss Power source * Apply 4.15V - 5.25 V for 5 V version or 3.00 V — 3.60 V for 3 V version to the Vcc pin. Apply 0 V to the
Vss pin.
CNVss/Vpp | CNVss * This controls the MCU operating mode. Connect this pin to Vss. If connecting this pin to Vcc, the
internal ROM is inhibited. In the flash memory version this pin functions as a VPP power supply input pin.
AVss/AVcc Analog power » These pins are the power supply inputs for analog circuitry.
supply
RESET Reset input * Reset input pin for active “L.”
XIN Clock input » Connect a ceramic resonator or a quartz-crystal oscillator between the XiN and XouT pins to set the
XOUT Clock output oscillation frequency.
« If an external clock is used, connect the clock source to the XIN pin and leave the XouT pin open.
LPF LPF « Loop filter for the frequency synthesizer.
Ext. Cap. 3.3V line power « It is a capacitor connection pin for built-in DC-DC converter. At Vcc=5 V, use built-in DC-DC converter
supply by permitting a USB line driver and connect a capacitor. Refer to "Notes on use" for details. Built-in DC-
DC converter cannot be used at VVcc = 3.3 V. Supply 3.3V power supply to this pin from the externals.
USB D+ USB D+ « USB D+ voltage signal port. Connect a 27 to 33 Q (recommended) resistor in series.
USB D- USB D- * USB D- voltage signal port. Connect a 27 to 33 Q (recommended) resistor in series.
P0o/AB0— « 8-bit 1/0 port.
PO7/AB7 * CMOS compatible input level.
*« CMOS 3-state output structure.
« I/O direction register allows each pin to be individually programmed as either input or output.
* When connecting an external memory, these function as the address bus.
P1lo/ABs— 1/0 port PO « 8-bit 1/O port.
P17/AB15 « CMOS compatible input level.
*« CMOS 3-state output structure.
« I/O direction register allows each pin to be individually programmed as either input or output.
* When connecting an external memory, these function as the address bus.
P20/DBo- 1/0 port P1 « 8-bit 1/0 port.  Key-on wake-up interrupt input pin
P27/DB7 * CMOS compatible input level or VIHL input level.
*« CMOS 3-state output structure.
« I/O direction register allows each pin to be individually
programmed as either input or output.
« When connecting an external memory, these function as
the data bus.
P30/RDY, I/0 port P2 * 8-bit I/O port. « External memory control pin
P31, P32, * CMOS compatible input level.
VO port P3 *« CMOS 3-state output structure.
P33/DMAOUT, o h . R
« I/O direction register allows each pin to be individually
P34/gour, programmed as either input or output.
P35/SYNCouT, * When connecting an external memory, these function as
P36/WR the control bus.
P37/RD
P40/EDMA, |(See Remarks.) * 8-bit I/O port. « External memory control pin
* CMOS compatible input level. « External interrupt pin
P4/INTo, * CMOS 3-state output structure. ptp
P42/INT1, « 1/0 direction register allows each pin to be individually
P43/CNTRo, programmed as either input or output. . « Timer X, Timer Y pin
P44/CNTR1 * When connecting an external memory, these function as
the control bus.
P50/XCIN, I/0 port P4 * 8-bit I/O port. « Sub-clock generating input pin
* CMOS compatible input level. T -
izégf vt/ * CMOS 3-state output structure. Timers 1, 2 pulse gutput pins )

’ « 1/O direction register allows each pin to be individually * Sub-clock generating output pin
P52/0OBFo, programmed as either input or output. * Master CPU bus interface pin
P53/IBFo, * When enabling the Master CPU bus interface function,

P54/So CMOS or TTL input level can be selected as an input.
P5s/A0,

P56/R(E),

P57/W(R/W)
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Table 2 Pin description (2)

Pin Name Function - -
Function except a port function
P60/DQo— 1/0 port P5 « 8-hit 1/0 port. » Master CPU bus interface pin
P67/DQ7 * CMOS compatible input level.
* CMOS 3-state output structure.
« I/O direction register allows each pin to be individually
programmed as either input or output.
* When enabling the bus interface function, CMOS or TTL
input level can be selected as its input.
P70/SOF, 1/10 port P6 * 5-bit I/0O port. « USB function pin
HOI D * CMOS compatible input level. : :
P71/HOLD, .
_ *« CMOS 3-state output structure. Master CPU bus interface pin
P72/S1, « I/O direction register allows each pin to be individually
P73/IBF1/ programmed as either input or output.
HLDA,
P74/0BF1
P80/UTXD2/ |I1/O port P7 * 8-bit 1/0 port. « Serial 1/0 pin
SRDY, /O port P8 * CMOS compatible input level. « UART2 pin
P81/URXD2/ * CMOS 3-state output structure.
SCLK, « 1/O direction register allows each pin to be individually pro-
P82/CTSa/ grammed as either input or output.
SRXD,
P83/RTS2/
STXD,
P84/UTXD1, * UART1 pin
P85/URXD1,
P86/CTS1,
P87/RTS1
Remarks
«DMAOUT pin

If externally detecting the timing of DMA execution, use the signal from this pin. It is “H” level during DMA transferring. This signal is valid in the memory expansion
and microprocessor modes.

*SYNCouT pin

If externally detecting the timing of OP code fetch, use the signal from this pin. This signal is valid in the memory expansion and microprocessor modes.

Rev.2.00 Aug 28, 2006 page 6 of 113 RENESAS
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PART NUMBERING

Product M37641 M 8 — XXX FP

Package type
FP: PRQP0080GB-A package
HP: PLQPO08BOKB-A package

ROM number
Omitted in Flash memory version.

—— - Standard
Omitted in Flash memory version.

ROM size/ Flash memory size
8: 32768 bytes

The first 128 bytes and the last 4 bytes of ROM

are reserved areas; they cannot be used.

In the flash memory version, these areas can be used for program
and erase.

Memory type
M: Mask ROM version
F: Flash memory version

RAM size
M37641M8: 1024 bytes
M37641F8 : 2560 bytes

Fig. 4 Part numbering
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7641 Group GROUP EXPANSION
GROUP EXPANSION Packages
Mitsubishi plans to expand the 7641 group as follows. PRQPO0O80GB-A ........ccceeviiiies 0.8 mm-pitch plastic molded QFP
PLQPOO08OKB-A ......ccevveeieenne 0.5 mm-pitch plastic molded LQFP

Memory Type

Supports for mask ROM and flash memory versions.

Memory Size

ROM SIZE ..ottt 32 Kbytes
RAM SIZE ..ot 1024 to 2560 bytes
Memory Expansion Plan
ROM size (bytes)
ROM r---r-———r-"—""r=-—""Tr-"""T-"~"°"T-"~""T-"-"-"7--"="73=="="73="="="A==7=°2A=°=7"7
external T S Y S S S B
60K o bom b bkl
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1
1) S I U U, U, SO UL U SOPUNL UL SO
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
32K f---r---r---r---+ CM37641M8D > 1 - --+---CM37641F8
S R T R e e S
1 1 1 1 1 1 1 1 1 1 1 1 1
2BK F===F===F===F==—ft-———f ===t ———f=——f——— == —g——— === - ==
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1
2K F===F—=—=—F—=——fF———fp———fpmmmpmm—f———————— = === === ===
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1
L e e o i e
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1
S e e e
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1
R it St et Stk el S it ittt it Sl
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1
O T e
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1
384 512 640 768 896 1024 1152 1280 1408 1536 2048 3072 4032
RAM size (bytes)
Products under development or planning: the development schedule and specification may
be revised without notice.

Fig. 5 Memory expansion plan

Currently planning products are listed below.

Table 3 Support products As of Aug. 2006
ROM size (bytes) RAM size
Product name ROM size for User in ( ) (bytes) Package Remarks

M37641M8-XXXFP 32768 (32636) 1024 PRQPO0O080GB-A | Mask ROM version

M37641M8-XXXHP PLQPO080KB-A

M37641F8FP 32768 2560 PRQPO080GB-A | Flash memory version

M37641F8HP PLQPO080KB-A
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FUNCTIONAL DESCRIPTION

CENTRAL PROCESSING UNIT (CPU)

The 7641 group uses the standard 7600 series instruction set. Refer
to the 7600 Series Software Manual for details on the instruction set.
The 7600 series has an upward compatible instruction set, of which
instruction execution cycles are shortened, for 740 series.

[Accumulator (A)]
The accumulator is an 8-bit register. Data operations such as data
transfer, etc., are executed mainly through the accumulator.

[Index Register X (X)]

The index register X is an 8-bit register. In the index addressing modes,
the value of the OPERAND is added to the contents of register X and
specifies the real address.

[Index Register Y (Y)]

The index register Y is an 8-bit register. In partial instruction, the
value of the OPERAND is added to the contents of register Y and
specifies the real address.

[Stack Pointer (S)]

The stack pointer is an 8-bit register used during subroutine calls
and interrupts. This register indicates start address of stored area
(stack) for storing registers during subroutine calls and interrupts.
The low-order 8 bits of the stack address are determined by the con-
tents of the stack pointer. The high-order 8 bits of the stack address
are determined by the stack page selection bit. If the stack page
selection bit is “0” , the high-order 8 bits becomes “0016". If the stack
page selection bit is “1”, the high-order 8 bits becomes “0116”.

The operations of pushing register contents onto the stack and pop-
ping them from the stack are shown in Figure 7.

Store registers other than those described in Figure 7 with program
when the user needs them during interrupts or subroutine calls.

[Program Counter (PC)]

The program counter is a 16-bit counter consisting of two 8-bit regis-
ters PCH and PCL. It is used to indicate the address of the next in-
struction to be executed.

b7 b0
A Accumulator
b7 b0
X Index register X
b7 b0
Y Index register Y
b7 b0
S Stack pointer
b15 b8 b7 b0
PCH PCL Program counter
b7 b0
N[(V[T|B|D|I|Z|C| Processor status register (PS)
L Carry flag
Zero flag
Interrupt disable flag
Decimal mode flag
Break flag
Index X mode flag
Overflow flag
Negative flag
Fig. 6 7600 series CPU register structure
Rev.2.00 Aug 28,2006 page 9 of 113 RENESAS
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|On-going Routine|

Interrupt request
(Note)

—

Execute JSR

[
[ M(S)«(PCH) |

Execu{e RTS

Push return address
on stack

POP return

address from stack

M (S) <« (PCH)

Push return address
on stack

Push contents of processor
status register on stack

Interrupt
Service Routine

| Flag is set from “0” to “1”

[

Execute RTI

Fetch the jump vector

|

)« +1
(PS) €« M (S)
S« +1

(PCL< M (S)
O« +1
(PCH)< M (S)

Note: Condition for acceptance of an interrupt —» Interrupt enable flag is “1”
Interrupt disable flag is “0”

POP contents of
processor status
register from stack

POP return
address
from stack

Fig. 7 Register push and pop at interrupt generation and subroutine call

Table 4 Push and pop instructions of accumulator or processor status register

Push instruction to stack

Pop instruction from stack

Accumulator PHA PLA
Processor status register PHP PLP
Rev.2.00 Aug 28, 2006 page 10 of 113 RENESAS
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[Processor status register (PS)]

The processor status register is an 8-bit register consisting of 5 flags
which indicate the status of the processor after an arithmetic opera-
tion and 3 flags which decide MCU operation. Branch operations can
be performed by testing the Carry (C) flag , Zero (Z) flag, Overflow
(V) flag, or the Negative (N) flag. In decimal mode, the Z, V, N flags
are not valid.

*Bit 0: Carry flag (C)
The C flag contains a carry or borrow generated by the arithmetic
logic unit (ALU) immediately after an arithmetic operation. It can
also be changed by a shift or rotate instruction.

*Bit 1: Zero flag (2)
The Z flag is set if the result of an immediate arithmetic operation
or a data transfer is “0”, and cleared if the result is anything other
than “0”.

*Bit 2: Interrupt disable flag (1)
The | flag disables all interrupts except for the interrupt
generated by the BRK instruction.
Interrupts are disabled when the | flag is “1".

*Bit 3: Decimal mode flag (D)
The D flag determines whether additions and subtractions are
executed in binary or decimal. Binary arithmetic is executed when
this flag is “0”; decimal arithmetic is executed when it is “1”.
Decimal correction is automatic in decimal mode. Only the ADC

«Bit 4: Break flag (B)
The B flag is used to indicate that the current interrupt was
generated by the BRK instruction. The BRK flag in the processor
status register is always “0”. When the BRK instruction is used to
generate an interrupt, the processor status register is pushed
onto the stack with the break flag set to “1”.

«Bit 5: Index X mode flag (T)
When the T flag is “0”, arithmetic operations are performed
between accumulator and memory. When the T flag is “1”, direct
arithmetic operations and direct data transfers are enabled
between memory locations.

*Bit 6: Overflow flag (V)
The V flag is used during the addition or subtraction of one byte
of signed data. It is set if the result exceeds +127 to -128. When
the BIT instruction is executed, bit 6 of the memory location
operated on by the BIT instruction is stored in the overflow flag.

«Bit 7: Negative flag (N)
The N flag is set if the result of an arithmetic operation or data
transfer is negative. When the BIT instruction is executed, bit 7 of
the memory location operated on by the BIT instruction is stored
in the negative flag.

Table 5 Set and clear instructions of each bit of processor status register

C flag Z flag | flag D flag B flag T flag V flag N flag
Set instruction SEC - SEI SED - SET - -
Clear instruction CLC - CLI CLD - CLT CLV -
Rev.2.00 Aug 28,2006 page 11 of 113 RENESAS
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[CPU Mode Registers A, B (CPUMA, CPUMB)] 000016, 000116

The CPU mode register contains the stack page select bit and the

CPU operating mode select bit and so on.

m Notes
Do not use the microprocessor mode in the flash memory version.

The CPU mode registers are allocated at address 000016, 000116.

b7 b0

CPU mode register A (address 000016)
CPMA

Processor mode bits
b1b0
0 0: Single-chip mode
0 1: Memory expansion mode
1 0: Microprocessor mode (Note 1)
1 1: Not available
Stack page select bit
0: Page 0
1: Page 1
Fix to “1".
Sub-clock (Xcin-XcouT) control bit
0: Stopped
1: Oscillating
Main clock (XIN-XouT) control bit
0: Oscillating
1: Stopped
Internal system clock select bit (Note 2)
0: External clock (XIN-XouT or XCIN-XcouT)
1: fsyn
External clock select bit
0: XiN-XouT
1: XcIN-XcouT

Notes 1: This is not available in the flash memory version.
2: When (CPMA 6, 7) = (0, 0), the internal system clock can be selected
between f(XIN) or f(XiN)/2 by CCRY7.

The internal clock @is the internal system clock divided by 2.

b7 b0

CPU mode register B (address 000116)
CPMB

Slow memory wait select bits

b1b0

0 0: No wait

0 1: One-time wait

1 0: Two-time wait

1 1: Three-time wait
Slow memory wait mode select bits

b3b2

0 0: Software wait

0 1: Not available

1 0: RDY wait

1 1: Software wait plus RDY input anytime wait
Expanded data memory access bit

0: EDMA output disabled

1: EDMA output enabled
HOLD function enable bit

0: HOLD function disabled

1: HOLD function enabled
Resereved bit (“0” at read/write)
Fix to “1”.

Fig. 8 Structure of CPU mode register
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MEMORY

Special Function Register (SFR) Area

The Special Function Register area in the zero page contains control
registers such as I/O ports and timers.

RAM

RAM is used for data storage and for stack area of subroutine calls
and interrupts.

ROM

The first 128 bytes and the last 4 bytes of ROM are reserved for
device testing and the rest is user area for storing programs. In the
flash memory version, program and erase can be performed in the
reserved area.

Interrupt Vector Area
The interrupt vector area contains reset and interrupt vectors.

Zero Page
Access to this area with only 2 bytes is possible in the zero page
addressing mode.

Special Page
Access to this area with only 2 bytes is possible in the special page
addressing mode.

Refer to page 74 for the memory map of memory expansion and
microprocessor modes.

RAM area
RAM size Address
(bytes) XXXX16
M37641M8 1024 046F16
M37641F8 2560 0A6F16

SIZE: 32768 bytes

000016
SFR area
007016
Zero page
010016 == ===================s=sd
XXXX16
Reserved area (Note 1)
100016 [ 77777 T TIT TR
Not used
[ 800016[~=======================
Reserved ROM area
(128 bytes)
808016
FFO0016 7]
(Note 2)
FFC916 . SFRarea
FFCA16 i
Interrupt vector area Special page
FFFC1e
Reserved ROM area
|l FFFFie
Notes 1: Reserved area in M37641F8.
2: SFR area in M37641F8.

Fig. 9 Memory map diagram
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000016 | CPU mode register A (CPUA) 003816 |UART2 mode register (U2MOD)
000116 | CPU mode register B (CPUB) 003916 |UART2 baud rate generator (U2BRG)
000216 | Interrupt request register A (IREQA) 003A16 |UART?2 status register (U2STS)
0003:1s | Interrupt request register B (IREQB) 003B16 |UART?2 control register (U2CON)
0004416 | Interrupt request register C (IREQC) 003C16 [UART2 transmit/receive buffer register 1 (U2TRB1)
000516 | Interrupt control register A (ICONA) 003D16 [UART2 transmit/receive buffer register 2 (U2TRB2)
000616 | Interrupt control register B (ICONB) 003E1s |UART2 RTS control register (U2RTSC)
000716 | Interrupt control register C (ICONC) 003F16 [DMAC index and status register (DMAIS)
000816 | Port PO (PO) 004016 |DMAC channel x mode register 1 (DMAXx1)
000916 | Port PO direction register (POD) 004116 |DMAC channel x mode register 2 (DMAXx2)
000Az1s6 | Port P1 (P1) 004216 | DMAC channel x source register Low (DMAXSL)
000B16 | Port P1 direction register (P1D) 004316 |DMAC channel x source register High (DMAxSH)
000Cis | Port P2 (P2) 004416 |DMAC channel x destination register Low (DMAxDL)
000D16 | Port P2 direction register (P2D) 004516 |DMAC channel x destination register High (DMAxDH)
000Ez1s | Port P3 (P3) 004616 [DMAC channel x transfer count register Low (DMAXCL)
000F16 | Port P3 direction register (P3D) 004716 [DMAC channel x transfer count register High (DMAXCH)
001016 | Port control register (PTC) 004816 |Data bus buffer register 0 (DBBO0)
001116 | Interrupt polarity select register (IPOL) 004916 |Data bus buffer status register 0 (DBBS0)
001216 | Port P2 pull-up control register (PUP2) 004A16 | Data bus buffer control register 0 (DBBCO0)
001316 | USB control register (USBC) 004B16 |Resereved (Note 1)
001416 | Port P6 (P6) 004C16 [Data bus buffer register 1 (DBB1)
001516 | Port P6 direction register (P6D) 004D16 [Data bus buffer status register 1 (DBBS1)
001616 | Port P5 (P5) 004E16 | Data bus buffer control register 1 (DBBC1)
001716 | Port P5 direction register (P5D) 004F16 [Resereved (Note 1)
001816 | Port P4 (P4) 005016 |USB address register (USBA)
001916 | Port P4 direction register (P4D) 005116 |USB power management register (USBPM)
001As6 | Port P7 (P7) 005216 [USB interrupt status register 1 (USBIS1)
001B1s | Port P7 direction register (P7D) 005316 |USB interrupt status register 2 (USBIS2)
001C16 | Port P8 (P8) 005416 |USB interrupt enable register 1 (USBIE1)
001D16 | Port P8 direction register (P8D) 005516 |USB interrupt enable register 2 (USBIE2)
001E1s | Resereved (Note 1) 005616 |USB frame number register Low (USBSOFL)
001F16 | Clock control register (CCR) 005716 [USB frame number register High (USBSOFH)
002016 | Timer XL (TXL) 005816 |USB endpoint index register (USBINDEX)
002116 | Timer XH (TXH) 005916 |USB endpoint x IN control register (IN_CSR)
002216 | Timer YL (TYL) 005A16 |USB endpoint x OUT control register (OUT_CSR)
002316 | Timer YH (TYH) 005B16 |USB endpoint x IN max. packet size register (IN_MAXP)
002416 | Timer 1 (T1) 005C16 |USB endpoint x OUT max. packet size register (OQUT_MAXP)
002516 Timer 2 (T2) 005D16 [USB endpoint x OUT write count register Low (WRT_CNTL)
002616 | Timer 3 (T3) 005E16 |USB endpoint x OUT write count register High (WRT_CNTH)
002716 | Timer X mode register (TXM) 005F16 |USB endpoint FIFO mode register (USBFIFOMR)
002816 | Timer Y mode register (TYM) 006016 |USB endpoint 0 FIFO (USBFIFO0)
002916 | Timer 123 mode register (T123M) 006116 |USB endpoint 1 FIFO (USBFIFO1)
002A16 | Serial I/O shift register (SIOSHT) 006216 |USB endpoint 2 FIFO (USBFIFO2)
002B16 | Serial 1/0 control register 1 (SIOCON1) 006316 |USB endpoint 3 FIFO (USBFIFO3)
002Cas6 | Serial I/O control register 2 (SIOCON2) 006416 |USB endpoint 4 FIFO (USBFIFO4)
002D16 | Special count source generator 1 (SCSG1) 006516 |Resereved (Note 1)
002E16 | Special count source generator 2 (SCSG2) 006616 |Resereved (Note 1)
002F16 | Special count source mode register (SCSGM) 006716 |Resereved (Note 1)
003016| UART1 mode register (ULMOD) 006816|Resereved (Note 1)
003116| UARTL1 baud rate generator (U1BRG) 006916|Resereved (Note 1)
003216| UARTL status register (ULSTS) 006A16|Flash memory control register (FMCR) (Note 2)
003316| UARTL1 control register (ULCON) 006B16|Resereved (Note 1)
003416| UART1 transmit/receive buffer register 1 (ULTRB1) | 006Cis|Frequency synthesizer control register (FSC)
003516 UART1 transmit/receive buffer register 2 (U1ITRB2) | 006Dis|Frequency synthesizer multiply register 1 (FSM1)
003616) UART1 RTS control register (UIRTSC) 006E16 |Frequency synthesizer multiply register 2 (FSM2)
003716] Resereved (Note 1) 006F16|Frequency synthesizer divide register (FSD)
FFC916| ROM code protect control register (ROMCP) (Note 3)|
Notes 1: Do not write any data to this addresses, because these areas are reserved.
2: This area is reserved in the mask ROM version.
3: This area is on the ROM in the mask ROM version.

Fig. 10 Memory map of special function register (SFR)
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I/O PORTS

Direction Registers

The 1/0 ports PO-P8 have direction registers which determine the
input/output direction of each individual pin. Each bit in a direction
register corresponds to one pin, each pin can be set to be input port
or output port.

When “0” is written to the bit corresponding to a pin, that pin be-
comes an input pin. When “1” is written to that bit, that pin becomes
an output pin.

If data is read from a pin set to output, the value of the port output
latch is read, not the value of the pin itself. Pins set to input are float-
ing. If a pin set to input is written to, only the port output latch is
written to and the pin remains floating.

Slew Rate Control

By setting bits O to 5 of the port control register (address 001016) to
“1”, slew rate control is enabled. VIHL or CMOS level can be used as
a port P2 input level; CMOS or TTL level can be used as an input
level of master CPU bus interface.

Pull-up Control

By setting the port P2 pull-up control register (address 001216), pull-
up of each pin of port P2 can be controlled with a program.
However, the contents of port P2 pull-up control register do not affect
ports programmed as the output ports but as the input ports.

| | | | | | | | Port control register (address 001016)
PTC

Port PO to P3 slew rate control bit (Note 1)
0: Disabled
1: Enabled

Port P4 slew rate control bit (Note 1)
0: Disabled
1: Enabled

Port P5 slew rate control bit (Note 1)
0: Disabled
1: Enabled

Port P6 slew rate control bit (Note 1)
0: Disabled
1: Enabled

Port P7 slew rate control bit (Note 1)
0: Disabled
1: Enabled

Port P8 slew rate control bit (Note 1)
0: Disabled
1: Enabled

Port P2 input level select bit
0: Reduced VIHL level input (Note 2)
1: CMOS level input

Master CPU bus input level select bit
0: CMOS level input
1: TTLlevel input

b7 b0
| | | | | | | | | Port P2 pull-up control register
(address 001216) PUP2

Port P20 pull-up control bit
0: Disabled
1: Enabled

Port P21 pull-up control bit
0: Disabled
1: Enabled

Port P22 pull-up control bit
0: Disabled
1: Enabled

Port P23 pull-up control bit
0: Disabled
1: Enabled

Port P24 pull-up control bit
0: Disabled
1: Enabled

Port P25 pull-up control bit
0: Disabled
1: Enabled

Port P26 pull-up control bit
0: Disabled
1: Enabled

Port P27 pull-up control bit
0: Disabled
1: Enabled

Notes 1: The slew rate function can reduce di/dt by modifying an internal
buffer structure.
2: The characteristics of VIHL level is basically the same as that of
TTL level. But, its switching center point is a little higher than
TTL'’s. Refer to section “Recommended operating conditions”.

Fig. 11 Structure of port control and port P2 pull-up control
registers
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Table 6 List of I/O port function

Pin Name Input/Output 1/0 format Non-port function Related SFRs Ref. No,
POo/ABo- Port PO Input/Output, | CMOS input level Lower address CPU mode register A 1)
PO7/AB7 individual bits | cMOS 3-state output output Port control register
P1o/ABs— Port P1 Higher address
P17/AB15 output
P20/DBo— Port P2 _CMOS input level/VIHL Data bus I/O CPU mode register A )
P27/DB7 input level Port control register

CMOS 3-state output Port P2 pull-up control
register
P30/RDY- Port P3 CMOS input level Control signal 1/0 CPU mode register A (D)
P37/RD CMOS 3-state output CPU mode register B
P40/EDMA, Port P4 Port control register (3)
P41/INTo, Control signal 1/0 CPU mode register A (4)
P42/INT1, External interrupt CPU mode register B (%)
P43/CNTRo, Port control register
P44/CNTR1 Timer X mode register
Timer Y mode register
Interrupt polarity select register
P50/XCIN, Port P5 CMOS input level Timer 1,_Timer 2 CPU mode register A (6)
P51/Tout/ CMOS 3-state output output pin Port control register (@)
Xcout Sub-clock generat- | cjock control register
ing input pin i i
Timer 123 mode register
P52/0OBFo, CMOS input level Master CPU bus Data bus buffer control (8)
P53/IBFo, CMOS 3-state output interface 1/O pin register 0 _ 9)
P54/S0, CMOS input level/TTL Port control register (10)
P55/A0 input level in Master
" CPU bus inferface
PSe/R(E), function
P57/W(R/W)
P60/DQo— Port P6 CMOS input level/TTL Master CPU bus Data bus buffer control (12)
P67/DQ7 input level interface 1/0 pin register 0
CMOS 3-state output Port control register
P70/SOF, Port P7 CMOS input level U_SB function output | USB control register (12)
CMOS 3-state output pin Port control register
P71/HOLD, CMOS input level Control signal 1/0 Data bus buffer control (13)
P72/S1, CMOS 3-state output Master CPU bus register 1 (14)
P73/IBF1/ CMOS input level/TTL interface 1/0 pin Port control register (15)
HLDA, input level in Master CPU mode register B (16)
P74/0BF1 CPU bus inferface
function
P80/UTXD2/ Port P8 CMOS input level Serial I/O 1/0 pin UART1, 2 control registers a7)
SRDY, CMOS 3-state output UART2 I/O pin Serial /O control register 1 | (18)
ggll_/ERXDZ/ UARTL1 I/O pin Serial I/O control register 2 | (19)

! Port control register (20)
P82/CTS2/

SRXD, (21)
P83/RTS2/ (22)
STXD, (23)
P84/UTXD1, (24)
P85/URXD1,

P86/CTS1,

P87/RTS1

Notes 1: For details of the ports functions in modes other than single-chip mode, and how to use double-function ports as function I1/O ports, refer to the applicable

sections.

2: Make sure that the input level at each pin is either 0 V or Vcc during execution of the STP instruction.
When an input level is at an intermediate potential, a rush current will flow from Vcc to Vss through the input-stage gate.
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(1) Ports PO, P1, P3

. Direction
register

(2) Por

Data bus —4-= Port latch |

Data bus

(3) Port P4o

Expanded data ——
memory access bit

Direction
register

Key in

(4) Por

tP2

Direction
register

terrupt input

ts P41, P42

Direction
register

Port latch

S
Data bus —¢-»|
% —O
Data bus —{+{ Portiatch % == %ﬂj

Port latch

E=d
P2 pull-up jj E

Y

a

=
Spe

}

EDMA signal ————| >——

(5) Ports P43, P44

Timer count enabled
Pulse output mode selected

—= Direction
register

(6) Por

Sub-clock (XCIN-XCOUT) stop bit —

Direction
register

4D*‘ Data bus —¢

Data bus —¢= Port latch 11}

t P50

ﬂ Port latch L

N
INTO, INT1 interrupt input <—@—

}

)

Timers X, Y output ———| >———

CNTRo, CNTR1 input ,_@7

XCIN input <—<17'7

;

Fig. 12 Port block diagram (1)
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(7) Port P51

(8) Port P52

XcourT oscillation drive disable bit —OD_
Sub-clock (XCIN-XCOUT) stop bit  —1 | OBFo output enable bit
TOUT output control bit —ODA N
Direction Direction
L S [ — gl Ham et
N o b [
Data bus — 1 —] Data bus —1 Port latch P —
!
- ¥
Timer 1, 2 output —{>— 9\/}
XCOUT output — > OBFo output ——— | >——
(9) Port P53 (10) Ports P54 to P57
IBFO output enable bit — Master CPU bus
interface enable bit
Direction ) > Direction )
register — > register — —D_|
b e | S N
Data bus —¢ Port latch > —| Data bus— Port latch _|
N E} |
J— Master CPU bus <—@;
IBFo output % functions input 0
(11) Port P6 (12) Port P70
Write to Master CPU bus interface — .
So- USB SOF port select bit
S1
Read from Master CPU bus interface : :
_ Direction SN
register L _D—|
Direction
register 1 —O
O Data bus H»ﬁ Port latch |- 4D_|
Data bus — = Portiatch
<
Read from Master CPU bus SOF signal
interface
S1
- 0: Ports P54 to P57 functions
§) Pin name | Functions
Write to Master CPU P54 So
t:éis nterface P55 Ao
! P56 R(E)
P57 W(R/W)
+—H__pBBINO |
< DBBIN1 \@
Fig. 13 Port block diagram (2)
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(13) Port P71 (14) Port P72
HOLD function enable bit

Data bus buffer function select bit

Direction
register

—O —O
Data bus — Data bus — :[)0%
HOLD function Data bus buffer
enable bit o function select bit
N N
FIOLD —= <z} S T
(15) Port P73 (16) Port P74

OBF1 output enable bit :D

Data bus buffer function select bit

IBF1 output enable bit Direction
Data bus buffer function :D— ™ register

select bit HOLD function

enable bit O
Direction Jl
h Dat -
_+ register ata bus Port latch > %

Data bus —t*{ Port latch 1> : E
N

E OBF1 output ——— >——
N
ﬁoutput —&
HLDA —3>—
(17) Port P8o (18) Port P81

SRDY output select bit (Serial 1/0) Internal synchronous clock select bits
i it —1 Serial I/O port select bit . .
(UART2) Transmit enable bit SPI mode select bit p (UART2) Receive enable bit
4 (UART2) Receive enable bit
-©-
Direction Direction
register register

Data bus —¢=| Port latch l/l ‘ Data bus —={ Port latch ‘

(Serial I/0) Internal

synchronous clock
E L select bits
|
~N N

L~

-

SRDY output 1> L/
(UART2) UTXD2 output E | Serial I/O clock output -
SPI mode select bit (UART2) Receive enable bit
Control for SPI (UART2) URXD2 input

compatible mode

Serial I/O clock input

Fig. 14 Port block diagram (3)
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(19) Port P82 (20) Port P83 STXD output channel E
(Serial 1/0) SRXD input enable bit% Transmit completed signal control bit
(UART2) CTS function enable bit Serial /0 port select bit

Data bus 7*‘ Port latch

Direction )
™ register — —
O (UART2) RTS function enab?e blt-
ﬂ—{ | Direction
register

Y

E Data bus —»—{ Port latch

N

(UART2) CTS function enable bit E
(UART2) CTS2 input ~

(Serial 1/0) SRXD input (Serial I/0) STXD output 1
(UART2) RTS2 input

(21) Port P84 (22) Port P85

(UART1) Transmit enable bit

(UART1) Receive enable bit —
Direction Direction
register register

e B o b N
Data bus —-= Port latch % W Data bus —-=| Port latch 1> 42)0—1

] ]

<d

(UART1) UTXD1 output %ﬁ (UART1) URXD1 input

VN

(23) Port P86 (24) Port P87

(UART1) RTS function enable bit

Direction
—D_1 register

i )

(UART1) CTS1 input « \@ (UART1) RTS1 output — >——

(UART1) CTS function enable bit

Direction
register

Data bus HF»Q Port latch

;%gﬁ
v%gﬁ
;

Fig. 15 Port block diagram (4)
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INTERRUPTS

There are twenty-four interrupt sources: five externals, eighteen
internals, and one software.

Interrupt Control

Each interrupt except the BRK instruction interrupt has both an Inter-
rupt Request Bit and an Interrupt Enable Bit, and is controlled by the
Interrupt Disable Flag (). An interrupt occurs if the corresponding
Interrupt Request and Enable Bits are “1” and the Interrupt Disable
Flag is “0".

Interrupt Enable Bits can be set or cleared by software. Interrupt Re-
quest Bits can be cleared by software, but cannot be set by software.
Additionally, an active edge of INT1 and INT2 can be selected by
using the interrupt edge select register (address 001116); an active
edge of CNTRo can be done by using the timer X mode register
(address 002716); an active edge of CNTR1 can be done by using
the timer Y mode register (address 002816).

The BRK instruction interrupt and reset cannot be disabled with any
flag or bit. The | Flag disables all interrupts except the BRK instruc-
tion interrupt and reset. If several interrupts requests occur at the
same time, the interrupt with the highest priority is accepted first.

Interrupt Operation
When an interrupt request occurs, the following operations are auto-
matically performed:
1. The processing being executed is stopped.
2. The contents of the program counter and processor status reg-
ister are automatically pushed onto the stack.
3. The Interrupt Disable Flag is set and the corresponding in-
terrupt request bit is cleared.
4. The interrupt jump destination address is read from the vector
table into the program counter.

mNotes
When setting the followings, the interrupt request bit may be set to
“1".
*When setting external interrupt active edge
Related register: Interrupt polarity select register (address 001116)
Timer X mode register (address 002716)
Timer Y mode register (address 002816)

When not requiring for the interrupt occurrence synchronized with

these setting, take the following sequence.

OSet the corresponding Interrupt Enable Bit to “0” (disabled).

OSet the Interrupt Edge Select Bit (Active Edge Switch Bit).

OSet the corresponding Interrupt Request Bit to “0” after 1 or more
instructions have been executed.

OSet the corresponding Interrupt Enable Bit to “1” (enabled).

Interrupt request bit ——
Interrupt enable bit —

Interrupt disable flag (I) ———O|

BRK instruction
Reset

Interrupt request

Fig. 16 Interrupt control
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Table 7 Interrupt vector addresses and priority

Vector Addresses (Note 1)

Interrupt Request

Interrupt Source | Priority High Low Generating Conditions Remarks
Reset (Note 3) 1 FFFB16 FFFA16 At reset Non-maskable
USB function 2 FFF916 FFF816 (Note 2)
USB SOF 3 FFF716 FFF616 At reception of SOF packet
INTo 4 FFF516 FFF416 At detection of either rising or falling edge of | External interrupt
INTo intput (active edge selectable)
INT1 5 FFF316 FFF216 At detection of either rising or falling edge of | External interrupt
INT1 input (active edge selectable)
DMACO 6 FFFli6 FFFO16 At completion of DMACO transfer
DMAC1 7 FFEF16 FFEE16 At completion of DMAC1 transfer
UART1 receive 8 FFED16 FFEC16 At completion of UART1 reception
buffer full
UART1 transmit 9 FFEB16 FFEA16 At completion of UART1 transmission
UART1 10 FFE916 FFE816 At detection of UART1 summing error
summing error
UART?2 receive 1 FFE716 FFE616 At completion of UART2 reception
buffer full
UART2 transmit | 12 FFE516 FFE416 At completion of UART2 transmission
UART2 13 FFE316 FFE216 At detection of UART2 summing error
summing error
Timer X 14 FFEl16 FFEO16 At timer X underflow
Timer Y 15 FFDF16 FFDE16 At timer Y underflow
Timer 1 16 FFDD16 FFDC16 At timer 1 underflow
Timer 2 17 FFDB16 FFDA16 At timer 2 underflow
Timer 3 18 FFD916 FFD816 At timer 3 underflow
CNTRo 19 FFD716 FFD616 At detection of either rising or falling edge of | External interrupt
CNTRo input (active edge selectable)
CNTR1 20 FFD516 FFD416 At detection of either rising or falling edge of | External interrupt
CNTR1 input (active edge selectable)
Serial I/0 21 FFD316 FFD216 At completion of serial I/O transmission/re-
ception
Input buffer full 22 FFD116 FFDO16 At writing to input data bus buffer
Output buffer 23 FFCF16 FFCE16 At reading from output data bus buffer
empty
Key input (Key- 24 FFCD16 FFCC16 At falling of port P2 input logical level AND External interrupt
on wake-up) (falling valid)
BRK instruction 25 FFCB16 FFCA16 At BRK instruction execution Non-maskable software interrupt

Notes 1: Vector addresses contain interrupt jump destination addresses.
2: USB function interrupt occurs owing to an interrupt request of the endpoint x (x = 0 to 4) IN, endpoint x OUT, overrun/underrun, USB reset or suspend/

resume.

3: Reset functions in the same way as an interrupt with the highest priority.
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b7 b0 b7 b0
nterrupt request register A (address 16 nterrupt request register B address (address 16
I|||||||II i A (add 0002 I|||||||II i B add dd 0003
IREQA IREQB
USB function interrupt request bit UART1 summing error interrupt request bit
USB SOF interrupt request bit UART?2 receive buffer full interrupt request bit
INTo interrupt request bit UART2 transmit interrupt request bit
INT1 interrupt request bit UART2 summing error interrupt request bit
DMACO interrupt request bit Timer X interrupt request bit
DMACL1 interrupt request bit Timer Y interrupt request bit
UART1 receive buffer full interrupt request bit Timer 1 interrupt request bit
UART1 transmit interrupt request bit Timer 2 interrupt request bit
0: No interrupt request issued 0: No interrupt request issued
1: Interrupt request issued 1: Interrupt request issued
b7 b0 b7 b0
I | | | | | | | I Interrupt request register C (address 000416) I | | | | | | | Interrupt control register A (address 000516)
0 IREQC ICONA
Timer 3 interrupt request bit USB function interrupt enable bit
CNTRo interrupt request bit usB SOF interrupt engble bit
CNTRu interrupt request bit INTo interrupt enable bit
Serial 1/0 interrupt request bit INT1 interrupt enable bit
Input buffer full interrupt request bit DMACO interrupt enable bit
Output buffer empty interrupt request bit DMAC1 interrupt enable bit
Key input interrupt request bit UARTL1 receive buffer full interrupt enable bit
Reserved bit (“0” at read/write) UART1 transmit interrupt enable bit
0 : No interrupt request issued 0: Interrupts disabled
1: Interrupt request issued 1: Interrupts enabled
b7 b0 b7 b0
I | | | | | | | Interrupt control register B (address 000616) I | | | | | | | Interrupt control register C (address 000716)
ICONB 0 ICONC
UART1 summing error interrupt enable bit Timer 3 interrupt enable bit
UART?2 receive buffer full interrupt enable bit CNTROo interrupt enable bit
UART?2 transmit interrupt enable bit CNTR1 interrupt enable bit
UART2 summing error interrupt enable bit Serial I/0 interrupt enable bit
Timer X interrupt enable bit Input buffer full interrupt enable bit
Timer Y interrupt enable bit Output buffer empty interrupt enable bit
Timer 1 interrupt enable bit Key input interrupt enable bit
Timer 2 interrupt enable bit Reserved bit (“0” at read/write)
0 : Interrupts disabled 0 : Interrupts disabled
1: Interrupts enabled 1: Interrupts enabled
b7 b0 | | (add
Interrupt polarity select register (address
lo]olofo]ofo] | | o011
IPOL
INTo interrupt edge select bit
INT1 interrupt edge select bit 0 : Falling edge active
Reserved bits (“0” at read/write) 1 : Rising edge active

Fig. 17 Structure of interrupt-related registers
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Key Input Interrupt (Key-on Wake-Up) of using a key input interrupt is shown in Figure 18, where an inter-
A key input interrupt request is generated by applying “L” level to any rupt request is generated by pressing one of the keys consisted as
pin of port P2 that have been set to input mode. In other words, it is an active-low key matrix which inputs to ports P20—P24.

generated when AND of input level goes from “1” to “0”. An example

|
Port PXx
—D—L “L” level output

|
|
| Port P2 pull-up control register
| Bit 7 =“0 Port P27 Key input interrupt request
direction register = “1”
I = m Port P27
P27 output I latch Falling edge
} 1 :@' detector ™
| >
Port P2 pull-up control register
I Bit 6 = “0”
I Port P26
direction register = “1”
-0 m Port P26
P26 output | latch Falling edge | |
[+ 1 @' detector
: Port P2 pull-up control register
Bit5 =0
| I Port P25
direction register = “1”
-9 m Port P25
P25 output | latch :@_ Falling edge
(e 1 detector
I Port P2 pull-up control register
| Bit 4 = “0"
Port P24
I 5 o direction register = “0”
| Port P24 l
P24 input | | [j latch @ Falling edge
—0 (¢} {} I ! detector
I Port P2 pull-up control register
Bit 3 =“0"
I ! Port P23
| 0 o direction register = “0” Port P2
. | Port P23 l Input reading circuit
P23 input | latch Falling edge
—0 o) 1 I l ! :’E detector
| Port P2 pull-up control register -
Bit 2 = “0"
I Port P22
| direction register = “0”
| 0 o Port P22
P22 input | latch @ Falling edge
+—0 [} [} T detector
| >
| Port P2 pull-up control register
Bit1="0"
| ! Port P21
direction register = “0”
: O o Port P21 l
P21 input | latch :@ Falling edge
——0O o] {1 T detector
' >
I Port P2 pull-up control register
Bit 0 = “0”
| Port P20
direction register = “0”
I O m Port P20 l 9
P2oinput | % latch Falling edge
Lo 0 e 1 :@' detector
I -

_/

O P-channel transistor for pull-up
M CMOS output buffer

Fig. 18 Connection example when using key input interrupt and port P2 block diagram
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TIMERS

The 7641 group has five timers: timer X, timer Y, timer 1, timer 2,
and timer 3. Timer X and timer Y are 16-bit timers, and timer 1,
timer 2, and timer 3 are 8-bit timers.

All timers are down count timers. When the timer reaches “0016”
or “000016”, an underflow occurs at the next count pulse and the
corresponding timer latch is reloaded into the timer and the count
is continued. When a timer underflows, the interrupt request bit
corresponding to that timer is set to “1”.

Read and write operation on 16-bit timer must be performed for
both high and low-order bytes. When reading a 16-bit timer, read
the high-order byte first. When writing to a 16-bit timer, write the
low-order byte first. The 16-bit timer cannot perform the correct
operation when reading during the write operation, or when writing

during the read operation.

SCSGCLK Timer X internal clock
select bit

®/8
¢/16
©/32

¢/ 64
Timer X count source
select bits

Timer X count
stgp bit

Timer X write control bit

CNTRo active edge

Timer X (low) latch (8) | Timer X (high) latch (8) ]

witch bit «g»

Timer X (

» Timer X interrupt

ow)(8) | Timer X (high) (8) |

P43/CNTR0 Timer X
operating

mode bits

“10”

request

CNTROo interrupt

switch bit

CNTRo active edge  § Pulse output mode
“or

bl

ol

P54 direction register

P43 latch

Pulse output mode

®/8
@/ 16

Rising edge detection

Falling edge detection

Pulse width HL continuously
measurement mode

Pulse width HL
continuously measurement,

0/32

@/ 64

Timer Y count
stop bit

Period measurement modes
Timer Y write

CNTRu1 active -
Timer Y (low) latch

control bjt

edge S\A{%(gh bit

(8) | TimerY (low) high (8) -

Paa/eNTR1 () b Timer Y (low) (8)

—0

request

» TimerY interrupt

- N ]
Timer Y (high) (8) [
[T |—I

request

CNTR1 interrupt

g
Timer Y Timer mode, — % “117
operating mode TYouT output enabled [ s Timer Y
bits 0" I operating mode
\/[\} . A bits [ oqr
CNTR1 active O— Q o~
Timer mode, edge switch bit  “1" (1)3

TYouT output enabled

request

Timer 1 interrupt

Timer 1 count
stop bit

Timer 1 count
source select bit
“Q"

Timer 1 latch (8) bit

®/8

Timers 1, 2 write control

Timers 1, 2 write control

“Q Timer 2 latch (8) bit

Timer 1 (8)

f(XcIN) / 2 —o
aqr

source sel

Timer 2 count Timer 2 (8) I

request

» Timer 2 interrupt

lect bit Tl

©

TouT output control bit

TouT output active «g»

edge switch bit
01 T
aqn —

Q o

TouT source
select bit

¢/8—0
P51/TouTt/XcouT “qr
TouT output control bit
TouT output “Q"
control bit Q

Timer 3 count
source select bit

Timer 3 latch (8)

request

» Timer 3 interrupt

Timer 3 (8)

TOUT output active

wqn —
edge switch bit Q

request

Fig. 19 Timer block diagram
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Timer X

Timer X is a 16-bit timer that can be selected in one of four modes.
The timer X’s internal clock and count source can be selected and
a write control is possible by using the timer X mode register.

In all modes the count operation can halt by setting the Timer X
Count Stop Bit to “1”. Additionally, each timer underflow sets the
Interrupt Request Bit to “1”.

(1) Timer Mode
The timer counts the SCSGCLK (Special Count Source Genera-
tor) or one of the internal clock ¢ divided by 8, 16, 32, 64.

(2) Pulse Output Mode

Each time the timer underflows, a signal output from the CNTRo
pin is inverted. Except for this, the operation in pulse output mode
is the same as in timer mode.

When the CNTRo Active Edge Switch Bit is “0”, the CNTRo pin
starts pulses output beginning at “H”; when this bit is “1”, the
CNTROo pin starts pulses output beginning at “L”".

When using a timer in this mode, set the port P43 direction regis-
ter to output mode.

(3) Event Counter Mode

The timer counts signals input through the CNTRo pin.

Except for this, the operation in event counter mode is the same
as in timer mode.

When the CNTRo Active Edge Switch Bit is “0”, the rising edge is
counted; when this bit is “1”, the falling edge is counted.

When using a timer in this mode, set the port P43 direction regis-
ter to input mode.

(4) Pulse Width Measurement Mode

When the CNTRo Active Edge Switch Bit is “0”, the timer counts
while the input signal of CNTRo pin is at “H”; when it is “1”, the
timer counts while the input signal of CNTRo pin is at “L”".

The timer counts the SCSGCLK or one of the internal clock @ di-
vided by 8, 16, 32, 64 as its count source.

When using a timer in this mode, set the port P43 direction regis-
ter to input mode.

m Notes

e Timer X Write Control

If the Timer X Write Control Bit is “1”, when the value is written in
the address of timer X, the value is loaded only in the latch. The
value in the latch is loaded in timer X after timer X underflows.

If the Timer X Write Control Bit is “0”, when the value is written in
the address of timer X, the value is loaded in the timer X and the
latch at the same time.

When the value is to be written in latch only, unexpected value
may be set in the high-order timer if the writing in high-order latch
and the underflow of timer X are performed at the same timing.

e CNTRo Interrupt Active Edge Selection
The CNTRo interrupt active edge depends on the selection of
CNTRo Active Edge Switch Bit.

Timer X mode register (address 002716)

LT T

Timer X write control bit
0: Write value in latch and counter
1: Write value in latch only
Timer X count source select bits
b2b1
00:9/8
01:¢q/16
10: /32
11: /64
Timer X internal clock select bit
0:¢/n(n=8, 16, 32, 64)
1: SCSGCLK (Special Count Source Generator)
Timer X operating mode bits
b5ba
0 0: Timer mode
0 1: Pulse output mode
1 0: Event counter mode
1 1: Pulse width measurement mode
CNTRo active edge switch bit
0: Count at rising edge in event counter mode
Start from “H” output in pulse output mode
Measure “H” pulse width in pulse width
measurement mode
Falling edge active for interrupt
1: Count at falling edge in event counter mode
Start from “L” output in pulse output mode
Measure “L” pulse width in pulse width
measurement mode
Rising edge active for interrupt
Timer X count stop bit
0: Count start
1: Count stop

Fig. 20 Structure of timer X mode register
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Timer Y
Timer Y is a 16-bit timer that can be selected in one of four modes.

(1) Timer Mode

The timer counts one of the internal clock ¢ divided by 8, 16, 32,
64.

e TYout Output Function

In the timer mode, a signal of which polarity is inverted each time
the timer underflows is output from the CNTR1 pin. This is enabled
by setting the Timer Y Output Control Bit to “1”.

When the CNTR1 Active Edge Switch Bit is “0”, the CNTR1 pin
starts pulses output beginning at “H”; when this bit is “1”, the
CNTR1 pin starts pulses output beginning at “L”".

When using a timer in this mode, set the port P44 direction regis-
ter to output mode.

(2) Period Measurement Mode

CNTRu1 interrupt request is generated at a rising/falling edge of
CNTR1 pin input signal. Simultaneously, the value in timer Y latch
is reloaded in timer Y and timer Y continues counting down. Ex-
cept for the aforementioned operation, the operation in period
measurement mode is the same as in timer mode. (The TYouTt
output function is not usable.)

The timer value just before the reloading at rising/falling of CNTR1
pin input signal is retained until the timer Y is read once after the
reload.

The rising/falling timing of CNTR1 pin input signal is found by
CNTR1 interrupt.

When the CNTR1 Active Edge Switch Bit is “0”, the falling edge is
detected; when this bit is “1”, the rising edge is detected.

When using a timer in this mode, set the port P44 direction regis-
ter to input mode.

(3) Event Counter Mode

The timer counts signals input through the CNTR1 pin.

Except for this, the operation in event counter mode is the same
as in timer mode. (The TYouT output function is not usable.)
When the CNTR1 Active Edge Switch Bit is “0”, the rising edge is
counted; when this bit is “1”, the falling edge is counted.

When using a timer in this mode, set the port P44 direction regis-
ter to input mode.

(4) Pulse Width HL Continuously Measurement
Mode

CNTRu1 interrupt request is generated at both rising and falling
edges of CNTR1 pin input signal. Except for this, the operation in
pulse width HL continuously measurement mode is the same as in
period measurement mode.

When using a timer in this mode, set the port P44 direction regis-
ter to input mode.

m Notes

e Timer Y Write Control

If the Timer Y Write Control Bit is “1”, when the value is written in
the address of timer Y, the value is loaded only in the latch. The
value in the latch is loaded in timer Y after timer Y underflows.

If the Timer Y Write Control Bit is “0”, when the value is written in
the address of timer Y, the value is loaded in the timer Y and the
latch at the same time.

When the value is to be written in latch only, unexpected value
may be set in the high-order timer if the writing in high-order latch
and the underflow of timer Y are performed at the same timing.

e CNTR1 Interrupt Active Edge Selection

The CNTR1 interrupt active edge depends on the selection of
CNTR1 Active Edge Switch Bit.

However, in pulse width HL continuously measurement mode,
CNTRu1 interrupt request is generated at both rising and falling
edges of CNTR1 pin input signal regardless of the setting of
CNTR1 Active Edge Switch Bit.

Timer Y mode register (address 002816)

LTI LT I

Timer Y write control bit
0: Write value in latch and counter
1: Write value in latch only

Timer Y output control bit
0: TYour output disabled
1: TYour output enabled

Timer Y count source select bits
b3b2

00:¢/8
01:¢/16
10: /32
11:¢/64
Timer Y operating mode bits
b5ba
0 0: Timer mode
0 1: Period measurement mode
1 0: Event counter mode
1 1: Pulse width HL continuously measure-
ment mode
CNTR1 active edge switch bit
0: Count at rising edge in event counter mode
Measure the falling edge to falling edge
period in period measurement mode
Falling edge active for interrupt
Start from “H” output for TYour signal
1: Count at falling edge in event counter mode
Measure the rising edge to rising edge
period in period measurement mode
Rising edge active for interrupt
Start from “L" output for TYour signal
Timer Y count stop bit
0: Count start
1: Count stop

Fig. 21 Structure of timer Y mode register
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Timer 1, Timer 2, Timer 3
Timer 1, timer 2, and timer 3 are 8-bit timers. The count source for
each timer can be selected by timer 123 mode register.

e Timers 1, 2 Write Control

When the Timers 1, 2 Write Control Bit is “1” and the values are
written in the address of timers 1 and 2, the values are loaded only
in their latches. The values in the latches are loaded in timers 1
and 2 after timers 1 and 2 underflow.

When the Timers 1, 2 Write Control Bit is “0” and the values are
written in the address of timers 1 and 2, the values are loaded in
the timers 1 and 2 and their latches at the same time.

e Timers 1, 2 Output Control

A signal of which polarity is inverted each time the timer selected
by the TouT Factor Select Bit underflows is output from the TouT
pin. This is enabled by setting the TouT Output Control Bit to “1”.
When the TouT Output Active Edge Switch Bit is “0”, the TouT pin
starts pulses output beginning at “H”; when this bit is “1”, the TouT
pin starts pulses output beginning at “L".

When using a timer in this mode, set the port P51 direction regis-
ter to output mode.

m Notes

e Timer 1to Timer 3

Switching of the count sources of timers 1 to 3 does not affect the
values of reload latches. However, that may make count operation
started. Therefore, write values again in the order of timers 1, 2
and then timer 3 after their count sources have been switched.

e Timers 1, 2 Write Control

When the value is to be written in latch only, unexpected value
may be set in the timer if the writing in the latch and the timer un-
derflow are performed at the same timing.

b7 b0

Timer 123 mode register (address 002916)
T123M

Tour factor select bit
0: Timer 1 output
1: Timer 2 output

Timer 1 count stop bit
0: Count start
1: Count stop

Timer 1 count source select bit
0:9/8
1:f(Xein) /2

Timer 2 count source select bit
0 : Timer 1 output
1:0

Timer 3 count source select bit
0 : Timer 1 output
1:9/8

Tour output active edge switch bit
0 : Start at “H” output
1: Start at “L” output

Tour output control bit
0: Tour output disabled
1: Tout output enabled

Timers 1, 2 write control bit
0: Write value in latch and counter
1: Write value in latch only

Fig. 22 Structure of timer 123 mode register
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SERIAL INTERFACE

Serial 1/10

The serial /0 can be used only for clock synchronous serial 1/0.
The transmitter and the receiver must use the same clock. If the
internal clock is used, transfer is started by a write signal to the
serial I/O shift register.

[Serial 1/0O Control Register 1 (SIOCON1)] 002B16

[Serial 1/0O Control Register 2 (SIOCON2)] 002C16

Each of the serial /0 control registers 1 and 2 contains eight bits
which control various serial I/O functions.

b7 b0
| | | | | | | | Serial I/O control register 1 (address 002B16)
SIOCON1

Internal synchronous clock select bits (Note 1)
b2b1b0
00 0: Internal clock divided by 2
00 1: Internal clock divided by 4
01 0: Internal clock divided by 8
01 1: Internal clock divided by 16
10 0: Internal clock divided by 32
10 1: Internal clock divided by 64
11 0: Internal clock divided by 128
11 1: Internal clock divided by 256
Serial I/O port select bit
0: 1/0 port
1: STXD, SCLK signal output
SRDY output select bit
0: I/0 port
1: SRDY signal output
Transfer direction select bit
0: LSB first
1: MSB first
Synchronous clock select bit
0: External clock
1: Internal clock
STXD output channel control bit
0: CMOS output
1: N-channel open drain output

b7 b0
| 0 | 0 | 0 | | | | | Serial I/0 control register 2 (address 002C16)
SIOCON2

SPI mode select bit
0: Normal serial /O mode
1: SPI compatible mode (Note 2)
Serial I/0 internal clock select bit
09
1: SCSGCLK
SRXD input enable bit
0: SRXD input disabed
1: SRXD input enabed
Clock polarity select bit (CPoL)
0: SCLK starting at “L"
1: SCLK starting at “H"
Clock phase select bit (CPha)
0: Serial transfer starting at falling edge of SRDY
1: Serial transfer starting afer a half cycle of SCLK
passed at falling edge of SRDY
Reserved bits (‘0" at read/write)

Notes 1: The source of serial I/O internal synchronous clock can be selected by bit 1 of
serial I/0 control register 2.
2 : To set the slave mode, also set bit 4 of serial /O control register 1 to “1".

Fig.

23 Structure of serial I/O control registers 1, 2
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SCSGCLK Data bus
Serial I/0 internal o
“1" clock select bit [0}
§e)
=
(0} O——OHOH a)
Synchronous  “1”
clock select bit o
Internal synchronous
ug? clock selection bits
w0
P8o/UTXD2/SRDY P8olatch External clock

SRDY output select bit

Synchronization
“1” circuit

o
P81/URXD2/SCLK W P81 latch
O‘

| -
-

‘I Serial I/O counter (3) |

age
Serial /0 port select bit

.
P83/RTS2/STXD Q_<]_o);" P8s latch

SPI mode select bit

1" Serial I/O port select bit

Serial I/0O shift register (8) |—

“0" " SRXD input enable bit

P82/CTS2/SRXD O—lko N
o [

T} >

Serial 1/0
interrupt request

Fig. 24 Block diagram of serial 1/0
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e Serial I/O Normal Operation

The serial /0 counter is set to “7” by writing operation to the serial
1/0 shift register (address 002A16). When the SRDY Output Select
bit is “1”, the SRDY pin goes “L" after that writing. On the negative
edge of the transfer clock the SRDY pin returns “H” and the data
of the first bit is transmitted from the STXD pin. The remaining
data are done from the STXD pin bit by bit on each falling edge of
the transfer clock.

Additionally, the data is latched from the SRXD pin on each rising
edge of the transfer clock and then the contents of the serial I/O
shift register are shifted by one bit.

When the internal system clock is selected as the transfer clock,
the followings occur at counting eight transfer clocks:

*The serial I/O counter reaches “0”

*The transfer clock halts at “H”

*The serial 1/O interrupt request bit is set to “1”

*The STXD pin goes a high-impedance state after an 8-bit transfer
is completed.

When the external clock is selected as the transfer clock, the fol-
lowings occur at counting eight transfer clocks:

*The serial I/O counter reaches “0”

*The serial I/O interrupt request bit is set to “1”

In this case, the transfer clock needs to be controlled by the exter-
nal source because the transfer clock does not halt. Additionally,
the STXD pin does not go a high-impedance state after an 8-bit
transfer is completed.

Figure 25 shows serial 1/O timing.

e Normal mode timing (LSB first)

Transfer clock

Serial I/O shift H

Synchronizing clock

A

SRDY signal

register write signal

(Note)

Serial I/0O output STXD

XDO% D1XD2 XD3XD4XD5XD6X D7/

G S G G

Serial I/0 input SRXD X X

e SPI compatible mode timing

SRDY signal _‘

Note: When the internal clock is selected as the transfer clock, the STXD pin goes to a high-impedance state after transfer completion.

v

Interrupt request bit is set to “1”.

IS

Synchronizing clock
SCLK (CPoL =1, CPha=1) |
SCLK (CPoL =0, CPha =1) { 1 1 { 1 1 l ;
SCLK (CPoL =1, CPha = 0) % 1 1 { 1 1 l 1
SCLK (CPoL =0, CPha = 0) f f f f f f f f

STXD/SRXD

>< First>< >< ><

X X Xtast)

Fig. 25 Serial I/O timing
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e SP| Compatible Mode Operation

Setting the SPI Mode Select Bit (bit 0 of SIOCONZ2) puts the serial
1/0 in SPI compatible mode. The Synchronous Clock Select Bit
(bit 6 of SIOCON1) determines whether the serial I/O is an SPI
master or slave. When the external clock is selected (“0”), the se-
rial /O is in slave mode; When the internal clock is selected (1),
the serial 1/0 is in master mode.

In SPI compatible mode the SRXD pin functions as a MISO (Mas-
ter In/Slave Out) pin and the STXD pin functions as a MOSI
(Master Out/Slave In) pin.

In slave mode the transmit data is output from the MISO pin and
the receive data is input from the MISO pin. The SRDY pin func-
tions as the chip-select signal input pin from an external.

In master mode the transmit data is output from the MOSI pin and
the receive data is input from the MISO pin. The SRDY pin func-
tions as the chip-select signal output pin to an external.

 Slave Mode Operation

In slave mode of SPI compatible mode 4 types of clock polarity
and clock phase can be usable by bits 3 and 4 of serial I/O control
register 2.

If the SRDY pin is held “H”, the shift clock is inhibited, the serial I/
O counter is set to “7”. If the SRDY pin is held “L”, then the shift
clock will start.

Make sure during transfer to maintain the SRDY input at “L” and
not to write data to the serial /O counter.

Figure 25 shows the serial I/O timing.
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UART1, UART2

The UART consists of two channels: UART1 and UART2. Each
has a dedicated timer provided to generate transfer clocks and op-
erates independently. Both UART1 and UART2 have the same
functions.

Twelve serial data transfer formats can be selected, and the trans-
fer formats used by a transmitter and receiver must be identical.
The transmit and receive shift registers each have a buffer, but the
two buffers have the same address in a memory. Since the shift
register cannot be written to or read from directly, transmit data is
written to the transmit buffer register, and receive data is read
from the receive buffer register.

The transmit buffer register can also hold the next data to be
transmitted, and the receive buffer register can hold a character
while the next character is being received.

The transfer speed (baud rate) is expression as follows:
Transfer speed (baud rate) =fi/{(n + 1) 0 16 }

n: The contents of UARTX (x = 1, 2)

baud rate generator

fi: Using UART clock prescaling select bits, select any one of @, ¢/
8, @32, /256, SCSGCLK, SCSGCLK/8, SCSGCLK/32 and

SCSGCLK/256
Data bus
Addresses 003516 || 003416 :":
Addresses 003D1s i Address 003016
o 003Cis - |__UARTx mode register |y 11222 (028™°
OER = Receive butffer register Receive buffer full flag (RBF)
UART character length select bits Receive bUﬁf'[ register 2 E: Receive buffer full interrupt request (UXxRBF)
P85/URXD1 ol st 7 bits Receive shift register 1 Receive summing error interrupt request (UXES)
P81/URXD2/SCLK |40 tor oh Receive shift register 2 Address 003316
its i i Address003B16
9 bits PER FER |[ SPdetector | UARTX control register |
Clock control circuit
P87/RTS1 4 RTS control register |Addresses 003616
P83/RTS2/STXD 9 Addresses 003E1s Frequency
UART clock o oo Addresses 003116 division ratio
® select bit o Addresses 003916 1/(n+1)
SCSGCLK — 1/810 Baud rate generator |—| 1/16
— 19560
Lo
P86/CTS1 || ST/SP/PA generator |I
P82/CTS2/SRXD UART clock I |

P84/UTXD1 1o

prescaling select bits

!

= Transmit comple flag
(TCM)

P80/UTXD2/SRDY

Transmit shift register 1
Transmit shift register 2

Transmit interrupt source select bit

o

T

Character length select bit _’

Transmit buffer register 1
Transmit buffer register 2

Transmit interrupt
f request (UXTX)
Transmit buffer empty

[UART status register | flag (TBE)

Addresses 003516 || 003416 Address 003216
Addresses 003Dzs6 || 003C16 Address 003A16
Data bus
Fig. 26 UARTx (x =1, 2) block diagram
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o UART Transmit Operation

Transmission starts when the Transmit Enable Bit is “1” and the

Transmit Buffer Empty Flag is “0”. Additionally, when CTS function

enabled, the CTSx pin must be “L” to be started. The data in which

Start Bit and Stop Bit or Parity Bit are also added is transmitted

from the low-order byte sequentially. When using 9-bit character

length, set the data into the UARTX transmit buffer register 2

(high-order byte) first before the UARTX transmit buffer register 1

(low-order byte).

Once the transmission starts, the Transmit Enable Bit, the Trans-

mit Buffer Empty Flag and the CTSx pin state (when this is

enabled) could not be checked until the transmission in progress

has ended.

Transmission requires the following setup:

(1) Define a baud rate by setting a value n (n = 0 to 255) into
UARTXx baud rate generator (addresses 003116, 003916).

(2) Set the Transmit Initialization Bit (bit 2 of UXCON) to “1”. This
will set the UARTX status register to “0316”".

(3) Select the interrupt source with the Transmit Interrupt Source
Select Bit (bit 4 of UXCON).

(4) Configure the data format and clock selection by setting the
UARTX mode register.

(5) Set the CTS Function Enable Bit (bit 5 of UXCON) if CTS func-
tion will be used.

(6) Set the Transmit Enable Bit (bit 0 of UXCON) to “1”.

If updating a value of UARTx baud rate generator while the data is
being transmitted, be sure to disable the transmission before up-
dating. If the former data remains in the UARTx transmit buffer
registers 1 and 2 at retransmission, an undefined data might be
output.

e UART Receive Operation

Reception is enabled when the Receive Enable Bit is “1”. Detec-

tion of the start bit makes transfer clocks generated and the data

reception starts in the LSB first.

When using 9-bit character length, read the received data from the

UARTX receive buffer register 2 (high-order byte) first before the

UARTX receive buffer register 1 (low-order byte).

Reception requires the following setup:

(1) Define a baud rate by setting a value n (n = 0 to 255) into
UARTX baud rate generator (addresses 003116, 003916).

(2) Set the Receive Initialization Bit (bit 3 of UXCON) to “1”.

(3) Configure the data format and clock selection by setting the
UARTX mode register.

(4) Set the RTS Function Enable Bit (bit 5 of UXCON) if RTS func-
tion will be used.

(5) Set the Receive Enable Bit (bit 1 of UXCON) to “1".

e CTS (Clear-to-Send) Function

As a transmitter, the UART can be configured to recognize the
Clear-to-Send (CTE) input as a handshaking signal. This is en-
abled by setting the CTS Function Enable Bit (bit 5 of UXCON) to
“1. If CTS function is enabled, even when transmission is enabled
and the UARTX transmit buffer register is filled with the data, the
transmission never starts; but it will start when inputting “L” to the
CTSx pin.

Figures 27 and 28 show the UARTX transmit timings.

Transfer clock | | I | | |

Tranmit enable bit

Data set into UARTX transmit buffer register 1

!

L
Transmit bufferw/j/
empty flag F

Data transferring from UARTX
transmit buffer register 1 to Transmit shift register 1

—_—

Halt due to Tranmit

CTSx pin
(P86/CTS1, P82/CTS2/SRXD) —I_

UTXD output (P84/UTXD1,
P80/UTXD2/SRDY)

 CYCE) D CDECY

Transmit complete flag

Halt due to CTS = “H”

| enable bit = “0”

(72}
T

%ﬂ—

This timing applying to the conditions:
«Character length = 8 bits

«Parity enabled

«1 stop bit

Fig. 27 UARTXx transmit timing (CTS function enabled)
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e RTS (Request-to-Send) Function When the Receive Enable Bit is set to “0” or the Receive initializa-
As a receiver, the UART can be configured to generate the Re- tion bit is set to “1”, the RTSx pin goes “H". Even when the
quest-to-Send (RTSx) handshaking signal. This is enabled by Receive Enable Bit is set to “1”, the RTSx pin goes “H” if detecting
setting the RTS Function Enable Bit (bit 6 of UXCON) to “1”. an invalid start bit.

When reception is enabled, that is the Receive Enable Bit is “1”, Figure 29 shows the UARTX receive timing.

the RTSx pin goes “L” to inform a transmitter that reception is pos-
sible. The RTSx pin goes “H” at reception starting and does “L” at
receiving of the last bit.

The delay time from the reception of the last stop bit to the asser-
tion of RTSx is selectable using the RTS Assertion Delay Count
Select Bits.

Transfer clock

Tranmit enable bit J

Data set into UARTX transmit buffer register 1
v —

Transmit buffer w/j/
empty flag

Data transferring from UARTX transmit A

buffer register 1 to Transmit shift register 1

UTXD output (P84/UTXD1,
P80/UTXD2/SRDY)

Transmit complete flag |_

This timing applies to the conditions:
«Character length = 8 bits

«Parity enabled

«1 stop bit

Fig. 28 UARTXx transmit timing (CTS function disbled)

BRGx (x =1, 2)
count source

Receive enable bitJ

O
URXD (P85/URXD1,
T b 5 -
P81/URXD2/SCLK) S A< » } i s

Transfer clock generated at falling edge
of start bit and receive started Receive data latched

Transfer clock w _

Data transferring from UARTX receive register

Receive buffer 1 to Receive buffer register 1 (Note)
empty flag A
RTSx pin (P87/RTS4, —I_I L
P83/RTS2/STXD)

Note: When no RTS assertion delay, the RTSx pin goes “L".
The RTS assertion delay counts are selected by bits 4 to 7 of UARTx RTS control register.

This timing applies to the conditions:
«Character length = 8 bits

*Parity enabled

«1 stop bit

Fig. 29 UARTXx transmit timing (RTS function enabled)
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o UART Address Mode
The UART address mode is intended for use to communicate be-
tween the specified MCUs in a multi-MCU environment. The
UART address mode can be used in either an 8-bit or 9-bit char-
acter length. An address is identified by the MSB of the incoming
data being “1”. The bit is “0” for non-address data.
When the MSB of the incoming data is “0” in the UART address
mode, the Receive Buffer Full Flag is set to “1”, but the Receive
Buffer Full Interrupt Request Bit is not set to “1”. When the MSB of
the incoming data is “1”, normal receive operation is performed. In
the UART address mode an overrun error is not detected for re-
ception of the 2nd and onward bytes. An occurrence of framing
error or parity error sets the Summing Error Interrupt Request Bit
to “1” and the data is not received independent of its MSB con-
tents.

Usage of UART address mode is explained as follows:

(1) Set the UART Address Mode Enable Bit to “1”.

(2) Sends the address data of a slave MCU first from a host MCU
to all slave MCUs. The MSB of address data must be “1” and
the remaining 7 bits specify the address.

(3) The all slave MCUs automatically check for the received data
whether its stop bit is valid or not, and whether the parity error
occurs or not (when the parity enabled). If these errors occur,
the Framing Error Flag or Parity Error Flag and the Summing
Error Flag are set to “1”. Then, the Summing Error Interrupt
Request Bit is also set to “1".

(4) When received data has no error, the all slave MCUs must
judge whether the address of the received address data
matches with their own addresses by a program. After the
MSB being “1” is received, the UART Address Mode Enable
Bit is automatically set to “0” (disabled).

(5) The UART Address Mode Enable Bit of the slave MCUs which
have be judged that the address does not match with them
must be set to “1” (enabled) again by a program to disable re-
ception of the following data.

(6) Transmit the data of which MSB is “0” from the host MCU. The
slave MCUs disabling the UART address mode receive the
data, and their Receive Buffer Full Flags and the Receive
Buffer Full Interrupt Request Bits are set to “1”. For the other
slave MCUs enabling the UART address mode, their Receive
Buffer Full Flag are set to “1”, but their Receive Buffer Full In-
terrupt Request Bits are not set to “1”.

(7) An overrun error cannot be detected after the first data has
been received in UART Address Mode. Accordingly, even if
the slave MCUs does not read the received data and the next
data has been received, an overrun error does not occur.

Thus, a communication between a host MCU and the specified
MCU can be realized.

[UARTxX (x =1, 2) Mode Register (UxMOD)] 003016, 003816
The UART x mode register consists of 8 bits which set a transfer
data format and an used clock.

[UARTx (x = 1, 2) Baud Rate Generator (UxBRG)] 00311s,
003916

The UARTx baud rate generator determines the baud rate for
transfer.

The baud rate generator divides the frequency of the count source
by 1/(n + 1), where n is the value written to the baud rate genera-
tor.

The reset cannot affect the contents of baud rate generator.

[UARTx (x = 1, 2) Status Register (UXSTS)] 003216, 003A16
The read-only UARTX status register consists of seven flags (bits
0 to 6) which indicate the UART operating status and various er-
rors.

When the UART address mode is enabled , the setting and clear-
ing conditions of each flag differ from the following explanations.
These differences are explained in section “UART Address
Mode”".

*Transmit complete flag (TCM)

In the case where no data is contained in the transmit buffer reg-
ister, the Transmit Complete Flag (TCM) is set to “1” when the last
bit in the transmit shift register is transmitted.

The TCM flag is also set to “1” at reset or initialization by setting
the Transmit Initialization Bit (bit 2 of UXCON). It is set to “0” when
transmission starts, and it is kept during the transmission.

*Transmit buffer empty flag (TBE)

The Transmit Buffer Empty Flag (TBE) is set to “1” when the con-
tents of the transmit buffer register are loaded into the transmit
shift register. The TBE flag is also set “1” at the hardware reset or
initialization by setting the Transmit Initialization Bit. It is set to “0”
when a write operation is performed to the low-order byte of the
transmit buffer register.

*Receive buffer full flag (RBF)

The Receive Buffer Full Flag (RBF) is set to “1” when the last stop
bit of the data is received. The RBF flag is set to “0” when the low-
order byte of the receive buffer register is read, at the hardware
reset or initialization by setting the Transmit Initialization Bit.
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e Receive Errors

If there is an error, it is detected at the same time that data is
transferred from the receive shift register to the receive buffer reg-
ister, and the Receive Buffer Full Flag is set to “1”. The all error
flags PER, FER, OER and SER are cleared to “0” when the
UARTX status register is read, at the hardware reset or initializa-
tion by setting the Transmit Initialization Bit.

The Summing Error Flag (SER) is set to “1” when any one of the
PER, FER and OER is set to “1".

The Parity Error Flag (PER) is set to “1” when the sum total of 1s
of received data and the parity does not correspond with the se-
lection with the Parity Select Bit (PMD). It is enabled only if the
Parity Enable Bit (bit 5 of UXMOD) is set to “1”.

The Framing Error Flag (FER) is set to “1” when the number of
stop bit of the received data does not correspond with the selec-
tion with the Stop Bit Length Select Bit (STB).

The Overrun Flag Flag (OER) is set to “1” if the previous data in
the low-order byte of the receive buffer register 1 (addresses
003416, 003C16) is not read before the current receive operation is
completed. It is also set “1” if any one of error flags is “1” for the
previous data and the current receive operation is completed. Be
sure to read UARTX status register to clear the error flags before
the next reception has been completed.

[UARTx (x =1, 2) Control Register (UxCON)] 003316, 003B16
The UARTX control register consists of eight control bits for the
UARTXx function. This register can enable the CTS, RTS and
UART address mode.

If the Transmit Enable Bit (TEN) is set to “0” (disabled) while a
data is being transmitted, the transmitting operation will stop after
the data has been transmitted. If the Receive Enable Bit (REN) is
set to “0” (diabled) while a data is being received, the receiving
operation will stop after the data has been received.

When setting the Transmit Initialization Bit (TIN) to “1”, the TEN bit
is set to “0” and the UARTX status register will be set to “0316” af-
ter the data has been transmitted. To retransmit, set the TEN to “1”
and set a data to the transmit buffer register again. The TIN bit will
be cleared to “0” one cycle later after the TIN bit has been set to
“17.

Setting the Receive Initialization Bit (RIN) to “1” sets all of the
REN, RBF and the receive error flags (PER, FER, OER, SER) to
“0”. The RIN bit will be cleared to “0” one cycle later after the RIN
bit has been set to “1”.

When CTS or RTS function is disabled, pins CTS1 and CTSz2 or
RTS1 and RTS2 can be used as ordinary 1/0O ports, correspond-

ingly.

[UARTx Transmit/Receive Buffer Registers 1, 2 (UXTRB1/
UxTRB2)] 003416, 003516, 003C16, 003D16

The transmit buffer register and the receive buffer register are lo-
cated at the same address. The transmit buffer register is
write-only and the receive buffer register is read-only. If a charac-
ter bit length is 7 bits, the MSB of received data is invalid. If a
character bit length is 7 or 8 bits, the received contents of UXTRB2
are also invalid. If a character bit length is 9 bits, the received
high-order 7 bits of UXTRB2 are “0".

[UARTx (x = 1, 2) RTS Control Register (UXRTS)] 003616,
003E16

The delay time from the reception of the last stop bit to the asser-
tion of RTSx is selectable using the RTS Assertion Delay Count
Select Bits. If the stop bit is detected before RTS assertion delay
time has expired, the RTSx pin is kept “H”. The RTS assertion de-
lay count starts after the last data reception is completed.

Setting the RIN bit to “1” resets the UXRTS. After setting the RIN
bit to “1”, set this UXRTS.

Rev.2.00 Aug 28, 2006 page 37 of 113
REJ09B0336-0200

RENESAS



HARDWARE

7641 Group FUNCTIONAL DESCRIPTION
b7 b0 b7 b0
| | | | | | | | UARTx mode register (addresses 003016, 003815) | | | | | | | UARTX control register (addresses 003316, 003B16)
UxMOD UxCON
UART clock select bit (CLK) Transmit enable bit (TEN)
0@ 0: Transmit disabled
1: SCSGCLK 1: Transmit enabled
UART clock prescaling select bits (PS) Receive enable bit (REN)
b2b1 0: Receive disabled
0 0: UART clock divided by 1 1: Receive enabled
0 1: UART clock divided by 8 Transmit initialization bit (TIN)
1 0: UART clock divided by 32 0: No action.
1 1: UART clock divided by 256 1: Initializing
Stop bit length select bit (STB) Receive initialization bit (RIN)
0: 1 stop bit 0: No action.
1: 2 stop bits 1: Initializing
Parity select bit (PMD) Transmit interrupt source select bit (TIS)
0: Even parity 0: Interrupt when transmit buffer has emptied
1: Odd parity 1: Interrupt when transmit shift operation is completed
Parity enable bit (PEN) CTS function enable bit (CTS_SEL)
0: Parity checking disabled 0: CTS function disabled
1: Parity checking enabled 1: CTS function enabled
UART character length select bit RTS function enable bit (RTS_SEL)
b7b6 0: RTS function disabled
00: 7 bits 1: RTS function enabled
0 1: 8 bits UART address mode enable bit (AME)
10: 9 bits 0: Address mode disabled
1 1: Not available 1: Address mode enabled
b7 b0 b7 b0
| | | | | | | | UARTX status register (addresses 003216, 003A16) | | | | 0 | 0 | 0 | 0 | UARTX RTS control register (addresses 003615, 003E16)
UxSTS UxRTSC
Transmit complete flag (TCM) Reserved bits (“0” at read/write)
0: Transmit shift in progress RTS assertion delay count select bits
1: Transmit shift completed b7 b6 b5 b4
Transmit buffer empty flag (TBE) 000 0 : No delay; Assertion immediately
0: Buffer full 000 1: 8-bit term assertion at “H”
1: Buffer empty 0010 : 16-bit term assertion at “H”
Receive buffer full flag (RBF) 001 1:24-bit term assertion at “H”
0: Buffer empty 0100 : 32-bit term assertion at “H”
1: Buffer full 0101 :40-bit term assertion at “H”
Parity error flag (PER) 0110 :48-bit term assertion at “H”
0: No error 0111 :56-bit term assertion at “H”
1: Parity error 100 0 : 64-bit term assertion at “H”
Framing error flag (FER) 100 1: 72-bit term assertion at “H”
0: No error 1010 :80-bit term assertion at “H"
1: Framing error 101 1:88-bit term assertion at “H”
Overrun error flag (OER) 1100 : 96-bit term assertion at “H”
0: No error 1101 :104-bit term assertion at “H”
1: Overrun error 1110:112-bit term assertion at “H"
Summing error flag (SER) 111 1:120-bit term assertion at “H”
0: (FER) U (OER) U (SER) = 0
1: (FER) U (OER) U (SER) = 1
Reserved bits (“0” at read/write)
Fig. 30 Structure of UART related registers
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DMAC

The 7641 group is equipped with 2 channels of DMAC (direct
memory access controller) which enable high speed data transfer
from a memory to a memory without use of the CPU.

The DMAC initiates the data transfer with an interrupt factor speci-
fied by the DMAC channel x (x = 0, 1) hardware transfer request
source bit (DxHR), or with a software trigger.

The DxTMS [DMA Channel x (x = 0, 1) Transfer Mode Selection
Bit] selects one of two transfer modes; cycle steal mode or burst
transfer mode. In the cycle steal mode, the DMAC transfers one
byte of data for each request. In the burst transfer mode, the
DMAC transfers the number of bytes data specified by the transfer
count register for each request. The count register is a 16-bit
counter; the maximum number of data is 65,536 bytes per one re-
quest.

Figure 31 shows the DMA control block diagram and Figure 32
shows the structure of DMAC related registers.

[DMAC Index and Status Register] DMAIS

The DMAC Index and Status Register consists of various control
bits for the DMAC and its status flags.

The DMA Channel Index Bit (DCI) selects which channel ( 0 or 1)
will be accessed, since the mode registers, source registers, des-
tination registers and transfer count register of both DMAC
channels share the same SFR addresses, respectively.

[DMAC Channel x (x = 0, 1) Mode Registers 1, 2] DMAxM1,
DMAXxM2

The 16 bits of DMAC Channel x Mode Registers 1 and 2 control
each operation of DMAC channels 0 and 1.

When the DMAC Channel x (x = 0, 1) Write Bit (DxDWC) is “0”,
data is simultaneously written into each latch and register of the
Source Registers, Destination Register, and Transfer Count Reg-
isters. When this bit is “1”, data is written only into their latches.
When data is read from each register, it must be read from the
higher bytes first, then the lower bytes. When writing data, write to
the lower bytes first, then the higher bytes.

REJ09B0336-0200

Interrupt: DMAC channel X
UART1 receive, UART1 transmit, Case of DMAC
Serial I/O, INTo, Timer Y, CNTR1 | channel 0 Address bus
Signal:
OBED, IBFo (data), \ *
X . . >
EP (endpoint) 1 receive/transmit 074:| Channel X timing o >
EP (endpoint) 2 receive/transmit generator '4
EP (endpoint) 3 receive/transmit "l DXCEN Channel X transfer Channel X transfer Channel X transfer count register
EP10UT FIFO data existing g:ﬁ;?E source register destination register
DXSWT DxSRCE DxDRCE
Int ¢ DxHRS3 DxSRID A DxDRID A A c
nterrupt: DxHRS2 DxRLD ~ |DRLDD DXRLD  |DRLDD Interrupt DMACx
UART2 receive, UART2 transmit, Case of DMAC DxHRS1 generator ™ interrupt request
" " channel 1 DXTMS | DTSC DxHRSO
INT1, Timer 1, Timer X, CNTRo
Signal:
OBEL, IBF1 (data),
EP (endpoint) 1 receive/transmit
EP (endpoint) 2 receive/transmit DXDAUE
EP (endpoint) 4 receive/transmit DXUF X DXDWC v DXDWC v DXOWC oy
EP1OUT FIFO data existing
Mode 1 Mode 2 Channel X transfer Channel X transfer Channel X transfer count latch
register register source latch destination latch
0
Interrupt disable flag (I flag) —————————— 1t t t t t t t 1 t
Data bus
DXUF
DxSFI
Temporary register ||Index status register
Data bus
Fig. 31 DMACXx (x =0, 1) block diagram
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b7 b0 b7 b0
| | | | | | | | DMAC index and status register (address 003Fzs) | | | | | | | DMAC channel x mode register 1 (address 004016)
DMAIS DMAxM1
DMAC channel 0 count register underflow flag (DOUF) DMAC channel x source register increment/decrement
0: No underflow selection bit (DXSRID)
1: Underflow generated 0: Increment after transfer
DMAC channel 0 suspend flag (DOSFI) 1: Decrement after transfer
0: Not suspended —— DMAC channel x source register increment/decrement enable
1: Suspended bit (DXSRCE)
DMAC channel 1 count register underflow flag (D1UF) 0: Increment/Decrement disabled (No change after transfer)
0: No underflow 1: Increment/Decrement enabled
1: Underflow generated DMAC channel x destination register increment/decrement
DMAC channel 1 suspend flag (D1SFI) selection bit (DxDRID)
0: Not suspended 0: Increment after transfer
1: Suspended 1: Decrement after transfer
DMAC transfer suspend control bit (DTSC) DMAC channel x destination register increment/decrement
0: Suspending only burst transfers during interrupt enable bit (DXDRCE)
process 0: Increment/Decrement disabled (No change after transfer)
1: Suspending both burst and cycle steal transfers 1: Increment/Decrement enabled
during interrupt process DMAC channel x data write control bit (DxDWC)
DMAC register reload disable bit (DRLDD) 0: Writing data in reload latches and registers
0: Enabling reload of source and destination registers 1: Writing data in reload latches only
of both channels DMAC channel x disable after count register underflow
1: Disabling reload of source and destination registers enable bit (DXDAUE)
of both channels 0: Channel x enabled after count register underflow
Reserved bit (“0” at read/write) 1: Channel x disabled after count register underflow
Channel index bit (DCI) DMAC channel x register reload bit (DxRLD)
0: Channel 0 accessible 0: Not reloaded (Bit is always read as “0")
1: Channel 1 accessible 1: Source, destination, and transfer count registers contents
of channel x to be reloaded
DMAC channel x transfer mode selection bit (DXTMS)
0: Cycle steal transfer mode
1: Burst transfer mode
b7 b0 b7 bo

| DMAC channel 0 mode register 2 (address 004116) |
DMAOM2

DMAC channel 1 mode register 2 (address 004116)
DMA1M2

DMAC channel 0 hardware transfer request source bits
(DOHR)
b3b2b1b0
000 0: Not used
000 1: UART1 receive interrupt
00 1 0: UARTL1 transmit interrupt
001 1: Timer Y interrupt
01 00: INTo interrupt
010 1: USB endpoint 1 IN_PKT_RDY signal
(falling edge active)
011 0: USB endpoint 2 IN_PKT_RDY signal
(falling edge active)
011 1: USB endpoint 3 IN_PKT_RDY signal
(falling edge active)
100 0: USB endpoint 1 OUT_PKT_RDY signal
(rising edge active)
100 1: USB endpoint 1 OUT_FIFO_NOT_EMPTY signal
(rising edge active)
101 0: USB endpoint 2 OUT_PKT_RDY signal
(rising edge active)
101 1: USB endpoint 3 OUT_PKT_RDY signal
(rising edge active)
11 0 0: Master CPU bus interface OBEo signal
(rising edge active)
110 1: Master CPU bus interface IBFo signal, data
(rising edge active)
111 0: Serial I/O trasmit/receive interrupt
111 1: CNTR1 interrupt
DMAC channel 0 software transfer trigger (DOSWT)
0: No action (Bit is always read as “0")
1: Request of channel 0 transfer by writing “1” (Note 1)
DMAC channel 0 USB and master CPU bus interface enable

DMAC channel 1 hardware transfer request source bits
(D1HR)
b3b2b1b0
000 0: Not used
000 1: UARTZ receive interrupt
00 1 0: UART2 transmit interrupt
001 1: Timer X interrupt
01 00: INT1 interrupt
010 1: USB endpoint 1 IN_PKT_RDY signal
(falling edge active)
011 0: USB endpoint 2 IN_PKT_RDY signal
(falling edge active)
011 1: USB endpoint 4 IN_PKT_RDY signal
(falling edge active)
100 0: USB endpoint 1 OUT_PKT_RDY signal
(rising edge active)
100 1: USB endpoint 1 OUT_FIFO_NOT_EMPTY signal
(rising edge active)
101 0: USB endpoint 2 OUT_PKT_RDY signal
(rising edge active)
101 1: USB endpoint 4 OUT_PKT_RDY signal
(rising edge active)
11 0 0: Master CPU bus interface OBEx1 signal
(rising edge active)
110 1: Master CPU bus interface IBF1 signal, data
(rising edge active)
111 0: Timer 1 trasmit/receive interrupt
111 1: CNTRo interrupt
DMAC channel 1 software transfer trigger (D1SWT)
0: No action (Bit is always read as “0")
1: Request of channel 0 transfer by writing “1” (Note 1)
DMAC channel 1 USB and master CPU bus interface enable

bit (DOUMIE) bit (DLUMIE)
0: Disabled 0: Disabled
1: Enabled 1: Enabled

DMAC channel 0 transfer initiation source capture register
reset bit (DOCRR)

0: No action (Bit is always read as “0")

1: Reset of channel O capture register by writing “1” (Note 1)

DMAC channel 0 enable bit (DOCEN)
0: Channel 0 disabled
1: Channel 0 enabled (Note 2)

DMAC channel 1 transfer initiation source capture register
reset bit (D1CRR)

0: No action (Bit is always read as “0")

1: Reset of channel 1 capture register by writing “1” (Note 1)

DMAC channel 1 enable bit (D1CEN)
0: Channel 0 disabled
1: Channel 0 enabled (Note 2)

Notes 1: This bit is automatically cleared to “0” after writing “1”.
2: When setting this bit to “1”, simultaneously set the DMAC channel x transfer initiation source capture register reset bit (bit 6 of DMAxM2) to “1".

Fig. 32 Structure of DMACKX related register
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(1) Cycle Steal Transfer Mode

When the DMAC Channel x (x = 0, 1) Transfer Mode Selection Bit
(DXTMS) is set to “0”, the respective DMAC Channel x operates in
the cycle steal transfer mode.

When a request of the specified transfer factor is generated, the
selected channel transfers one byte of data from the address indi-
cated by the Source Register into the address indicated by the
Destination Register.

There are two kinds of DMA transfer triggers supported: hardware
transfer factor and software trigger. Hardware transfer factors can
be selected by the DMACXx (x = 0, 1) Hardware Transfer Request
Factor Bit (DxHR). To only use the Interrupt Request Bit, the inter-
rupt can be disabled by setting its Interrupt Enable Bit of Interrupt
Control Register to “0”".

The DMA transfer request as a software trigger can be generated
by setting the DMA Channel x (x = 0, 1) Software Transfer Trigger
Bit (DXSWT) to “1”.

The Source Registers and Transfer Destination Registers can be
either decreased or increased by 1 after transfer completion by
setting bits 0 to 3 in the DMAC Channel x (x = 0, 1) Mode Regis-
ter. When the Transfer Count Register underflows, the Source
Registers and Destination Registers are reloaded from their
latches if the DMAC Register Reload Disable Bit (DRLDD) is “0".
The Transfer Count Register value is reloaded after an underflow
regardless of DRLDD setting. At the same time, the DMAC Inter-
rupt Request Bit and the DMA Channel x (x = 0, 1) Count Register
Underflow Flag are set to “1”.

The DMAC Channel x Disable After Count Register Underflow En-
able Bit (DxDAUE) is “1”", the DMAC Channel x Enable Bit
(DxCEN) goes to “0” at an under flows of Transfer Count Register.
By setting the DMAC Channel x (x = 0, 1) Register Reload Bit
(DxRLD) to “1”, the Source Registers, Destination Registers, and
Transfer Count Registers can be updated to the values in their re-
spective latches.

When one signal among USB endpoint signals is selected as the
hardware transfer request factor, and DMAC Channel x (x = 0, 1)
USB and Master CPU Bus Interface Enable Bit (DXUMIE) is “1";
transfer between the USB FIFO and the master CPU bus interface
input/output buffer can be performed effectively. This transfer
function is only valid in the cycle steal mode. To validate this func-
tion, the DMAC Channel x (x = 0, 1) USB and the Master CPU Bus
Interface Enable Bit (bit 5 of DxTR) must be set to “1”. The follow-
ing shows an example of a transfer using this function.

Packet Transfer from USB FIFO to Master
CPU Bus Interface Buffer

When the USB OUT_PKT_RDY is selected as the hardware trans-
fer request factor; if the USB OUT_PKT_RDY is “1” and the
master CPU bus interface output buffer is empty, the transfer re-
gquest is generated and the transfer is initiated. The
OUT_PKT_RDY retains “1” and a transfer request is generated
each time the output buffer empties until all the data in the corre-
sponding endpoint FIFO has been transferred.

The transfer ends when the last byte in the USB receive packet is
transferred and the OUT_PKT_RDY flag goes to “0” (in the case
of AUTO_CLR bit =“1").

Byte Transfer from USB FIFO to Master CPU
Bus Interface Buffer

When the USB Endpoint 1 OUT_FIFO_NOT_EMPTY is selected
as a hardware transfer request factor, if there is data in the USB
Endpoint 1 FIFO and the master CPU bus interface output buffer
is empty; a transfer request is generated and the transfer is initi-
ated. The transfer is performed by unit of one byte.

Transfer from Master CPU Bus Interface
Buffer to USB FIFO

When the USB Endpoint X (X = 1 to 4) IN_PKT_RDY
(IN_PKT_RDY = “0") is selected as a hardware transfer request
factor, if there is data in the master CPU bus interface output
buffer and the data in the USB FIFO is within the specified packet
size, a transfer request is generated.

The DMA transfer is terminated when a command (AO = “1") is in-
put to the master CPU bus interface input buffer.

The timing chart for a cycle steal transfer caused by a hardware-
related transfer request and a software trigger are shown in Figure
33 and 34, respectively.
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Fig. 33 Timing chart for cycle steal transfer caused by hardware-related transfer request
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Fig. 34 Timing chart for cycle steal transfer caused by software trigger transfer request
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(2) Burst Transfer Mode

When the DMAC Channel x Transfer Mode Selection Bit (DXxTMS)
is set to “1”, the respective DMAC channel operates in the burst
transfer mode.

In the burst transfer mode, the DMAC continually transfers the
number of bytes of data specified by the Transfer Count Register
for one transfer request. Other than this, the burst transfer mode
operation is the same as the cycle steal mode operation.

Priority

The DMAC places a higher priority on Channel-0 transfer requests
than on Channel-1 transfer requests.

If a Channel-0 transfer request occurs during a Channel-1 burst
transfer operation, the DMAC completes the next transfer source
and destination read/write operation first, and then starts the
Channel-0 transfer operation. As soon as the Channel-0 transfer is
completed, the DMAC resumes the Channel-1 transfer operation.

When an interrupt request occurs during any DMA operation, the
transfer operation is suspended and the interrupt process routine
is initiated. During the interrupt operation, the DMAC automatically
sets the corresponding DMAC Channel x (x = 0, 1) Suspend Flag
(DxSFI) to “1”. As soon as the CPU completes the interrupt opera-
tion, the DMAC clears the flag to “0” and resumes the original
operation from the point where it was suspended.

The suspended transfer due to the interrupt can also be resumed
during its interrupt process routine by writing “1” to the DMAC
Channel x (x = 0,1) Enable Bit (DXCEN).

The timing charts for a burst transfer caused by a hardware-re-
lated transfer request are shown in Figure 35.

|
Qour [ LT LT LT LI LI LI LI 1T_I 1
|
SYNCout ]| | [ |
o
RD 1+ L1 L1 L_1 [ L L1 L
|
WR 1 STA $22 L L stasz
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! ) )
Address X pc e+ 1 Xpout, 00X P+ 2 X BT XA T X X EAET X PC 3 )
DMA DMA DMA DMA
Data @( AS X AD X Data X 85 datal /\ datal data 2 A\ _data2 AADL2
DMAouT
(Port P33) | | |
Transfer request L
source (“L” active) | L |
Transfer request source h
sampling 1 £ A1 1 [
Reset of transfer request —
source sampling

Fig. 35 Timing chart for burst transfer caused by hardware-related transfer request
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USB FUNCTION

The 7641 Group MCU is equipped with a USB Function Control
Unit (USB FCU). This USB FCU allows the MCU to communicate
with a host PC using a minimum amount of the MCU power. This
built-in USB FCU complies with Full-Speed USB2.0 specification
that supports four transfer types: Control Transfer, Isochronous
Transfer, Interrupt Transfer, and Bulk Transfer. This built-in USB
FCU performs the data transfer error detection and transfer retry
operation by hardware. The default transfer mode of the USB FCU
is bulk transfer mode at reset. The user must set the USB FCU for
the required transfer mode by software.

The USB FCU has five endpoints (Endpoint O to Endpoint 4). The
EPINDEX bit selects one of these five endpoints for the USB FCU
to use. Each endpoint has IN (transmit) FIFO and OUT (receive)
FIFO. To use the USB FCU, the USB enable bit (USBC7) must be
set to “1”. There are two USB related interrupts supported for this
MCU: USB Function Interrupt and USB SOF Interrupt.

Figure 36 shows the USB FCU (USB Function Control Unit) block
diagram. The USB FCU consists of the SIE (Serial Interface En-
gine) performing the USB data transfer, GFI (Generic Function
Interface) performing USB protocol handing, SIU (Serial Engine
Interface Unit) performing a received address and endpoint de-
coding, MCI (Microcontroller Interface) handling the MCU
interface or performing address decoding and synchronization of
control signals, and the USB transceiver.

r-——-——-—-=--"-"-"-"="-=-=--"---="=-=-=-"= 1
I Serial Engine usBD*
| Interface Unit
| sV 2 | |
CPU Microcontroller Serial Interface 'g
l Interface Unit Engine (SIE) 2 |
@
I (MCl) = | | usep
Generic “
| | Function
| Interface |
| (GFI) |
I FIFOs I
| |

Fig. 36 USB FCU (USB Function Control Unit) block
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USB Transmission
Endpoint 0 to Endpoint 4 have IN (transmit) FIFOs individually.
Each endpoint’s FIFO is configured in following way:
Endpoint 0: 16-byte
Endpoint 1: Mode 0: 512-byte
Mode 1: 1024-byte
Mode 2: 0-byte
Mode 3: 2048-byte
Mode 4: 768-byte
Mode 5: 880-byte
Endpoint 2: Mode 0: 32-byte
Mode 1: 128-byte
Endpoint 3: 16-byte
Endpoint 4: 16-byte

When Endpoint 1 or Endpoint 2 is used for data transmit, the IN
FIFO size can be selected. Endpoint 1 and Endpoint 2 have pro-
grammable IN-FIFOs size; 6 modes for Endpoint 1, and 2 modes
for Endpoint 2. Each mode can be selected by the USB endpoint
FIFO mode selection register (address 005F16).

When writing data to the USB Endpoint-x FIFO (addresses 006016
to 006416) in the SFR area, the internal write pointer for the IN
FIFO is automatically increased by 1. When the AUTO_SET bit is
“1" and if the stored data reaches to the max. packet value set in
USB Endpoint x IN max. packet size register (address 005B16),
the USB FCU sets the IN_PKT_RDY bit to “1”. When the
AUTO_SET bit is “0”, the IN_PKT_RDY bit will not be automati-
cally set to “1”; it must be set to “1” by software. (The AUTO_SET
bit function is not applicable to Endpoint 0.)

The USB FCU transmits the data when it receives the next IN to-
ken. The IN_PKT_RDY bit automatically goes to “0” when the data
transfer is complete.

e Isochronous transfer

Endpoints 1 to 4 can be used in isochronous transfer mode. When
using isochronous transfer mode, the ISO/TOGGLE_INIT bit must
be set to “1”. When ISO_UPDATE = “1” and the corresponding
endpoint’s ISO/TOGGLE_INIT bit = “1", the USB FCU delays the
rise of the IN_PKT_RDY bit until the next SOF signal transmis-
sion. In this way, the USB FCU can synchronize a transmit data to
the SOF signal.

e Interrupt transfer mode

Endpoints 1 to 4 can be used in interrupt transfer mode. During a

regular interrupt transfer, an interrupt transaction is similar to the

bulk transfer. Therefore, there is no special setting required. When

IN-endpoint is used for a rate feedback interrupt transfer, INTPT

bit of the IN_CSR register must be set to “1". The following steps

show how to configure the IN-endpoint for the rate feedback inter-

rupt transfer.

1. Set a value which is larger than 1/2 of the USB Endpoint-x FIFO
size to the USB Endpoint x IN max. package size register.

2. Set INTPT bit to “1”.

3. Flush the old data in the FIFO.

4. Store transmission data to the IN FIFO and set the
IN_PKT_RDY bit to “1”.

5. Repeat steps 3 and 4.

In a real application, the function-side always has transfer data
when the function sends an endpoint in a rate feedback interrupt.
Accordingly, the USB FCU never returns a NAK against the host
IN token for the rate feedback interrupt. The USB FCU always
transmits data in the FIFO in response to an IN token, regardless
of IN_PKT_RDY. However, this premises that there is always an
ACK response from Host PC after the 7641 Group has transmitted
data to IN token.

When MAXP size < (a half of IN FIFO size), the IN FIFO can store
two packets (called double buffer). At this time, the IN FIFO sta-
tus can be checked by monitoring the IN_PKT_RDY bit and the
TX_NOT_EPT flag. The TX_NOT_EPT flag is a read-only flag
which shows the FIFO state. When IN_PKY_RDY = 0 and
TX_NOT_EPT =0, IN FIFO is empty. When IN_PKY_RDY =0 and
TX_NOT_EPT =1, IN FIFO has one packet.

In double buffer mode, as long as the IN FIFO is not filled with
double packets, IN_PKT_RDY will not be set to “1”, even if it is set
to “1” by software, but TX_NOT_EPT flag will be set to “1”. In
single buffer mode, if MAXP > (a half of IN FIFO), this condition
never occurs.

When IN_PKT_RDY = “1"and TX_NOT_EPT = “1", IN FIFO holds
two packets in double buffer mode and one packet in single
packet mode. In single packet mode, when the IN_PKT_RDY bit is
set to “1” by software, the TX_NOT_EPT flag is set to “1” as well.
During double buffer mode, if you want to load two packets se-
quentially, you must set the IN_PKT_RDY bit to “1” each time a
packet is loaded.
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USB Reception
Endpoint 0 to Endpoint 4 have OUT (receive) FIFOs individually.
Each endpoint’s FIFO is configured in following way:
Endpoint 0: 16-byte
Endpoint 1: Mode 0: 800-byte
Mode 1: 1024-byte
Mode 2: 2048-byte
Mode 3: 0-byte
Mode 4: 1280-byte
Mode 5: 1168-byte
Endpoint 2: Mode 0: 32-byte
Mode 1: 128-byte
Endpoint 3: 16-byte
Endpoint 4: 16-byte

When Endpoint 1 or Endpoint 2 is used for data receive, the OUT
FIFO size can be selected. Endpoint 1 and Endpoint 2 have pro-
grammable IN-FIFOs size; 6 modes for Endpoint 1, and 2 modes
for Endpoint 2. Each mode can be selected by the USB endpoint
FIFO mode selection register (address 005F16).

Data transmitted from the host-PC is stored in Endpoint x FIFO
(006016 to 006416). Every time the data is stored in the FIFO, the
internal OUT FIFO write pointer is increased by 1. When one com-
plete data packet is stored, the OUT_PKT_RDY flag is set to “1”
and the number of received data packets is stored in USB End-
point x OUT write count registers (Low and High). When the
AUTO_CLR bit is “1” and the received data is read out from the
OUT FIFO, the OUT_PKT_RDY flag is cleared to “0”. When the
AUTO_CLR bit is “1”, the OUT_PKT_RDY flag will not be cleared
automatically by the FIFO read; it must be cleared by software.
(The AUTO-CLR bit function is not applicable in Endpoint 0.)

When MAXP size < (a half of OUT FIFO size), the OUT_FIFO can
receive 2 packets (double buffer). At this time, the OUT_ FIFO sta-
tus can be checked by the OUT_PKT_RDY flag. When the FIFO
holds two packets and one packet is read from the FIFO, the
OUT_PKT_RDY flag is not cleared even if it is set to “0". (The flag
returns from “0” to “1” in one @ cycle after the read-out). During
double buffer mode, the USB Endpoint x OUT write count regis-
ters (Low and High) holds the number of previously received
packets. This count register is updated after reading out one of
packets in the OUT FIFO and clearing the OUT_PKT_RDY flag to
“0".

TOGGLE Initialization

In order to initialize the data toggle sequence bit of the endpoint,
in other words, resetting the next data packet to DATAO; set the
ISO/TOGGLE_INT bit to “1” and then clear back to “0”".
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USB Interrupts
The USB FCU has two interrupts, USB Function Interrupt and
USB SOF (Start Of Frame) Interrupt.

e USB Function Interrupt (USBF-INT)

The USBF-INT is usable for the USB data flow control and power
management. The USBF-INT request occurs at data transmit/re-
ceive completion, overrun/underrun, reset, or receiving suspend/
resume signal. To enable this interrupt, the USB function interrupt
enable bit in the interrupt control register A (address 000516) and
the respective bit in the USB interrupt enable registers 1 and 2
(addresses 0005416 and 0005516) must be set to “1”. When set-
ting bit 7 in USB interrupt enable register 2 to “1”, the suspend
interrupt and the resume interrupt are enabled.

Endpoint x (x = 0 to 4) IN interrupt request occurs when the USB
Endpoint x IN interrupt status flag (INTST O, 2, 4, 6, 8) of USB in-
terrupt status registers 1 and 2 (addresses 005216 and 005316) is
“1”. The USB Endpoint x IN interrupt status flag is set to “1” when
the respective endpoint IN_PKT_RDY bit is “1".

Endpoint x (x = 0 to 4) OUT interrupt request occurs when the
USB endpoint x OUT interrupt status flag (INTST3, 5, 7, 9) in USB
interrupt status registers 1 and 2 is set to “1". The USB Endpoint x
OUT interrupt status flag is set to “1” when the respective endpoint
OUT_PKT_RDY flag is “1".

The overrun/underrun interrupt request occurs when the USB
overrun/underrun interrupt status flag (INTST12) in USB interrupt
status register 2 is set to “1”. This flag is set to “1” when the FIFO
data overruns or underruns in isochronous transfer mode.

The USB reset interrupt request occurs when the USB reset inter-
rupt status flag (INTST13) in USB interrupt status register 2 is set
to “1”. This flag is set when the SEO is detected on the D+/D- line
for at least 2.5 ps. When this situation happens, all USB internal
registers (addresses 005016 to 005F16), except this flag, are ini-
tialized to the default state at reset. The USB reset interrupt is
always enabled.

The suspend/resume interrupt request occurs when either the
USB resume signal interrupt status flag (INTST14) or the USB
suspend signal interrupt status flag (INTST15) in USB interrupt
status register 2 is set to “1”.

The bits in both interrupt status registers 1 and 2 can be cleared
by writing “1” to each bit.

e USB SOF interrupt

The USB SOF interrupt is usable in isochronous transfers. This in-
terrupt request occurs when an SOF packet is received. To enable
a USB SOF interrupt, set the USB SOF interrupt enable bit of in-
terrupt control register A to “1”.

Suspend/Resume Functions

If no bus activity is detected on the D+/D- line for at least 3 ms, the
USB suspend signal detect flag (SUSPEND) of the USB power
control register (address 005116) and the USB suspend signal in-
terrupt status flag of USB interrupt status register 2 are set to “1”
and the suspend interrupt request occurs. The following procedure
must be executed after pushing the internal registers (A, X, Y ) to
memories during the suspend interrupt process routine.

(1) Clear all bits of USB interrupt status register 1 (address
005216) and USB interrupt status register 2 (address 005316)
to “0".

(2) Set the USB clock enable bit to “0”. (After disabling the USB
clock, do not write to any of the USB internal registers (ad-
dresses 005016 to 006416), except for the USB control register
(address 001316), clock control register (address 001F16), and
frequency synthesizer control register (address 006C16).

(3) Set the frequency synthesizer enable bit to “0”.

(4) Set the USB line driver current control bit to “1”. (Always keep
the USB line driver current control bit set to “0” during USB
function operations. When operating at Vcc = 3.3V, this bit
does not need to be set.)

(5) Keep total drive current at 500 PA or less.

(6) Disable the timer 1 interrupt.

(7) Disable the timer 2 interrupt. (Disable all the other external in-
terrupts.)

(8) Set the timer 1 interrupt request bit to “0”".

(9) Set the timer 2 interrupt request bit to “0”".

(10) Set the interrupt disable flag (1) to “0”".

(11) Execute the STP instruction.

At this point, the MCU will be in stop mode (suspend mode). Be-
fore executing the STP instruction, make sure to set the USB
function interrupt request bit (bit O at address 000216) to “0” and
the USB function interrupt enable bit (bit 0 at address 000516) to
“1".
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The USB suspend detect signal flag goes to “0” when the USB re-
sume signal detect flag (RESUME) is set to “1". During suspend
mode, if the clock operation is started up with a process (remote
wake-up) other than the resume interrupt process (for example;
reset or timer), make sure to clear the USB suspend detect signal
flag to “0” when you set the USB remote wake-up bit to “1”. When
the USB FCU is in suspend mode and detects a non-idle signal on
the D+/D- line, the USB resume detect flag and the USB resume
signal interrupt status flag both go to “1” and a resume interrupt
request occurs. At this point, pull the internal registers (A, X, Y) in
this interrupt process routine. Take the following procedure in the
USB resume interrupt process.

(1) Set the USB line driver current control bit to “0”. (When operat-
ing at Vcc = 3.3V, this bit does not need to be set.)

(2) Set the frequency synthesizer enable bit to “1” and set a 2 ms
to 5 ms wait.

(3) Check the frequency synthesizer lock status bit. If “0”, it must
be checked again after a 0.1 ms wait.

(4) Enable the USB clock.

Set the USB resume signal interrupt status flag to “0” after the
wake-up sequence process. The USB resume detect flag goes to
“0” at the same time. When the clock operation is started up with
a remote wake-up, set the USB remote wake-up bit to “1” after the
wake-up sequence process. (keep it set to “1” for a minimum of 10
ms and maximum of 15 ms). By doing this, the MCU will send a
resume signal to the host CPU and let it know that the suspend
state has been released.

After that, set the USB remote wake-up bit and the USB suspend
detection flag to “0”, because the USB suspend detection flag is
not automatically cleared to “0” with a remote wake-up.

[USB Control Register] USBC

When using the USB function, the USB enable bit must be set to
“1". The USB line driver supply bit must be set to “0” (DC-DC con-
verter is disabled) when operating at Vcc = 3.3V. In this condition,
the setting of the USB line driver current control bit has no effect
on USB operations.

When the USB artificial SOF enable bit is set to “1”, the MCU
judges that a SOF packet is received within 250 ns from a frame
starting if an SOF packet is destroyed owing to some cause.

b7 b0

USBC

0 USB control register (address 00131e)

I— Reserved bit (“0” at read/write)
——— USB default state selection bit (USBC1)
0: In default state after power-on/reset
1: In default state after USB reset signal received
USB artificial SOF enable bit (USBC?2)
0: Artificial SOF disabled
1: Artificial SOF enabled
USB line driver current control bit (USBC3)
0: High current mode
1: Low current mode
USB line driver supply enable bit (USBC4) (Note 1)
0: Line driver disabled
1: Line driver enabled
USB clock enable bit (USBC5)
0: 48 MHz clock to the USB block disabled
1: 48 MHz clock to the USB block enabled
USB SOF port select bit (USBC6)
0: SOF output disabled
1: SOF output enabled
USB enable bit (USBC7)
0: USB block disabled (Note 2)
1: USB block enabled

Notes 1: When using the MCU in Vcc = 3.3 V, set this bit to “0” and disable the built-in DC-DC converter
2: Setting this bit to 0" causes the contents of all USB registers to have the values at reset.

Fig. 37 Structure of USB control register

Rev.2.00 Aug 28, 2006 page 48 of 113
REJ09B0336-0200

RENESAS



HARDWARE

7641 Group FUNCTIONAL DESCRIPTION

[USB Address Register] USBA

The USB address register maintains the USB function control unit
address assigned by the host computer. When receiving the
SET_ADDRESS, keep it in this register. The values of this register
are “0” when the device is not yet configured. The values of this
register are also set to “0” when the USB block is disabled (bit 7 of
USB control register is set to “0”). In addition, no matter what
value is written to this register, it will have no effect on the set
value.

USB address register (address 005016)
USBA

Programmable function address (FUNADO to 6))
This register maintains the 7-bit USB function control unit address
assigned by the host CPU.

Reserved bit (“0” at read/write)

Fig. 38 Structure of USB address register

[USB Power Management Register] USBPM

The USB power management register is used for power manage-
ment in the USB FCU. This register needs to be set only when
using the remote wake-up to resume the MCU from suspend
mode.

b7 b0

USB power management register (address 00511e)
USBPM

I— USB suspend detection flag (SUSPEND) (Read only)
0: No USB suspend detected
1: USB suspend detected
USB resume detection flag (RESUME) (Read only)
0: No USB resume signa detected
1: USB resume signal detected
USB remote wake-up bit (WAKEUP)
0: End of remote resume signal
1: Transmitting of remote resume signal (only when SUSPEND = “1")
Reserved bit (“0” at read/write)

Fig. 39 Structure of USB power management register
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[USB Interrupt Status Registers 1 and 2] USBIS1, USBIS2

The USB interrupt status registers are used to indicate the condi-
tion that caused a USB function interrupt to be generated. Each
status flag and bit can be cleared to “0” by writing “1” to the corre-
sponding bit. Make sure to write to/read from the USB interrupt
status register 1 first and then USB interrupt status register 2.

When an IN token is received during an isochronous transfer, and

the IN FIFO is empty, an underrun error occurs and INTST12 and
IN_CSR2 are set to “1”. When an OUT token is received and the
OUT FIFO is full, an overrun error occurs and INTST12 and
OUT_CSR?2 are set to “1". Underruns and overruns are not de-
tected by the CPU in bulk transfers and normal interrupt transfers,
however in this case, the MCU will send a NAK signal to the host
CPU.

b7 b0

USB interrupt status register 1 (address 005216)
USBIS1

I— USB endpoint O interrupt status flag (INTSTO)
0: Except the following conditions
1: Set at any one of the following conditions:
« A packet data of endpoint O is successfully received
« A packet data of endpoint 0 is successfully sent
* DATA_END bit of endpoint 0 is cleared to “0”
* FORCE_STALL bit of endpoint 0 is set to “1”
* SETUP_END bit of endpoint O is set to “1”.
Reserved bit (“0” at read/write)
USB endpoint 1 IN interrupt status flag (INTST2)
0: Except the following conditions
1: Set at which of the following conditions:
« A packet data of endpoint 1 is successfully sent
*« UNDER_RUN bit of endpoint 1 is set to “1".
USB endpoint 1 OUT interrupt status flag (INTST3)
0: Except the following conditions
1: Set at any one of the following conditions:
* A packet data of endpoint 1 is successfully received
* OVER_RUN bit of endpoint 1 is set to “1”
* FORCE_STALL bit of endpoint 1 is set to “1”.

USB endpoint 2 IN interrupt status flag (INTST4)
0: Except the following conditions
1: Set at which of the following conditions:
« A packet data of endpoint 2 is successfully sent
*« UNDER_RUN bit of endpoint 2 is set to “1”.

USB endpoint 2 OUT interrupt status flag (INTST5)
0: Except the following conditions
1: Set at any one of the following conditions:
* A packet data of endpoint 2 is successfully received
* OVER_RUN bit of endpoint 2 is set to “1”
* FORCE_STALL bit of endpoint 2 is set to “1”.

USB endpoint 3 IN interrupt status flag (INTST6)
0: Except the following conditions
1: Set at which of the following conditions:
« A packet data of endpoint 3 is successfully sent
*« UNDER_RUN bit of endpoint 3 is set to “1".

USB endpoint 3 OUT interrupt status flag (INTST7)
0: Except the following conditions
1: Set at any one of the following conditions:
« A packet data of endpoint 3 is successfully received
* OVER_RUN bhit of endpoint 3 is set to “1”
* FORCE_STALL bit of endpoint 3 is set to “1”.

Fig. 40 Structure of USB interrupt status register 1
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b7 b0
olo USB interrupt status register 2 (address 005316)
USBIS2

I— USB endpoint 4 IN interrupt status flag (INTST8)
0: Except the following conditions
1: Set at which of the following conditions:
¢ A packet data of endpoint 4 is successfully sent
*« UNDER_RUN bit of endpoint 4 is set to “1".
USB endpoint 4 OUT interrupt status flag (INTST9)
0: Except the following conditions
1: Set at any one of the following conditions:
« A packet data of endpoint 4 is successfully received
« OVER_RUN bit of endpoint 4 is set to “1”
« FORCE_STALL bit of endpoint 4 is set to “1”.
Reserved bit (“0” at read/write)
USB overrun/underrun interrupt status flag (INTST12)
0: Except the following condition
1: Set at an occurrence of overrun/underrun (for isochronous data transfer)
USB reset interrupt status flag (INTST13)
0: Except the following condition
1: Set at receiving of USB reset signal
USB resume signal interrupt status flag (INTST14)
0: Except the following condition
1: Set at receiving of resume signal
USB suspend signal interrupt status flag (INTST15)
0: Except the following condition
1: Set at receiving of suspend signal

Fig. 41 Structure of USB interrupt status register 2
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[USB Interrupt Enable Registers 1 and 2] USBIE1, USBIE2
The USB interrupt enable registers are used to enable the USB

function interrupt. Upon reset, all USB interrupts except the USB
suspend and USB resume interrupts are enabled.

b7

b0

0 USB interrupt enable register 1 (address 0054 16)

USBIE1

USB endpoint 0 interrupt enable bit (INTENO)
0: Disabled
1: Enabled

Reserved bit (“0” at read/write)

USB endpoint 1 IN interrupt enable bit (INTEN2)
0: Disabled
1: Enabled

USB endpoint 1 OUT interrupt enable bit (INTEN3)
0: Disabled
1: Enabled

USB endpoint 2 IN interrupt enable bit (INTEN4)
0: Disabled
1: Enabled

USB endpoint 2 OUT interrupt enable bit (INTENS)
0: Disabled
1: Enabled

USB endpoint 3 IN interrupt enable bit (INTENG)
0: Disabled
1: Enabled

USB endpoint 3 OUT interrupt enable bit (INTEN7)
0: Disabled
1: Enabled

Fig. 42 Structure of USB interrupt enable register 1

b7

b0

USB interrupt enable register 2 (address 005516)
USBIE2

I— USB endpoint 4 IN interrupt enable bit (INTENS)
0: Disabled
1: Enabled

USB endpoint 4 OUT interrupt enable bit (INTEN9)
0: Disabled
1: Enabled

Reserved bit (“0” at read/write)

USB overrun/underrun interrupt enable bit (INTEN12)
0: Disabled
1: Enabled

Reserved bit (“1” at read/write)

Reserved bit (“0” at read/write)

USB suspend/resume interrupt enable bit (INTEN15)
0: Disabled
1: Enabled

Fig. 43 Structure of USB interrupt enable register 2
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[USB Frame Number Registers Low and High ] [USB Endpoint Index Register] USBINDEX
USBSOFL, USBFOFH This register specifies the accessible endpoint. It serves as an in-
These 11-bit registers contain the frame number of the SOF token dex to endpoint-specific USB Endpoint x IN Control Register, USB
received from the host computer. These are read-only registers. Endpoint x OUT Control Register, USB Endpoint x IN Max. Packet

Size Register, USB Endpoint x OUT Max. Packet Size Register,
USB Endpoint x OUT Write Count Register, and USB FIFO Mode
Selection Register (x = 0 to 4).

b7 b0
USB frame number register Low (address 005616)
USBSOFL
| | | | | | | | Low-order 8 bits of SOF token
b7 b0

USB frame number register High (address 005716)
USBSOFH

I—I—I— High-order 3 bits of SOF token

Reserved bit (“0” at read)

Fig. 44 Structure of USB frame number registers

b7 b0
ololo USB endpoint index register (address 005816)
USBINDEX

I—I—I— Endpoint index bit (EPINDEX)

b2b1b0

0 0 0: Endpoint O

00 1: Endpoint 1

0 1 0: Endpoint 2

01 1: Endpoint 3

1 0 0: Endpoint 4

10 1: Not used

11 0: Not used

11 1: Notused
Reserved bit (“0” at read/write)
AUTO_FLUSH bit (AUTO_FL)

0: Auto FIFO flush disabled

1: Auto FIFO flush enabled
ISO_UPDATE bit (ISO_UPD)

0: ISO_UPDATE disabled

1: ISO_UPDATE enabled

Fig. 45 Structure of USB frame number registers
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[USB Endpoint 0 IN Control Register ] IN_CSR

This register contains the control and status information of the
endpoint 0. This USB FCU sets the OUT_PKT_RDY flag to “1”
upon having received a data packet in the OUT FIFO. When read-
ing its one data packet from the OUT FIFO, be sure to set this flag
to “0”.

After a SETUP token is received, the MCU is in the “decode wait
state” until the OUT_PKT_RDY flag is cleared. If the
OUT_PKT_RDY flag is not cleared (indicating that the host re-
guest has not been successfully decoded), the USB FCU keep
returning a NAK to the host for all IN/OUT tokens.

Set the IN_PKT_RDY bit to “1” after the data packet has been
written to the IN FIFO. If this bit is set to “1” even though nothing
has been written to the IN FIFO, a “0” length data (NULL packet)
is sent to the host. The SEND_STALL bit is for sending a STALL to
the host if an unsupported request is received by the USB FCU.
This bit must be set to “1”. When the OUT_PKT_RDY flag is set to
“0” for request reception, the USB FCU transmits a STALL signal

to the Host CPU. Perform the following three processes simulta-

neously:

* Set SEND_STALL bit to “1”

* Set DATA_END bit to “1”

* Set OUT_PKT_RDY flag to “0” by setting SERVICED_OUT
_PKT_RDY bit to “1”.

Note that if “0” is written to the SEND_STALL bit before the

CLEAR_FEATURE (endpoint STALL) request has been received,

the next STALL will not be generated.

The DATA_END bit informs the USB FCU of the completion of the

process indicated in the SETUP packet. Set this bit to “1” when

the process requested in the SETUP packet is completed. (Con-

trol Read Transfer: set this bit after writing all of the requested

data to the FIFO; Control Write Transfer: set this bit to “1” after

reading all of the requested data from the FIFO.) When this bit is

“1”, the host request is ignored and a STALL is returned. After the

status phase process is completed, the USB FCU automatically

clears it to “0".

b7 b0

IN_CSR

USB endpoint 0 IN control register (address 005916)

OUT_PKT_RDY flag (INOCSRO)
0: Except the following condition (Cleared to “0” by writing “1” into
SERVICED_OUT_PKT_RDY bit)
1: End of a data packet reception
L——— IN_PKT_RDY bit (INOCSR1)
0: End of a data packet transmission
1: Write “1” at completion of writing a data packet into IN FIFO.
SEND_STALL bit (INOCSR2)
0: Except the following condition
1: Transmitting STALL handshake signal
DATA_END bit (INOCSR3)
0: Except the following condition (Cleared to “0” after completion of
status phase)
1: Write “1” at completion of writing or reading the last data packet
to/from FIFO.
FORCE_STALL flag (INOCSR4)
0: Except the following condition
1: Protocol error detected
SETUP_END flag (INOCSR5) (Note )
0: Except the following condition (Cleared to “0” by writing “1” into
SERVICED_SETUP_END bhit)
1: Control transfer ends before the specific length of data is
transferred during the data phase.
SERVICED_OUT_PKT_RDY bit (INOCSR6)
Writing “1” to this bit clears OUT_PKT_RDY flag to “0".
SERVICED_SETUP_END bit (INOCSR7)
Writing “1” to this bit clears SETUP_END flag to “0”.

Note: If this bit is set to “0”, stop accessing the FIFO to serve the previous setup transaction.

Fig. 46 Structure of USB endpoint O IN control register
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[USB Endpoint x (x = 1 to 4) IN Control Register] IN_CSR

This register contains the control and status information of the re-
spective IN Endpoints 1 to 4.

Set the IN_PKT_RDY bit to “1” after the data packet has been
written to the IN FIFO. This bit is cleared to “0” when the data
transfer is completed. In a bulk IN transfer, this bit is cleared when
an ACK signal is received from the host. If an ACK signal is not re-
ceived, this bit (and the TX_NOT_EMPTY bit) remains as “1". This
same data packet is sent after the next IN token is received. The
FLUSH bit is for flushing the data in the IN FIFO.

b7 b0

USB endpoint x IN control register (address 005916)
IN_CSR

I— INT_PKT_RDY bit (INXCSRO0)
0: End of a data packet transmission (Note 1)
1: Write “1" at completion of writing a data packet into IN FIFO.
(Note 3)
UNDER_RUN flag (INXCSR1) (In isochronous data transfer)
0: No FIFO underrun (Note 2)
1: FIFO underrun occurred (Note 1) (USB overrun/underrun interrupt
status flag is set to “0".)
SEND_STALL bit (INXCSR2) (Note 2)
0: Except the following condition
1: Transmitting STALL handshake signal
ISO/TOGGLE_INIT bit (INXCSR3) (Note 2)
0: Except the following condition
1: Initializing to endpoint used for isochronous transfer;
Initializing the data toggle sequence bit
INTPT bit INXCSR4) (Note 2)
0: Except the following condition
1: Initializing to endpoint used for interrupt transfer, rate feedback
TX_NOT_EPT flag (INXCSR5) (Note 1)
0: Empty in IN FIFO
1: Fullin IN FIFO
FLUSH bit (INXCSR®6)
0: Except the following condition (Note 1)
1: Flush FIFO. (Note 2)
AUTO_SET bit (INXCSR7) (Note 2)
0: AUTO_SET disabled
1: AUTO_SET enabled (Note 4)

Notes 1: This bit is automatically set to “1” or cleared to “0”".
2: The user must program to “1” or “0”.
3: When AUTO_SET bit is “0”, the user must set to “1”. When AUTO_SET bit is “1”, this
bit is automatically set to “1”.
4: To use the AUTO_SET function for an IN transfer when the AUTO_SET bit is set to
“1", set the FIFO to single buffer mode.

Fig. 47 Structure of USB endpoint x (x =1 to 4) IN control register
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[USB Endpoint x (x = 1 to 4) OUT Control Register] OUT_CSR
This register contains the information and status of the respective
OUT endpoints 1 to 4. In the endpoint O, all bits are reserved and
cannot be used (they will all be read out as “0”). The USB FCU
sets the OUT_PKT_RDY flag to “1” after a data packet has been
received into the OUT FIFO. After reading the data packet in the
OUT FIFO, clear this flag to “0”. However, if there is still data in the
OUT FIFO, the flag cannot be cleared even by writing “0” by soft-
ware.

b7 b0

USB endpoint x OUT control register (address 005A16)
OUT_CSR

I— OUT_PKT_RDY flag (OUTXCSRO)
0: Except the following condition (Note 3)
1: End of a data packet reception (Note 2)
OVER RUN flag (OUTXCSR1) (In isochronous data transfer)
0: No FIFO overrun (Note 2)
1: FIFO overrun occurred (Note 1)
SEND_STALL bit (OUTXCSRZ2) (Note 2)
0: Except the following condition
1: Transmitting STALL handshake signal
ISO/TOGGLE_INIT bit (OUTXCSR3) (Note 2)
0: Except the following condition
1: Initializing to endpoint used for isochronous transfer;
Enabling reception of DATAO and DATAL as PID (Initializing the
toggle)
FORCE_STALL flag (OUTXCSR4)
0: Except the following condition (Note 2)
1: Protocol error detected (Note 1)
DATA_ERR flag (OUTXCSR5)
0: Except the following condition (Note 2)
1: CRC or bit stuffing error detected in transferring isochronous data
(Note 1)
FLUSH bit (OUTXCSR®6)
0: Except the following condition (Note 1)
1: Flush FIFO. (Note 2)
AUTO_CLR bit (OUTXCSRY7) (Note 2)
0: AUTO_CLR disabled
1: AUTO_CLR enabled

Notes 1: This bit is automatically set to “1” or cleared to “0”".
2: The user must program to “1” or “0".
3: When AUTO_CLR bit is “0”, the user must clear to “0”. When AUTO_CLR bit is “1”, this
bit is automatically cleared to “0".

Fig. 48 Structure of USB endpoint x (x = 1 to 4) OUT control register
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[USB Endpoint x (x = 0 to 4) IN Max. Packet Size Register]
IN_MAXP

This register specifies the maximum packet size (MAXP) of an
endpoint x IN packet. The value set for endpoint 1 is the number
of transmitted bytes divided by 8, and the value set for endpoints
0, 2, 3, and 4 is the actual number of transmitted bytes. The CPU
can change these values using the SET_DESCRIPTOR com-
mand.

The initial value for endpoints 0, 2, 3 and 4 is 8, and the initial
value for endpoint 1 is 1.

[USB Endpoint x (x = 0 to 4) OUT Max. Packet Size Register]
OUT_MAXP

This register specifies the maximum packet size (MAXP) of an
Endpoint x OUT packet. The value set for endpoint 1 is the num-
ber of received bytes divided by 8, and the value set for endpoints
0, 2, 3, and 4 is the actual number of received bytes. The CPU
can change these values using the SET_DESCRIPTOR com-
mand.

The initial value for endpoints 0, 2, 3, and 4 is 8, and the initial
value for endpoint 1 is 1. When using the endpoint 0, both USB
endpoint x IN max. packet size register (IN _MAXP) and USB end-
point x OUT max. packet size register (OUT_MAXP) are set to the
same value. Changing one register’s value effectively changes the
value of the other register as well.

b7 b0

IN_MAXP

USB endpoint x IN max. packet size register (address 005B16)

The maximum packet size (MAXP) of endpoint x IN is contained.
MAXP = n for endpoints 0, 2, 3, 4

MAXP = n [0 8 for endpoint 1

“n” is a written value into this register.

Fig. 49 Structure of USB endpoint x IN max. packet size register

b7 b0

OUT_MAXP

G

USB endpoint x OUT max. packet size register (address 005Cz16)

The maximum packet size (MAXP) of endpoint x OUT is contained.
MAXP = n for endpoints 0, 2, 3, 4

MAXP =n O 8 for endpoint 1

n” is a written value into this register.

Fig. 50 Structure of USB endpoint x OUT max. packet size register
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[USB endpoint x (x = 0 to 4) OUT Write Count Registers (Low
and High)] WRT_CNTRL, WRT_CNTH

These registers contain the number of bytes in the endpoint x
OUT FIFO. These are read-only registers. These two registers
must be read after the USB FCU has received a packet of data

from the host. When reading these registers, the lower byte must
be read first, then the higher byte.

When the OUT FIFO is in double buffer mode, the CPU first reads
the received number of bytes of the former data packet. The next
CPU read can obtain that of the new data packet.

b7 b0

WRT_CNTL

b7 b0

USB endpoint x OUT write count register Low (address 005D16)

Low-order 8 bits of the number of bytes in endpoint x OUT FIFO

USB endpoint x OUT write count register High (address 005E16)
WRT_CNTH

I—l— High-order 2 bits of the number of bytes in endpoint x OUT FIFO
Not used (“0” at read)

Fig. 51 Structure of USB endpoint x (x = 0 to 4) OUT write count registers

[USB Endpoint x (x = 0 to 4) FIFO Register] USBFIFOx

These registers are the USB IN (transmit) and OUT (receive) FIFO
data registers. Write data to the corresponding register, and read
data from the corresponding register.

When the maximum packet size is equal to or less than half the
FIFO size, these registers function in double buffer mode and can
hold two packets of data. When the IN_PKT_RDY bit is “0” and

the TX_NOT_EMPTY bhit is “1”, these bits indicate that one packet
of data is stored in the IN FIFO. When the OUT FIFO is in double
buffer mode, the OUT_PKT_RDY flag remains as “1” after the first
packet of data is read out (it actually goes to “0” and returns to “1”
after one @cycle).

b7 b0

USBFIFOx

USB endpoint x FIFO register
(addresses 006016, 006116, 006216, 006316, 00641s,)

Endpoint x IN/OUT FIFO

Fig. 52 Structure of USB endpoint x (x =0 to 4) FIFO register
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[USB Endpoint FIFO Mode Selection Register] USBFIFOMR
This register determines IN/OUT FIFO size mode for endpoint 1 or
endpoint 2. This register is invalid when using endpoint 0, 3, or 4.

b7 b0
olololo USB endpoint FIFO mode register (address 005F1s)
USBFIFOMR

I—I—I—l— FIFO size selection bit (Note)

For endpoint 1
b3b2b1b0
x 0 0 0: IN 512-byte, OUT 800-byte
x 0 0 1: IN 1024-byte, OUT 1024-byte
x 0 1 0: IN O-byte, OUT 2048-byte
x 01 1:IN 2048-byte, OUT 0-byte
x 10 0: IN 768-byte, OUT 1280-byte
x 10 1: IN 880-byte, OUT 1168-byte

For endpoint 2
0 x xx: IN 32-byte, OUT 32-byte
1 x xx:IN 128-byte, OUT 128-byte

Reserved bit (“0” at read/write)

Note: The value set into “x” is invalid.

Fig. 53 Structure of USB endpoint FIFO mode register
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MASTER CPU BUS INTERFACE

The 7641 group internally has a 2-byte bus interface which control
signals from the host CPU side can operate (slave mode).

This bus interface allows the 7641 group to be directly connected
with a R/W type of CPU bus or a RD and WR separated type of
CPU bus. Figure 56 shows the block diagram of master CPU bus
interface function.

The data bus buffer function 1/0 pins (P52 — P57, P6, P72—P74)
also function as the normal I/O ports. When the Master CPU Bus
Interface Enable bit of Data Bus Buffer Control Register (bit 6 of
address 004Az16) is “0”, these pins become the normal 1/0O ports.
When it is “1”, these pins become the master CPU bus interface
function pins.

Additionally, when using the master CPU bus interface function,
set port P6 to input mode by setting “0016” into its port direction
register (address 001516).

The selection of either the single data bus buffer mode, which
uses 1 byte: data bus buffer 0 only, or the double data bus buffer
mode, which uses 2 bytes: data bus buffer 0 and data bus buffer
1, is performed by the Data Bus Buffer Function Select Bit of Data
Bus Buffer Control Register 1 (bit 7 of address 004E16). Port P72
becomes S1 input pin in the double data bus buffer mode.

When data is written from the host CPU side, an input buffer full
interrupt occurs. When data is read from the host CPU, an output
buffer empty interrupt occurs. The 7641 group shares two input
buffer full interrupt requests and two output buffer empty interrupt
requests as shown in Figure 54, respectively.

The 7641 group can also operate the master CPU bus interface
connecting with the Built-in DMAC. This could transfer a large
amount of data fast.

An input signal level of data bus buffer function input pins can be
selected between a CMOS level and a TTL level. Set it using the
Master CPU Bus Input Level Select Bit of Port Control Register
(address 001016)

Input buffer

full flag 0  IBFo

Input buffer

fullflagl IBF1

Rising edge

detection circuit

One-shot pulse
generating circuit

Rising edge

detection circuit

One-shot pulse
generating circuit

Input buffer full interrupt
request signal IBF

One-shot pulse
generating circuit

Output buffer Rising edge
full flag O OBFo OBEo detection circuit

foﬁtfllmt t;_UﬁerOBF : Rising edge
ull fla 1 ion circui
9 OBE:1 detection circuit

One-shot pulse
generating circuit

IBFO A

Output buffer empty interrupt
request signal OBE

IBF1 3 A

IBF A A

— Interrupt request is set at this rising edge

OBFo A
(OBEOQ) —

(OBE1)

OBF1 A

OBE A A

\& Interrupt request is set at this rising edge

Fig. 54 Interrupt request circuit of data bus buffer
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b7 b0 b7 b0
| | | | | | | Data bus buffer status register 0 (address 004916) | | | 0 | | | | | | Data bus buffer control register 0 (address 004A1s)
DBBSO DBBCO
Output buffer full flag (OBFo) L OBFo output enable bit
0: Buffer empty 0: P52 functions as I/O port.
1: Buffer full 1: P52 functions as OBFo output pin.
Input buffer full flag (IBFo) 1BFo output enable bit
0: Buffer empty 0: P53 functions as 1/O port.
1: Buffer full 1: P53 functions as IBFo output pin.
User definable flag (U2) 1BFo interrupt select bit
This flag can be defined by user freely. 0: Occurrence due to data write (Ao = “0”) or
Ao flag (Aoo) command write (Ao = “1")
This flag indicates the condition of Ao status when 1: Occurrence due to command write (Ao = “1")
the IBFo flag is set. Output buffer 0 empty interrupt disable bit
User definable flag (U4-U7) 0: Enabled
This flag can be defined by user freely. 1: Disabled
Input buffer O full interrupt disable bit
0: Enabled
1: Disabled
Reserved bit (“0” at read/write)
Master CPU bus interface enable bit
0: P54 to P57, P6o to P67 function as 1/0 ports.
1: P54 to P57, P60 to P67 function as master CPU
bus interface function pins.
Bus interface type select bit
0: RD, WR separate type bus
1: R/W type bus
b7 b0 b7 b0
| | | | | | | | Data bus buffer status register 1 (address 004Dzs) | | 0 | 0 | | | | | | Data bus buffer control register 1 (address 004E1s)
DBBS1 DBBC1
Output buffer full flag (OBF1) L OBF1 output enable bit
0: Buffer empty 0: P74 functions as I/O port.
1: Buffer full 1: P74 functions as OBF1 output pin.
Input buffer full flag (IBF1) 1BF1 output enable bit
0: Buffer empty 0: P73 functions as port I/O pin.
1: Buffer full 1: P73 functions as IBF1 output pin.
User definable flag (U2) 1BF1 interrupt select bit
This flag can be defined by user freely. 0: Occurrence due to data write (Ao = “0”) or
Ao flag (Ao1) command write (Ao = “1")
This flag indicates the condition of Ao status when 1: Occurrence due to command write (Ao = “1")
the IBF1 flag is set. Output buffer 1 empty interrupt disable bit
User definable flag (U4-U7) 0: Enabled
This flag can be defined by user freely. 1: Disabled
Input buffer 1 full interrupt disable bit
0: Enabled
1: Disabled
Reserved bit (“0” at read/write)
Data bus buffer function select bit
0 : Single data bus buffer mode
(P72 functions as /0 port.)
1 : Double data bus buffer mode
(P72 functions as S1 input pin.)
Fig. 55 Structure of master CPU bus interface related registers
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Data bus buffer control register O| b7 | b6 | b5 | b4 | b3 | b2 | bl | bO |

(address 004A16)

7641 Group FUNCTIONAL DESCRIPTION
Data bus buffer control register 1 | b7 | b6 | b5 | b4 | b3 | b2 | bl | b0 |
(address 004E16)
P74/0OBF1 O { [
P73/IBF1 O { Z]
N~
L
P55/A0 O
P721S10————————
P56/R O
P57/W O @
v Vv v v v v]
L ur [ us | Us | Us [ Aox [ U2 [1BF1 [0BFi}
Y i 1 J J J. I l\ 111 I
P6o/DQo +— Output data bus buffer
register 1 iDi
P61/DQ1 (address 004C16) [
L/
P62/DQ2 Wi Dﬁ
(2]
| Input data bus buffer DBBSTS1 2
) register 1 8
P63/DQ3s O——— 3 3
= (address 004C16) RO DBB1 =
2 £
2 9]
P64/DQ4 O———— M RD DBBO 5
Input data bus buffer )
> register 0 DBBSTSO
P6s/DQs (address 004816) WR Dﬁ
- D
P66/DQs [ 1
I
Output data bus buffer ;Di'
P67/DQ7 — register 0 <
address |004816) [ * * T
b A A I A D A T T 7 ]
— U7 [ Us [ Us | us | Ao | U2 | IBFo [OBFo]—
4 + 2] 3
P57/W O r@
P56/R O
P54/So 0—— ———
P55/A0 O
>
P53/IBF0 O { °<]
P52/0BFo O { |

Fig. 56 Master CPU bus interface block diagram
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[Data Bus Buffer Status Register 0, 1 (DBBS0, DBBS1)]
004916, 004D16

The data bus buffer status registers 0, 1 consist of eight bits each.
Bits 0, 1, and 3 are read-only bits and indicate the status of the
data bus buffer. Bits 2, 4, 5, 6, and 7 are user definable flags
which can be programed, and can be read/written. The host CPU
can only read this register when the Ao pin is set to “H".

*Bit 0: Output buffer full flag OBFo, OBF1
When writing data to the output data bus buffer, this flag is set to
“1". When reading the output data bus buffer from the host CPU,
this flag is cleared to “0".
*Bit 1: Input buffer full flag IBFo, IBF1
When writing data from the host CPU to the input data bus
buffer, this flag is set to “1”. When reading the input data bus
buffer from the slave CPU side, this flag is are cleared to “0".
*Bit 3: A0 flag Aoo, Aol
When writing data from the host CPU to the input data bus
buffer, the level of the Ao pin is latched.

[Input Data Bus Buffer Registers 0, 1 (DBBINo, DBBIN1)]
004816, 004C16

Data on the data bus is latched to DBBINo or DBBIN1 by writing
request from the host CPU. Data of DBBINs can be read from the
Data Bus Buffer Registers (address 004816 or 004C16) on the
SFR area.

[Output Data Bus Buffer Registers 0, 1 (DBBOUTOo,
DBBOUT1)] 004816, 004C16

When writing data to the Data Bus Buffer Registers (address
004816 or 004C16) on the SFR area, data is set to DBBOUTo0 or
DBBOUT1. Data of DBBOUTSs is output onto the data bus by per-
forming the reading request from the host CPU when the Ao pin is
set to “L".
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Table 8 Function description of control I/O pins of master CPU bus interface

OBFo IBFo OBF1 IBF1 Input/
Pin Name | output | output | output | output Output Functions
enable | enable | enable | enable
bit bit bit bit
P52/0BFo OBFo 1 0 0 0 Output Status output signal.
OBFo signal is output.
P53/IBFo IBFo 0 1 0 0 Output | Status output signal.
IBFo signal is output.
P54/So So — — — — Input | Chip select input.

This is used for selecting the data bus buffer, which is
selected at “L” level.

P5s5/A0 Ao — — — — Input Address input.

This is used for selecting DBBSTS and DBBOUT
when the host CPU reads.

This is used for distinguishing command from data
when the host CPU writes.

P56/R (E) R (E) — — — — Input This is a timing signal for reading data from the data
bus buffer to the host CPU.

P57/W (RIW) | WRW)| — — — — Input | This is a timing signal for writing data to the data bus
buffer by the host CPU.

P72/S1 S1 — — — — Input | Chip select input.

This is used for selecting the data bus buffer, which is
selected at “L” level.

P73/IBF1/HLDA | IBF1 0 0 0 1 Output Status output signal.
IBF1 signal is output.
P74/0OBF1 OBF1 0 0 1 0 Output | Status output signal.

OBFa1 signal is output.
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COUNT SOURCE GENERATOR

The 7641 Group has a built-in special count source generator,
SCSG. This generator consists of two 8-bit timers: SCSG1 and
SCSG2. The output of the special count source generator can be
used as a clock source for the timer X, serial I/0O and two UARTS.

SCSG Operation

Timers SCSG1 and SCSG2 are both down count timers. When the
count reaches “0”, an underflow occurs at the next count source
rising edge and the contents of the corresponding timer latch are
loaded to the timer. The division ratio of each SCSG-x timer is
given by 1/ (n+1), where “n” is the value set to the SCSG-x timer.
The output of Timer SCSG1 is ANDed with the original clock (@) to
make a count source for Timer SCSG2.

The SCSG output is Clock SCSGCLK. The frequency is calculated
as follows:
SCSGCLK =@ 0O {n1/(n1+1)} O {1/ (n2+1)}
nl: value set to SCSG1
n2: value set to SCSG2

If the SCSG1 Count Stop Bit (SCSGML1) is set to “1”, or Timer
SCSG1 is set to “0”, the SCSG1 count stops. When this happens,
the count source for Timer SCSG2 becomes @.

Data Write Control

When the SCSG1 Data Write Control Bit or SCSG2 Data Write
Control Bit is set to “0”, and data is written to the SCSG-x timer;
the data is written to the corresponding latch and timer at the
same time. When that bit is set to “1”, the data is only written to
the latch.

SCSG1 count stop bit
SCSGCLK output control bit —9

SCSG1 data write control bit

SCSGL1 Timer Reload Latch J

o (O)—t

SCSG1 Timer (8)

SCSG1 count stop bit

SCSGCLK output control bit

SCSG1 count stop bit

SCSG2 data write control bit

SCSG2 Timer Reload Latch J

SCSG2 Timer (8)

SCSGCLK output control bit

SCSGCLK <&— <

Fig. 57 Special count source generator block diagram
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b7 b0
olololo Special count source mode register (address 002F16)
SCSGM

SCSG1 data write control bit
0: Writing data into both Timer latch and Timer simultaneously
1: Writing data into only Timer latch

SCSG1 count stop bit
0: Count start
1: Count stop

SCSG2 data write control bit
0: Writing data into both Timer latch and Timer simultaneously
1: Writing data into only Timer latch

SCSGCLK output control bit
0: SCSGCLK output disabled (SCSG1 and SCSG2 counts stop)
1: SCSGCLK output enabled

Reserved bits (“0” at read/write)

Fig. 58 Structure of special count source generator mode register
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FREQUENCY SYNTHESIZER (PLL)

The frequency synthesizer generates the 48 MHz clock required
by fuse and fsyN, which are multiples of the external input refer-
ence f(XIN). Figure 59 shows the block diagram for the frequency
synthesizer circuit.

The Frequency Synthesizer Input Bit selects either f(XIN) or
f(XcIN) as an input clock fin for the frequency synthesizer.

The Frequency Synthesizer Multiply Register 2 (FSM2: address
006E16) divides fiN to generate fPIN, where

frPIN = fiN/ 2(n + 1), n: value set to FSM2.

When the value of Frequency Synthesizer Multiply Register 2 is
set to 255, the division is not performed and frIN will equal fiN.

fvco is generated according to the contents of Frequency Synthe-
sizer Multiply Register 1 (FSM1: address 006D16), where

fvco = frIN O {2(n + 1)}, n: value set to FSM1.

Set the value of FSM1 so that the value of fvco is 48 MHz.

fSYN is generated according to the contents of the Frequency Syn-
thesizer Divide Register (FSD: address 006F16), where

fsyn = fvco / 2(m + 1), m: value set to FSD.

When the value of the Frequency Synthesizer Divide Register is
set to 255, the division is not performed and fsYN becomes invalid.

[Frequency Synthesizer Control Register] FSC

Setting the Frequency Synthesizer Enable Bit (FSE) to “1” enables
the frequency synthesizer. When the Frequency Synthesizer Lock
Status Bit (LS) is “1” in the frequency synthesizer enabled, this in-
dicates that fsyN and fvco have correct frequencies.

m Notes

Make sure to connect a low-pulse filter to the LPF pin when using
the frequency synthesizer. In addition, please refer to “Program-
ming Notes: Frequency Synthesizer” when recovering from a
Hardware Reset.

(address 006E16)

fvco Frequency Divider | fSYN
fIN fPIN Frequenc
— P> Prescaler > Muclltipliery A A
- p fUSB
[S]
o
> O
SNz
[
S
A
FSM2 FSM1 FSC FSD

(address 006D16)

(address 006C16) (address 006F16)

Data Bus

Fig. 59 Frequency synthesizer block diagram
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b7

b0

_

Frequency synthesizer control register (address 006C1s6)

FSC

Frequency synthesizer enable bit (FSE)
0: Disabled
1: Enabled
Fix to “00".
Frequency synthesizer input bit (FIN)
0: f(XIN)
1: f(XcIN)
Reserved bit (“0” at read/write)
LPF current control (CHG1, CHGO) (Note)
b6b5
0 0: Not available
0 1: Low current
1 0: Intermediate current (recommended)
1 1: High current
Frequency synthesizer lock status bit
0: Unlocked
1: Locked

Note: Bits 6 and 5 are set to (bit 6, bit 5) = (1, 1) at reset.
When using the frequency synthesizer, we recommend to set to (bit 6, bit 5)
= (1, 0) after locking the frequency synthesizer.

Fig. 60 Structure of frequency synthesizer control register
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RESET CIRCUIT

To reset the microcomputer, RESET pin should be held at an “L”

Poweron

level for 20 cycles or more of @. Then the RESET pin is returned to
an “H” level, and reset is released. They must be performed when
the power source voltages are between 3.00 V and 3.60 V or 4.15

Power source

RESET Vce

V and 5.25 V.

After the reset is completed, the program starts from the address
contained in address FFFA16 (high-order byte) and address
FFFB16 (low-order byte).

After oscillation has restarted, the timers 1 and 2 secures waiting
time for the internal clock @ oscillation stabilized automatically by

voltage
oV

7‘ (Note)

\ 4

Reset input
voltage
ov

Note : Reset release voltage ; Vcc = 3.00 or 4.15 V

setting the timer 1 to “FF16” and timer 2 to “0116". The internal
clock @retains “H” level until Timer 2’s underflow and it cannot be
supplied until the underflow.

RESET

The pins state during reset are follows:
*When CNVss = “H”

Power source
voltage detection

Ports PO, P1, P33 to P37 : Outputting circuit
Pins other than above mentioned ports : Inputting
*When CNVss = “L”
All pins . Inputting.
Fig. 61 Reset circuit example
o __ [ A O
4
RESET
Internal y
reset
X X2 X2 X2 X eren X erre X(p0u X
Reset address from
the vector table.
Data X 2 X 2 X 2 X 2 X b X Abw X
SYNC
XiN: 512 clock cycles
Notes: The question marks (?) indicate an undefined state that depends on the previous state.

Fig. 62 Reset sequence
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(23)
(24)
(25)
(26)
@7)

(28)

(45)

(46

(47)

CPU mode register A (CPUA)
CPU mode register B (CPUB)
Interrupt request register A (IREQA)
Interrupt request register B (IREQB)
Interrupt request register C (IREQC)
Interrupt control register A (ICONA)
Interrupt control register B (ICONB)
Interrupt control register C (ICONC)
Port PO (P0)

Port PO direction register (POD)
Port P1 (P1)

Port P1 direction register (P1D)
Port P2 (P2)

Port P2 direction register (P2D)
Port P3 (P3)

Port P3 direction register (P3D)

Port control register (PTC)

Interrupt polarity select register (IPOL)

Port P2 pull-up control register (PUP2)

USB control register (USBC)
Port P6 (P6)

Port P6 direction register (P6D)
Port P5 (P5)

Port P5 direction register (P5D)
Port P4 (P4)

Port P4 direction register (P4D)
Port P7 (P7)

Port P7 direction register (P7D)
Port P8 (P8)

Port P8 direction register (P8D)
Clock control register (CCR)
Timer XL (TXL)

Timer XH (TXH)

Timer YL (TYL)

Timer YH (TYH)

Timer 1 (T1)

Timer 2 (T2)

Timer 3 (T3)

Timer X mode register (TXM)

Timer Y mode register (TYM)

Timer 123 mode register (T123M)
Serial I/0 control register 1 (SIOCON1)

Serial I/0 control register 2 (SIOCON2)

Address Register contents

0000ss[0[0]o[o1[1]o[o]
000116 1[o[o[olo[o[1[1]
000210 0016 |
00031 0016 |
000416
000516 001 ]
000616
000716 001 ]
o
0009 001 ]
000Ass[ 001 ]
000Bis[ 001 ]
ooocssl 006 ]
000Dis[ 0016 ]
o000E:s[ 001 |
000F16
001016
oot 0016 |
001216 001 |
00136 001 ]
oot4s 001 ]
o015 0016 |
o016 001 |
00176 001 ]
o018 0016 |
ootos[ 00 |
001A1[ 001 |
001816
001Cie[ 0016 |
0010w 001 |
oot 006 |
0020 FFie |
oo2usl  FFis ]
002216 FFio |
00231 FFis ]
002416 FFi6

002516
002616 FFis |
002760016 |
002816 001 |
002916 001 |
002815[0[1]0[0[o[o]o[0]
oo2cas[0[ofo[1[1]o[oo]

Special count source generator 1 (SCSG1) OOZDIE
Special count source generator 2 (SCSG2) 002E16
Special count source mode register (SCSGM) 002F16

UART1 mode register (UIMOD)

X : Not fixed
Notes 1: When using the endpoint 1, this contents are “0116".

oosowl 00 ]

(48) UARTL status register (U1STS)

(49) UARTZ control register (ULCON)

(50) UART1 RTS control register (UIRTSC)
(51) UART2 mode register (U2MOD)

(52) UART? status register (U2STS)

(53) UART? control register (U2CON)

(54) UART2 RTS control register (U2RTSC)
(55) DMAC index and status register (DMAIS)
(56) DMAC channel x mode register 1 (DMAX1)

(57) DMAC channel x mode register 2 (DMAX2)

(58) DMAC channel x source register Low (DMAXSL)
(59) DMAC channel x source register High (DMAXSH)
(60) DMAC channel x destination register Low (DMAXDL)
(61) DMAC channel x destination register High (DMAXDH)
(62) DMAC channel x transfer count register Low (DMAXCL)
(63) DMAC channel x transfer count register High (DMAXCH)
(64) Data bus buffer register 0 (DBBO)

(65) Data bus buffer status register 0 (DBBS0)
(66) Data bus buffer control register 0 (DBBCO)
(67) Data bus buffer register 1 (DBB1)

(68) Data bus buffer status register 1 (DBBS1)
(69) Data bus buffer control register 1 (DBBC1)
(70) USB address register (USBA)

(71) USB power management register (USBPM)
(72) USB interrupt status register 1 (USBIS1)
(73) USB interrupt status register 2 (USBIS2)
(74) USB interrupt enable register 1 (USBIEL)
(75) USB interrupt enable register 2 (USBIE2)
(76) USB frame number register Low (USBSOFL)

(77) USB frame number register High (USBSOFH)
(78) USB endpoint index register (USBINDEX)

(79) USB endpoint x IN control register (IN_CSR)
(80) USB endpoint x OUT control register (OUT_CSR)
(81) UsB endpoint x IN max. packet size register (IN_MAXP)

(Note 1)

(82) usB endpoint x OUT max. packet size register (OUT_MAXP,
(Note 1)
(83) UsB endpoint x OUT write count register Low (WRT_CNTL)

(84) usB endpoint x OUT wite count register High (WRT_CNTH)
(85) USB endpoint FIFO mode register (USBFIFOMR)
(86) Fiash memory control register (FMCR)

(Note 3)
87) Frequency synthesizer control register (FSC)
(88) Frequency synthesizer multiply register 1 (FSM1)
(89) Frequency synthesizer multiply register 2 (FSM2)
(90) Frequency synthesizer divide register (FSM2)
(91) ROM code protect control register (ROMCP)

(Note 3)

(92) Processor status register

(93) Program counter

Address Register contents

003216 [0]o[o[o[ofo[1]1]
003316
003616 [ 1[0[0[o[o[o[o]o]
003815
003A16
003B16
003E1s
003F16
004016
004116
004216
004316
004416
004516
004615
004716
004816
004916
004A15
ooacis[ oo ]
004Dss[ 001 |
004E1s
005016
005116
005216
005316
005416
005516
005616
005716
005815
005916
005A16
005B16
ooscis[olofolo[1[olol0]
o00sDis[ oo |
005E15
005F1s
006As
oosc1s[0[1]1]o[o[o[o[ 0]
006016 PR |
006E1s
006F15
FFCo1d  FFis ]
®s)  [oh [ofd Tod ]
(PCH)
(PCL)

2: Since the initial values for other than above mentioned registers and RAM contents are indefinite at reset, they must be set.
3: The flash memory control register and the ROM code protect control register exists in the flash memory version only.

Fig. 63 Internal status at reset
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CLOCK GENERATING CIRCUIT

The 7641 group has two built-in oscillation circuits. An oscillation
circuit can be formed by connecting a resonator between XIN and
XouT (XcIN and XcouT). Use the circuit constants in accordance
with the resonator manufacturer’s recommended values. No exter-
nal resistor is needed between XIN and XouT since a feed-back
resistor exists on-chip. (An external feed-back resistor may be
needed depending on conditions.) However, an external feed-back
resistor is needed between XcIN and Xcour.

When using an external clock, input the clocks to the XIN or XcIN
pin and leave the XouT or XcouT pin open.

Immediately after power on, only the XIN oscillation circuit starts
oscillating, and XcIN and XcouT pins function as I/O ports.

Frequency Control

The internal system clock can be selected among fsyn, f(XIN),
f(XIN)/2, and f(XCIN). The internal clock @ is half the frequency of
internal system clock.

(1) fsyN clock

This is made by the frequency synthesizer. f(XIN) or f(XCIN) can be
selected as its input clock. See also section “FREQUENCY SYN-
THESIZER".

(2) f(XIN) clock

The frequency of internal system clock is the frequency of XIN pin.

(3) f(XIN)/2 clock

The frequency of internal system clock is half the frequency of XIN
pin.

(4) f(XcIN) clock
The frequency of internal system clock is the frequency of XcCIN
pin.

m Note

If you switch the oscillation between XIN - XouT and XCIN - XCouT,
stabilize both XiN and XcIN oscillations. The sufficient time is re-
quired for the XcIN oscillation to stabilize, especially immediately
after power on and at returning from the stop mode.

XCIN  XcouT XIN  XouT

W | Rd (Note)
1 1

;CCIN;CCOUT ;CIN ;COUT

Note : Insert a damping resistor if required.
The resistance will vary depending on the oscillator
and the oscillation drive capacity setting.
Use the value recommended by the maker of the
oscillator.
Also, if the oscillator manufacturer's data sheet
specifies that a feedback resistor be added
external to the chip though a feedback resistor
exists on-chip, insert a feedback resistor between
Xin and Xourt following the instruction.

Fig. 64 Ceramic resonator or quartz-crystal oscillator exter-
nal circuit

XcIN ~ XcouT XIN Xout

Open Open

External oscillation External oscillation
circuit circuit

e L Ve
Vss Vss

Fig. 65 External clock input circuit
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(5) Low power dissipation mode

* The low power dissipation operation can be realized by stopping
the main clock XiN when using f(XCIN) as the internal system
clock. To stop the main clock, set the Main Clock (XIN-XouT)
Stop Bit of the CPU mode register Ato “1”.

* The low power dissipation operation can be realized by disabling
the reversed amplifier when inputting external clocks to the XIN
pin or XCIN pin. To disable the reversed amplifier, set the Xcout
Oscillation Drive Disable Bit (CCR5) or XouT Oscillation Drive
Disable Bit (CCR6) of the clock control register to “1”.

Oscillation Control

(1) Stop mode

If the STP instruction is executed, the internal clock ¢ stops at “H”
level, and XIN and XCIN oscillators stop. Then the timer 1 is set to
“FF16” and the internal clock @ divided by 8 is automatically se-
lected as its count source. Additionally, the timer 2 is set to “0116”
and the timer 1's output is automatically selected as its count
source.

Set the Timer 1 and Timer 2 Interrupt Enable Bits to disabled (“0”)
before executing the STP instruction. When using an external in-
terrupt to release the stop mode, set the Interrupt Enable Bit to be
used to enabled (“1") and the Interrupt Disable Flag (I) to “0”".
Oscillator restarts at reset or when an external interrupt including
USB resume interrupts is received, but the internal clock ¢ re-
mains at “H” until the timer 2 underflows. The internal clock @is
supplied for the first time when the timer 2 underflows. Therefore
make sure not to set the Timer 1 Interrupt Request Bit and Timer
2 Interrupt Request Bit to “1” before the STP instruction stops the
oscillator.

(2) Wait mode

If the WIT instruction is executed, the internal clock @ stops at “H”
level, but the oscillator does not stop. The internal clock @ restarts
at reset or when an interrupt is received. Since the oscillator does
not stop, normal operation can be started immediately after the in-
ternal clock @is restarted.

Set the Interrupt Enable Bit to be used to release the wait mode to
enabled (“1”) and the Interrupt Disable Flag (I) to “0”".

b7 b0

Clock control register (address 001F1s)
CCR

Reserved bits (“0” at read/write)
Fix to “0".
Xcourt oscillation drive disable bit (CCR5)
0: Xcour oscillation drive is enabled.
(When XciN oscillation is enabled.)
1: Xcour oscillation drive is disabled.
XouT oscillation drive disable bit (CCR6)
0: Xourt oscillation drive is enabled.
(When XiN oscillation is enabled.)
1: XouT oscillation drive is disabled.
XIN divider select bit (CCR7)
Valid when CPMAG6, CPMAY = “00”
0: f(XIN)/2 is used for the system clock.
1: f(XIN) is used for the system clock.

Fig. 66 Structure of clock control register
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_e_ P1HATRSTB P2LATRSTB
|—DQ DQ—l—D Q—l—DQ RQ—l—DQ RESET
PINI— T RJ|PIN2—T R|PINlIH T R|P2+—T R S PINI— T
7 . 7 D Q
RESET
P2+ T
STP instruction
P2LATRSTB
R oD o P2 peripheral
P2 peripheral —| Oscillator count-down | L TR o
P1 peripheral —] timer 1 to 2
instrutii-lt—)';— S T
STP instruction S P1 peripheral
P1HATRSTB

D Q P2 out Internal
R Q 1/ S QI clock ¢
wIT PIN2-@4 T ‘__OEDM R
instruction S
Interrupt request

Interrupt disable S P2LATRSTB
flag | RESET
) P2
STP instruction Delay R QB Q
0SCSTP P+—T
XOSCSTP \ d P1
Main clock (XiN-XouT) stop bit
P1HATRSTB
XCOSCSTP
XOD Sub-clock (Xcin-Xcour)
stop bit
XDOSCSTP PIN1, PIN2
XCOD
Slow memory wait __|
XCDOSCSTP select bit Slow memory | |
Slow memory wait | wait P1+, P2+
mode select bit
RDY —]
XN drive select bit
External clock select bit
= f(XiN)
LPF 1/2 |
|—I—| f(XciN) o fext

XOSCSTP

XCOSCSTP Frequency synthesizer

input bit

Q select bit
O
Main clock (XiN-XouT) 0 i fsyn O _
stop bit Frequency |—0
Q_Do—o synthesizer [—w usB 48 MHz

Sub-clock (Xcin-XcouT) T | clock output

Internal system clock

stop bit

‘—DO—O\O Frequency synthesizer LPF
enable bit

XiN Xout  XcIN Xcout

Fig. 67 Clock generating circuit block diagram
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(Note 2) @=f(xin/g) (Note 3) @=f(xinja) (Note3) @=f(PLL)2
4_» XN clock oscillating, f%CO . XN clock oscillating, CPMA6 . XN clock oscillating,
XcIN clock stopped, 0" "1 XcIN clock stopped, 0" "1 XcIN clock stopped, w
Frequency synthesizer Frequency synthesizer Frequency synthesizer - > -
<_> clock stopped, clock oscillating, (Note 4) clock oscillating,
CPMA =0C, FSC = 60 CPMA =0C, FSC =41 CPMA =4C, FSC =41
]
30
=1
5+
(Note 2) o= fxing) (Note 3) @=f(xivja) (Note3) @=f(PLL)2
<_> XIN clock oscillating, f%CO . XIN clock oscillating, CPMAG . XIN clock oscillating,
Xcin clock oscillating, 0" "1 Xcin clock oscillating, 0" "1 Xcin clock oscillating, w
Frequency synthesizer Frequency synthesizer Frequency synthesizer - L -
<_> clock stopped, clock oscillating, (Note 4) clock oscillating,
CPMA = 1C, FSC = 60 CPMA =1C, FSC =41 CPMA =5C, FSC =41
o
I
= |
S+
(Note 2) @ = f(Xcin/2) @ = f(Xcin/2) @=f(PLL)/2
4_» XN clock oscillating, f%CO . XN clock oscillating, CPMA6 . XN clock oscillating,
XcIN clock oscillating, 0" "1 XcIN clock oscillating, 0" "1 XcIN clock oscillating, @
Frequency synthesizer - > Frequency synthesizer Frequency synthesizer - > -
<_> clock stopped, clock oscillating, (Note 4) clock oscillating,
CPMA =9C, FSC = 60 CPMA =9C, FSC =41 CPMA =DC, FSC =41
(Note 5)
e
2o
=g
&
(Note 2) @ = f(Xcin/2) @ = f(XcINn/2) @=f(PLL)/2
XIN clock stopped, FSCO XIN clock stopped, CPMA6 XIN clock stopped,
- ped, “Qr aq ped, “Qn q ped,
XcIN clock oscillating, hnlind XcIN clock oscillating, - XcIN clock oscillating,
Frequency synthesizer Frequency synthesizer Frequency synthesizer
<_> clock stopped, clock oscillating, (Note 4) clock oscillating,
CPMA =BC, FSC =68 CPMA =BC, FSC =49 CPMA =FC, FSC =49
Notes 1: Switch the mode by the allows shown between the mode blocks. (Do not switch between the modes directly without an allow.)
2: In Stop mode, though the frequency synthesizer is not automatically disabled, the oscillator which sends clocks to the frequency
synthesizer stops. Set the system clock and disable the frequency synthesizer before execution of the STP instruction.
3: @=f(XIN)/2 can be also used by setting the XiN divider select bit (CCR7) to “1”. Then this diagram also applies to that case.
4 : The frequency synthesizer’s input can be selected between XIN input and XcIN input regardless of the system clock. This diagram
assumes the frequency synthesizer's input to be the system clock. Enable the oscillator to be used for the frequency synthesizer's input
before enabling the frequency synthesizer.
5: Select the XcIN input as the frequency synthesizer's input by setting the frequency synthesizer input bit (FSC3) to “1” before stopping XIN
oscillation.
Remarks : This diagram assumes that:
«Stack page is page 1
«In single-chip mode
(Depending on the CPU mode register A)
«@ expresses the internal clock.

Fig. 68 State transitions of clock
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PROCESSOR MODE

Single-chip mode, memory expansion mode, and microprocessor
mode which is only in the mask ROM version can be selected by
using the Processor Mode Bits of CPU mode register A (bits 0 and
1 of address 000016). In the memory expansion mode and micro-
processor mode, a memory can be expanded externally via ports
PO to P3. In these modes, ports PO to P3 lose their 1/O port func-
tions and become bus pins.

The port direction registers corresponding to those ports become
external memory areas.

Table 9 Port functions in memory expansion mode and
microprocessor mode

Port Name Function
Port PO Outputs low-order 8 bits of address.
Port P1 Outputs high-order 8 bits of address.
Port P2 Operates as I/O pins for data D7 to Do (including
instruction code).
Port P3 P30 is the RDY input pin.
P31 and P32 function only as output pins
P33 is the DMAOUT output pin.
P34 is the @ouT output pin.
P3s is the SYNCouT output pin.
P36 is the WR output pin, and P37 is the RD out-
put pin.
Port P4 P40 is the EDMA pin.

() Single-chip mode
Select this mode by resetting the MCU with CNVss connected to
Vss.

(2) Memory expansion mode

Select this mode by setting the Processor Mode Bits (b1, b0) to
“01” in software with CNVss connected to Vss. This mode enables
external memory expansion while maintaining the validity of the in-
ternal ROM.

(3) Microprocessor mode

Select this mode by resetting the MCU with CNVss connected to
Vcc, or by setting the Processor Mode Bits (b1, b0) to “10” in soft-
ware with CNVss connected to Vss. In the microprocessor mode,
the internal ROM is no longer valid and an external memory must
be used.

Do not set this mode in the flash memory version.

M37641M8

000016 000016
SFR area SFR area
000816 000816
001016 001016
SFR area SFR area
007016 007016
Internal RAM Internal RAM
047016 047016
800016
Internal ROM
FFFF16 FFFF16

Memory expansion mode Microprocessor mode

The shaded areas are external areas.

M37641F8

000016
SFR area
000816
001016
SFR area
007016
Internal RAM

0A7016 Reserved area
100016

800016

Internal ROM

FFFF16
Memory expansion mode

The shaded areas are external areas.

Fig. 69 Memory maps in processor modes other than single-
chip mode
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b7 b0
| | | | 1 | | | CPU mode register A (address 000016)
CPMA

Processor mode bits
b1b0
0 0: Single-chip mode
0 1: Memory expansion mode
1 0: Microprocessor mode (Note 1)
1 1: Not available
Stack page select bit
0: Page 0
1: Page 1
Fix to “1”.
Sub-clock (XciN-XcouT) control bit
0: Stopped
1: Oscillating
Main clock (XIN-XouT) control bit
0: Oscillating
1: Stopped
Internal system clock select bit (Note 2)
0: External clock (XIN-XouT or XCIN-XcouT)
1: fsyn
External clock select bit
0: XiN-XouT
1: XcIN-XcouT

Notes 1: This is not available in the flash memory version.
2: When (CPMA 6, 7) = (0, 0), the internal system clock can be selected
between f(XIN) or f(XiN)/2 by CCR7.
The internal clock @is the internal system clock divided by 2.

Fig. 70 Structure of CPU mode register A

b7

[2]o] |

| | | | CPU mode register B (address 000116)
CPMB

Slow memory wait select bits
b1b0o
0 0: No wait
0 1: One-time wait
1 0: Two-time wait
1 1: Three-time wait
Slow memory wait mode select bits
b3b2
0 0: Software wait
0 1: Not available
1 0: RDY wait
1 1: Software wait plus RDY input anytime wait
Expanded data memory access bit
0: EDMA output disabled
1: EDMA output enabled
HOLD function enable bit
0: HOLD function disabled
1: HOLD function enabled

Resereved bit (“0” at read/write)

Fix to “1".

Fig. 71 Structure of CPU mode register B
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Slow Memory Wait

The 7641 Group is equipped with the slow memory wait function
(Software wait, RDY wait, and Extended RDY wait: software wait
plus RDY input anytime wait) for easier interfacing with external
devices that have long access times. The slow memory wait func-
tion can be enabled in the memory expansion mode and
microprocessor mode. The appropriate wait mode is selected by
setting bits 0 to 3 of CPU mode register B (address 000116). This
function can extend the read cycle or write cycle only for access to
an external memory. However, this wait function cannot be en-
abled for access to addresses 000816 to 000F16.

(1) Software wait

The software wait is selected by setting “00” to the Slow Memory
Wait Mode Select Bits of CPU mode register B (address 000116).
Read/write cycles (“L” width of RD pin/ﬁ pin) can be extended
by one to three @ cycles. The number of cycles to be extended can
be selected with the Slow Memory Wait Select Bits. When the
software wait function is selected, the RDY pin status becomes in-
valid.

(2) RDY wait

RDY Wait is selected by setting “10” to the Slow Memory Wait
Mode Select Bits of CPU mode register B (address 000116). When
a fixed time of “L” is input to the RDY pin at the beginning of a
read/write cycle (before @ cycle falls), the MCU goes to the RDY
state. The read/write cycle can then be extended by one to three @
cycles. The number of @ cycles to be added can be selected by
the Slow Memory Wait Bits.

(3) Software wait + Extended RDY wait
Extended RDY Wait is selected by setting “11” to the Slow
Memory Wait Mode Select Bits of CPU mode register B (address
000116). The read/write cycle can be extended when a fixed time
of “L” is input to the RDY pin at the beginning of a read/write cycle
(before @ cycle falls). The RDY pin state is checked continually at
each fall of @ cycle until the RDY pin goes to “H”. When “H” is in-
put to the RDY pin, the wait is released within 1, 2, or 3 @ cycles
(as selected with the Slow Memory Wait Bits).

No wait 1-cycle software wait

2-cycle software wait

3-cycle software wait

>«

-

CPMB = 0016 CPMB = 0116

Note: This diagram assumes ¢ = XIN/2.

CPMB = 0216 > CPMB = 0316

Fig. 72 Software wait timing diagram

gour LMLy L L
Abour < O——C >r—< — —< — — — —
RD I I j) S [ S
WR LI tou w—T T w—T
> > i« | gl | | gl | > i | gl |
RDY 1 m! 1 1 1 1
No wait 1-cycle RDY wait 2-cycle RDY wait 3-cycle RDY wait
| >« | | >
CPMB = 0816 CPMB = 0916 CPMB = 0A16 CPMB = 0B16
Note: This diagram assumes @ = XIN/2.
Fig. 73 RDY wait timing diagram
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ADout < )>——_ »—< — — )~
—
1

RD T — — —
WR B

—
tsu tsu tsu

biia piia, Plia pid., >ila piia, pie
>iiq P >iiq P »iiq P
|

RDY 777777 777777 1 T 1T
No wait 1-cycle extended RDY wait 2-cycle extended RDY wait
>« >«
CPMB = 0Cz16 CPMB = 0D16 CPMB = OE16

xv - TUHUHUL Ui U i i i i i U U U U

ADout — < > S—
RD — —
o 1 — 1 —
WR tsu tsu tsu tsu tsu tsu tsu tsu tsu

< i i P P P q_ P,

piiq P >ilq P >iiq P

RDY 0 YV —_ Y n—

2-cycle extended RDY wait 3-cycle extended RDY wait

>« >
CPMB = OE16 CPMB = OF16

Note: This diagram assumes ¢ = XIN/2.

Fig. 74 Extended RDY wait (software wait plus RDY input anytime wait) timing diagram

Rev.2.00 Aug 28, 2006 page 78 of 113 RENESAS
REJ09B0336-0200



7641 Group

HARDWARE

FUNCTIONAL DESCRIPTION

HOLD Function

The HOLD function is used for systems that consist of external cir-
cuits that access MCU buses without use of the CPU (Central
Processing Unit). The HOLD function is used to generate the tim-
ing in which the MCU will relinquish the bus from the CPU to the
external circuits. To use the HOLD function, set the HOLD function
Enable Bit of CPU mode register B (address 000116) to “1”. This
function can be used with both the HOLD pin and the HLDA pin.
The HOLD signal is a signal from an external circuit requesting the
MCU to relinquish use of the bus. When “L” level is input, the MCU
goes to the HOLD state and remains so while the pin is at “L". The
oscillator does not stop oscillating during the HOLD state, there-
fore allowing the internal peripheral functions to operate during
this time.

When the MCU relinquishes use of the bus, “L” level is output from
the HLDA pin. The MCU makes ports PO and P1 (address buses)
and port P2 (data bus) tri-state outputs and holds port P37 (ﬁ
pin) and port P36 (WR pin) “H” level. Port P34 (@ ouT pin) contin-
ues to oscillate. This function is not valid when the MCU is using
the IBF1 function with the HLDA pin.

Expanded Data Memory Access

In Expanded Data Memory Access Mode, the MCU can access a
data area larger than 64 Kbytes with the LDA ($zz), Y (indirect Y)
instruction and the STA ($zz), Y (indirect Y) instruction.

To use this mode, set the Expanded Data Memory Access Bit of
CPU mode register B (address 000116) to “1”. In this case, port
P40 (EDMA pin) goes “L” level during the read/write cycle of the
LDA or STA instruction.

The determination of which bank to access is done by using an I/
O port to represent expanded addresses exceeding address bus
AB15. For example, when accessing 4 banks, use two 1/O ports to
represent address buses AB16 and AB17.

@out

s

)

REJ09B0336-0200

rowr Y/ NY N N7
ADDRout K X X X ) L ( X
DATAIN/OUT /\ N\ L. O_I
, N N/ : : :
' tsu(HOLD-¢) |€¢—Pp th(¢-HOLD) . ' '
HOLD , : : / '
! ' b !
HLDA 7 td(@-HLDAL) : : td(@-HLDAH) :

Note: This diagram assumes ¢ = XIN/2.

Fig. 75 Hold function timing diagram
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0] ! L 1 I I °—1 L1 1 |
]
SYNCout : [ | [ !
rol LI L1 LI L1 | |
WR L1 '

Address ( PC X PC +1 XBAL, OOXBAL+1,00>< QB;*Y'X ﬁB;iéX PC+2 ¥
Data E(Opcodex BAL X ADL X ADH Xlnvalid X Data X Next

EDMA

]

Fig. 76 STA ($ zz), Y instruction sequence when EDMA enabled

¢

o

SYNCout
RD

[ I I O I L

WR
Address { PC X PC+1 X BAL, 00 XBAL+1,00% ADL* Y X AD +Y. N pC + 2 >.
Data S(Opcodex BAL X ADL X ADH Xlnvalid X Data >@%ode

EDWVA ° I

]

Fig. 77 LDA ($ zz), Y instruction sequence when EDMA enabled and T flag = “0”

2 W I s T Y Y s s Y s Y s B
syNCour L[] 1
o2 S O s O e O | |

WR | L] :

Address { PC X PC+1 XBAL, 00 XBAL+1, 00 AD+ Y W(AD: + Y, X, 00 Xrc+2 )

Data @(Op codeX BAL X ADL X ADH Xlnvalid X Data Xlnvalid X Data XcN)e;Xéode
EDMA ! L i

Fig. 78 LDA ($ zz), Y instruction sequence when EDMA enabled and T flag = “1”

Rev.2.00 Aug 28, 2006 page 80 of 113 RENESAS
REJ09B0336-0200



7641 Group

HARDWARE

FLASH MEMORY MODE

FLASH MEMORY MODE

The M37641F8FP/HP (flash memory version) has an internal new
DINOR (Dlvided bit line NOR) flash memory that can be rewritten
with a single power source when Vcc is 5V, and 2 power sources
when VpPpis 5V and Vcc is 3.3 V in the CPU rewrite and standard
serial /0 modes.

For this flash memory, three flash memory modes are available in
which to read, program, and erase: the parallel I/0O and standard
serial 1/0 modes in which the flash memory can be manipulated
using a programmer and the CPU rewrite mode in which the flash
memory can be manipulated by the Central Processing Unit
(CPU).

Table 10 Summary of M37641F8 (flash memory version)

Summary

Table 10 lists the summary of the M37641F8 (flash memory ver-
sion).

This flash memory version has some blocks on the flash memory
as shown in Figure 79 and each block can be erased. The flash
memory is divided into User ROM area and Boot ROM area.

In addition to the ordinary User ROM area to store the MCU op-
eration control program, the flash memory has a Boot ROM area
that is used to store a program to control rewriting in CPU rewrite
and standard serial 1/0 modes. This Boot ROM area has had a
standard serial I/O mode control program stored in it when
shipped from the factory. However, the user can write a rewrite
control program in this area that suits the user’s application sys-
tem. This Boot ROM area can be rewritten in only parallel I/O
mode.

Item

Specifications

Power source voltage (For Program/Erase)

Vce =3.00-3.60V, 4.50 — 5.25 V (f(XIN) = 24 MHz, ¢ = 6 MHz) (Note 1)

VPP voltage (For Program/Erase)

VPP =450-5.25V

Flash memory mode

3 modes; Flash memory can be manipulated as follows:

(1) CPU rewrite mode: Manipulated by the Central Processing Unit (CPU)

(2) Parallel I/0 mode: Manipulated using an external programmer (Note 2)

(3) Standard serial /0 mode: Manipulated using an external programmer (Note 2).

Erase block division | User ROM area

See Figure 79.

Boot ROM area

1 block (4 Kbytes) (Note 3)

Program method

Byte program

Erase method

Batch erasing/Block erasing

Program/Erase control method

Program/Erase control by software command

Number of commands

6 commands

Number of program/Erase times 100 times

ROM code protection

Available in parallel I/O mode and standard serial I/O mode

Notes 1: After programming/erasing at Vcc = 3.0 to 3.6 V, the MCU can operate only at Vcc =3.0to 3.6 V.
After programming/erasing at Vcc = 4.5 to 5.25 V or programming/erasing with the exclusive external equipment flash programmer, the MCU can

operate at both Vcc =3.0t0 3.6 Vand 4.15t05.25 V.

2: In the parallel /O mode or the standard serial I/O mode, use the exclusive external equipment flash programmer which supports the 7641 Group

(flash memory version).

3: The Boot ROM area has had a standard serial /O mode control program stored in it when shipped from the factory. This Boot ROM area can be

rewritten in only parallel I/O mode.
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(1) CPU Rewrite Mode

In CPU rewrite mode, the internal flash memory can be operated
on (read, program, or erase) under control of the Central Process-
ing Unit (CPU).

In CPU rewrite mode, only the User ROM area shown in Figure 79
can be rewritten; the Boot ROM area cannot be rewritten. Make
sure the program and block erase commands are issued for only
the User ROM area and each block area.

The control program for CPU rewrite mode can be stored in either
User ROM or Boot ROM area. In the CPU rewrite mode, because
the flash memory cannot be read from the CPU, the rewrite con-
trol program must be transferred to internal RAM area to be
executed before it can be executed.

Microcomputer Mode and Boot Mode

The control program for CPU rewrite mode must be written into
the User ROM or Boot ROM area in parallel I/O mode beforehand.
(If the control program is written into the Boot ROM area, the stan-
dard serial /0 mode becomes unusable.)

See Figure 79 for details about the Boot ROM area.

Normal microcomputer mode is entered when the microcomputer
is reset with pulling CNVss pin low. In this case, the CPU starts
operating using the control program in the User ROM area.

When the microcomputer is reset by pulling the P36 (C_E) pin high,
the P81 (scLk) pin high, the CNVss pin high, the CPU starts oper-
ating using the control program in the Boot ROM area. This mode
is called the “Boot” mode.

Block Address
Block addresses refer to the maximum address of each block.
These addresses are used in the block erase command.

Parallel /0 mode

User ROM area

800016 Block 2 : 16 Kbytes
C00016 Block 1 : 8 Kbytes
E00016 Block 0 : 8 Kbytes
FFFF16

BSEL ="*L"

CPU rewrite mode, standard serial /O mode

User ROM area

800016 Block 2 : 16 Kbytes
C00016 Block 1 : 8 Kbytes
E00016 Block O : 8 Kbytes
FFFF16

areas is inhibited.)

User area / Boot area select bit = “0”

Notes 1: The Boot ROM area can be rewritten in only parallel /O mode. (Access to any other

2: To specify a block, use the maximum address in the block.

Boot ROM area
4 Kbytes

F00016
FFFF16

BSEL = “H"

Boot ROM area
4 Kbytes

F00016
FFFF16

User area / Boot area select bit = “1”

Fig. 79 Block diagram of built-in flash memory
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Outline Performance (CPU Rewrite Mode)

CPU rewrite mode is usable in the single-chip, memory expansion
or Boot mode. The only User ROM area can be rewritten in CPU
rewrite mode.

In CPU rewrite mode, the CPU erases, programs and reads the in-
ternal flash memory by executing software commands. This
rewrite control program must be transferred to a memory such as
the internal RAM before it can be executed.

The MCU enters CPU rewrite mode by applying 4.50 V to 5.25 V
to the CNVss pin and setting “1” to the CPU Rewrite Mode Select
Bit (bit 1 of address 006A16). Software commands are accepted
once the mode is entered.

Use software commands to control program and erase operations.
Whether a program or erase operation has terminated normally or
in error can be verified by reading the status register.

Figure 80 shows the flash memory control register.

Bit 0 is the RY/BY status flag used exclusively to read the operat-
ing status of the flash memory. During programming and erase
operations, it is “0” (busy). Otherwise, it is “1” (ready).

Bit 1 is the CPU Rewrite Mode Select Bit. When this bit is set to
“1", the MCU enters CPU rewrite mode. Software commands are
accepted once the mode is entered. In CPU rewrite mode, the

CPU becomes unable to access the internal flash memory directly.
Therefore, use the control program in a memory other than inter-
nal flash memory for write to bit 1. To set this bit to “1”, it is
necessary to write “0” and then write “1” in succession. The bit can
be set to “0” by only writing “0”".

Bit 2 is the CPU Rewrite Mode Entry Flag. This flag indicates “1” in
CPU rewrite mode, so that reading this flag can check whether
CPU rewrite mode has been entered or not.

Bit 3 is the flash memory reset bit used to reset the control circuit
of internal flash memory. This bit is used when exiting CPU rewrite
mode and when flash memory access has failed. When the CPU
Rewrite Mode Select Bit is “1”, setting “1” for this bit resets the
control circuit. To set this bit to “1”, it is necessary to write “0” and
then write “1” in succession. To release the reset, it is necessary
to set this bit to “0".

Bit 4 is the User Area/Boot Area Select Bit. When this bit is set to
“1", Boot ROM area is accessed, and CPU rewrite mode in Boot
ROM area is available. In Boot mode, this bit is set to “1” auto-
matically. Reprogramming of this bit must be in a memory other
than internal flash memory.

Figure 81 shows a flowchart for setting/releasing CPU rewrite
mode.

b7 b0

FMCR

Flash memory control register (address 006A1e6)

setting bit 3 to “1”.

RY/BY status flag
0: Busy (being programmed or erased)
1: Ready
CPU rewrite mode select bit (Note 2)
0: Normal mode (Software commands invalid)
1: CPU rewrite mode (Software commands acceptable)
CPU rewrite mode entry flag
0: Normal mode
1: CPU rewrite mode
Flash memory reset bit (Note 3)
0: Normal operation
1: Reset
User ROM area / Boot ROM area select bit (Note 4)
0: User ROM area accessed
1: Boot ROM area accessed
Reserved bits (Indefinite at read/ “0” at write)

Notes 1: The contents of flash memory control register are “XXX00001" just after reset release.

2: For this bit to be set to “1”, the user needs to write “0” and then “1” to it in succession. If it is not
this procedure, this bit will not be set to "1”. Additionally, it is required to ensure that no interrupt
will be generated during that interval.
Use the control program in the area except the built-in flash memory for write to this bit.

3: This bit is valid when the CPU rewrite mode select bit is “1”. Set this bit 3 to “0” subsequently after

4: Use the control program in the area except the built-in flash memory for write to this bit.

Fig. 80 Structure of flash memory control

register
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Single-chip mode, Memory expansion mode or

Boot mode

Set CPU mode registers A, B (Note 2)

}

Transfer CPU rewrite mode control program to
memory other than internal flash memory

|

Jump to control program transferred in memory
other than internal flash memory

(Subsequent operations are executed by control
program in this memory)

l

Set CPU rewrite mode select bit to “1” (by
writing “0” and then “1” in succession)

}

Check CPU rewrite mode entry flag

}

Using software command execute erase,
program, or other operation

}

Execute read array command or reset flash
memory by setting flash memory reset bit (by
writing “1” and then “0” in succession) (Note 3)

}

Write “0” to CPU rewrite mode select bit

End

Notes 1: When starting the MCU in the single-chip mode or memory expansion mode, supply
4.5V to 5.25 V to the CNVss pin until checking the CPU rewrite mode entry flag.
2: Set the main clock as follows depending on the XiN divider select bit of clock control
register (bit 7 of address 001F16):
When XIN divider select bit = “0” (¢ = f(XIN)/4), the main clock is 24 MHz or less
When XN divider select bit = “1” (@ = f(XIN)/2), the main clock is 12 MHz or less.
3: Before exiting the CPU rewrite mode after completing erase or program operation,
always be sure to execute the read array command or reset the flash memory.

> Setting

\

Released

Fig. 81 CPU rewrite mode set/release flowchart
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Notes on CPU Rewrite Mode
The below notes applies when rewriting the flash memory in CPU
rewrite mode.

e Operation speed
During CPU rewrite mode, set the internal clock @to 6 MHz or less
using the XIN Divider Select Bit (bit 7 of address 001F16).

e Instructions inhibited against use
The instructions which refer to the internal data of the flash
memory cannot be used during CPU rewrite mode .

e Interrupts inhibited against use
The interrupts cannot be used during CPU rewrite mode because
they refer to the internal data of the flash memory.

e Reset

Reset is always valid. When CNVss is “H” at reset release, the
program starts from the address stored in addresses FFFA16 and
FFFB16 of the boot ROM area in order that CPU may start in boot
mode.
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Software Commands (CPU Rewrite Mode)
Table 11 lists the software commands.

After setting the CPU Rewrite Mode Select Bit of the flash memory
control register to “1”, execute a software command to specify an
erase or program operation.

Each software command is explained below.

e Read Array Command (FF16)

The read array mode is entered by writing the command code
“FF16” in the first bus cycle. When an address to be read is input in
one of the bus cycles that follow, the contents of the specified ad-
dress are read out at the data bus (DBo to DB7).

The read array mode is retained intact until another command is
written.

e Read Status Register Command (7016)

The read status register mode is entered by writing the command
code “7016" in the first bus cycle. The contents of the status regis-
ter are read out at the data bus (DBo to DB7) by a read in the
second bus cycle.

The status register is explained in the next section.

e Clear Status Register Command (5016)
This command is used to clear the bits SR4 and SR5 of the status
register after they have been set. These bits indicate that opera-
tion has ended in an error. To use this command, write the
command code “5016” in the first bus cycle.

e Program Command (4016)

Program operation starts when the command code “4016” is writ-
ten in the first bus cycle. Then, if the address and data to program
are written in the 2nd bus cycle, program operation (data program-
ming and verification) will start.

Whether the write operation is completed can be confirmed by
reading the status register or the RY/BY Status Flag of the flash
memory control register. When the program starts, the read status

Table 11 List of software commands (CPU rewrite mode)

register mode is entered automatically and the contents of the sta-
tus register is read at the data bus (DBo to DB7). The status
register bit 7 (SR7) is set to “0” at the same time the write opera-
tion starts and is returned to “1” upon completion of the write
operation. In this case, the read status register mode remains ac-
tive until the next command is written.

The RY/BY Status Flag is “0” (busy) during write operation and “1”
(ready) when the write operation is completed as is the status reg-
ister bit 7.

At program end, program results can be checked by reading bit 4
(SR4) of the status register.

[ Start ]

v

Write 4016

v

Write Wr!te address
Write data
v
Status register <
read

SR7=17
_or
RY/BY =172

Program
error

Program
completed

Fig. 82 Program flowchart

First bus cycle Second bus cycle
Command Cycle number Mode | Address (DBE?J%&) Mode | Address (DBODtaOt%B?)

Read array 1 Write X (Note 4) FFie

Read status register 2 Write X 7016 Read X SRD (Note 1)
Clear status register 1 Write X 5016

Program 2 Write X 4016 Write | WA (Note 2)| WD (Note 2)
Erase all blocks 2 Write X 2016 Write X 2016
Block erase 2 Write X 2016 Write | BA (Note 3) DO01s

Notes 1: SRD = Status Register Data
2: WA = Write Address, WD = Write Data

3: BA = Block Address to be erased (Input the maximum address of each block.)

4: X denotes a given address in the User ROM area .
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e Erase All Blocks Command (2016/2016)

By writing the command code “2016” in the first bus cycle and the
confirmation command code “2016” in the second bus cycle that
follows, the operation of erase all blocks (erase and erase verify)
starts.

Whether the erase all blocks command is terminated can be con-
firmed by reading the status register or the RY/BY Status Flag of
flash memory control register. When the erase all blocks operation
starts, the read status register mode is entered automatically and
the contents of the status register can be read out at the data bus
(DBo to DB7). The status register bit 7 (SR7) is set to “0” at the
same time the erase operation starts and is returned to “1” upon
completion of the erase operation. In this case, the read status
register mode remains active until another command is written.
The RY/BY Status Flag is “0” during erase operation and “1” when
the erase operation is completed as is the status register bit 7
(SR7).

After the erase all blocks end, erase results can be checked by
reading bit 5 (SRS) of the status register. For details, refer to the
section where the status register is detailed.

e Block Erase Command (2016/D016)

By writing the command code “2016” in the first bus cycle and the
confirmation command code “D016” and the blobk address in the
second bus cycle that follows, the block erase (erase and erase
verify) operation starts for the block address of the flash memory
to be specified.

Whether the block erase operation is completed can be confirmed
by reading the status register or the RY/BY Status Flag of flash
memory control register. At the same time the block erase opera-
tion starts, the read status register mode is automatically entered,
so that the contents of the status register can be read out. The
status register bit 7 (SR7) is set to “0” at the same time the block
erase operation starts and is returned to “1” upon completion of
the block erase operation. In this case, the read status register
mode remains active until the read array command (FF16) is writ-
ten.

The RY/BY Status Flag is “0” during block erase operation and “1”
when the block erase operation is completed as is the status reg-
ister bit 7.

After the block erase ends, erase results can be checked by read-
ing bit 5 (SRS) of the status register. For details, refer to the
section where the status register is detailed.

[ Start ]
v

Write 2016

v

2016/D016
Block address

!

Status register
read

2016:Erase all blocks command

write DO016:Block erase command

SR7=17
_or
RY/BY =17

Erase error ]

[ Erase completed ]

Fig. 83 Erase flowchart
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Status Register (SRD)

The status register shows the operating status of the flash

memory and whether erase operations and programs ended suc-

cessfully or in error. It can be read in the following ways:

(1) By reading an arbitrary address from the User ROM area after
writing the read status register command (7016)

(2) By reading an arbitrary address from the User ROM area in the
period from when the program starts or erase operation starts
to when the read array command (FF16) is input.

Also, the status register can be cleared by writing the clear status
register command (5016).

After reset, the status register is set to “8016".

Table 12 shows the status register. Each bit in this register is ex-
plained below.

*Sequencer status (SR7)

The sequencer status indicates the operating status of the flash
memory. This bit is set to “0” (busy) during write or erase operation
and is set to “1” when these operations ends.

After power-on, the sequencer status is set to “1” (ready).

Table 12 Definition of each bit in status register (SRD)

*Erase status (SR5)

The erase status indicates the operating status of erase operation.
If an erase error occurs, it is set to “1”. When the erase status is
cleared, it is set to “0”.

*Program status (SR4)

The program status indicates the operating status of write opera-
tion. When a write error occurs, it is set to “1”.

The program status is set to “0” when it is cleared.

If “1” is written for any of the SR5 and SR4 bits, the program,
erase all blocks, and block erase commands are not accepted.
Before executing these commands, execute the clear status regis-
ter command (5016) and clear the status register.

Also, if any commands are not correct, both SR5 and SR4 are set
to “1".

Symbol Status name Definition
wp L

SR7 (bit7) Sequencer status Ready Busy

SR6 (bit6) Reserved - -

SR5 (bit5) Erase status Terminated in error Terminated normally
SR4 (bit4) Program status Terminated in error Terminated normally
SR3 (bit3) Reserved - -

SR2 (bit2) Reserved - -

SR1 (bitl) Reserved - -

SRO (bit0) Reserved - -
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Full Status Check full status check flowchart and the action to be taken when each
By performing full status check, it is possible to know the execu- error occurs.

tion results of erase and program operations. Figure 84 shows a

[Read status register]

Command ) Execute the clear status register command (5016)
sequence error )' " " to clear the status register. Try performing the
operation one more time after confirming that the
command is entered correctly.

. . Should an erase error occur, the block in error

Erase error
cannot be used.

N
Program error . . - Should a program error occur, the block in error
) cannot be used.

[ End (erase, program) ]

Note: When one of SR5 and SR4 is set to “1”, none of the read aray, the program, erase
all blocks, and block erase commands is accepted. Execute the clear status register
command (5016) before executing these commands.

Fig. 84 Full status check flowchart and remedial procedure for errors
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Functions To Inhibit Rewriting Flash Memory
Version

To prevent the contents of internal flash memory from being read
out or rewritten easily, this MCU incorporates a ROM code protect
function for use in parallel I/O mode and an ID code check func-
tion for use in standard serial I/O mode.

e ROM Code Protect Function (in Pararell I/O Mode)

The ROM code protect function is the function to inhibit reading
out or modifying the contents of internal flash memory by using
the ROM code protect control (address FFC916) in parallel I/O
mode. Figure 85 shows the ROM code protect control (address
FFC916). (This address exists in the User ROM area.)

If one or both of the pair of ROM Code Protect Bits is set to “0”,

the ROM code protect is turned on, so that the contents of internal
flash memory are protected against readout and modification. The
ROM code protect is implemented in two levels. If level 2 is se-
lected, the flash memory is protected even against readout by a
shipment inspection LS| tester, etc. When an attempt is made to
select both level 1 and level 2, level 2 is selected by default.

If both of the two ROM Code Protect Reset Bits are set to “00”, the
ROM code protect is turned off, so that the contents of internal
flash memory can be read out or modified. Once the ROM code
protect is turned on, the contents of the ROM Code Protect Reset
Bits cannot be modified in parallel I/O mode. Use the serial 1/O or
CPU rewrite mode to rewrite the contents of the ROM Code Pro-
tect Reset Bits.

b7 b0

rewrite mode.

111 ROM code protect control (address FFC916) (Note 1)
ROMCP

I—I— Reserved bits (“1” at read/write)
ROM code protect level 2 set bits (ROMCP2) (Notes 2, 3)
b3b2
0 0: Protect enabled
0 1: Protect enabled
1 0: Protect enabled
1 1: Protect disabled
ROM code protect reset bits (Note 4)
b5b4
0 0: Protect removed
0 1: Protect set bits effective
1 0: Protect set bits effective
1 1: Protect set bits effective
ROM code protect level 1 set bits (ROMCP1) (Note 2)
b7b6
0 0: Protect enabled
0 1: Protect enabled
1 0: Protect enabled
1 1: Protect disabled

Notes 1: This area is on the ROM in the mask ROM version.

2: When ROM code protect is turned on, the internal flash memory is protected
against readout or modification in parallel /O mode.

3: When ROM code protect level 2 is turned on, ROM code readout by a shipment
inspection LS| tester, etc. also is inhibited.

4: The ROM code protect reset bits can be used to turn off ROM code protect level 1
and ROM code protect level 2. However, since these bits cannot be modified in
parallel I/O mode, they need to be rewritten in standard serial /O mode or CPU

Fig. 85 Structure of ROM code protect control
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ID Code Check Function (in Standard serial

I/O mode)

Use this function in standard serial I/O mode. When the contents
of the flash memory are not blank, the ID code sent from the pro-
grammer is compared with the ID code written in the flash memory
to see if they match. If the ID codes do not match, the commands
sent from the programmer are not accepted. The ID code consists
of 8-bit data, and its areas are FFC216 to FFC816. Write a program
which has had the ID code preset at these addresses to the flash

memory.

Address = ——— ———{

FFC216 ID1

FFC316 ID2

FFC416 ID3

FFC516 ID4

FFC616 ID5

FFC716 ID6

FFCB816 ID7

FFC916 ROM code protect control

Interrupt vector area
e
Fig. 86 ID code store addresses
Rev.2.00 Aug 28,2006 page 91 of 113 RENESAS

REJ09B0336-0200



7641 Group

HARDWARE

FLASH MEMORY MODE

(2) Parallel I/0 Mode

Parallel /O mode is the mode which parallel output and input soft-
ware command, address, and data required for the operations
(read, program, erase, etc.) to a built-in flash memory. Use the ex-
clusive external equipment flash programmer which supports the
7641 Group (flash memory version). Refer to each programmer
maker’s handling manual for the details of the usage.

User ROM and Boot ROM Areas

In parallel /O mode, the user ROM and boot ROM areas shown in Fig-
ure 79 can be rewritten. Both areas of flash memory can be operated on
in the same way.

Program and block erase operations can be performed in the user ROM
area. The user ROM area and its block is shown in Figure 79.

The boot ROM area is 4 Kbytes in size. It is located at addresses
F00016 through FFFF16. Make sure program and block erase opera-
tions are always performed within this address range. (Access to any
location outside this address range is prohibited.)

In the Boot ROM area, an erase block operation is applied to only
one 4 Kbyte block. The boot ROM area has had a standard serial I/O
mode control program stored in it when shipped from the Mitsubishi
factory. Therefore, using the device in standard serial /O mode, you
do not need to write to the boot ROM area.
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(3) Standard serial /0 Mode

The standard serial /0 mode inputs and outputs the software
commands, addresses and data needed to operate (read, pro-
gram, erase, etc.) the internal flash memory. This I/O is clock
synchronized serial. This mode requires the exclusive external
equipment (flash programmer).

The standard serial 1/0 mode is different from the parallel 1/0
mode in that the CPU controls flash memory rewrite (uses the
CPU rewrite mode), rewrite data input and so forth. The standard
serial /0 mode is started by connecting “H” to the P36 (CE) pin
and “H” to the P81 (SCLK) pin and “H” to the CNVss pin (apply 4.5
V to 5.25 V to Vpp from an external source), and releasing the re-
set operation. (In the ordinary microcomputer mode, set CNVss
pin to “L" level.)

This control program is written in the Boot ROM area when the
product is shipped from Mitsubishi. Accordingly, make note of the
fact that the standard serial I/O mode cannot be used if the Boot
ROM area is rewritten in parallel I/0 mode. Figures 87 and 88
show the pin connections for the standard serial /O mode.

In standard serial /O mode, serial data 1/0 uses the four serial 1/0
pins SCLK, SRXD, STXD and SRDY (BUSY). The SCLK pin is the
transfer clock input pin through which an external transfer clock is
input. The STXD pin is for CMOS output. The SRDY (BUSY) pin
outputs “L” level when ready for reception and “H” level when re-
ception starts.

Serial data 1/O is transferred serially in 8-bit units.

In standard serial I/O mode, only the User ROM area shown in
Figure 79 can be rewritten. The Boot ROM area cannot.

In standard serial I/0O mode, a 7-byte ID code is used. When there
is data in the flash memory, commands sent from the peripheral
unit (programmer) are not accepted unless the ID code matches.

Outline Performance (Standard Serial 1/O
Mode)

In standard serial I/O mode, software commands, addresses and
data are input and output between the MCU and peripheral units
(flash programer, etc.) using 4-wire clock-synchronized serial I/O.
In reception, software commands, addresses and program data
are synchronized with the rise of the transfer clock that is input to
the SCLK pin, and are then input to the MCU via the SRXD pin. In
transmission, the read data and status are synchronized with the
fall of the transfer clock, and output from the STXD pin.

The STXD pin is for CMOS output. Transfer is in 8-bit units with
LSB first.

When busy, such as during transmission, reception, erasing or
program execution, the SRDY (BUSY) pin is “H” level. Accordingly,
always start the next transfer after the SRDY (BUSY) pin is “L”
level.

Also, data and status registers in a memory can be read after in-
putting software commands. Status, such as the operating state of
the flash memory or whether a program or erase operation ended
successfully or not, can be checked by reading the status register.
Here following explains software commands, status registers, etc.
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Table 13 Description of pin function (Standard Serial 1/0 Mode)

Pin name Signal name 110 Function

Vce,Vss Power supply input Apply 4.50 V - 5.25 V for 5 V version or 3.00 V — 3.60 V for 3 V version to
the Vcc pin. Apply 0 V to the Vss pin.

CNVss CNVss | This controls the MCU operating mode. Connect this pin to VPP (= 4.50 V —
525V

RESET Reset input I To reset, input “L” level for 20 cycles or longer clocks of ¢.

XIN Clock input Connect a ceramic or crystal resonator between the XiN and XouT pins.
When inputting an externally derived clock, input it from XiN and leave

Xout Clock output XouT open.

Avcc, AVss | Analog power supply input Apply 4.50 V —5.25 V for 5 V version or 3.00 V — 3.60 V for 3 V version to
the AVcc pin. Apply 0 V to the AVss pin.

LPE LPE o | Loop filter for the frequency synthesizer. When this pin is not used, leave
this open.

Ext.Cap 3.3V line power supply input | Power supply input pin for 3.3 V USB line driver. When this pin is not used,
input “H” level.

USB D+ USB D+ I/O | USB D+ signal port. When this pin is not used, input “H” level.

USB D- USB D- I/O | USB D- signal port. When this pin is not used, input “L” level.

POo to PO7 I/0O port PO I/O | When these ports are not used, input “L” or “H” level, or leave them open in
output mode.

Ploto P17 I/O port P1 I/0

P20 to P27 I/O port P2 I/0

P30 to P35, P37 I/O port P3 I/0

P36 CE input | Input “H” level.

P40 to P44 I/O port P4 I/O | When these ports are not used, input “L” or “H” level, or leave them open in
output mode.

P50 to P57 I/O port P5 I/0

P60 to P67 I/0O port P6 110

P70to P74 I/O port P7 I/O

P8o BUSY output O | Thisis a BUSY output pin.

P81 SCLK input I This is a serial clock input pin.

P82 SRXD input I This is a serial data input pin.

P83 STXDoutput O | Thisis a serial data output pin.

P84 to P87 I/O port P8 1/0 | When these ports are not used, input “L” or “H” level, or leave them open in

output mode.
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Package outline: PRQP0080GB-A

RENESAS

Note: It is necessary to apply Vcc only when reset is released.

Fig. 87 Pin connection diagram in standard serial /0O mode (1)
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]

LPF <— [16]
(7]

Vce
AVcc

CNVss —p[7 |

RESET —»

P50/XCIN ~t—m-[10 |

P42/INT1 - [20]

P44/CNTR1 - [18]

P43/CNTRo ~-a—m- [19]
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P21/DB1 - [40] < P16/AB14{AD14}
P20/DB0 <t [39] <e—» P17/AB15{AD1s}

_ P74/OBF1 -t [63] [38] < P30/RDY
P73/IBFY/HLDA < [64] [37] < P31
P72/S1 <% [65] [36] < P32
P71/HOLD -~ [66] [35] < P33/DMAoUT
P70/SOF -4 [67] [34] < P3s/gour
USB D+ -a—» [68] [33] <= P35/SYNCout
USB D- - [69] [32] < P3s/WR
Ext.Cap < [70) M37641F8HP 3] <& P37/RD
&—————————Vss [71] [30] <= P80/UTXD2/SRDY
Vee [z2] [29] ~a-#= P81/URXD2/SCLK

P67/DQ7 <t [73] [28] <4 P82/CTS2/SRXD
P66/DQo <t [74] 27] < P83/RTS2STXD
P65/DQs <t [75] [26] <a—» P84/UTXD1
P64/DQs ~<—p [76] 25] < P8s/URXD1
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P62/DQ2 <a—= [73] [23] <& P87/RTS1
P61/DQ1 -a—m [79 Q [22] <& P4o/EDMA
P60/DQo ~a— [80] [21] <& P41/INTo

o>

P51/TouT/XCOUT -t—p-[ 9 |

@®—  Vss
@ ——— AVss

®<
[
[

Mode setup method

Signal Value
CNVss 45t05.25V
SCLK Vcce (Note)
RESET Vss - Vcc
CE Vce

Note: It is necessary to apply Vcc only when reset is released.

00O

Connect to oscillator circuit.

Vep

Package outline: PLQPO080KB-A

Fig. 88 Pin connection diagram in standard serial I/0O mode (2)
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Software Commands (Standard Serial 1/O commands via the SRXD pin. Software commands are explained

Mode) here below.
Table 14 lists software commands. In standard serial I/O mode,
erase, program and read are controlled by transferring software

Table 14 Software commands (Standard serial /O mode)

1st byte | 2nd byte | 3rd byte | 4th byte | 5th byte | 6thbyte | ... When ID is
Control command transfer not verified
FFi6 Address | Address Data Data Data Data Not
1 Pageread (middle) | (high) output | output | output outputto | acceptable
259th byte
4116 Address | Address Data Data Data Data input Not
2 Page program (middle) (high) input input input to 259th acceptable
byte
2016 Address | Address D016 Not
3 Blockerase (middle) |  (high) acceptable
A716 D016 Not
4 Erase all blocks acceptable
. 7016 SRD SRD1 Acceptable
5 Read status register output output
6  Clear status register 5016 Not
acceptable
7 ID code check F516 Address Ad_dress Adqress ID size ID1 To ID7 Acceptable
(low) (middle) (high)
FA16 Size Size Check- Data To Not
[ high i i
8 Download function (low) (high) sum input rsg#]lgz? acceptable
of times
FB16 Version Version Version Version Version Version Acceptable
9 Version data output function data data data data data data output
output output output output output to 9th byte
FCi6 Address | Address Data Data Data Data Not
10 Boot ROM area Output (m|dd|e) (h|gh) output output output Output to acceptable
function 259th byte

Notes1: Shading indicates transfer from the internal flash memory microcomputer to a programmer. All other data is transferred from an external equipment

(programmer) to the internal flash memory microcomputer.
2: SRD refers to status register data. SRD1 refers to status register 1 data.
3: All commands can be accepted for the products of which boot ROM area is totally blank.
4: Address low is ABo to AB7; Address middle is ABs to AB15; Address high is AB16 to AB23.
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e Page Read Command (1) Transfer the “FF16” command code with the 1st byte.
This command reads the specified page (256 bytes) in the flash (2) Transfer addresses ABs8 to AB15 and AB16 to AB23 with the 2nd
memory sequentially one byte at a time. Execute the page read and 3rd bytes respectively.
command as explained here following. (3) From the 4th byte onward, data (DBo to DB7) for the page (256

bytes) specified with addresses ABs to AB23 will be output se-
quentially from the smallest address first synchronized with the
fall of the clock.

SCLK
SRXD ABs toVAB16 to
FF16 N AB1s \ AB23
STXD ( data0 X Xdata255)

G | [

Fig. 89 Timing for page read

e Read Status Register Command

This command reads status information. When the “7016” com-
mand code is transferred with the 1st byte, the contents of the
status register (SRD) with the 2nd byte and the contents of status
register 1 (SRD1) with the 3rd byte are read.

SRXD X 7016

X SRD SRD1

STXD output \ output

SRDY (BUSY) H U

Fig. 90 Timing for reading status register
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e Clear Status Register Command

This command clears the bits (SR3 to SR5) which are set when
the status register operation ends in error. When the “5016” com-
mand code is sent with the 1st byte, the aforementioned bits are
cleared. When the clear status register operation ends, the SRDY
(BUSY) signal changes from “H” to “L” level.

SCLK
SRXD
STXD

SRDY (BUSY)

Fig. 91 Timing for clear status register

e Page Program Command

This command writes the specified page (256 bytes) in the flash

memory sequentially one byte at a time. Execute the page pro-

gram command as explained here following.

(1) Transfer the “4116” command code with the 1st byte.

(2) Transfer addresses ABs8 to AB15 and AB16 to AB23 with the 2nd
and 3rd bytes respectively.

(3) From the 4th byte onward, as write data (DBo to DB7) for the
page (256 bytes) specified with addresses As to A23 is input
sequentially from the smallest address first, that page is auto-
matically written.

When reception setup for the next 256 bytes ends, the SRDY
(BUSY) signal changes from “H” to “L” level. The result of the
page program can be known by reading the status register. For
more information, see the section on the status register.

data255

SCLK

ABs8 toVAB16 to
SRXD 4116 AB15 N AB23 dataO
STXD

SRDY (BUSY)

[

In

Fig. 92 Timing for page program
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e Block Erase Command

This command erases the contents of the specifided block. Ex-

ecute the block erase command as explained here following.

(1) Transfer the “2016” command code with the 1st byte.

(2) Transfer addresses ABs8 to AB15 and AB16 to AB23 with the 2nd
and 3rd bytes respectively.

(3) Transfer the verify command code “D016” with the 4th byte.
With the verify command code, the erase operation will start
for the specifided block in the flash memory. Set the addresses
AB8 to AB23 to the maximum address of the specified block.

When block erasing ends, the SRDY (BUSY) signal changes from
“H" to “L” level. The result of the erase operation can be known by
reading the status register.

For more information, see the section on the status register.

AB16 to
ABas X D016

ABs
SRXD {20 | 480 )
STXD
SRDY(BUSY) 1

Fig. 93 Timing for block erasing

e Erase All Blocks Command

This command erases the contents of all blocks. Execute the
erase all blocks command as explained here following.

(1) Transfer the “A716” command code with the 1st byte.

(2) Transfer the verify command code “D016” with the 2nd byte.

With the verify command code, the erase operation will start

and continue for all blocks in the flash memory.

When erase all blocks end, the SRDY (BUSY) signal changes
from “H” to “L” level. The result of the erase operation can be
known by reading the status register.

SRXD

( A716X D016

STXD

SRDY (BUSY)

Fig. 94 Timing for erase all blocks
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e Download Command

This command downloads a program to the RAM for execution.

Execute the download command as explained here following.

(1) Transfer the “FA16” command code with the 1st byte.

(2) Transfer the program size with the 2nd and 3rd bytes.

(3) Transfer the check sum with the 4th byte. The check sum is
added to all data sent with the 5th byte onward.

(4) The program to execute is sent with the 5th byte onward.

When all data has been transmitted, if the check sum matches,

the downloaded program is executed. The size of the program will
vary according to the internal RAM.

Data size Y Data sizeY Check Program
SRXD ( FA16X (2 sze Data size)” Chee X__ ogra

Program
STXD data

soresy [ U Ul I L

Fig. 95 Timing for download
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e Version Information Output Command

This command outputs the version information of the control pro-
gram stored in the Boot ROM area. Execute the version
information output command as explained here following.

(1) Transfer the “FB16” command code with the 1st byte.

(2) The version information will be output from the 2nd byte on-
ward.

This data is composed of 8 ASCII code characters.

SRXD ( FBlG

STXD

B 0 0

SRDY (BUSY) |_| |_|

MW_

Fig. 96 Timing for version information output

e Boot ROM Area Output Command
This command reads the control program stored in the Boot ROM
area in page (256 bytes) unit. Execute the Boot ROM area output
command as explained here following.

(1) Transfer the “FC16” command code with the 1st byte.

(2) Transfer addresses AB8 to AB15 and AB16 to AB23 with the 2nd
and 3rd bytes respectively.

(3) From the 4th byte onward, data (DBo to DB7) for the page (256
bytes) specified with addresses ABs to AB23 will be output se-
quentially from the smallest address first synchronized with the
fall of the clock.

Tmmnnnnﬂnmwwmnnnnmmmmnnmmmh)‘mmnnnunnr
SRXD FCis ‘)\Bgff Afé‘;;"
STXD ( data0 XJ x data255 ’7
SRDY(BUSY) L |_| |_| |_| H_ | | _
Fig. 97 Timing for Boot ROM area output
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e |D Code Check
This command checks the ID code. Execute the boot ID check
command as explained here following.

(1) Transfer the “F516” command code with the 1st byte.

(2) Transfer addresses ABo to AB7, ABs to AB15 and AB16 to AB23
(“0016") of the 1st byte of the ID code with the 2nd and 3rd re-
spectively.

(3) Transfer the number of data sets of the ID code with the 5th
byte.

(4) Transfer the ID code with the 6th byte onward, starting with the
1st byte of the code.

SCLK

SRXD

:( F516X CzleX FF16X 0016 XID sizeX ID1

:X ID7

STXD

SRDY (BUSY) L |_| |_| |_|

U

Fig. 98 Timing for ID check

o ID Code

When the flash memory is not blank, the ID code sent from the se-
rial programmer and the ID code written in the flash memory are
compared to see if they match. If the codes do not match, the
command sent from the serial programmer is not accepted. An ID
code contains 8 bits of data. Area is, from the 1st byte, addresses
FFC216 to FFC816. Write a program into the flash memory, which
already has the ID code set for these addresses.

Address =

- _——_F
/\/\/

FFC216

ID1

FFC316

ID2

FFC416

ID3

FFC516

ID4

FFC616

ID5

FFC716

ID6

FFC816

ID7

FFC916

ROM code protect control

Interrupt vector area

A\

- I
/\/\_/

Fig. 99 ID code storage addresses
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e Status Register (SRD)

The status register indicates operating status of the flash memory
and status such as whether an erase operation or a program
ended successfully or in error. It can be read by writing the read
status register command (7016). Also, the status register is
cleared by writing the clear status register command (5016).
Table 15 lists the definition of each status register bit. After releas-
ing the reset, the status register becomes “8016”.

Table 15 Definition of each bit of status register (SRD)

*Sequencer status (SR7)

The sequencer status indicates the operating status of the the
flash memory.

After power-on and recover from deep power down mode, the se-
guencer status is set to “1” (ready).

This status bit is set to “0” (busy) during write or erase operation
and is set to “1” upon completion of these operations.

*Erase status (SR5)

The erase status indicates the operating status of erase operation.
If an erase error occurs, it is set to “1”. When the erase status is
cleared, it is set to “0”".

*Program status (SR4)

The program status indicates the operating status of write opera-
tion. If a program error occurs, it is set to “1”. When the program
status is cleared, it is set to “0”.

Definition

SRDO bits Status name e “Q”

SR7 (bit7) Sequencer status Ready Busy

SR6 (bit6) Reserved - -

SR5 (bit5) Erase status Terminated in error Terminated normally
SR4 (bit4) Program status Terminated in error Terminated normally
SR3 (bit3) Reserved - -

SR2 (bit2) Reserved - -

SR1 (bitl) Reserved - -

SRO (bit0) Reserved - -
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e Status Register 1 (SRD1)

The status register 1 indicates the status of serial communica-
tions, results from ID checks and results from check sum
comparisons. It can be read after the status register (SRD) by writ-
ing the read status register command (7016). Also, status register
1 is cleared by writing the clear status register command (5016).
Table 16 lists the definition of each status register 1 bit. This regis-
ter becomes “0016” when power is turned on and the flag status is
maintained even after the reset.

Table 16 Definition of each bit of status register 1 (SRD1)

*Boot update completed bit (SR15)
This flag indicates whether the control program was downloaded
to the RAM or not, using the download function.

*Check sum consistency bit (SR12)

This flag indicates whether the check sum matches or not when a
program, is downloaded for execution using the download func-
tion.

ID code check completed bits (SR11 and SR10)
These flags indicate the result of ID code checks. Some com-
mands cannot be accepted without an ID code check.

*Data reception time out (SR9)

This flag indicates when a time out error is generated during data
reception. If this flag is attached during data reception, the re-
ceived data is discarded and the MCU returns to the command
wait state.

) Definition

SRD1 bits Status name — o
SR15 (bit7) Boot update completed bit Update completed Not Update
SR14 (hit6) Reserved - -
SR13 (hitb) Reserved - -
SR12 (bit4) Checksum match bit Match Mismatch
SR11 (bit3) ID code check completed bits 00 Not verified
SR10 (bit2) 01 Verification mismatch

10 Reserved

11 Verified
SR9 (bitl) Data reception time out Time out Normal operation
SR8 (bit0) Reserved - -
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Full Status Check

Results from executed erase and program operations can be
known by running a full status check. Figure 100 shows a flow-
chart of the full status check and explains how to remedy errors
which occur.

[ Read status registerj

Command Execute the clear status register command (5016)
sequence error  |* ” " to clear the status register. Try performing the
operation one more time after confirming that the
command is entered correctly.

. Should an erase error occur, the block in error

Erase error “.
cannot be used.

. - - Should a program error occur, the block in error
cannot be used.

Program error ]

[ End (Erase, program) ]

Note: When one of SR5 to SR4 is setto “1”, none of the page read, program, erase all
blocks, and block erase commands is accepted. Execute the clear status register
command (5016) before executing these commands.

Fig. 100 Full status check flowchart and remedial procedure for errors
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Example Circuit Application for Standard
Serial 1/0 Mode

Figure 101 shows a circuit application for the standard serial I/O
mode. Control pins will vary according to a programmer, therefore
see a programmer manual for more information.

BUSY output ) SRDY (BUSY)
Data input

(oo )

P SRXD

I

ST \137641F8

VPP power
source input

CNVss

( Clockinput ) % p| SCLK P36/WR (CE)

Notes 1: Control pins and external circuitry will vary according to a programmer. For more
information, see the programmer manual.

2: In this example, the Vpp power supply is supplied from an external source (programmer).
To use the user’s power source, connect to 4.5V to 5.25 V.

Fig. 101 Example circuit application for standard serial /O mode
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NOTES ON PROGRAMMING

Processor Status Register

*The contents of the processor status register (PS) after a reset
are undefined, except for the interrupt disable flag (I) which is “1”.
After a reset, initialize flags which affect program execution. In
particular, it is essential to initialize the index X mode (T) and the
decimal mode (D) flags because of their effect on calculations.

*To reference the contents of the processor status register (PS),
execute the PHP instruction once then read the contents of
(S+1). If necessary, execute the PLP instruction to return the PS
to its original status.

A NOP instruction must be executed after every PLP instruction.

A SEI instruction must be executed before every PLP instruction.
A NOP instruction must be executed before every CLI instruction.

BRK Instruction

It can be detected that the BRK instruction interrupt event or the
least priority interrupt event by referring the stored B flag state.
Refer to the stored B flag state in the interrupt routine.

Decimal Calculations

When decimal mode is selected, the values of the V flags are in-
valid.

The carry flag (C) is set to “1” if a carry is generated as a result of
the calculation, or is cleared to “0” if a borrow is generated. To de-
termine whether a calculation has generated a carry, the C flag
must be initialized to “0” before each calculation. To check for a
borrow, the C flag must be initialized to “1” before each calcula-
tion.

Multiplication and Division Instructions
*The index X mode (T) and the decimal mode (D) flags do not af-
fect the MUL and DIV instruction.

Instruction Execution Time

The instruction execution time is obtained by multiplying the fre-
qguency of the internal clock @ by the number of cycles needed to
execute an instruction.

The number of cycles required to execute an instruction is shown
in the list of machine instructions.

Timers
«If a value n (between O and 255) is written to a timer latch, the
frequency division ratio is 1/(n+1).

*P51/XcouT/TouT pin cannot function as an 1/0 port when XCIN -
Xcour is oscillating. When XcIN - XcouT oscillation is not used or
XcourT oscillation drive is disabled, this pin can function as the
Tourt output pin of the timer 1 or 2.

When using the TouT output function and f(XcIN) divided by 2 is
used as the timer 1 count source (bit 2 of T123M = “1"), disable
Xcour oscillation drive (bit 5 of CCR = “1").

Ports

*When the data register (port latch) of an 1/O port is modified with
the bit managing instruction (SEB, CLB instructions) the value of
the unspecified bit may be changed.

«In standby state (the stop mode by executing the STP instruction,
and the wait mode by executing the WIT instruction) for low-
power dissipation, do not make input levels of an 1/0 port
“undefined”, especially for I/O ports of the P-channel and the N-
channel open-drain.

Pull-up (connect the port to Vcc) or pull-down (connect the port to
Vss) these ports through a resistor.

When determining a resistance value, note the following points:
(1) External circuit

(2) Variation of output levels during the ordinary operation

When using built-in pull-up or pull-down resistor, note on varied

current values.

(1) When setting as an input port : Fix its input level

(2) When setting as an output port : Prevent current from flowing
out to external

Serial 110
Do not write to the serial I/O shift register during a transfer when in
SPI compatible mode.

UART

*The all error flags PER, FER, OER and SER are cleared to “0”
when the UARTX status register is read, at the hardware reset or
initialization by setting the Transmit Initialization Bit. These flags
are also cleared to “0” by execution of bit test instructions such as
BBC and BCS.

*The transmission interrupt request bit is set and the interrupt re-
quest is generated by setting the transmit enable bit to “1” even
when selecting timing that either of the following flags is set to “1”
as timing where the transmission interrupt is generated:

(1) Transmit buffer empty flag is set to “1”
(2) Transmit complete flag is set to “1”.

Therefore, when the transmit interrupt is used, set the transmit in-
terrupt enable bit to transmit enabled as the following sequence:
(1) Transmit enable bit is set to “1”

(2) Transmit interrupt request bit is set to “0”

(3) Transmit interrupt enable bit is set to “1".

*Do not update a value of UARTx baud rate generator in the con-
dition of transmission enabled or reception enabled. Disable
transmission and reception before updating the value. If the
former data remains in the UARTx transmit buffer registers 1 and
2 when transmission is enabled, an undefined data might be out-
put.

*The receive buffer full interrupt request is not generated if receive
errors are detected at receiving.
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«If a character bit length is 7 bits, bit 7 of the UARTX transmit/re-
ceive buffer register 1 and bits 0 to 7 of the UARTX transmit/
receive buffer register 2 are ignored at transmitting; they are in-
valid at receiving.

If a character bit length is 8 bits, bits 0 to 7 of the UARTX transmit/
receive buffer register 2 are ignored at transmitting; they are in-
valid at receiving.

If a character bit length is 9 bits, bits 1 to 7 of the UARTX transmit/
receive buffer register 2 are ignored at transmitting; they are “0”
at receiving.

USB

*When the USB Reset Interrupt Status Flag is kept at “1”, all other
flags in the USB internal registers (addresses 005016 to 005F16)
will return to their reset status. However, the following registers
are not affected by the USB reset: USB control register (address
001316), Frequency synthesizer control register (address
006C16), Clock control register (address 001F16), and USB end-
point-x FIFO register (addresses 006016 to 006416).

*When not using the USB function, set the USB Line Driver Supply
Enable Bit of the USB control register (address 001316) to “1” for
power supply to the internal circuits (at Vcc = 5V).

*When using an isochronous transfer, set the FLUSH Bit (bit 6 of
address 005916 and bit 6 of address 005A16) as follows:
IN FIFO: use AUTO_FLUSH Bit (bit 6 of address 005816)
OUT FIFO: when OUT_PKT_RDY Bit is “1”, set FLUSH Bit to “1”

*When the USB SOF Port Select Bit is “1”, the reference pulse of
83.3 ns (¢ = 12 MHz) is output from the P70/SOF pin and syn-
chronized with the SOF packet.

*The IN_PKT_RDY Bit can be set by software even when using
the AUTO_SET function.

*When writing to USB-related registers, set the USB Clock Enable
Bit to “1”, then perform the write after four @ cycle waits.

*When using the MCU at Vcc = 3.3V, set the USB Line Driver Sup-

ply Enable Bit to “0” (line driver disable). Note that setting the
USB Line Driver Current Control Bit (USBC3) doesn't affect the
USB operation.

*Read one packet data from the OUT FIFO before clearing the
OUT_PKT_RDY Flag. If the OUT_PKT_RDY Flag is cleared
while one packet data is being read, the internal read pointer can-
not operate normally.

*Use the AUTO_FLUSH Bit (bit 6 of address 005816) in double
buffer mode.

*Use the transfer instructions such as LDA and STA to set the reg-
isters: USB interrupt status registers 1, 2 (addresses 005216,
005316); USB endpoint 0 IN control register (address 005916);
USB endpoint x IN control register (address 005916); USB end-
point x OUT control register (address 005A16). Do not use the
read-modify-write instructions such as the SEB or the CLB in-
struction.
When writing to bits shown by Table 32 using the transfer instruc-
tion such as LDA or STA, a value which never affect its bit state
is required. Take the following sequence to change these bits
contents:
(1) Store the register contents onto a variable or a data register.
(2) Change the target bit on the variable or the data register. Si-
multaneously mask the bit so that its bit state cannot be
changed. (See to Table 39.)
(3) Write the value from the variable or the data register to the
register using the transfer instruction such as LDA or STA.

*To use the AUTO_SET function for an IN transfer when the
AUTO_SET bit is set to 1, set the FIFO to single buffer mode.

Table 17 Bits of which state might be changed owing to software write

Register name Bit name Value not affecting state (Note)
USB endpoint O IN control register IN_PKT_RDY (b1) “0”
DATA_END (b3) ‘0"
FORCE_STALL (b4) “1"
USB endpoint x (x = 1 to 4) IN control register IN_PKT_RDY (b0) “0”
UNDER_RUN (b1) “1"
USB endpoint x (x = 1 to 4) OUT control register OUT_PKT_RDY (b0) “1”
OVER_RUN (b1) “1"
FORCE_STALL (b4) “1"
DATA_ERR (b5) “1"

Note: Writing this value will not change the bit state, because this value cannot be written to the bit by software.
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Frequency Synthesizer
*The frequency synthesizer and DC-DC converter must be set up
as follows when recovering from a Hardware Reset:

(1) Enable the frequency synthesizer after setting the frequency
synthesizer related registers (addresses 006C16 to 006F16).
Then wait for 2 ms.

(2) Check the Frequency Synthesizer Lock Status Bit. If “0”, wait
for 0.1 ms and then recheck.

(3) When using the USB built-in DC-DC converter, set the USB
Line Driver Supply Enable Bit of the USB control register to
“1". This setting must be done 2 ms or more after the setup
described in step (1). The USB Line Driver Current Control Bit
must be set to “0” at this time. (When Vcc = 3.3V, the setting
explained in this step is not necessary.)

(4) After waiting for (C + 1) ms so that the external capacitance
pin (Ext. Cap. pin) can reach approximately 3.3 V, set the
USB Clock Enable Bit to “1”. At this time, “C” equals the ca-
pacitance (u F) of the capacitor connected to the Ext. Cap.
pin. For example, if 2.2 pF and 0.1 pF capacitors are con-
nected to the Ext. Cap. in parallel, the required wait will be
(2.3 +1) ms.

(5) After enabling the USB clock, wait for 4 or more @ cycles, and
then set the USB Enable Bit to “1”.

*Bits 6 and 5 of the frequency synthesizer control register (ad-
dress 006C16) are initialized to “11” after reset release. Make
sure to set bits 6 and 5 to “10” after the Frequency Synthesizer
Lock Status Bit goes to “1".

*When using the frequency synthesized clock function, we recom-

mend using the fastest frequency possible of f(XIN) or f(XCIN) as
an input clock for the PLL. Owing to the PLL mechanism, the PLL
controls the speed of multiplied clocks from the source clock. As
a result, when the source clock input is lower, the generated clock
becomes less stable. This is because more multipliers are
needed and the speed control is very rough. Higher source clock
input generates a stabler clock, as less multipliers are needed
and the speed control is more accurate. However, if the input
clock frequency is relatively high, the PLL clock generator can
quickly lock-up the output clock to the source and make the out-
put clock very stable.

*Set the value of frequency synthesizer multiply register 2 (FSM2)
so that the fPIN is 1 MHZ or higher.

DMA
In the memory expansion mode and microprocessor mode, the
DMAoOUT pin outputs “H” during a DMA transfer.

*Do not access the DMAC-related registers by using a DMAC
transfer. The destination address data and the source address
data will collide in the DMAC internal bus.

*When using the USB FIFO as the DMA transfer source, make
sure that, if you use the AUTO_SET function, short packet data
does not get mixed in with the transfer data.

*When setting the DMAC channel x enable bit (bit 7 of address
004116) to “1”, be sure simultaneously to set the DMAC channel x
transfer initiation source capture register reset bit (bit 6 of ad-
dress 004116) to “1”. If this is not performed, an incorrect data will
be transferred at the same time when the DMAC is enabled.

Memory Expansion Mode & Microprocessor
Mode

«In both memory expansion mode and microprocessor mode, use
the LDM instruction or STA instruction to write to port P3 (address
000E16). When using the Read-Modify-Write instruction (SEB in-
struction, CLB instruction) you will need to map a memory that
the CPU can read from and write to.

*In the memory expansion mode, if the internal and external
memory areas overlap, the internal memory becomes the valid
memory for the overlapping area. When the CPU performs a read
or a write operation on this overlapped area, the following things
happen:

(1) Read
The CPU reads out the data in the internal memory instead of
in the external memory. Note that, since the CPU will output a
proper read signal, address signal, etc., the memory data at
the respective address will appear on the external data bus.
(2) Write
The CPU writes data to both the internal and external memo-
ries.

*The wait function is serviceable at accessing an external memory.

Stop Mode

*When the STP instruction is executed, bit 7 of the clock control
register (address 001F16) goes to “0”. To return from stop mode,
reset CCR7 to “1".

*When using fsyN (set Internal System Clock Select Bit (CPMAG)
to “1") as the internal system clock, switch CPMAG6 to “0” before
executing the STP instruction. Reset CPMAG after the system re-
turns from Stop Mode and the frequency synthesizer has
stabilized.

CPMAG does not need to be switched to “0” when using the WIT
instruction.

*When the STP instruction is being executed, all bits except bit 4
of the timer 123 mode register (address 002916) are initialized to
“0". It is not necessary to set T123M1 (Timer 1 Count Stop Bit) to
“0” before executing the STP instruction. After returning from Stop
Mode, reset the timer 1 (address 002416), timer 2 (address
002516), and the timer 123 mode register (address 002916).
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Oscillator Connection Notice

The built-in feedback register (1 MQ) and the dumping resistor
(400 Q) is internally connected between pins XIN and XoOuUT.

Power Source Voltage

When the power source voltage value of a microcomputer is less
than the value which is indicated as the recommended operating
conditions, the microcomputer does not operate normally and may
perform unstable operation.

In a system where the power source voltage drops slowly when
the power source voltage drops or the power supply is turned off,
reset a microcomputer when the power source voltage is less than
the recommended operating conditions and design a system not
to cause errors to the system by this unstable operation.

Power Supply Pins Treatment Notice

Please connect 0.1 pF and 4.7 pF capacitors in parallel between
pins Vcc and Vss, and pins AVss and AVcc.

These capacitors must be connected as close as possible be-
tween the DC supply and GND pins, and also the analog supply
pin and corresponding GND pin.

Wiring patterns for these supply and GND pins must be wider than
other signal patterns.

These filter capacitors should not be placed near the LPF pins as
they will cause noise problems

Reset Pin Treatment Notice (Noise
Elimination)

If the reset input signal rises very slowly, we recommend attaching
a capacitor, such as a 1000 pF ceramic capacitor with excellent
high frequency characteristics, between the RESET pin and the
Vss pin.

Please note the following two issues for this capacitor connection.

(1) Capacitor wiring pattern must be as short as possible (within
20 mm).

(2) The user must perform an application level operation test.

LPF Pin Treatment Notice
All passive components must be located as close as possible to
the LPF pin.

LPF pin

1kQ —_ 680pF

0.1 uF

AVss pin ——l—

Fig. 102 Passive components near LPF pin

AVss and AVcc Pin Treatment Notice (Noise
Elimination)

An insulation connector (Ferrite Beads) must be connected between
AVss and Vss pins and between AVcc and Vcc pins.

USB Transceiver Treatment
Elimination)

*The Full-Speed USB2.0 specification requires a driver -impedance
28 to 44 Q. (Refer to Clause 7.1.1.1 Full-speed (12 Mb/s) Driver
Characteristics in the USB specification.) In order to meet the USB
specification impedance requirements, connect a resistor (27 Q to
33 Q recommended) in series to the USB D+ pin and the USB D-
pin.

In addition, in order to reduce the ringing and control the falling/ris-
ing timing of USB D+/D- and a crossover point, connect a capacitor
between the USB D+/D- pins and the Vss pin if necessary.

The values and structure of those peripheral elements depend on
the impedance characteristics and the layout of the printed circuit
board. Accordingly, evaluate your system and observe waveforms
before actual use and decide use of elements and the values of
resistors and capacitors.

(Noise

«Connect a capacitor between the Ext. Cap. pin and the Vss pin.
The capacitor should have a 2.2 pF capacitor (Tantalum capacitor)
and a 0.1 pF capacitor (ceramic capacitor) connected in parallel.
Figure 103 for the proper positions of the peripheral components.

SBCS DC-DC converter

current
mode

enable

Note 1

useca O usec3 Ext. Cap.

USB FCU usB

transceiver

USB Clock
(48 MHz) | enable

enable
USBC7

USBC7

Note 2

Notes 1: In Vce = 3.3 V, connect to Vcc. In Vee =5 V, do not connect the external DC-DC
converter to the Ext. Cap pin.
2: The resistors values depend on the layout of the printed circuit board.

Fig.103 Peripheral circuit

In Vcc = 3.3 V operation, connect the Ext. Cap. pin directly to the
Vcce pin in order to supply power to the USB transceiver. In addi-
tion, you will need to disable the DC-DC converter in this
operation (set bit 4 of the USB control register to “0".) If you are
using the bus powered supply in Vcc = 3.3 V operation, the DC-
DC converter must be placed outside the MCU.

In Vcc = 5 V operation, do not connect the external DC-DC con-
verter to the Ext. Cap. pin. Use the built-in DC-DC converter by
enabling the USB line driver.

*Make sure the USB D+/D- lines do not cross any other wires.
Keep a large GND area to protect the USB lines. Also, make sure
you use a USB specification compliant connecter for the connec-
tion.
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USB Communication

In applications requiring high-reliability, we recommend providing
the system with protective measures such as USB function initial-
ization by software or USB reset by the host to prevent USB
communication from being terminated unexpectedly, for example
due to external causes such as noise.

Clock Input/Qutput Pin Wiring (Noise

Elimination)

(1) Make the wiring for the input/output pins as short as possible.

(2) Make the wiring across the grounding lead of the capacitor
which is connected to an oscillator and the Vss pin of the MCU
as short as possible (within 20 mm)

(3) Make sure to isolate the oscillation Vss pattern from other pat-
terns for oscillation circuit-use only.

Oscillator Wiring (Noise Elimination)

(1) Keeping oscillator away from large current signal lines
Install a microcomputer (and especially an oscillator) as far as
possible from signal lines, including USB signal lines, where a cur-
rent larger than the tolerance of current value flows. When a large
current flows through those signal lines, strong noise occurs be-
cause of mutual inductance.

(2) Installing oscillator away from signal lines where potential
levels change frequently

Install an oscillator and a connecting pattern of an oscillator away

from signal lines where potential levels change frequently. Also, do

not cross such signal lines over the clock lines or the signal lines

which are sensitive to noise.

Terminate Unused Pins
(1) Output ports : Open

(2) Input ports :

Connect each pin to Vcc or Vss through each resistor of 1 kQ to
10 kQ.

Ports that permit the selecting of a built-in pull-up or pull-down re-
sistor can also use this resistor. As for pins whose potential affects
to operation modes such as pins CNVss, INT or others, select the
Vcc pin or the Vss pin according to their operation mode.

(3) I/O ports :

* Set the 1/O ports for the input mode and connect them to Vcc or
Vss through each resistor of 1 kQ to 10 kQ.

Ports that permit the selecting of a built-in pull-up or pull-down re-
sistor can also use this resistor. Set the I/O ports for the output
mode and open them at “L” or “H".

* When opening them in the output mode, the input mode of the
initial status remains until the mode of the ports is switched over
to the output mode by the program after reset. Thus, the potential
at these pins is undefined and the power source current may in-
crease in the input mode. With regard to an effects on the
system, thoroughly perform system evaluation on the user side.

* Since the direction register setup may be changed because of a
program runaway or noise, set direction registers by program pe-
riodically to increase the reliability of program.

« At the termination of unused pins, perform wiring at the shortest
possible distance (20 mm or less) from microcomputer pins.

Electric Characteristic Differences Between
Mask ROM and Flash Memory Version MCUs
There are differences in electric characteristics, operation margin,
noise immunity, and noise radiation between Mask ROM and
Flash Memory version MCUs due to the difference in the manufac-
turing processes.

When manufacturing an application system with the Flash
Memory version and then switching to use of the Mask ROM ver-
sion, please perform sufficient evaluations for the commercial
samples of the Mask ROM version.

DATA REQUIRED FOR MASK ORDERS

The following are necessary when ordering a mask ROM produc-

tion:

1. Mask ROM Order Confirmation Form

2. Mark Specification Form

3. Data to be written to ROM, in EPROM form (three identical cop-
ies) or one floppy disk.

For the mask ROM confirmation and the mark specifications, refer
to the “Renesas Technology Corp.” Homepage
(http://www.renesas.com).
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Timing After Interrupt
The interrupt processing routine begins with the machine cycle fol-
lowing the completion of the instruction that is currently in
execution. Figure 104 shows a timing chart after an interrupt oc-
curs, and Figure 105 shows the time up to execution of the
interrupt processing routine.

—
L L

L

WR

Address bus

Data bus

L L L

PC Xs, SPSXS—l, SPSXS-Z, SPSX BL X BH XAL, AH

X Notused XPCH X PCLX PS X AL X AH X:

SYNC : CPU operation code fetch cycle

(This is an internal signal which cannot be observed from the external unit.)

BL, BH : Vector address of each interrupt
AL, AH : Jump destination address of each interrupt
SPS :“0016” or “0116”

Fig. 104 Timing chart after interrupt occurs

Interrupt request occurs

Y

Interrupt operation starts

Interrupt processing routine

_ _ Waiting time fo Push onto
Main routine pipeline post- stack vector
processing fetch
« e e >
' 0 to 16 cycles ' 2 cycles ' 5 cycles ;
< >

7 to 23 cycles (f(gp) = 12 MHz, 0.583 ps to 1.92 ps)

Fig. 105 Time up to execution of interrupt processing routine

Rev.2.00 Aug 28, 2006 page 113 of 113

REJ09B0336-0200

RENESAS



THIS PAGE IS BLANK FOR REASONS OF LAYOUT.



CHAPTER 2

APPLICATION

2.1 1/0 port

2.2 Timer

2.3 Serial 1/0

2.4 UART

2.5 DMAC

2.6 USB

2.7 Frequency synthesizer

2.8 Master CPU bus interface
2.9 Special count source generator
2.10 External devices connection
2.11 Reset

2.12 Clock generating circuit



7641 Group

APPLICATION

2.1 1/0 port

2.1 1/0O port

This paragraph explains the registers setting method and the notes related to the 1/0 port.

2.1.1 Memory map

Address

b))
(s

000416

Interrupt request register C (IREQC)

v

000716

Interrupt control register C (ICONC)

000816

Port PO (PO)

000916

Port PO direction register (POD)

000A16

Port P1 (P1)

000B1s6

Port P1 direction register (P1D)

000Cu1s

Port P2 (P2)

000D16

Port P2 direction register (P2D)

OO0O0OE1s6

Port P3 (P3)

000F16

Port P3 direction register (P3D)

001016

Port control register (PTC)

nv

001216

Port P2 pull-up control register (PUP2)

s

22

001416

Port P6 (P6)

001516

Port P6 direction register (P6D)

001616

Port P5 (P5)

001716

Port P5 direction register (P5D)

001816

Port P4 (P4)

001916

Port P4 direction register (P4D)

001A16

Port P7 (P7)

001B1s

Port P7 direction register (P7D)

001Cz1s6

Port P8 (P8)

001D1se

Port P8 direction register (P8D)

nv

7

2
(S

Fig. 2.1.1 Memory map of registers related to I/O port
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2.1.2 Related registers
Port Pi
b7 b6 b5 b4 b3 b2 bl b0
| | PortPi(i=0,1,2,3,5,6,8)
AL bbb 1| (Pic addresses 0816, 0A16, 0C16, OE16, 1616, 1416, 1C16)
bbb bbb Name Functions At reset|R IW
bbb b Lo |Port Pio e In output mode 0 0.0
A Write sesesees Port latch ;
SR A R 1 [Port Pi1 Read eeeeeeee Port latch 0 O : O
b e In input mode :
T R N A " Write sesesese Port latch o) ! )
A 2 | Port Pi2 Read sseseeee Value of pin 0 :
A S 3 | Port Pi3 0 0.0
A T S 4 | Port Pia 0 0:0
i i ] 5 | Port Pis 0 00
i ] 6 | Port Pis 0 O | (@)
T e 7 | Port Pi7 0 0:0
Fig. 2.1.2 Structure of Port Pi register
Port P4, Port P7

b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | | Port P4, Port P7
AL b1 | (P4, P7 :addresses 1816, 1A16)
A A L Name Functions Atreset|R W
i1 r b1 11 i 1o |Port P4o or Port P70 « In output mode o [Oi0
Porob Write essssses Port latch :
A A 1 [Port P41 or Port P71 Read seess+e+ Port latch 0 0i0
i i i i i i e In input mode !
N 2 | Port P42 or Port P72 Write eseeeeee Port latch 0 00
oo Read eseseses Value of pin !
A 3 | Port P43 or Port P73 0o |O0iO
A T S 4 [Port P44 or Port P74 0 0i0
Py e | 5 [Nothing is arranged for these bits. These are write disable bits. When |Undefined| [ i U
b hmmmeee oo | 6 |these bits are read out, the contents are undefined. Undefined| O : 00
e GRECEE L R LR 7 Undefined| 01 O

Fig. 2.1.3 Structure of Port P4, Port P7 registers
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Port Pi direction register
b7 b6 b5 b4 b3 b2 bl b0
Port Pi direction register (i=0, 1, 2, 3, 5, 6, 8)

AL bbb 1 | (PiD: addresses 0916, 0B1i6, 0D16, OF16, 1716, 1516, 1D16)

Plob bbb b Name Functions At reset|R W

v 41 b 11 1 i _[ o[ PortPidirection register [0 : Port Pio input mode 0 0i0

A A 1 : Port Pio output mode !

A T 1 0 : Port Pi1 input mode 0 00

oo 1: Port Pi1 output mode ;

S O R 2 0 : Port Pi2 input mode 0 0io

i i i i i 1: Port Pi2 output mode '

S S 3 0 : Port Pi3 input mode 0 0:0

Pl 1 : Port Pi3 output mode |

A T S 4 0 : Port Pi4 input mode 0 00

bobo ] 1 : Port Pi4 output mode i

T T P 5 0 : Port Pis input mode 0 0io

i i 1 : Port Pis output mode !

o] 6 0 : Port Pie input mode 0 e}

i 1: Port Pis output mode !

e 7 0 : Port Pi7 input mode 0 00
1: Port Pi7 output mode i

Fig. 2.1.4 Structure of Port Pi direction register (i =0, 1, 2, 3, 5, 6, 8)
Port P4, P7 direction registers
b7 b6 b5 b4 b3 b2 bl b0
| | Port P4 direction register, Port P7 direction register

At 1t 111 | (P4D, P7D : addresses 1916, 1B16)

A A L Name Functions At reset|R W

i i i i i i i i__| 0 [ Port P4 direction register |0 : Port P4o or P70 input mode 0 ad EO

A A || Port P7 direction register |1 : Port P4o or P70 output mode !

A A 1 0 : Port P41 or P71 input mode 0 0:0

[ A 1: Port P41 or P71 output mode i

T N A 2 0 : Port P42 or P72 input mode 0 00

oo 1 : Port P42 or P72 output mode i

b ] 3 0 : Port P43 or P73 input mode 0 0:0

Pl 1: Port P43 or P73 output mode i

T, 4 0 : Port P44 or P74 input mode 0 01 O

oo 1: Port P44 or P74 output mode !

e | 5 | Nothing is arranged for these bits. These are write disable bits. When [Undefined| [ i 0

P e | 6 [these bits are read out, the contents are undefined. Undefined| O : O

LU EEL L Lt 7 Undefined| 0 1 O

Fig. 2.1.5 Structure of Port P4 direction, Port P7 direction registers
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Port control register

b7 b6 b5 b4 b3 b2 bl b0
| | Port control register
(PTC : address 1016)

i i i i i i i i b Name Functions At reset|R IW
i i i i i i i i__| 0 |Port PO to P3 slew rate 0 : Disabled 0 O : (@)
A control bit (Note 1) 1 : Enabled :
A T 1 | Port P4 slew rate control |0 : Disabled 0 00
Pl bit (Note 1) 1: Enabled i
N 2 [ Port P5 slew rate control |0 : Disabled 0 00
IR bit (Note 1) 1 : Enabled =
A T 3 | Port P6 slew rate control [0 : Disabled 0 0:0
R bit (Note 1) 1 : Enabled ;
T S 4 | Port P7 slew rate control |0 : Disabled 0 0:0
ot bit (Note 1) 1 : Enabled :
i i ] 5 [ Port P8 slew rate control |0 : Disabled 0 00
b bit (Note 1) 1: Enabled i
] 6 | Port P2 input level select |0 : Reduced VIHL level input (Note 2) R
i bit 1: CMOS level input !
e e 7 | Master CPU bus input 0 : CMOS level input 0 0:0
level select bit 1:TTL level input :

Notes 1: The slew rate function can reduce di/dt by modifying an internal buffer structure.
2: The characteristics of VIHL level is basically the same as that of TTL level. But, its
switching center point is a little higher than TTL'’s.

Fig. 2.1.6 Structure of Port control register

Port P2 pull-up control register

b7 b6 b5 b4 b3 b2 bl b0
| Port P2 pull-upt control register
(PUP2 : address 1216)

i i i i i i i i b Name Functions Atreset|R ‘W
bbb b o|Port P20 pull-up control bit |0 : Disabled 0 0.0
A 1: Enabled ,
A T 1 | Port P21 pull-up control bit |0 : Disabled 0 00
AR 1: Enabled ;
T T T A N I 2 | Port P22 pull-up control bit |0 : Disabled 0 00
P 1: Enabled !
A S 3 | Port P23 pull-up control bit |0 : Disabled 0 00
i i i i 1: Enabled !
A T S 4 | Port P24 pull-up control bit |0 : Disabled 0 0!0
P 1: Enabled ;
A S — 5 [Port P25 pull-up control bit |0 : Disabled o |oio
P 1: Enabled i
o] 6 | Port P26 pull-up control bit [0 : Disabled 0 00
i 1: Enabled !
] 7 | Port P27 pull-up control bit |0 : Disabled 0 0!0
1: Enabled i

Fig. 2.1.7 Structure of Port P2 pull-up control register
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Interrupt request register C

b7 b6 b5 b4 b3 b2 bl b0

0 | Interrupt request register C
AL bbb 1| (IREQC : address 0416)
i i i i i i i i b Name Functions At reset|R {W
bbb 1 - o [ Timer 3 interrupt request [0 : No interrupt request issued 0 Y=
A A bit 1 : Interrupt request issued i
A 1 [CNTRo interrupt request [0 : No interrupt request issued 0 |OD
AR bit 1 : Interrupt request issued |
A T R S —— 2 | CNTRu1 interrupt request |0 : No interrupt request issued o |OiD
oo bit 1 : Interrupt request issued |
e 3 [Serial I/0 interrupt request [0 : No interrupt request issued I EHE
Pl bit 1 : Interrupt request issued i
R R SO 4 | Input buffer full interrupt [0 : No interrupt request issued 0 O:i0
. request bit 1 : Interrupt request issued i
e 5 | Output buffer empty 0 : No interrupt request issued 0 OO0
b interrupt request bit 1 : Interrupt request issued 0
P Rmmmmmmmmmemeeeeee 6 [Key input interrupt request |0 : No interrupt request issued 0 o0
! bit 1 : Interrupt request issued !
e GRRuULLEEEEEEEEEES 7 | Fix this bit to “0". 0 0i0

: “0” can be set by software, but “1” cannot be set.
Fig. 2.1.8 Structure of Interrupt request register C
Interrupt control register C

b7 b6 b5 b4 b3 b2 bl b0

| Ol | | Interrupt control register C
AL Lt 11| (ICONC: address 0716)
i i i i i i i i b Name Functions Atreset|R W
i i i i i i i i--{ 0 | Timer 3 interrupt enable bit |0 : Interrupt disabled 0 0'0
bbb 1 : Interrupt enabled i
A I m—— 1 |CNTRo interrupt enable bit |0 : Interrupt disabled 0 0!0
bbb 1 : Interrupt enabled |
A T R S —— 2 | CNTRu1 interrupt enable bit [0 : Interrupt disabled o |00
Pl 1 : Interrupt enabled |
I 3 [Serial I/0 interrupt enable [0 : Interrupt disabled o |Oio
Pl bit 1 : Interrupt enabled i
e 4 [Input buffer full interrupt |0 : Interrupt disabled 0 0:0
bl enable bit 1: Interrupt enabled i
T SRS— 5 | Output buffer empty 0 : Interrupt disabled 0 Oi0
b interrupt enable bit 1 : Interrupt enabled i
P temmemmeeo e 6 | Key input interrupt enable [0 : Interrupt disabled 0 00
' bit 1 : Interrupt enabled '
e 7 | Fix this bit to “0”. 0 0:0

Fig. 2.1.9 Structure of Interrupt control register
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7641 Group 2.11/0 port

2.1.3 Key-on wake-up interrupt application example
Outline : Key-on wake-up is realized, using internal pull-up resistors.

Figure 2.1.10 shows the registers setting; Figure 2.1.11 shows a connection diagram; Figure 2.1.12 shows
the control procedure.

Port P2 direction register (address 0Dzs)
b7 b0

P20 | | | [ofofo]o]o]
uJ—‘—‘—» Input mode

Port P2 pull-up control register (address 1216)
b7 b0

PUP2 | | | |1|1|1|1|1|
u—‘—‘—‘—» Port P20 to P24 pull-up enabled

Port control register (address 1016)
b0

b7
pre [ o] [ [ ][]}
|

> VIHL level

Interrupt request register C (address 041s6)
b7 b0

weee fofo] | [ [ ] ]]

> Key input interrupt request bit

Interrupt control register C (address 0716)

b7
cone fofa] [ [ []]]

> Key input interrupt: Enabled

Fig. 2.1.10 Registers setting
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2.1 1/0 port

7641 group

fid Pt pavo pure P

— o0—

—o o—4¢

—o o—¢

— o——¢

—o o—4¢

P20
P2i(i:0to4) _I
P21

—_ Key ON

P22
i

P23

—

P24
—_—

Fig. 2.1.11 Connection diagram

C RESET

—/

Initialization

P2D (address OD16)
PUP2 (address 1216)
PTC (address 1016)

<— XXX000002
<— XXX111112
<— XOXXXXXX2

Power down process

WIT

IR.EQC,bitG (address 0416) <— 0
ICONC,bit6 (address 0716) <«— 1

Process continued

/

e X: This bit is not used here. Set it to “0” or “1” arbitrarily.

*Set to input mode
*Pull-up enabled
*Reduced VIHL level

*Set key input interrupt request bit to “0”
*Key input interrupt enabled

( Key input interrupt routine )

Key input interrupt process

C RTI )

Fig. 2.1.12 Control procedure
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2.1 1/0 port

2.1.4 Terminate unused pins

Table 2.1.1 Termination of unused pins

Pins/Ports name Termination
PO, P1, P2, P3, P4, P5,|* Set to the input mode and connect each to Vcc or Vss through a resistor of 1 kQ
P6, P7, P8 to 10 kQ.

» Set to the output mode and open at “L” or “H” output state.

HOLD, RDY Connect to Vcc through a resistor (pull-up).
CNVss Connect to Vcc or Vss.
AVss Connect to Vss (GND).
AVcc Connect to Vcc.
Xout Open (only when using external clock)
USB D+ Open
USB D-
Ext. Cap. Connect to Vcc (DC-DC converter disabled) when the USB function is not used.
SOF Open
Rev.2.00 Aug 28,2006 page 9 of 148 RENESAS
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7641 Group 2.1 1/O port

2.1.5 Notes on 1/O port

(1) Notes in standby state
In standby state™ for low-power dissipation, do not make input levels of an 1/O port “undefined”.
Pull-up (connect the port to Vcc) or pull-down (connect the port to Vss) these ports through a
resistor.
When determining a resistance value, note the following points:
e External circuit
e Variation of output levels during the ordinary operation

When using built-in pull-up resistor, note on varied current values:
* When setting as an input port : Fix its input level
* When setting as an output port : Prevent current from flowing out to external

e Reason
The potential which is input to the input buffer in a microcomputer is unstable in the state that input
levels of an I/O port are “undefined”. This may cause power source current.

01 standby state: stop mode by executing STP instruction
wait mode by executing WIT instruction

(2) Modifying output data with bit managing instruction
When the port latch of an I/O port is modified with the bit managing instruction™?, the value of the
unspecified bit may be changed.

e Reason
The bit managing instructions are read-modify-write form instructions for reading and writing data
by a byte unit. Accordingly, when these instructions are executed on a bit of the port latch of an
I/O port, the following is executed to all bits of the port latch.
*As for bit which is set for input port:
The pin state is read in the CPU, and is written to this bit after bit managing.
*As for bit which is set for output port:
The bit value is read in the CPU, and is written to this bit after bit managing.

Note the following:

*Even when a port which is set as an output port is changed for an input port, its port latch holds
the output data.

*As for a bit of which is set for an input port, its value may be changed even when not specified
with a bit managing instruction in case where the pin state differs from its port latch contents.

02 Bit managing instructions: SEB and CLB instructions
(3) Pull-up control
When using port P2, which includes a pull-up resistor, as an output port, its port pull-up control is

invalidated, that is, pull-up cannot be enabled.

e Reason
Pull-up/pull-down control is valid only when each direction register is set to the input mode.

Rev.2.00 Aug 28,2006 page 10 of 148 RENESAS
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2.1.6 Termination of unused pins

(1) Terminate unused pins

O 1/O ports :

« Set the 1/O ports for the input mode and connect them to Vcc or Vss through each resistor of
1 kQ to 10 kQ.

Ports that permit the selecting of a built-in pull-up resistor can also use this resistor. Set the
I/0 ports for the output mode and open them at “L” or “H".

« When opening them in the output mode, the input mode of the initial status remains until the
mode of the ports is switched over to the output mode by the program after reset. Thus, the
potential at these pins is undefined and the power source current may increase in the input
mode. With regard to an effects on the system, thoroughly perform system evaluation on the user
side.

« Since the direction register setup may be changed because of a program runaway or noise, set
direction registers by program periodically to increase the reliability of program.

O The AVss pin when not using the A/D converter :
* When not using the A/D converter, handle a power source pin for the A/D converter, AVss pin
as follows:
AVss: Connect to the Vss pin.

(2) Termination remarks
O 1/O ports :
Do not open in the input mode.
e Reason
* The power source current may increase depending on the first-stage circuit.
« An effect due to noise may be easily produced as compared with proper termination 0 and
shown on the above.
O 1/O ports :
When setting for the input mode, do not connect to Vcc or Vss directly.
e Reason
If the direction register setup changes for the output mode because of a program runaway or
noise, a short circuit may occur between a port and Vcc (or Vss).
O 1/O ports :
When setting for the input mode, do not connect multiple ports in a lump to Vcc or Vss through
a resistor.
e Reason
If the direction register setup changes for the output mode because of a program runaway or
noise, a short circuit may occur between ports.
At the termination of unused pins, perform wiring at the shortest possible distance (20 mm or less)
from microcomputer pins.
Rev.2.00 Aug 28,2006 page 11 of 148 RENESAS
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2.2 Timer

This paragraph explains the registers setting method and the notes related to the timers.

2.2.1 Memory map

Address

~
N

b))
(s

v/
N

000316 | Interrupt request register B (IREQB)
000416 | Interrupt request register C (IREQC)

~
N

b))
(s

v/
N

000616 | Interrupt control register B (ICONB)
000716 | Interrupt control register C (ICONB)

~
I

22
(€

v
-

002016 | Timer XL (TXL)

002116 | Timer XH (TXH)

002216 | Timer YL (TYL)

002316 [ Timer YH (TYH)

002416 | Timer 1 (T1)

002516 | Timer 2 (T2)

002616 | Timer 3 (T3)

002716 | Timer X mode register (TXM)
002816 [ Timer Y mode register (TYM)
002916 | Timer 123 mode register (T123M)

nv

2
C

Fig. 2.2.1 Memory map of registers relevant to timers
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7641 Group 2.2 Timer
2.2.2 Related registers
(1) 8-bit timer
Timeri(i=1to 3)
b7 b6 b5 b4 b3 b2 bl b0
Timer 1, Timer 2, Timer 3
ALt (T1, T2, T3: addresses 2416, 2516, 2616)
Pror bbb Functions Atreset|R W
i i i i i i i Lo 0 | ® Timer i's count value is set through this register. (Note) |O EO
Pl L_{ e Timer 1 and Timer 2 ;
R R 1| Writing operation depends on the timers 1, 2 write control bit. (Note) |O 1O
i oo — When it is “0", the values are simultaneously written into their ;
T A 2 | latches and counters. (Note) |O1O
i Pl —] Whenitis “1”, the values are written into only their latches. :
A 3 [e Timer 3 (Note) 1010
A I~ | The values are simultaneously written into their latches and !
Pl i counters. (Note) (O :O
i i e 5 e When reading this register's address, its timer's count values are (Note) |O EO
P | | read out. :
N S 6 |® The timer causes an underflow at the count pulse following the| (Note) |O!O
i —1 count where the timer contents reaches “0016”. Then The contents !
e 7| of latches are automatically reloaded into the timer. (Note) |OiO
Note: Timer 1 and Timer 3's values are “FF16”. Timer 2 's value are “0116".
Fig. 2.2.2 Structure of Timer i (i=1, 2, 3)
Timer 123 mode register
b7 b6 b5 b4 b3 b2 bl b0
| Timer 123 mode register
AL bbb | (T123M : address 2916)
A Name Functions At reset|R IW
bbb bbb b i [ o[Tour factor select bit 0 : Timer 1 output 0 00
Pobob 1 : Timer 2 output !
A 1 [Timer 1 count stop bit 0 : Count start 0 0:0
I T T B 1: Count stop ;
oror o 2 [ Timer 1 count source 0:9/8 0 O}©)
oo select bit 1:f(XcIN) /2 i
A S 3 [ Timer 2 count source 0 : Timer 1 output o [Oo'O
P select bit 1:¢ |
T S 4 | Timer 3 count source 0 : Timer 1 output o |00
Pl select bit 1:¢/8 ;
A 5 | TouT output active edge |0 : Start at “H” output 0 00
i i switch bit 1: Start at “L” output '
o] 6 | TouT output control bit 0 : TouT output disabled 0 0'0
i 1 : TouT output enabled i
T e 7 | Timers 1, 2 write control bit| O : Write value in latch and counter 0 Oi O
1 : Write value in latch only i

Fig. 2.2.3 Structure of Timer 123 mode register
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(2) 16-bit timer
Timer X (low, high)
b7 b6 b5 b4 b3 b2 bl b0
Timer XL, Timer XH
AL L1 11 (TXL, TXH: addresses 2016, 2116)
porbr bbb Functions Atreset| R i\W
i i i i i i i Lo 0 | ® Timer X's count value is set through this register. 1 o) i 0]
| b — @ Writing operation depends on the timer X write control bit. ;
R R B B R 1| When it is “0”, the values are simultaneously written into timer X 1 o0
Polob — latch and counter. ;
T 2| Whenitis “1", the values are written into only timer X latch. 1 0.0
Pobob e Timer X is a down-count timer. !
oy T i e When reading this register’'s address, the timer X's count value is 1 O:O
I S— 4| readout. 1 |olo
b 5 1 |olo
T 6 1 |ojo
ST EEEEEEEEE 7 1 0i0
Notes 1: Read and write operation to timer X must be performed for both high and low-order bytes.

2: When reading timer X, read the high-order byte first and then the low-order byte.

3: When writing to timer X, write the low-order byte first and then the high-order byte.

4: Do not read this register during the write operation, or do not write during the read operation.

Fig. 2.2.4 Structure of Timer X (low-order, high-order)
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Timer X mode register
b7 b6 b5 b4 b3 b2 bl b0
| Timer X mode register
ALt 11 (TXM: address 2716)
bbb b Name Functions At reset|R W
bbb b1 -1 0 [ Timer X write control bit [0 : Write value in latch and counter 0 0:0
A 1 : Write value in latch only '
R 1 [ Timer X count source b2b1 0 00
oo select bits 00:¢/8 |
A — 01:¢/16 :
O . 2 10:¢/32 0o |o0j0
oo 11:¢9/64 |
T R L PR EEREEEE 3 | Timer X internal clock 0:¢/n(n=8, 16, 32, 64) 0 @) : @)
Pl select bit 1 : SCSGCLK (Special Count Source Generator) i
R 4 | Timer X operating mode | bSb4 0 O©)
o bits 0 0 : Timer mode !
Pl - 0 1 : Pulse output mode i
e 5 1 0 : Event counter mode 0 O | O
Do 11 : Pulse width measurement mode |
[ hemmmmmemmmmeeoeeoo 6 | CNTRo active edge switch | This function depends on the timer X 0 0!0
i bit operating mode. (See below.) :
S 7 | Timer X count stop bit 0 : Count start 0 00
1: Count stop i

Function of CNTRo active edge switch bit

Timer X operating mode CNTRo active edge switch bit
Pulse output mode 0 : Starts at “H” output
1: Starts at “L" output
Event counter mode 0 : Counts at rising edge
1: Counts at falling edge
Pulse width measurement | 0 : Measures “H” pulse width
mode 1: Measures “L” pulse width
Interrupt 0 : Falling edge active
1: Rising edge active
Fig. 2.2.5 Structure of Timer X mode register
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Timer Y (low, high)
b7 b6 b5 b4 b3 b2 bl b0
Timer YL, Timer YH
AL L L1 11 (TYL, TYH: addresses 2216, 2316)
E Pl bbb Functions At reset|R W
1o b i Je Timer Y's count value is set through this register. 1 00
A A — e Timer Y is a down-count timer. :
e s 1 | e When reading this register’s address, the timer Y’s count value is 1 00
Pl — read out. i
I R T 2 1 0:0
P b 3 1 |ojo
R 4 1 00
I 5 1 |olo
R 6 1 |oio
b 7 1 |00
Notes 1: Read and write operation to timer X must be performed for both high and low-order bytes.

2: When reading timer X, read the high-order byte first and then the low-order byte.

3: When writing to timer X, write the low-order byte first and then the high-order byte.

4: Do not read this register during the write operation, or do not write during the read operation.

Fig. 2.2.6 Structure of Timer Y (low-order, high-order)
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Timer' Y mode register
b7 b6 b5 b4 b3 b2 bl b0
Timer Y mode register

A bbb | (TYM: address 2816)

Pl bbbt |b Name Functions At reset|R EW

bbb b1 -0 [Timer Y write control bit [0 : Write value in latch and counter 0 00

i A 1 : Write value in latch only '

A 1 | Timer Y output control bit |0 : TYouT output disabled 0 O:0

I 1: TYout output enabled !

A 2 | Timer Y count source b3b2 0 0'!0

Pobon select bits 00:¢/8 i

A R SO —— 3 10:¢/32 0 0:0

Pl 11:¢/64 i

T S S 4 | Timer Y operating mode | PSb4 0 010

o bits 0 0 : Timer mode !

Pl 0 1 : Period measurement mode |

R = | 1 0 : Event counter mode !

i i 5 11 : Pulse width HL continuously 0 O i o

P measurement mode !

P hemmmmmmmmmom oo 6 | CNTR1 active edge switch | This function depends on the timer Y 0 0.0

' bit operating mode. (See below.) :

B e 7 | Timer Y count stop bit 0 : Count start o |00
1: Count stop i

Function of CNTR1 active edge switch bit

Timer Y operating mode CNTR1 active edge switch bit
Period measurement mode| O : Measures between falling edges
1 : Measures between rising edges
Event counter mode 0 : Counts at rising edge
1: Counts at falling edge
TYouT output 0 : Starts at “H” output
1: Starts at “L” output
Interrupt 0 : Falling edge active
1: Rising edge active
Fig. 2.2.7 Structure of Timer Y mode register
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(3) 8-bit timer, 16-bit timer

Interrupt request register B
b7 b6 b5 b4 b3 b2 bl b0

| | Interrupt request register B
AL L b1 | (IREQB : address 0316)
P bbb Name Functions Atreset|R W
A i___ 0 [UART1 summing error 0 : No interrupt request issued 0 o:D0
A interrupt request bit 1 : Interrupt request issued |
AR A A A 1 |UART2 receive buffer full |0 : No interrupt request issued 0 00
AR interrupt request bit 1 : Interrupt request issued |
A 2 | UART2 transmit interrupt [0 : No interrupt request issued 0 0! 0
oo request bit 1: Interrupt request issued i
A 3 |UART2 summing error 0 : No interrupt request issued 0 0! 0
Pl interrupt request bit 1: Interrupt request issued |
A 4 | Timer X interrupt request [0 : No interrupt request issued 0 o HiE
b bit 1 : Interrupt request issued .
o] 5 | Timer Y interrupt request |0 : No interrupt request issued 0 o0
o bit 1 : Interrupt request issued i
A 6 [ Timer 1 interrupt request |0 : No interrupt request issued 0 O:0
! bit 1: Interrupt request issued |
G 7 [ Timer 2 interrupt request |0 : No interrupt request issued 0 00
bit 1 : Interrupt request issued i
[: “0” can be set by software, but “1” cannot be set.
Fig. 2.2.8 Structure of Interrupt request register B

Interrupt request register C
b7 b6 b5 b4 b3 b2 bl b0
0 | | | Interrupt request register C
AL L b1 | (IREQC : address 0416)
P bbb Name Functions At reset|R W
bbb b1 - o [Timer 3 interrupt request [0 : No interrupt request issued 0 o0
A bit 1 : Interrupt request issued !
A 1 [CNTRo interrupt request [0 : No interrupt request issued 0 oD
A bit 1 : Interrupt request issued i
R 2 | CNTRu1 interrupt request [0 : No interrupt request issued 0 [ HiE
oo bit 1 : Interrupt request issued i
e 3 [Serial I/0 interrupt request [0 : No interrupt request issued o |OiO
Pl bit 1 : Interrupt request issued i
R SRR 4 | Input buffer full interrupt [0 : No interrupt request issued 0 Oi0
b request bit 1 : Interrupt request issued i
e 5 | Output buffer empty 0 : No interrupt request issued 0 oi D0
b interrupt request bit 1: Interrupt request issued 0
| bemmmmmmeemmeoee 6 | Key input interrupt request [0 : No interrupt request issued 0 o0
' bit 1 : Interrupt request issued i
e GRRuULLEEEEEEEEEES 7 | Fix this bit to “0”. 0 0i0

(: “0” can be set by software, but “1” cannot be set.

Fig. 2.2.9 Structure of Interrupt request register C
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Interrupt control register B
b7 b6 b5 b4 b3 b2 bl b0
| | Interrupt control register B
A4 Lt 111 | (ICONB: address 0616)
i i E E E i i i b Name Functions At reset| R W
A i___ 0 [UART1 summing error 0 : Interrupt disabled 0:0
A interrupt enable bit 1 : Interrupt enabled |
SRR A R 1 |UART2 receive buffer full [0 : Interrupt disabled 00
A interrupt enable bit 1 : Interrupt enabled |
A 2 |UART2 transmit interrupt [0 : Interrupt disabled 00
oo enable bit 1 : Interrupt enabled i
A 3 [UART2 summing error 0 : Interrupt disabled 0:0
Pl interrupt enable bit 1 : Interrupt enabled |
e 4 | Timer X interrupt enable |0 : Interrupt disabled 0:0
ol bit 1 : Interrupt enabled :
o] 5 | Timer Y interrupt enable |0 : Interrupt disabled 0:i0
bt bit 1 : Interrupt enabled :
R 6 | Timer 1 interrupt enable bit [O : Interrupt disabled 0:0
! 1 : Interrupt enabled ;
G 7 | Timer 2 interrupt enable bit [0 : Interrupt disabled 00
1 : Interrupt enabled |
Fig. 2.2.10 Structure of Interrupt control register B
Interrupt control register C

b7 b6 b5 b4 b3 b2 bl b0

| 0 | | | Interrupt control register C
AL bbb 1 | (ICONC : address 0716)
i i i i i i i i b Name Functions Atreset|R W
i1 1111 -1 0 | Timer 3 interrupt enable bit [0 : Interrupt disabled 00
A 1 : Interrupt enabled !
R 1 [CNTRo interrupt enable bit [0 : Interrupt disabled 0:0
oo 1 : Interrupt enabled :
A 2 | CNTRu interrupt enable bit (O : Interrupt disabled 0:0
i i i i i 1 : Interrupt enabled i
A 3 | Serial I/O interrupt enable [0 : Interrupt disabled 0i0
i i i i bit 1 : Interrupt enabled i
R 4 |Input buffer full interrupt [0 : Interrupt disabled 0:0
bl enable bit 1 : Interrupt enabled i
N [ S ——— 5 [ Output buffer empty 0 : Interrupt disabled 00
P interrupt enable bit 1 : Interrupt enabled i
| bemememememeoeeeeee- 6 | Key input interrupt enable |0 : Interrupt disabled 0.0
! bit 1 : Interrupt enabled i
e 7 | Fix this bit to “0”. 0:0

Fig. 2.2.11 Structure of Interrupt control register C
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2.2.3 Timer application examples
(1) Basic functions and uses

[Function 1] Control of event interval (Timer 1 to Timer 3, Timer X and Y: Timer mode)
When a certain time, by setting a count value to each timer, has passed, the timer interrupt request occurs.
<Use>
eGenerating of an output signal timing
*Generating of a wait time

[Function 2] Control of cyclic operation (Timer 1 to Timer 3, Timer X and Y: Timer mode)
The value of the timer latch is automatically written to the corresponding timer each time the timer
underflows, and each timer interrupt request occurs in cycles.
<Use>
*Generating of cyclic interrupts
*Clock function (measurement of 1 s); see “(2) Timer application example 1”

«Control of a main routine cycle

[Function 3] Output of rectangular waveform
(Timer 1, Timer 2, Timer X: Pulse output mode; Timer Y: TYour output)
The output levels of the Tour, CNTRo and CNTR: pins are inverted each time the timer underflows.
<Use>
*Piezoelectric buzzer output; see “(3) Timer application example 2"
*Generating of the remote control carrier waveforms

[Function 4] Count of external pulses (Timer X, Timer Y: Event counter mode)
External pulses input to the CNTRo pin and CNTR: pin are respectively counted as the timer count
source (in the event counter mode).
<Use>
*Frequency measurement; see “(4) Timer application example 3"
«Division of external pulses
*Generating of interrupts due to a cycle using external pulses as the count source; count of a reel pulse

[Function 5] Measurement of external pulse width 1 (Timer X: Pulse width measurement mode)
The “H” or “L” level width of external pulses input to CNTRo pin is measured.
<Use>
Measurement of external pulse frequency (measurement of pulse width of FG pulse” for a motor);
see “(5) Timer application example 4”
Measurement of external pulse duty (when the frequency is fixed)
FG pulse®: Pulse used for detecting the motor speed to control the motor speed.

[Function 6] Measurement of external pulse width 2 (Timer Y: Period measurement mode)
The external pulse width input to CNTR: pin is measured.
<Use>
Measurement of phase control signal; see “(6) Timer application example 5”
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7641 Group 2.2 Timer

(2) Timer application example 1: Clock function (measurement of 1 s)
Outline: The input clock is divided by the timer so that the clock can count up at 1 s intervals.
Specifications: *The clock f(Xen) = 32 kHz is divided by the timer.
*The timer 2 interrupt request bit is checked in main routine, and if the interrupt
request is issued, the clock is counted up.
» The timer 1 interrupt occurs every 10 ms to execute processing of other interrupts.

Figure 2.2.12 shows the timers connection and setting of division ratios; Figure 2.2.13 shows the
related registers setting; Figure 2.2.14 shows the control procedure.

Timer 1 Timer 2 Timer 2 interrupt request bit

f(XcIn) '__,| |
39 KHz 1/2 1/160 1/100 |—>| 0/1
1s

Y

0/1 | 10 ms
0 : No interrupt request issued
Timer 1 interrupt 1 : Interrupt request issued
request bit

Fig. 2.2.12 Timers connection and setting of division ratios
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CPU mode register A (address 0016)
b7 b0

cema [1fofafa|s] | | |

u—> Processor mode bits
Stack page select bit

Sub-clock (Xcin-XcouT): Oscillating
> Main clock (XIN-XouT): Stopped
> Internal system clock: XcIN-XcouT

Timer 123 mode register (address 2916)
b0

b7
T123M |0|0| | |0|l|0| |

‘—> Timer 1 count: In progress
Timer 1 count source: f(XcIN) / 2

Timer 2 count source: Timer 1's underflow
> Tout output disabled
> Timers 1, 2 write control: Written at the same time

Timer 1 (address 241s)
b7 b0

T1 | 9F16 |

Set “division ratio — 1".

Timer 2 (address 251c) [T1 = 159 (9F1s), T2 = 99 (6316) |

b7 b0

T2 | 6316 |

Interrupt control register B (address 061s)
b0

b7
cone fofa] [ || ]]]

‘ ‘ > Timer 1 interrupt: Enabled
> Timer 2 interrupt: Disabled

Interrupt request register B (address 0316)
b7 b0

mes | | | [ [ ]]]

‘ ‘ > Timer 1 interrupt request
> Timer 2 interrupt request

Fig. 2.2.13 Related registers setting
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C RESET ) e X: This bit is not used here. Set it to “0” or “1” arbitrarily.
Initialization
SEI «All interrupts disabled
CPMA (address 0015) <— 10111XXX2
T123M (address 2916) <— 00XX011X2 «Connection of Timers 1 and 2
Ti (address 2416) <— 9F16 «Setting “Division ratio — 1" to Timers 1 and 2
T2 (address 2516) <— 6316
IREQB (address 0316) <— OOXXXXXX2 +Setting of Interrupt request bits of Timers 1 and 2 to “0”
IC_ONB (address 0616) <€— QLXXXXXX2 *Timer 1 interrupt enabled, Timer 2 interrupt disabled
T123M (address 2916), bitl <— 0 «Timer count start
cLl eInterrupts enabled

Clock is stopped ? «Judgment whether time is not set or time is being set

«Confirmation that 1 s has passed
(Check of Timer 2 interrupt request bit)

IREQB (address 0316), bit7 ?

0 IREQB (address 0316), bit7 <— 0 -Interrqpt request bit cleared ‘ _
(Clear it by software when not using the interrupt.)

Clock count up
Second to Year

«Clock count up

Mai_n processing «Adjust the main processing so that all processing in the loop O will
: be processed within 1 s interval.

<Procedure for end of clock setting> (Note)

T2 (address 2516) <— 6316 «Set Timers again when starting clock from 0 s after end of
IREQB  (address 0316), bit7 <— 0 clcok setting.

*Do not set Timer 1 again because Timer 1 is used to
generate the interrupt at 10 ms intervals.

Note : Perform procedure for end of clock setting only when end of
clock setting.

Fig. 2.2.14 Control procedure
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(3) Timer application example 2: Piezoelectric buzzer output
Outline: The rectangular waveform output function of the timer is applied for a piezoelectric buzzer
output.
Specifications: The rectangular waveform, dividing the clock f(Xw) = 4.19 MHz (222 Hz) into about
2 kHz (2048 Hz), is output from the P43/CNTRo pin.
*The level of the P4s/CNTRo pin is fixed to “H” while a piezoelectric buzzer output
stops.

Figure 2.2.15 shows a peripheral circuit example, and Figure 2.2.16 shows the timers connection and
setting of division ratios. Figure 2.2.17 shows the related registers setting, and Figure 2.2.18 shows
the control procedure.

The “H" level is output while a piezoelectric buzzer output stops.

/—/%
CNTRo output

T
P43/CNTRo PiPiPi.....
244 us '244 pus ‘='(] M
\L Set a division ratio so that the underflow
output period of the timer X can be 244 ps. 7641 Group
Fig. 2.2.15 Peripheral circuit example
Count source
selection
®/8 Timer X Fixed
o) 51 1/8 1/64 12 |—» P43/CNTRo
4.19 MHz

Fig. 2.2.16 Timers connection and setting of division ratios
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Clock control register (address 1Fis)
b0

b7
ccr [1] | [ofofo]o]o]

> System clock: f(XIN)

CPU mode register A (address 0016)
b7 b0
crwa [ofofo] [1] | | |

u—> Processor mode bits
Stack page select bit

> Main clock (XIN-XouT): Oscillating
> Internal system clock: f(XIN)

Port P4 (address 181s)
b7 b0

P4 | 0l1e

‘—> Set an initial value.

Port P4 direction register (address 1916)
b7 b0

peo | ||| 2] | ] ]
‘—» Set to output mode.

Timer X mode register (address 2716)
b7 b0

TXM |1|0|0|1|0|0|0|0|

‘H Timer X write control: Written at the same time
Timer X count source: @/ 8
Timer X internal clock: @/ n
> Pulse output mode

> Pulse output: Start from “H” output
> Timer X count: Stopped

Timer XL (low) (address 2016)
b7 bo

TXL | 3F16 |

Timer XH (high) (address 2116) ¢ Set “division ratio — 1" = 63 (3Fs)
b7 b0

TXH | 0016 |

Interrupt control register B (address 0616)
b7 b0

cons | | | fo] [ ]}

‘—> Timer X interrupt: Disabled

Fig. 2.2.17 Relevant registers setting
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2.2 Timer

C

RESET

) e X: This bitis not used here. Set it to “0” or “1” arbitrarily.

Initialization

SEI
CCR  (address 1F1s), bit7 <—1

CPMA (address 0016) <— 00001XXX2

P4 (address 1816), bit3 <— 1
P4D (address 1916), bit3 <— 1

TMX  (address 2716) <— 100100002
TXL (address 2016) <— 3F16
TXH (address 2116) <— 0016
ICONB (address 0616), bit4 <— 0

CLI

«All interrupts disabled
@ = f(XIN)/2

*Port P43/CNTRo state setting at buzzer output stopped;
“H” level output

*Timer X interrupt disabled
*CNTRo output stopped; Buzzer output stopped

eInterrupts enabled

\/

Main processing

Output unit

Piezoelectric buzzer request ?

*Processing buzzer request, generated during main
processing, in output unit
Yes

TXM  (address 2716), bit7 <— 1

TXL  (address 2016) <— 3F16
TXH (address 2116) <— 0016

TXM (address 2716), bit7 <— 0

output

Stop of piezoelectric buzzer

Start of piezoelectric buzzer output

Fig. 2.2.18 Control procedure
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(4) Timer application example 3: Frequency measurement
Outline: The pulse frequency input to P44/CNTR1 pin is measured by measuring the event number
within a fixed term.

Specifications: «The pulse is input to the P44/CNTR: pin and counted by the timer Y.
*A count value of timer Y is read out at 1 ms intervals, which is the timer 2 interrupt
interval. As the result, the frequency can be calculated.
(This example is in f(Xin) = 24 MHz and ¢ = f(Xi)/4.)
*The input event number must be “FFFFis” within 1 ms.

Figure 2.2.19 shows how to measure the frequency; Figure 2.2.20 shows the related registers setting;
Figure 2.2.21 shows the control procedure.

Timer 2 interrupt
request bit

Input pulse 111 |

X times
Start df timer Y Stop of timer Y
count count
Note: Frequency = m kHz
1ms
Fig. 2.2.19 How to measure frequency
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CPU mode register A (address 0016)
b0

b7
ceua [ofofo] 1] | [ |

u—> Processor mode bits
Stack page select bit

Main clock (XiN-XouT): Oscillating
> Internal system clock: f(XIN)

Clock control register (address 1Fis)
b0

b7
ccr [o] | [o]ofo]o]o]

> System clock: f(XIN)/2

Timer 123 mode register (address 2916)

b7
mizam [o] | | [o]o]s] |

L) Timer 1 count: Stopped (Set to “0” after initialization.)

Timer 1 count source: ¢/ 8
Timer 2 count source: Timer 1's underflow
> Timers 1, 2 write control: Written at the same time

Timer Y mode register (address 2816)
b7 b0

™ [1]o]1]o] | [o]o]

Timer Y write control: Written at the same time
TYourt output: Disabled

Event counter mode
> Count at rising edge of CNTR1
> Timer Y count: Stopped (Set to “0” after initialization.)

Timer 1 (address 2416)
b7 b0

T1 | 4A16 | Set “division ratio — 1" = 74 (4Au1s)

Timer 2 (address 2516)
b7 b0

™ | 0916 | setdivision ratio - 1" = 9 (091¢)

Timer YL (low) (address 2216)
b7 b0

TYL | FFie |

Timer YH (high) (address 2355) [ Setan initial value.
b7 b0

TYH | FF1e |

Interrupt control register B (address 0616)
b0

b7
cone [1fof Jof [ ] | |

‘ \—> Timer X interrupt: Disabled

> Timer 1 interrupt: Disabled
> Timer 2 interrupt: Enabled

Port P4 direction register (address 1916)
b7 b0

po [ || Jof []]]
\—> Set to input mode.

Fig. 2.2.20 Related registers setting
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2.2 Timer

C

RESET

) e X: This bit is not used here. Set it to “0” or “1” arbitrary.

Initialization

SEI

CPMA (address 0016)
CCR
T123M (address 2916)
TYM (address 2816)
T1 (address 2416)
T2 (address 2516)
TYL (address 2216)
TYH (address 2316)
ICONB (address 0616)
IREQB (address 0316)

(address 1F1s6),bit7

<— 000X1XXX2
<0

<— OXXX001X2
<— 1010XX002
<74

<9

<— FFi6

<— FFue

<— 10XOXXXX2
<— 000000002

P4D (address 1916),bit4 <— 0

TYM

(address 2816),bit7 <— 0

T123M (address 2916),bitl <«— 0

cLl

I

C

Timer 2 interrupt process routine

| T123M (address 2916),bitl <— 1

CLT (Note 1)
CLD (Note 2)

Push registers to stack

TYM (address 2816),bit7

< 1

(“FFFF16") — (Timer Y count value)

TYL (address 2216)
TYH (address 2316)

< FF16
<— FFis

TYM (address 2816),bit7

< 0

Pop registers

T123M (address 2916),bitl <— 0

RTI

«All interrupts disabled

@ = f(XIN)/4

*Event counter mode

«Set division ratio so that Timer 2 interrupt will occur at 1 ms intervals.

*Timer 2 interrupt enabled, Timer Y interrupt disabled

*Set P44/CNTR1 pin to input mode.
Start of Timer Y count
«Start of Timer 1 count

eInterrupts enabled

*Stop of Timer 1 count

Note 1: When using Index X mode flag (T)
Note 2: When using Decimal mode flag (D)
*Pushing registers used in interrupt process routine

*Stop of Timer Y count

eInput event numbers of P44/CNTRuz pin for 1 ms.

*Set the low-order and then high-order byte.

Start of Timer Y count

*Popping registers pushed to stack

Start of Timer 1 count

Fig. 2.2.21 Control procedure

Rev.2.00 Aug 28,2006 page 29 of 148
REJ09B0336-0200

RENESAS



APPLICATION
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(5) Timer application example 4: Measurement of FG pulse width for motor
Outline: The timer X counts the “H” level width of the pulses input to the P4s/CNTRo pin.
Specifications: *The timer X counts the “H” level width of the FG pulse input to the P43/CNTRo.

<Example>
When f(Xin) = 24 MHz and @ = 6 MHz, the count source is 10.6 us, which is obtained by dividing
the @ by 64. Measurement can be made up to 1 s in the range of FFFFis to 0000zs.

Figure 2.2.22 shows the timers connection and setting of division ratio; Figure 2.2.23 shows the
related registers setting; Figures 2.2.24 and 2.2.25 show the control procedure.

Timer X count
source selection Timer X interrupt
CCR7 ¢/ 64 Timer X request bit

f(XIN) = 24.0 MHz —)l 1/2 |—)| 1/2 1/64 1/65536

700 ms

Fig. 2.2.22 Timers connection and setting of division ratios
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Clock control register (address 1Fis)
b0

b7
ccr [o] | [ofo]o]o]o]

> System clock: f(XIN)/2

CPU mode register A (address 001s6)
b7 b0
crwa [ofofo] [a] | | |

u—> Processor mode bits
Stack page select bit

> Main clock (XIN-XouT): Oscillating
> Internal system clock: f(XIN)

Port P4 direction register (address 1916)
b7 b0

Po [ || ] o] []
‘—) Set to intput mode.

Timer X mode register (address 2716)
b7 b0

TXM |l|0|1|1|0|1|1|0|

‘H Timer X write control: Written at the same time
Timer X count source: @/ 64
Timer X internal clock: @/ n
> Pulse width measurement mode

> Measuring “H” pulse
> Timer X count: Stopped (Set to “1” after initialization.)

Timer XL (low) (address 201s)
b7 bo

TXL | FFie |

Set 65535 (FFFF16) before start of

i i -
Timer XH (high) (address 2116) measuring pulse width,

b7 b0
TXH | FFie |

Interrupt control register B (address 0616)
b7 b0

cone [ | | Jof []]]

|—> Timer X interrupt: Enabled

Interrupt control register C (address 0716)
b7

b0
cone [ [ [ ]]s]]

‘—» CNTRo interrupt: Enabled

Fig. 2.2.23 Relevant registers setting
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( RESET ) e X: This bit is not used here. Set it to “0” or “1” arbitrary.

Initialization

SEI *All interrupts disabled

CCR (address 1716),bit7 <— 0

CPMA  (address 0016) <— 000X1XXX2

P4D (address 1916),bit3 €<— 0 *Setting P43/CNTRo pin to input mode

XM (address 2716) <— 101101102 *Timer X: Pulse width measurement mode

TXL (address 2016) <— FFis (Measuring “H” pulse width of input pulses from CNTRo pin)
TXH (address 2116) <«— FFis *Setting Timer X count value

ICONB (address 0616),bit4 <— 1 Timer X interrupt: Enabled

IREQB  (address 0316) <— 000000002

ICONC (address 0716),bitl <— 1 *CNTRo interrupt: Enabled

IREQC (address 0416) <— 000000002

XM (address 2716),bit7 «<— 0 *Timer X count start

CLI eInterrupts enabled

Somm

Notes 1: Timer X interrupt also occurs owing to factors other than
(Timer X interrupt process routine (Note 1)) measurement level.(CNTR2 input = “L in thls application)
Process it by software as error proccesing is performed for
‘ measurement level as necessary . CNTR2 input level can be

checked by reading the contents of sharing port P83 register.
CLT (Note 2) 2: When using Index X mode flag (T)
CLD (Note 3) 3: When using Decimal mode flag (D)
Push registers to stack «Pushing registers used in interrupt process routine

| Error processing |

| Pop registers | *Popping registers pushed to stack
( RTI )

Fig. 2.2.24 Control procedure (1)
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( CNTRo interrupt process routine )
CLT (Note 1) Notes 1: When using Index X mode flag (T)
CLD (Note 2) 2: When using Decimal mode flag (D)
Push registers to stack *Pushing registers used in interrupt process routine
(A) < TXH *Count value read and storing it to RAM
Measurement result (high-order 8 bits) <— (A) Read the high-order and then low-order byte.
(A) < TXL Write to the low-order and then high-order byte.
Measurement result (low-order 8 bits) <— (A)
TXL (address 2016) < FFi6
TXH (address 2116) <« FFi6
| Pop registers | *Popping registers pushed to stack

( RTI )

Note : The first value becomes invalid depending on start timing of Time X count shown
by the following figure.
Process it by software as necessary.

[ Example 1] « Start Timer X count when CNTRo input level is “L".
(CNTRo input level can be checked by reading the contents of sharing port P43 register.

FFFF16

T1 _
T2 -
[ [ [ |
000016 ‘ ‘ ‘ ‘
IT1 value: Valid' ' T2 value: valid '
CNTRo
Count start of * *
Timer X CNTRo interrupt CNTRo interrupt

[ Example 2] « Start Timer X count when CNTRo input level is “H”.
Invalidate the first CNTRo interrupt after start of Timer X count.

FFFFi6

TL -} - — — — — —

[
[
[

T2 - - - _
[
[
!

000016

T1 value: Invalid T2 value: Valid

CNTROJ ;

Count start of + ) *
Timer X CNTRo interrupt CNTRo interrupt

Fig. 2.2.25 Control procedure (2)
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(6) Timer application example 5: Adjustment of phase control signal
Outline: A phase control signal is adjusted in the period measurement mode.
Specifications: «To control the phase of the load, a phase control signal is output to the load.
*The pulse width of feedback signal input from the load is measured and a phase
control signal for the load is adjusted.

Figure 2.2.26 shows the circuit example; Figure 2.2.27 shows the related registers setting; Figure
2.2.28 shows the control procedure.

7641 group

P44/CNTR1 [« Load 1
—i —
Port A_F @)——

VAC

Fig. 2.2.26 Circuit example
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Clock control register (address 1Fis6)
b7 b0

cer || | JoJofoo]o]

> System clock selection

CPU mode register A (address 001s6)
b7 b0

ceua [ofofof [a] | ] |

u—> Processor mode bits
Stack page select bit

> Main clock (XIN-XouT): Oscillating
> Internal system clock: f(XIN)

Timer Y mode register (address 281s)
b7 b0

TYM 1{1]0f{1(1)1)0]|0

\—> Timer Y write control: Written at the same time

TYour output: Disabled

Timer Y count source: ¢/ 64
> Period measurement mode
> Measuring period from rising to rising edge of CNTR1
> Timer Y count: Stopped (Set to “0” after initialization.)

Port P4 direction register (address 1916)
b7 b0
P4D 0

‘—» Set to intput mode.

Timer YL (low) (address 2216)
b7 b0

TYL | FFie |

Timer YH (high) (address 2316) ¢ Set an initial value.
b7 bo

TYH | FFie |

Interrupt control register B (address 0616)
b7 b0

cons | | Jaf [ ][]}
|

> Timer Y interrupt: Enabled

Interrupt control register C (address 0716)
b7 b0

cone [ [ [ ][] ]]

‘—» CNTR1 interrupt: Enabled

Fig. 2.2.27 Related registers setting
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( RESET

Initialization
SEI

CCR (address 1F16)

CPMA (address 0016) <— 000X10002

IREQB (address 0316),bit5 «— 0
IREQC (address 0416),bit2 «— 0
ICONB (address 0616),bit5 <€<— 1
ICONC (address 0716),bit2 «<— 1
TYM (address 2816),bit7 <— 0

cLl

<— XXX000002

TYM (address 2816) <— 1101XXX02
P4D (address 191s),bit4 <— 0

TYL (address 2216) <— FF16

TYH (address 2316) <— FF16

Main processing

Phase control process

«All interrupts disabled

*Setting P44/CNTRu1 pin to input mode
«Setting Timer X count value

) e X: This bitis not used here. Set it to “0” or “1” arbitrary.

(Set to the low-order and then high-order byte.)

«Clearing Timer Y interrupt request bit
«Clearing CNTR1 interrupt request bit
«Timer Y interrupt: Enabled

*CNTRuz interrupt: Enabled

*Timer Y count start

eInterrupts enabled

( Timer Y interrupt process routine

) C

CNTRu interrupt process routine

)

CLT (Note 1)
CLD (Note 2)
Push registers to stack

CLT (Note 1)
CLD (Note 2)
Push registers to stack

Error processing

Read Timer Y
(The high-order first and then low-order
byte)

Pop registers

Pop registers

( RTI

) ( RTI

Notes 1: When using Index X mode flag (T)
2: When using Decimal mode flag (D)

Fig. 2.2.28 Control procedure

Rev.2.00 Aug 28,
REJ09B0336-0200

2006 page 36 of 148

RENESAS



APPLICATION

7641 Group 2.2 Timer

2.2.4 Notes on timer
(1) Read/Write for timer

*The timer division ratiois : 1 / (n + 1)

(n = “0” to “255” written into the timer)

*Read and write operation on 16-bit timer (Timers X and Y) must be performed for both high and low-
order bytes.

*When reading the 16-bit timer (Timers X and Y), read the high-order byte first and then the low-order
byte. When writing to the 16-bit timer, write the low-order byte first and then the high-order byte.

Do not read the 16-bit timer during the write operation, or do not write to it during the read
operation.

*When the value is loaded only in the latch, the value is loaded in the timer at the count pulse
following the count where the timer reaches “001¢”".

*In the timers 1 to 3, switching of the count sources of timers 1 to 3 does not affect the values of
reload latches. However, that may make count operation started. Therefore, write values again in
the order of timers 1, 2 and then timer 3 after their count sources have been switched.

«In the timer mode (for timers X, Y, 1 to 3), event counter mode (for timers X, Y), pulse output mode
(for timers X, Y, 1, 2), the timer current count value can be read out by reading the timer.

In the pulse width measurement mode (for timer X), period measurement mode (for timer Y), pulse
width HL continuously measurement mode (for timer Y), the measured timer value is stored into the
internal temporary register. When reading the timer, the value of internal temporary register is read
out. The contents of internal temporary register is updated after the next measurement.

(2) Pulse output

*When using the pulse output mode of timer X, set bit 3 of port P4 direction register to “1” (output
mode).

*When using the TYour output of timer Y, set bit 4 of port P4 direction register to “1” (output mode).

*When using the Tour output of timer 1 or timer 2, set bit 1 of port P5 direction register to “1” (output
mode).

*The Tour output pin is shared with the Xcour pin. Accordingly, when using f(Xcin)/2 as the timer 1
count source (bit 2 of timer 123 mode register = “0"), Xcour oscillation drive must be disabled (bit
5 of clock control register = “1”) to input clocks from the Xcwn pin.

*The P51/Xcout/Tour pin cannot function as an ordinary 1/0O port while Xcin-Xcour is oscillating. When
Xein-Xcour oscillation is stopped or Xcour oscillation drive is disabled, this can be used as the Tour
output pin of timer 1 or 2.

(3) Pulse input
*When using the timer X in the event counter or pulse width measurement mode, set bit 3 of port
P4 direction register to “0” (input mode).
*When using the timer Y in the period measurement, event counter or pulse width HL continuously
measurement mode, set bit 4 of port P4 direction register to “0” (input mode).

(4) Interrupt
In the timer Y’s pulse width HL continuously measurement mode, CNTRu: interrupt request is generated
at both rising and falling edges of CNTR: pin input signal regardless of the setting of CNTR: active
edge switch bit of timer Y mode register.
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2.3 Serial 1/O

This paragraph explains the registers setting method and the notes related to the serial 1/O.

2.3.1 Memory map

Address

v/
nv

b))
(&S

000416 | Interrupt request register C (IREQC)

000716 | Interrupt control register C (ICONC)

002A16 | Serial I/0 shift register (SIOSHT)

002B16 | Serial I/O control register 1 (SIOCON1)
002C16 | Serial 1/0O control register 2 (SIOCON2)

%

2
(S

Fig. 2.3.1 Memory map of registers related to serial 1/0
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2.3.2 Related registers

Serial I/O shift register

b7 b6 b5 b4 b3 b2 bl b0
| | Serial I/O shift register
(SIOSHT: address 2A16)

i b Functions At reset

0 1 1: Internal clock divided by 16

REREEE R W
bbb b s 0 [ e At transmitting Undefined| O 1O
i i i i i i Lo |1 ] Writing transmitted data to this register starts transmitting operation. [Undefined| O { O
A Bt [ 2 | » At receiving o Undefined| O | O
i i i i e e 3] Read received data through this register. Undefined| O ' O
I Bty | 4 | Undefined| O 1 O
bl bemmmmmmmm oo | 5 | Undefined| O 1 O
P bemmeececcoeceeees | 6 | Undefined| O 1O
mmmmmmmmmmmm oo 7 Undefined| O 1 O
Fig. 2.3.2 Structure of Serial 1/0 shift register
Serial I/O control register 1
b7 b6 b5 b4 b3 b2 bl b0
| Serial I/0 control register 1

L 1 1 (SIOCONL1: address 2B16)

P b Name Functions Atreset|R W

i 1 1 i-—-1 0 [Internal synchronous clock |b2b1b0 0o |00

P select bits (Note) 000 : Internal clock divided by 2 '

Pl ] 00 1: Internal clock divided by 4

R . 1 010 : Internal clock divided by 8 0 00

10 0: Internal clock divided by 32 :
I B 101 : Internal clock divided by 64 0 0.0

! 11 0: Internal clock divided by 128
i 111 : Internal clock divided by 256

it 3 | Serial I/0O port select bit 0: 1/O port 0 O'0
1: STXD, SCLK signal output
L T 4 | SRDY output select bit 0:1/0 port 0 Oi 0]
1: SRDY signal output ;
| Rmmmmmmmmmmmmmmoo 5 | Transfer direction select bit| 0 : LSB first 0 0:0
i 1: MSB first !
oo mm oo 6 | Synchronous clock select |0 : External clock 1 0:0
bit 1 : Internal clock !
e e 7 | STXD output channel 0 : CMOS output 0 Oi @)
control bit 1 : N-channel open drain output i

Note: The source of serial 1/O internal synchronous clock can be selected by bit 1 of serial
I/O control register 2

Fig. 2.3.3 Structure of Serial 1/0 control register 1
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Serial I/O control register 2

b7 b6 b5 b4 b3 b2 bl b0
| Serial I/0 control register 2
(SIOCONZ2 : address 2C1s)

o
o
o

b Name Functions At reset|R W

p———————

AN __| 0 [SPI mode select bit 0 : Normal serial 1/0 mode 0o [oio
i i i i i 1: SPI compatible mode (Note) i
Pl e 1 | Serial I/O internal clock 0:¢ 0 00
Poror select bit 1:SCSGCLK i
I T A SO 2 | SRXD input enable bit 0 : SRXD input disabed 0 0:0
oo 1 : SRXD input enabed '
N S 3 [Clock polarity select bit |0 : SCLK starting at “L” 1 |00
i i i i (CPoL) 1: SCLK starting at “H” i
e 4 [Clock phase select bit 0 : Serial transfer starting at falling edge 1 Oi0
oo (CPha) of SRDY |
Pl 1 : Serial transfer starting after a half i
b cycle of SCLK passed at falling edge :
i i i of SRDY i
{ ] Smmmmeemeeeeeeees | 5 [Fix these bits to “0”. 0[O0
| hommmmmmmeeeeeees 6 o [oio
hommmmmmmmmmmmeoeoeee 7 0 |00

Note: To set the slave mode, also set bit 4 of serial I/0O control register 1 to “1”.

Fig. 2.3.4 Structure of Serial I/O control register 2
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Interrupt request register C

b7 b6 b5 b4 b3 b2 bl b0

0 Interrupt request register C
AL b1 | (IREQC : address 0416)
i i i i i i i i b Name Functions At reset|R W
bbb 1 - o [ Timer 3 interrupt request [0 : No interrupt request issued 0 !
A bit 1 : Interrupt request issued i
A 1 [CNTRo interrupt request [0 : No interrupt request issued 0 O: 0
A bit 1 : Interrupt request issued |
T R R SR 2 | CNTRu1 interrupt request |0 : No interrupt request issued 0 o0
oo bit 1 : Interrupt request issued |
e 3 [Serial I/0 interrupt request [0 : No interrupt request issued 0o |0:O0
Pl bit 1 : Interrupt request issued ;
R SRR 4 | Input buffer full interrupt |0 : No interrupt request issued 0 O:i0
b request bit 1 : Interrupt request issued i
e 5 | Output buffer empty 0 : No interrupt request issued 0 OiO0
b interrupt request bit 1 : Interrupt request issued 0
| bemmmmmmeemmeoee 6 | Key input interrupt request |0 : No interrupt request issued 0 o0
' bit 1 : Interrupt request issued i
e GRRuULLEEEEEEEEEES 7 | Fix this bit to “0”. 0 0i0

(: “0” can be set by software, but “1” cannot be set.
Fig. 2.3.5 Structure of Interrupt request register C
Interrupt control register C

b7 b6 b5 b4 b3 b2 bl b0

| 0 | | | | | | | Interrupt control register C
A4 Lt 11| (ICONC: address 0716)
i i i i i i i i b Name Functions Atreset|R W
i1 11 11 -] o [ Timer 3 interrupt enable bit [0 : Interrupt disabled 0 0:0
A 1 : Interrupt enabled i
S T T - 1 | CNTRo interrupt enable bit [0 : Interrupt disabled 0 0:0
AR 1 : Interrupt enabled |
T R R SR 2 | CNTRu1 interrupt enable bit |0 : Interrupt disabled o |oio
Pl 1 : Interrupt enabled |
I 3 | Serial I/0 interrupt enable |0 : Interrupt disabled 0 0:0
Pl bit 1 : Interrupt enabled ;
R 4 [Input buffer full interrupt |0 : Interrupt disabled 0 0:0
bl enable bit 1 : Interrupt enabled i
T S— 5 [ Output buffer empty 0 : Interrupt disabled 0 Oi0
b interrupt enable bit 1 : Interrupt enabled i
b e 6 | Key input interrupt enable (O : Interrupt disabled 0 0:0
' bit 1 : Interrupt enabled i
e 7 | Fix this bit to “0”. 0 0:0

Fig. 2.3.6 Structure of Interrupt control register C
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2.3.3 Serial I/O connection examples

(1) Control of peripheral IC equipped with CS pin
Figure 2.3.7 shows connection examples of a peripheral IC equipped with the CS pin.

(1) Only transmission (2) Transmission and reception
(Using the SRXD pin as an 1/O port)

Port CS Port CS
SCLK CLK SCLK CLK
STXD IN
STXD DATA SRXD ouT
7641 group  Peripheral IC 7641 group  Peripheral IC
(OSD controller etc.) (E2PROM etc.)

(3) Transmission and reception ]
(When connecting SRXD with STXD) (4) Connection of plural IC
(When connecting IN with OUT in
peripheral IC)

Port CS Port CS
SCLK CLK SCLK CLK
STXD IN STXD IN
SRXD (j L ouT SRXD ouT
7641 groupt! Pzeripheral Ict2 Port Peripheral IC 1
(E°PROM etc.) 7641 group
01: Select an N-channel open-drain output for STXD pin output control. CsS
02: Use the OUT pin of peripheral IC which is an N-channel open- >{ CLK
drain output and becomes high impedance during receiving data. Ls{IN
Notes : “Port” means an output port controlled by software. OouUT

Peripheral IC 2

Fig. 2.3.7 Serial 1/0 connection examples (1)
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(2) Connection with microcomputer
Figure 2.3.8 shows connection examples with another microcomputer.

(1) Selecting internal clock (2) Selecting external clock
SCLK CLK SCLK CLK
STXD IN STXD IN
SRXD ouT SRXD ouT

7641 group Microcomputer 7641 group  Microcomputer

(3) Using SRDY signal output function
(Selecting an external clock)

SRDY RDY
SCLK CLK
STXD IN

SRXD ouT

7641 group  Microcomputer

Fig. 2.3.8 Serial 1/0 connection examples (2)
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2.3.4 Serial 1/O application example
(1) Output of serial data (control of peripheral IC)
Outline : Serial communication is performed, connecting port to CS pin of peripheral IC. To perform
reception, it needs to write dummy data into serial I/O shift register.

Figure 2.3.9 shows a connection diagram, and Figure 2.3.10 shows a timing chart.

CS —
P31 CS
CLK
P81/SCLK CLK
DATA
P83/STXD DATA
7641 group Peripheral IC

Fig. 2.3.9 Connection diagram

Specifications : *Synchronous clock frequency : 187.5 kHz (f(Xi) = 24 MHz )
e Transfer direction : LSB first
e Serial 1/0O interrupt is not used.
« Port P3: is connected to the CS pin (“L” active) of the peripheral IC for transmission
control; the output level of port P3: is controlled by software.

CLK

DATA ><DATAO>< ><DATA1>< ><DATA2>< ><DATA3><

Fig. 2.3.10 Timing chart
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Figure 2.3.11 shows the registers setting for the transmitter, and Figure 2.3.12 shows a setting of
serial I/O transmission data.

Serial I/O control register 1 (Address : 2Bz1s)
b7 b0

SIOCON1 |of1]|0|0f2]1(0fO

‘ | |—|—|—>Internal synchronous clock : Internal clock/32

> STXD, SCLK output selected
> SRDY output selected
> LSB first
> Synchronous clock : Internal clock
> STXD pin : CMOS output
Serial /0O control register 2 (Address : 2Czs)
b7 bo

SIOCON2 |0|0]0|1f1f1(|0O]O

|—> Normal serial /0O mode
Serial I/0O internal clock : @

SRXD input enabled

Port P3 (Address : OE1s)
b7 b0

P3 1

|—> Set P31 output level to “H”.

Port P3 direction register (Address : OFz1e)
b7 b0

P3D 1

|—> Set P31 to output mode.

Interrupt control register C (Address : 0716)
b7 b0

ICONC 0

> Serial I/O interrupt : Disabled

Fig. 2.3.11 Registers setting for transmitter

Serial I/0 shift register (Address : 2A16)
b7 b0

Set a transmission data.

SIOSHT Confirm that transmission of the previous data is
completed (Serial 1/O interrupt request bit is “1")
before writing data.

Fig. 2.3.12 Setting of serial 1/O transmission data
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When the registers are set as shown in Figure 2.3.13, the serial I/O can transmit 1-byte data by
writing data into the serial 1/0 shift register.

Thus, after setting the CS signal to “L”, write the transmission data to the serial 1/0O shift register by
each 1 byte, and return the CS signal to “H” when all required data have been transmitted.

Figure 2.3.13 shows a control procedure of transmitter.

( RESET ) e x: This bit is not used here. Setitto “0” or “1” arbitrarily.
I
Initialization
SIOCON1 (Address : 2B16) < 010011002
SIOCON2 (Address : 2C16) «— 000111002 Serial I/0 set
P3 (Address : OEzs), bitl <1 «CS signal output port set
P3D (Address : OF1s), bitl <1 (“H” level output)
IREQC (Address : 041s), bit3 <0 Serial I/O interrupt request bit set to “0”
ICONC (Address : 0716), bit3 <0 «Serial 1/0 interrupt disabled
cL
P3 (Address : OEss), bitl «— 0 «CS signal output level to “L” set
. Transmi- *Transmission data write
SIOSHT (Address : 2A16) <— ssion data (Start of transmit 1-byte data)

«Judgment of completion of transmitting
1-byte data

IREQC (Address : 041s), bit3?

IREQC (Address : 041s), bit3 «— 0

*Use any of RAM area as a counter for counting
the number of transmitted bytes
«Judgment of completion of transmitting all data

Complete to transmit all data?

«Return the CS signal output level to “H”
P3 (Address : OEzs), bitl «—1 when transmission of all data is completed

Fig. 2.3.13 Control procedure of transmitter

Rev.2.00 Aug 28,2006 page 46 of 148 RENESAS
REJ09B0336-0200



APPLICATION

7641 Group 2.3 Serial 110

(2) Serial communication using SPI compatible mode
e Explanation of SPI compatible mode

Setting the SPI mode select bit (bit 0 of SIOCON2) to “1” puts the serial I/0O in SPI compatible
mode. The synchronous clock select bit (bit 6 of SIOCON1) determines whether the serial 1/0 is
an SPI master or slave. When the external clock is selected (“0"), the serial I1/O is in slave mode;
when the internal clock is selected (“1”), the serial I/O is in master mode.
In SPI compatible mode the SRXD pin functions as a MISO (Master In/Slave Out) pin and the
STXD pin functions as a MOSI (Master Out/Slave In) pin.
In slave mode the transmit data is output from the MISO pin and the receive data is input from
the MISO pin. The SRDY pin functions as the chip-select signal input pin from an external.
In master mode the transmit data is output from the MOSI pin and the receive data is input from
the MISO pin. The SRDY pin functions as the chip-select signal output pin to an external.

e Slave mode operation
In slave mode of SPI compatible mode 4 types of clock polarity and clock phase can be usable
by bits 3 and 4 of serial I/O control register 2.
If the SRDY pin is held “H", the shift clock is inhibited, the serial 1/O counter is set to “7”. If the
SRDY pin is held “L”, then the shift clock will start.
Make sure during transfer to maintain the SRDY input at “L” and not to write data to the serial
I/O counter.

Outline : Serial communication is performed between 7641 group MCUs, using SPI compatible
mode.

Specifications : ¢ Synchronous clock frequency : 187.5 kHz (f(Xiw) = 24 MHz )
e Transfer direction : LSB first

Figure 2.3.14 shows a connection diagram; Figure 2.3.15 shows the registers setting for SPI compatible
mode; Figures 2.3.16 and 2.3.17 show a control procedure of SPI compatible mode.

Slave unit Master unit
- CS -
P80/UTXD2/SRDY P80/UTXD2/SRDY
CLK
P81/URXD2/SCLK P81/URXD2/SCLK
- DATA _

P82/CTS2/MISO P82/CTS2/MISO
P83/RTS2/MOSI |« DATA P83/RTS2/MOSI
7641 group 7641 group

Fig. 2.3.14 Connection diagram
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e Slave Unit

Serial 1/0 control register 1 (Address : 2B1s)
b7 b0

SIOCON1 |ofofof1]1

| I—> STXD, SCLK output selected

» SRDY output selected

> LSB first

» Synchronous clock : External clock
> STXD pin : CMOS output

Serial I/0O control register 2 (Address : 2Czis)
b7 b0

SIOCON2 (000111 1

|—> SPI compatible mode
SRXD input enabled
SCLK starting at “H”

> Serial transfer starting afer a half cycle of SCLK
passed at falling edge of SRDY

Interrupt control register C (Address : 0716)
b7 b0

ICONC 0

|—»Serial 1/O interrupt : Disabled
e Master Unit

Serial 1/0O control register 1 (Address : 2B1s)
b7 b0

SIOCON1 |of1]|o|of1f1|0]0O

l—'—'—» Internal synchronous clock : Internal clock/32
STXD, SCLK output selected
> No SRDY output
> LSB first
» Synchronous clock : Internal clock

» STXD pin : CMOS output

Serial 1/0 control register 2 (Address : 2C1s)
b7 b0

SIOCON2 (0]0|0|1f1(1|{0fO

‘—> SPI compatible mode
Serial I/O internal clock : @

SRXD input enabled
SCLK starting at “H”

> Serial transfer starting afer a half cycle of SCLK
passed at falling edge of SRDY

Interrupt control register C (Address : 0716)
b7 b0

ICONC 0

|—»Serial 1/O interrupt : Disabled

Fig. 2.3.15 Registers setting for SPI compatible mode
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Slave Unit

(

RESET

e X: This bit is not used here. Set it to “0” or “1” arbitrarily.

Initialization

SIOCON1 (Address :
SIOCON2 (Address :

IREQC

(Address :
ICONC (Address :
cL

2B16) < 00011XXX2
2C16) <« 000111X12

0416), bit3 <0
0716), bit3 <0

»
Y

SIOSHT (Address : 2

Al6) «—

Transmi-
ssion data

IREQC (Address

A

: 0416), bit3?

Read out received data from SIOSHT

(Address : 2Az1s6)

IREQC (Address : 041s), bit3 «— 0

*Serial I/O set

«Serial I/O interrupt request bit set to “0”
«Serial 1/O interrupt disabled

*Transmission data write
(Do not set data during data reception.)

«Judgment of completion of receiving
1-byte data

*Transmission/Reception starts owing to “L” input
to P80/UTXD2/SRDY pin or shift clock input.

Fig. 2.3.16

Control procedure of SPI compatible mode in slave
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SIOCON2
IREQC
ICONC

cLI

(Address : 2C16) «- 000111012
(Address : 041s), bit3 <0
(Address : 0716), bit3 «0

»
>

SIOSHT (Address : 2A1s) <« 1'ansmi-

ssion data

IREQC (Address : 041s), bit3?

Read out received data from SIOSHT
(Address : 2Az1s6)

IREQC (Address : 041s), hit3 «— 0

Complete to transmit all data?

|

l

|
=

*Use any of RAM area as a counter for counting

«Judgment of completion of transmitting all data

2.3 Serial /10
Master Unit
( RESET e x: This bit is not used here. Set itto “0” or “1” arbitrarily.
|
Initialization
SIOCON1 (Address : 2B16) <~ 01011101 «Serial 1/0 set

Serial I/O interrupt request bit set to “0”
Serial I/0 interrupt disabled

*Transmission data write
(Start of transmit 1-byte data)
*Then P80o/UTXD2/SRDY pin set to “L”

«Judgment of completion of transmitting 1-byte data
*“L” output from P80/UTXD2/SRDY pin

the number of transmitted bytes

Fig. 2.3.17 Control procedure of SPI compatible mode in master
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2.3.5 Notes on serial 1/0
(1) Clock
When the external clock is selected as the transfer clock, its transfer clock needs to be controlled
by the external source because the serial I/O shift register will keep being shifted while transfer clock
is input even after transfer completion.

(2) Reception

When the external clock is selected as the transfer clock for reception, the receiving operation will
start owing to the shift clock input even if write operation to the serial 1/0 shift register (SIOSHT) is
not performed. The serial I/O interrupt request also occurs at completion of receiving. However, we
recommend to write dummy data in the serial I/O shift register. Because this will cause followings
and improve transfer reliability.

*Write to SIOSHT puts the SRDY pin to “L". This enables shift clock output of an external device.
*Write to SIOSHT clears the internal serial 1/0 counter.

Note: Do not read the serial 1/0O shift register which is shifting. Because this will cause incorrect-data
read.

(3) STXD output
*When the internal clock is selected as the transfer clock, the STXD pin goes a high-impedance state
after transfer completion.
*When the external clock is selected as the transfer clock, the STXD pin does not go a high-
impedance state after transfer completion.

(4) SPI compatible mode
When using the SPI compatible mode, set the SRDY select bit to “1” (SRDY signal output).
*When the external clock is selected in SPI compatible mode, the SRXD pin functions as a data
output pin and the STXD pin functions as a data input pin.
Do not write to the serial I/O shift register (SIOSHT) during a transfer as slave when in SPI compatible
mode.
Master operation of SPI compatible mode requires the timings:
-From write operation to the SIOSHT to SRDY pin put to “L”
Requires 2 cycles of internal clock @ + 2 cycles of serial 1/0 synchronous clock + 35 ns
-From SRDY pin put to “L” to SCLK switch
Requires 35 ns
-From the last pulse of SCLK to SRDY pin put to “H”
Requires 35 ns.
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2.4 UART

This paragraph explains the registers setting method and the notes related to the UART.

2.4.1 Memory map

Address

bY]
(s

000216

Interrupt request register A (IREQA)

000316

Interrupt request register B (IREQB)

~v
nv

bY]
(s

000516

Interrupt control register A (ICONA)

000616

Interrupt control register B (ICONB)

003016

UART1 mode register (ULMOD)

003116

UART1 baud rate generator (ULBRG)

003216

UART1 status register (U1STS)

003316

UART1 control register (ULCON)

003416

UART1 transmit/receive buffer register 1 (U1ITRB1)

003516

UARTL1 transmit/receive buffer register 2 (ULTRB2)

003616

UART1 RTS control register (ULRTSC)

~v
nv

b))
(s

003816

UART2 mode register (U2MOD)

003916

UART2 baud rate generator (U2BRG)

003A16

UART?2 status register (U2STS)

003B1s6

UART2 control register (U2CON)

003C1s6

UART?2 transmit/receive buffer register 1 (U2TRB1)

003D16

UART2 transmit/receive buffer register 2 (U2TRB2)

003E16

UART2 RTS control register (U2RTSC)

nv

o

Fig. 2.4.1 Memory map of registers related to UART
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2.4.2 Related registers
UARTX mode register
b7 b6 b5 b4 b3 b2 bl b0
| UARTX (x = 1, 2) mode register

AL bbb | (UXMOD : addresses 3016, 3816)

i i i i i i i i b Name Functions At reset|R {W

torob b1 11 -1 0 |UART clock select bit O:¢ 0 O:0

i i i i i i i (CLK) 1: SCSGCLK output !

L R 1 |UART clock prescaling b2b1 0 !

SR select bits (PS) 0 0 : UART clock divided by 1 |

I B S - 0 1: UART clock divided by 8 ;

A 2 10 : UART clock divided by 32 0o (00

I 11 : UART clock divided by 256 i

R 3 [ Stop bit length select bit [0 : 1 stop bit 0 0'0

oo (STB) 1 : 2 stop bits i

S T O — 4 | Parity select bit (PMD) 0 : Even parity 0 010

i i i 1: Odd parity !

b} bememeemeeoeeeed 5 | Parity enable bit (PEN) 0 : Parity checking disabled 0 00

. 1 : Parity checking enabled i

| mmmmmmemmmmmemeeeee 6 | UART character length b7bs 0 0:0

: select bit (LE1, 0) 00 :7 bits |

! — 01: 8 bits :

"""""""""""" 7 10: 9 bits 0o (00
11 : Not available i

Fig. 2.4.2 Structure of UARTX (x = 1, 2) mode register
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UARTX control register
b7 b6 b5 b4 b3 b2 bl b0
| UARTX (x = 1, 2) control register

AL b P b1 | (UXCON : addresses 3316, 3B16)
i i i i i i i i b Name Functions At reset|R W
i1t 1111 - 0 [Transmit enable bit (TEN) [0 : Transmit disabled 0 00
A 1 : Transmit enabled ;
A 1 | Receive enable bit (REN) |0 : Receive disabled 0 0.0
T T R 1 : Receive enabled !
R S R S 2 | Transmit initialization bit |0 : No action 0 00
oo (TIN) 1 : Initializing (Note 1) i
A T 3 | Receive initialization bit |0 : No action 0 00
ool (RIN) 1 : Initializing (Note 2) |
A 4 | Transmit interrupt source |0 : Interrupt when transmit buffer has 0 00
P select bit (TIS) emptied !
Pl 1 : Interrupt when transmit shift operation |
i i i is completed ;
R 5 | CTS function enable bit |0 : CTS function disabled (Note 3) 0 |00
i i (CTS_SEL) 1 : CTS function enabled |
| hmmmmmmmmmmoooes 6 [ RTS function enable bit [0 : RTS function disabled (Note 4) o |00
! (RTS_SEL) 1: RTS function enabled !
e 7 | UART address mode 0 : Address mode disabled 0 0:0

enable bit (AME) 1: Address mode enabled i

Notes 1: When setting the TIN bit to “1”, the TEN bit is set to “0” and the UARTX status
register will be set to “0316” after the data has been transmitted. To retransmit, set
the TEN bit to “1” and set a data to the transmit buffer register again. The TIN bit

will be cleared to “0” one cycle later after the TIN bit has been set to “1”.

2: Setting the RIN bit to “1” suspends the receiving operation and will set all of the
REN, RBF and the receive error flags (PER, FER, OER, SER) to “0". The RIN bit

will be cleared to “0” one cycle later after the RIN bit has been set to “1”".

3: When CTS function is disabled (CTS_SEI = “0"), pins P82 and P86 can be used as

ordinary 1/O ports.

4: When RTS function is disabled (RTS_SEI = “0"), pins P83 and P87 can be used as

ordinary 1/O ports.

Fig. 2.4.3 Structure of UARTx (x = 1, 2) control register
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UARTX status register
b7 b6 b5 b4 b3 b2 bl b0
| UARTX (x = 1, 2) status register
AL PP | (UXSTS @ addresses 3216, 3A16)
A A L Name Functions At reset|R IW
bbb b1 -] o [Transmit complete flag 0 : Transmit shift in progress 1 |OiD
i i i i i i i (TCM) 1 : Transmit shift completed i
O 1 | Transmit buffer empty flag |0 : Buffer full 1 o0
A R A (TBE) 1 : Buffer empty |
ek 2 | Receive buffer full flag 0 : Buffer empty 0 o0
P (RBF) 1: Buffer full !
R 3 | Parity error flag (PER) 0: No error 0 O
Pl 1 : Parity error !
I R 4 | Framing error flag (FER) [0 : No error o |OiD
P 1 : Framing error ;
ol e 5 | Overrun error flag (OER) |0 : No error 0 oo
bl 1: Overrun error i
I temmeeecmcee e 6 | Summing error flag (SER) |0 : (PER) U (FER) U (OER) =0 0 0.0
; 1: (PER) U (FER) U (OER) = 1 |
G EEE 7 [Nothing is arranged for this bit. This is a write disable bit. When this 0 o0
bit is read out, the contents are “0”". i
Fig. 2.4.4 Structure of UARTx (x = 1, 2) status register
UARTX RTS control register
b7 b6 b5 b4 b3 b2 bl b0
| | | | | olo | 0 | o | UARTx (x =1, 2) RTS control register
AL b b1 (UXRTSC : addresses 3616, 3E16)
A A Name Functions At reset|R {W
{1 10 Fixthese bits to ‘0. 0_|0io
BEEEREE 0_[0:0
A 2 0100
e 3 o |oo
b4 beememeeeeend 4 | RTS assertion delay count |b7b6b5b4 o . 0 0.0
oo select bits (RTS) 000 0: No delay; Assertion immediately i
P 0001 : 8-hit term assertion at “H” |
Pl 00 1 0 : 16-bit term assertion at “H” |
A 5 00 1 1 : 24-bit term assertion at “H” o o ! o
Do 01 0 0 : 32-bit term assertion at “H” :
Pl 0101 : 40-bit term assertion at “H” :
o 01 10:48-bit term assertion at “H” :
ol - 0111 :56-bit term assertion at “H” :
poTTTTTTTT T 6 100 0 : 64-bit term assertion at “H” 0 O:0
! 100 1: 72-bit term assertion at “H” :
i 101 0 : 80-bit term assertion at “H” :
! || 101 1: 88-bit term assertion at “H” i
bommmmmmmm oo 7 1100 : 96-hit term assertion at “H” 1 00
110 1: 104-bit term assertion at “H” |
11 10:112-bit term assertion at “H” i
1111 :120-bit term assertion at “H” i

Fig. 2.4.5 Structure of UARTx (x = 1, 2) RTS control register
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UARTX baud rate generator
b7 b6 b5 b4 b3 b2 bl b0
| | UARTX (x = 1, 2) baud rate generator

AL 1t 111 | (UXBRG: addresses 3116, 3916)

Piobi bbb Functions Atreset|R iW
i 111 1 11 =-10|eThe UXBRG determines the baud rate for transfer. Undefined| O : O
i i i i i i LI 1 | e This is a 8-bit counter with its reload register. This generator divides [Undefined| O i O
A S T A SV 5| the frequency of the count source by 1/(n + 1), where “n” is the [Jndefined| O 'O
S S 37| value written to the UXBRG. Undefined| O 1O
i i i oo I Undefined| O {O
I EEEE e | 5 | Undefined[ O { O
P | 6 | Undefined] O : O
e R 7 Undefined O 1O

Fig. 2.4.6 Structure of UARTx (x = 1, 2) baud rate generator
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UARTX transmit/receive buffer registers 1, 2
b7 b6 b5 b4 b3 b2 bl b0
| UARTX (x = 1, 2) transmit/receive buffer register 1

ALt 1T (UXTRBI: addresses 3416, 3C16)
A A ) Functions At reset|R W
111111 i-—1 o [The transmit buffer register and the receive buffer register are located |Undefined| O | O
A —at the same address. Writing a transmitting data and reading a - *
A | 1 | received data are performed through the UXTRB. This is its low-order |Undefined) © 1O
N 2 |byte. Undefined| O 1 O
N —] At write - :
e | 3| The data is written into the transmit buffer register. It is not done into |Undefined| O : O
A 4 | the receive buffer register. Undefined| O 'O
i i i L1 +At read !
e 5 | The contents of receive buffer register is read. Undefined| O i ®)
L e 6 If a character bit length is 7 bits, the MSB of received data is invalid. Undefined| O ' O
SRE— 7 | Note that the contents of transmit buffer register cannot be read. Undefined| O : 0]
b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | | UARTX (x = 1, 2) transmit/receive buffer register 2
A4 Lt (UXTRB2: addresses 3516, 3D16)
bbb bbb Functions At reset|R W
{1111t i-] o [The transmit buffer register and the receive buffer register are located [undefined| O | O
i i i i i i i at the same address. Writing a transmitting data and reading a !
I S received data are performed through the UXTRB. This is its high- i
REREEE order byte. |
I S B *At write i
AR The data is written into the transmit buffer register. It is not done into |
A the receive buffer register. i
REREEE +Atread |
I T S T S The contents of receive buffer register is read. |
A I If a character bit length is 9 bits, the received high-order 7 bits of !
pororonr UXTRB2 are “0” |
A Note that the contents of transmit buffer register cannot be read. If a i
A character bit length is 7 or 8 bits, the received contents of UXTRB2 !
I A A A are invalid. |
i i i i i i —— | 1 |Nothing is arranged for this bit. This is a write disable bit. When this |Undefined| O i O
et 2 | bit is read out, the contents are “0". Undefined| O : 0
e 3] Undefined| O i O
T | 4] Undefined| O | O
Dol hemmmmmmmmmeoe 5] Undefined| O | O
e 6| Undefined| O | O
Femmmmmmmmmmmeseooeoeos 7 Undefined| O O

Fig. 2.4.7 Structure of UARTx (x = 1, 2) transmit/receive buffer registers 1, 2
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Interrupt request register A

b7 b6 b5 b4 b3 b2 bl b0

Interrupt request register A
AL P b b )1| (IREQA D address 0216)
Probr bbb Name Functions Atreset|R W
A i___ 0 | USB function interrupt 0 : No interrupt request issued 0 o:0
bbb request bit 1 : Interrupt request issued |
Porob b 1 [USB SOF interrupt request [0 : No interrupt request issued 0 |O'D
Pl bit 1 : Interrupt request issued |
A 2 | INTo interrupt request bit |0 : No interrupt request issued I EE
Pl 1 : Interrupt request issued i
A 3 [INT1 interrupt request bit [0 : No interrupt request issued B EE
Pl 1 : Interrupt request issued |
A 4 [DMACQO interrupt request [0 : No interrupt request issued 0 o0
o bit 1 : Interrupt request issued :
A 5 | DMAC1 interrupt request |0 : No interrupt request issued 0 o:iD
b bit 1 : Interrupt request issued i
A 6 | UART1 receive buffer full |0 : No interrupt request issued 0 o0
' interrupt request bit 1 : Interrupt request issued |
G 7 [UART1 transmit interrupt (0 : No interrupt request issued 0 00

request bit 1 : Interrupt request issued i
: “0” can be set by software, but “1” cannot be set.
Fig. 2.4.8 Structure of Interrupt request register A
Interrupt request register B
b7 b6 b5 b4 b3 b2 bl b0
| Interrupt request register B
AL b1 | (IREQB : address 0316)
Probr bbb Name Functions Atreset|R W
A i___ 0 [UART1 summing error 0 : No interrupt request issued 0 oi0
A A interrupt request bit 1 : Interrupt request issued i
Porob o 1 [UART2 receive buffer full [0 : No interrupt request issued 0 |00
AR interrupt request bit 1 : Interrupt request issued i
A 2 |UART2 transmit interrupt [0 : No interrupt request issued B EE
i i i i i request bit 1 : Interrupt request issued i
A 3 |UART2 summing error 0 : No interrupt request issued 0o |00
Pl interrupt request bit 1 : Interrupt request issued :
A 4 |Timer X interrupt request [0 : No interrupt request issued 0 o0
o bit 1 : Interrupt request issued :
A 5 | Timer Y interrupt request |0 : No interrupt request issued 0 o:iD
b bit 1 : Interrupt request issued i
A 6 [ Timer 1 receive buffer full [0 : No interrupt request issued 0 OO0
' interrupt request bit 1 : Interrupt request issued |
G 7 | Timer 2 transmit interrupt |0 : No interrupt request issued 0 o0
request bit 1 : Interrupt request issued i
: “0” can be set by software, but “1” cannot be set.

Fig. 2.4.9 Structure of Interrupt request register B
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Interrupt control register A
b7 b6 b5 b4 b3 b2 bl b0
| | Interrupt control register A

A4 Lt 111 | (ICONA: address 0516)
i i i i i i i i b Name Functions At reset| R W
A i___ 0 [ USB function interrupt 0 : Interrupt disabled 0 0:0
A enable bit 1 : Interrupt enabled |
SRR A R 1 |USB SOF interrupt enable [0 : Interrupt disabled 0 00
Polob bit 1 : Interrupt enabled |
A 2 [INTo interrupt enable bit [0 : Interrupt disabled o |oio
P 1 : Interrupt enabled i
A 3 [INT1 interrupt enable bit |0 : Interrupt disabled o |00
Pl 1 : Interrupt enabled |
e 4 | DMACO interrupt enable |0 : Interrupt disabled 0 0:0
Pl bit 1 : Interrupt enabled |
b ] 5 [ DMAC1 interrupt enable [0 : Interrupt disabled 0o (OO
bt bit 1 : Interrupt enabled :
b 6 | UART1 receive buffer full |0 : Interrupt disabled 0 0:0
! interrupt enable bit 1 : Interrupt enabled ;
e 7 [UART1 transmit interrupt |0 : Interrupt disabled 0 00

enable bit 1 : Interrupt enabled |

Fig. 2.4.10 Structure of Interrupt control register A
Interrupt control register B
b7 b6 b5 b4 b3 b2 bl b0
Interrupt control register B
A4 1t 1 11 | (ICONB: address 0616)
i i i i i i i i b Name Functions At reset| R \W
A i___ 0 |UART1 summing error 0 : Interrupt disabled 0 00
A interrupt enable bit 1 : Interrupt enabled :
SRR A R 1 |UART2 receive buffer full |0 : Interrupt disabled 0 00
bbb interrupt enable bit 1 : Interrupt enabled :
A 2 [UART2 transmit interrupt [0 : Interrupt disabled o |oio
Pl enable bit 1 : Interrupt enabled !
A 3 [UART2 summing error 0 : Interrupt disabled o |00
Pl interrupt enable bit 1 : Interrupt enabled :
e 4 | Timer X interrupt enable |0 : Interrupt disabled 0 0:0
Pl bit 1 : Interrupt enabled |
o] 5 | Timer Y interrupt enable |0 : Interrupt disabled 0 0:0
bt bit 1 : Interrupt enabled :
A 6 | Timer 1 interrupt enable bit (O : Interrupt disabled 0 Oi0
! 1 : Interrupt enabled :
G 7 | Timer 2 interrupt enable bit |0 : Interrupt disabled 0 Oi0
1 : Interrupt enabled i

Fig. 2.4.11 Structure of Interrupt control register B
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2.4.3 UART transfer data format

Figure 2.4.12 shows the UART transfer data format.

UART —

— 1ST-9DATA-1SP

“A\st /s X X X X X Xwsefsp
— 1ST-8DATA-1SP

S \sTfsBY X X X XwseY sp
L 1ST-7DATA-1SP

S \sT s X X XmsBY sp

— 1ST-9DATA-1PAR-1SP

C\stfseY X X

X X  XwvsBfPARY sp

— 1ST-8DATA-1PAR-1SP

T\sTfsBY X X

X XMSBYPARY sP

— 1ST-7DATA-1PAR-1SP

“\st /s X X

XVSBYPARY sP

— 1ST-9DATA-2SP

T\sTfsBY X X

X X  Xwvseyasp

— 1ST-8DATA-2SP

\sT [ X X

X XwmsBY 2sp

— 1ST-7DATA-2SP

\sT s X X

XMSB)’ 2SP

— 1ST-9DATA-1PAR-2SP

\sT s X X

X X XMSBYPARY 2sP

— 1ST-8DATA-1PAR-2SP

\sTfsBY X X

X XMsBYPARY 2sp

— 1ST-7DATA-1PAR-2SP

A\ stfseY X X

XMSBXPAR)’ 2SP

Fig. 2.4.12 UART transfer data format
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2.4.4 Transfer bit rate
UART1 and UART2 can use either internal clock @ or SCSGCLK (Special Count Source Generator output)

as its clock.

(1) Setting examples using internal clock @
Table 2.4.1 shows setting examples of the baud rate generator (BRG) values and transfer bit rate values.

Table 2.4.1 Setting examples of baud rate generator values and transfer bit rate values (¢ = 12 MHz))

@1 (Note 1) @8 (Note 1) @32 (Note 1) @32 (Note 1)
BRG setting | Transfer BRG setting [Transfer BRG setting| Transfer BRG setting | Transfer
value I bit rate (bps) |value !bit rate (bps) [value I bit rate (bps) |value I bit rate (bps)

00 (00:) ! 750,000.0 i i i

01 (011) , 375,000.0 I | |

02 (021) | 250,000.0 | | |

03 (0315) | 187,500.0 | | |

04 (041) | 150,000.0 I | I

05 (0516) | 125,000.0 I I I

06 (061) | 107,142.9 I I I

07 (0716) ! 93,750.0 | 00 (001s) : 93,750.0 : :

08 (0815) | 83,333.3| 01 (011) | 46,875.0 I |

1 T

09 (091) | 75,000.0 | 02 (0215) | 31,250.0 | I

10 (OA) | 68,181.8 | 03 (0315) | 23,437.5| 00 (00i) | 23,437.5 |

11 (0Bw) | 65,250.0 | 04 (046) | 18,750.0 | 01 (011) | 11,718.7 |

12 (0Cis) | 57,6923 | 05 (05:5) | 15625.0 [ 02 (02:) |  7,8125 I

13 (OD1e) : 53,571.4 | 06 (061c) ; 13,392.8 | 03 (031) : 5,859.4 :

14 (OEx) | 50,0000 | 07 (07:) | 11,7187 | 04 (04w) |  4,687.5 |

15 (OFs) | 46,875.0 | 08 (08) | 10,416.6 [ 05 (051) |,  3,906.3 I
. | . 09 (09:) | 9,375.0 | 06 (06) |  3,348.2 |
. | . 10 (OAe) | 85227 | 07 (071.6) | 2,929.7 | 00 (001s) | 2,929.7
. | . 11 (0Bx) | 7,8125| 08 (08.) |  2,604.2 | 01 (011) |  1,464.8
: .
. | . 12 (0Cwe) ! 72115 09 (09:¢) | 2,343.7 | 02 (02:) | 976.6

: . .
. : . 13 (0Dw) |, 6,696.4 | 10 (0OAw) !  2,130.6 [ 03 (031) ! 732.4
. I . 14 (OEw) | 6,250.0 | 11 (0Bi) |  1,953.1 | 04 (04w.) | 585.9
: I . 15 (OF%) | 5859.3 | 12 (0Ci) |  1,802.8 | 05 (051.) | 488.3
: | . . | . 13 (0D) |  1,674.1 | 06 (061) | 418.5
. | : . I . 14 (OEwx) |  1,562.5| 07 (07:) | 366.2
. I . . I . 15 (OFw) | 1,464.8 | 08 (081) | 325.5
: I . . : . . . 09 (09:) | 292.9
. | . * * . | . 10 (OAw) | 266.3
) | ° I ® I o I
. I . : I : . I ° 11 (OBis) | 244.1
[ ) [ ] L [ ] T
. | . . | . . | . 12 (0Ci) | 225.3
[ ]
. | . . | . e | . 13 (0Dw) | 209.2
[ ] [ ]
. I . . I . e | . 14 (OEw) | 195.3
: I : : I : o : 15 (OF) | 183.1
. | ° ° I ° ° | ° ° | °
] | ] (] 1 [ ]

253 (FDi) ;| 2,952.7 | 253 (FD1e) | 369.0 | 253 (FDu) , 92.2 | 253 (FDus) | 11.5

254 (FEw) |  2,941.1 | 254 (FEw) | 367.6 | 254 (FEu) | 91.9 | 254 (FEuw) | 11.4

255 (FFie) |  2,929.7 | 255 (FFie) | 366.2 | 255 (FFuo) | 91.6 | 255 (FFu) | 11.4
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Notes 1: Select the UART clock prescaling with bits 1 and 2 of UARTx mode register.
2: Equation of transfer bit rate:
. _ fit
Transfer bit rate (bps) = -
(BRG setting value + 1) O 16

O : fi is selectable among @/1, @/8, ¢/32, and @/256 with bits 1 and 2 of UARTx mode register.
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(2) Setting examples using SCSGCLK output

Table 2.4.2 shows setting examples of the SCSG1, SCSG2 and the baud rate generator (BRG)
values and transfer bit rate values.

Table 2.4.2 Setting examples of SCSG1, SCSG2 and baud rate generator values and transfer bit rate
values (@ = 12 MHZz))

Transfer bit Special Count Source Generator UART clock | BRG setting | Real rate
rate (bps) SCSG1 setting | SCSG2 setting | SCSGCLK prescaling value (bps)
(Note 1) value (Note 3) value (Hz) (Note 4) [ (Note 2)

50 bypassed 149 (9516) 80000.00 1/1 99 (6316) 50.00

75 bypassed 99 (6316) 120000.00 1/1 99 (6316) 75.00
110 78 (4E1s) 67 (4315) 174236.78 1/1 98 (6215) 110.00
134.5 172 (ACuis) 55 (3716) 213047.07 1/1 98 (621s) 134.50
150 bypassed 49 (311s) 240000.00 1/1 99 (631s) 150.00
300 bypassed 24 (181s) 480000.00 1/1 99 (631s) 300.00
600 24 (181s) 11 (0Bu1s) 960000.00 1/1 99 (6316) 600.00
1200 bypassed 24 (18u1s) 480000.00 1/1 24 (18u1s) 1200.00
1800 24 (181s) 19 (131s6) 576000.00 1/1 19 (1316) 1800.00
2000 bypassed 24 (18u1s) 480000.00 1/1 14 (OEs) 2000.00
2400 24 (181s) 19 (131s6) 576000.00 1/1 14 (OEs) 2400.00
3600 24 (18us) 19 (13:6) 576000.00 1/1 9 (0916) 3600.00
4800 24 (181s) 14 (OEs) 768000.00 1/1 9 (091s6) 4800.00
7200 24 (18u1s) 19 (13:6) 576000.00 1/1 4 (0416) 7200.00
9600 24 (181s) 14 (OEs) 768000.00 1/1 4 (0416) 9600.00
14400 24 (18u1s) 09 (09:1s) 1152000.00 1/1 4 (0416) 14400.00
19200 35 (231s) 00 (00z1s) 11666666.66 1/1 37 (251s) 19188.60
28800 24 (18u1s) 00 (001s) 11520000.00 1/1 24 (18u1s) 28800.00
31250 bypassed bypassed 12000000.00 1/1 23 (1710) 31250.00
38400 35 (231s) 00 (001s) 11666666.66 1/1 18 (121s) 38377.19
57600 bypassed bypassed 12000000.00 1/1 12 (0Cuis) 57692.31
115200 11 (OBas) 00 (001s) 11000000.00 1/1 5 (0516) 114583.33

Notes 1: Equation of transfer bit rate:

Transfer bit rate (bps) =

fi”

(BRG setting value + 1) O 16

O : fi is selectable among SCSGCLK/1, SCSGCLK/8, SCSGCLK/32, and SCSGCLK/256 with bits

1 and 2 of UARTx mode register.

2: Select the UART clock prescaling with bits 1 and 2 of UARTx mode register.
3: The internal clock ¢ is used as the SCSG2 count source when the SCSG1 count stop bit is “1”

or the SCSG1 timer set value is “001¢".

4: Equation of SCSGCLK frequency:

SCSGCLK (MHz) = ¢ O

SCSGL1 setting value

1

(SCSG1 setting value + 1)

(SCSG2 setting value + 1)
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2.4.5 Operation of transmitting and receiving
(1) Transmit operation

*The transmit buffer empty flag (TBE) is set to “0” when the low-order byte of transmitted data is
written into the UARTX (x = 1, 2) transmit buffer register 1 in the condition of transmission enabled.
When using 9-bit character length, set the data into the UARTX transmit buffer register 2 (high-order
byte) first before the UARTX transmit buffer register 1 (low-order byte).

«If the transmit shift register is empty in the condition of CTS function disabled, the transmitted data
which is written into the UARTX (x = 1, 2) transmit buffer register 1 will be transferred to the transmit
shift register at the same time. When the TBE flag becomes “1”, the following data can be set to
the UARTX (x = 1, 2) transmit buffer. At this point, the UART transmit interrupt request occurs when
the transmit interrupt source select bit (TIS) is “0".

«When the CTS function is enabled, the transmitted data is not transferred to the transmit shift
register until “L” is input to the CTSx pin (P8e/CTS1, P82/CTS2/SRXD).

*The data is transmitted with the LSB first format. Once the transmission starts, it continues until the
last bit has been transmitted even though clearing the transmit enable bit (TEN) to “0” (disabled)
or inputting “H” to the CTSx pin.

*After completion of the last bit transmitting, if the TBE flag is “1”, or the TEN bit is “0” (disabled)
or “H” is input to the CTSx pin, the transmit complete flag (TCM) goes to “1". At this point, the
UARTX transmit interrupt request occurs when the TIS bit is “1".

(2) Receive operation

*The data is received with the LSB first format in the condition of reception enabled.

*When the stop bit is detected, the received data is transferred from the receive shift register to the
UARTX (x = 1, 2) receive buffer register. At the same time, if there is no error, the receive buffer
full flag (RBF) is set to “1” and the UARTX receive buffer full interrupt request occurs.

«If receive errors occur, the corresponding error flags of UARTX status register are set to “1” and the
UARTX summing error interrupt request occurs.

*The receive buffer full flag (RBF) is set to “0” when the contents of UARTX receive buffer register
1 is read out. Then when the RTS function is disabled, the following data can be received.
When using 9-bit character length, read the data from the UARTX receive buffer register 2 (high-
order byte) first before the UARTX receive buffer register 1 (low-order byte).

*When the RTS function is enabled, the RTS assertion delay count is specified by the UARTx RTS
control register. The delay time from the reception of the last stop bit to the start bit is selectable.
The RTSx pin (P87/RTS1, P8:/RTS2/STXD) outputs “H” during the delayed time. After that, the RTSx
pin outputs “L” and a reception is enabled.

«If the start bit is detected in the term of “H” assertion of RTS, its assertion count is suspended and
the RTSx pin remains “H” output. After receiving the last stop bit, the count is resumed.

Rev.2.00 Aug 28,2006 page 64 of 148 RENESAS
REJ09B0336-0200



7641 Group

APPLICATION

2.4 UART

(3) Countermeasure for errors
Three errors can be detected at reception. Each error is detected simultaneously when the data is
transferred from the receive shift register to the receive buffer register. If receive errors occur, the
corresponding error flags of UARTX status register are set to “1”. When any one of errors occurs,
the summing error flag is set to “1” and the UARTX summing error interrupt request bit is also set
to “1". If a receive error occurs, the reception does not set the UARTX receive buffer full interrupt
request bit to “1".
If receive errors occur, initialize the error flags and the UARTX receive buffer register and then
retransmit the data.
Table 2.4.3 shows the error flags set condition and how to clear error flags.

Table 2.4.3 Error flags set condition and how to clear error flags

Error flag

Error flag set condition

How to clear error flag

Overrun flag (OER)

«If the previous data in the receive buffer register
is not read before the current receive operation
is completed.

«If any one of error flags is “1” for the previous
data and the current receive operation is
completed.

Framing error flag
(FER)

*When the number of stop bit of the received
data does not correspond with the selection
with the stop bit length select bit (STB).

Parity error flag (PER)

*When the sum total of 1s of received data and
the parity does not correspond with the selection
with the parity select bit (PMD).

Summing error flag
(SER)

*When any one of the PER, FER and OER is
set to “1".

*Reading UARTX status register
eHardware reset

*Setting the receive initialization bit
(RIN) to “1”
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2.4.6 UART application example
(1) Data output (control of peripheral IC)
Outline :

Data is transmitted and received, using the UART.

Figure 2.4.13 shows a connection diagram, and Figure 2.4.14 shows a timing chart.

Transmitting side

Receiving side

(UART1 use)

P84/UTXD1 \ / P80/UTXD2/SRDY
P8s/URXD1 P81/URXD2/URXD2
P86/CTS1 g RTS2
7641 group 7641 group

(UART2 use)

Fig. 2.4.13 Connection diagram

. oTransmitter: UART1 is used.
*Receiver: UART2 is used.
* Transfer bit rate :
*Data format: 1ST-9DATA-2ST
+Use of CTS and RTS functions

Specifications

« 2-byte data is transferred from the transmitting side to the receiving side at intervals

of 10 ms generated by the timer.

9600 bps (@ = f(Xw)/4 = 4 MHz divided by 416)

P86/CTS1 _I §

10 ms

S
(L

P84/UTXD1 ST ADXD:XD2XDKDXDXDXDYSP(2) \STADKDXDXDXDXDXDXDYSP(2)

'«
<€
'

y»'
>
'
'

Fig. 2.4.14 Timing chart
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Figure 2.4.15 shows the registers setting for the transmitter, and Figures 2.4.16 and 2.4.17 show the

registers setting for the receiver.

Transmitting side

UART1 mode register (Address : 301s6)
b7 b0

UiMOD |1(|0]|0 0j0j0f0

|—> UART clock : @
UART clock prescaling : ¢/1
Stop bit length : 1 stop bit

» Parity checking disabled
> Character length : 9 bits

UART1 control register (Address : 3316)
b7 b0

UICON |0|0|1 1

|—> Transmit enabled
Receive disabled

Transmit initializing
> CTS function enabled
> RTS function disabled
» UART address mode disabled

=
o

UART1 baud rate generator (Address : 3116)

b7 b0
U1BRG 1916
Interrupt control register A (Address : 0516)
b7 b0
ICONA |0
> UARTL transmit interrupt disabled
UART1 transmit/receive buffer register 2 (Address : 3516)
b7 b0
U1TRB2
|—> high-order 1 bit of transmitting data set
UART1 transmit/receive buffer register 1 (Address : 3416)
b7 b0
U1TRB1
> low-order 8 bits of transmitting data set
UART1 status register (Address : 3216)
b7 b0
U1STS

|—> Transmit complete flag
Transmit buffer empty flag

Write data to high-order address first,
then to low-order address.

Fig. 2.4.15 Registers setting for transmitter

Rev.2.00 Aug 28,2006 page 67 of 148
REJ09B0336-0200

RENESAS



7641 Group

APPLICATION

2.4 UART

Uu2MoD

U2CON

U2RTS

ICONB

U2BRG

Receiving side

UART2 mode register (Address : 3816)
b7 b0

1({0]|0 0|0|0OfO

\—> UART clock : @
UART clock prescaling : ¢/1

> Stop bit length : 1 stop bit
> Parity checking disabled
> Character length : 9 bits

UART2 control register (Address : 3B1s)
b7 b0

011(0 1 10

\—> Transmit disabled
Receive enabled

> Receive initializing

> CTS function disabled

> RTS function enabled

» UART address mode disabled

UART2 RTS control register (Address : 3Ez1s)
b7 b0

ofojofojofojofo

> No delay; Assertion immediately

Interrupt control register B (Address : 0616)
b7 b0

0 0

‘ \—> UART2 receive buffer full interrupt disabled
> UART2 summing error interrupt disabled

UART?2 baud rate generator (Address : 391s)
b7 b0

1916

Fig. 2.4.16 Registers setting for receiver (1)
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UART?2 transmit/receive buffer register 2 (Address : 3D1s)
b7 b0
U2TRB2
|—> high-order 1 bit of receiving data read
UART2 transmit/receive buffer register 1 (Address : 3C1s)
7
b bo Read data from high-order address
U2TRB1 first, then from low-order address.
> |low-order 8 bits of receiving data read
UART?2 status register (Address : 3A1s)
b7 b0
U2STS

> Framing error flag

|—> Receive buffer full flag
Parity error flag

» Overrun error flag
» Summing error flag

Fig. 2.4.17 Registers setting for receiver (2)
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Figure 2.4.18 shows a control procedure of transmitter, and Figure 2.4.19 shows a control procedure

of receiver.

( RESET ) e x: This bit is not used here. Set it to “0” or “1” arbitrarily.
Initialization

UlBF:zG (Address : 3116) < 1916 * pas UART clock, Clock prescaling 1/1, 1 stop bit,
UL1CON (Address : 3316), bit2 <« 12 Parity checking disabled, 9-bit character length
U1CON (Address : 33us), bit4 <- X

U1MOD (Address : 301s) < 100x00002 * CTS function enabled

U1CON (Address : 331s), bits < 1 * UART1 transmit interrupt disabled

U1CON (Address : 3316), bitl <-1

ICONA (Address : 0516), bit7 <0

CLI

N . .
10 ms pass ?  An interval of 10 ms generated by Timer
Y
i » Transmission data write
U1TRB2 (Agg' : 3516) ¢ The first pytec(j)f a Transmit buffer empty flag is set to “0” by this writing.
ULTRB1 (Add. : 341) ~ transmission data Transmission starts owing to “L” input to CTS pin.

le
<

» Judgment of transferring data from Transmit
buffer register to Transmit shift register

U1STS (Address : 321¢), bitl?
(Transmit buffer empty flag)

U1TRB2 (Add. : 3516) _ The second byte of * Transmission data write
U1TRB1 (Add. : 3416) a transmission data Transmit buffer empty flag is set to “0” by this writing.

le

» Judgment of transferring data from Transmit
buffer register to Transmit shift register

U1STS (Address : 321¢), bitl?
(Transmit buffer empty flag)

« Judgment of shift completion of Transmit shift register

U1STS (Addl’eSS . 3216), blt0'7 (Transmit Complete flag)

Fig. 2.4.18 Control procedure of transmitter
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( RESET )

Initialization

U2BRG (Address :
U2CON (Address :
U2MOD (Address :
U2CON (Address :
U2RTS (Address :

3916) < 1916
3B1s), bit3<« 12

38u6) < 100x00002
3Bas), bit6 < 12

3Eus) < 0016

ICONB (Address :
CLI

0616) < XXXX0x0x2

U2CON (Address : 3Bis), bitl < 12

U2STS (Address : 3Aais), bit2?

Read out a received data from U2TRB2
(Add. : 3D16), U2TRB1 (Add. : 3Cis)

x: This bit is not used here. Set it to “0” or “1” arbitrarily.

« @as UART clock, Clock prescaling 1/1, 1 stop bit,

Parity checking disabled, 9-bit character length

* RTS function enabled
« No delay of RTS

* UART2 receive interrupt disabled
* UART2 summing error interrupt disabled

* Reception starts.

« Judgment of completion of receiving
(Receive buffer full flag)

» Reception of the first byte data
Receive buffer full flag is set
to “0” by reading data.

» Judgment of an error flag

U2STS (Address : 3Azs), bit6?

A

U2STS (Address : 3Azs), bit2?

Read out a received data from U2TRB2
(Add. : 3D1s), U2TRB1 (Add. : 3C1s)

U2STS (Address : 3Ais), bit2?

« Judgment of completion of
receiving
(Receive buffer full flag)

» Reception of the second byte data
Receive buffer full flag is set
to “0” by reading data.

« Judgment of an error flag

Processing for error

U2CON (Address : 3Bis), bitl < 02

U2CON (Address : 3B1s)
U2CON (Address : 3B1s)

<—010x10002
<—010x10102

» Countermeasure for a bit slippage

Fig. 2.4.19

Control procedure of receiver
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(2) UART address mode
e Operation explanation

The UART address mode is intended for use to communicate between the specified MCUs in a

multi-MCU environment. The UART address mode can be used in either an 8-bit or 9-bit character

length. An address is identified by the MSB of the incoming data being “1". The bit is “0” for non-
address data.

When the MSB of the incoming data is “0” in the UART address mode, the Receive Buffer Full

Flag is set to “1”, but the Receive Buffer Full Interrupt Request Bit is not set to “1”. When the MSB

of the incoming data is “1”, normal receive operation is performed. In the UART address mode an

overrun error is not detected for reception of the 2nd and onward bytes. An occurrence of framing
error or parity error sets the Summing Error Interrupt Request Bit to “1” and the data is not
received independent of its MSB contents.

Usage of UART address mode is explained as follows:

(1) Set the UART Address Mode Enable Bit to “1”.

(2) Sends the address data of a slave MCU first from a host MCU to all slave MCUs. The MSB
of address data must be “1” and the remaining 7 bits specify the address.

(3) The all slave MCUs automatically check for the received data whether its stop bit is valid or
not, and whether the parity error occurs or not (when the parity enabled). If these errors occur,
the Framing Error Flag or Parity Error Flag and the Summing Error Flag are set to “1”. Then,
the Summing Error Interrupt Request Bit is also set to “1".

(4) When received data has no error, the all slave MCUs must judge whether the address of the
received address data matches with their own addresses by a program. After the MSB being
“1" is received, the UART Address Mode Enable Bit is automatically set to “0” (disabled).

(5) The UART Address Mode Enable Bit of the slave MCUs which have be judged that the address
does not match with them must be set to “1” (enabled) again by a program to disable reception
of the following data.

(6) Transmit the data of which MSB is “0” from the host MCU. The slave MCUs disabling the UART
address mode receive the data, and their Receive Buffer Full Flags and the Receive Buffer Full
Interrupt Request Bits are set to “1”. For the other slave MCUs enabling the UART address
mode, their Receive Buffer Full Flag are set to “1”, but their Receive Buffer Full Interrupt
Request Bits are not set to “1”.

(7) An overrun error cannot be detected after the first data has been received in UART Address
Mode. Accordingly, even if the slave MCUs does not read the received data and the next data
has been received, an overrun error does not occur.

Thus, a communication between a host MCU and the specified MCU can be realized.
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¢ UART address mode application example
Outline : The slave CPU (B) receives the data from the host CPU, using the UART address
mode.
Specifications : *UARTL1 is used.
eTransfer bit rate : 9600 bps
eData format: 1ST-8DATA-2ST
*Use of port P3: for communication control

Figure 2.4.20 shows a connection diagram; Figure 2.4.21 shows the registers setting related to
UART address mode; Figures 2.4.22 and 2.4.23 show the control procedures.

Host CPU

UXTXD Port

P84/URXD1 P31 P84/URXD1 P31 P84/URXD1 P31
Slave CPU : 7641 Group Slave CPU : 7641 Group Slave CPU : 7641 Group
(Address : 0116) (Address : 0216) (Address : 0316)

Fig. 2.4.20 Connection diagram
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UART1 mode register (Address : 3016)
b7 b0

UlMOD (0f1]|0 ojofofo

|—> UART clock : @
UART clock prescaling : ¢/1

Stop bit length : 1 stop bit
Parity checking disabled
> Character length : 8 bits

UART1 control register (Address : 3316)

b7 b0
U1CON |1|0|0| |l| |1|0|

|—> Transmit disabled
Receive enabled

Receive initializing

CTS function disabled

> RTS function disabled

UART address mode enabled

UART1 baud rate generator (Address : 3116)
b7 b0

U1BRG 1916

UART1 transmit/receive buffer register 1 (Address : 341s)
0

|—> Receive buffer full flag
Parity error flag

Framing error flag
Overrun error flag

» Summing error flag

b7
U1TRB1
|—> Receiving data read
Port P3 direction register (Address : OF1s)
b7 b0
P3D 0
I—» Input mode
Interrupt control register A (Address : 0516)
b7 b0
ICONA 1
> UART1 receive buffer full interrupt enabled
Interrupt control register B (Address : 0616)
b7 b0
ICONB 1
|—> UART1 summing error interrupt disabled
UART1 status register (Address : 3216)
b7 b0
U1STS

Fig. 2.4.21 Registers setting related to UART address mode
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( RESET ) e x: This bit is not used here. Set it to “0” or “1” arbitrarily.

Initialization

U1BRG (Address : 3116) < 1916
U1CON (Address : 331s), bit2<- 12 * @as UART clock, Clock prescaling 1/1, 1 stop bit,
ULCON (Address : 3316), bitd< X Parity checking disabled, 8-bit character length
U1MOD (Address : 3016) < 010x00002
U1CON (Address : 3316), bit< 0

P3D (Address : OFzs), bitl < 0 « Port P31 to input mode
ICONA (Address : 051s), b@t6 <1 * UARTL1 receive interrupt enabled
ICONB (Address : 0616), bit0 < 1 « UART1 summing error interrupt enabled
cu

U1CON (Address : 331), bitl < 12 * Reception starts.

Main process

P3 (Address : OEzs), bit1?

UL1CON (Address : 3316) «— 010x10002 « Countermeasure for a bit slippage
U1CON (Address : 3316) «— 010x10102

(UARTl summing error interrupt routine)

CLT (Note 1) Note 1: When using Index X mode flag (T)
CLD (Note 2) Note 2: When using Decimal mode flag (D)
Push registers to stack «Push registers used in interrupt process routine

Error process

Pop registers

!
( RTI )

Fig. 2.4.22 Control procedure (1)
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Slave CPU (B) receiving side

(

RESET

CLT (Note 1)
CLD (Note 2)
Push registers to stack

)

Read out a received data from U1TRB1
(Address : 341s)

0:

e x: This bit is not used here. Set it to “0” or “1” arbitrarily.

Note 1: When using Index X mode flag (T)
Note 2: When using Decimal mode flag (D)
*Push registers used in interrupt process routine

« Data reception
Receive buffer full flag is set
to “0” by reading data.

Data reception

MSB of received data?

1 : Address reception
Yes : Address of Slave
CPU (B)

Low-order 7 bits of received data
= 02167

No : Address other than

UL1CON (Address : 3316), bit7 «— 1

Store received data

Slave CPU (B)’s

* Address mode enabled

A

| Pop registers |

!

RTI

Fig. 2.4.22 Control procedure (2)

Rev.2.00 Aug 28,2006 page 76 of 148
REJ09B0336-0200

RENESAS



APPLICATION

7641 Group 2.4 UART

2.4.7 Notes on UART
(1) Receive

*When any one of errors occurs, the summing error flag is set to “1” and the UARTXx summing error
interrupt request bit is also set to “1”. If a receive error occurs, the reception does not set the
UARTX receive buffer full interrupt request bit to “1”.

«If the receive enable bit (REN) is set to “0” (disabled) while a data is being received, the receiving
operation will stop after the data has been received.

«Setting the receive initialization bit (RIN) to “1” resets the UARTx RTS control register (UXRTS) to
“8016". After setting the RIN bit to “1”, set this UXRTS.

(2) Transmit
*Once the transmission starts, it continues until the last bit has been transmitted even though clearing
the transmit enable bit (TEN) to “0” (disabled) or inputting “H” to the CTSx pin. After completion of
the current transmission, the transmission is disabled.
*The transmit complete flag (TCM) is changed from “1” to “0” later than 0.5 to 1.5 clocks of the shift
clock. Accordingly, take it in consideration to transmit data confirming the TCM flag after the data
is written into the transmit buffer register.

(3) Register settings

«If updating a value of UARTxX baud rate generator while the data is being transmitted or received,
be sure to disable the transmission and reception before updating. If the former data remains in the
UARTX transmit buffer registers 1 and 2 at retransmission, an undefined data might be output.

*The all error flags PER, FER, OER and SER are cleared to “0” when the UARTX status register is
read, at the hardware reset or initialization by setting the Transmit Initialization Bit. These flags are
also cleared to “0” by execution of bit test instructions such as BBC and BCS.

*The transmit buffer empty flag (TBE) is set to “0” when the low-order byte of transmitted data is
written into the UARTX (x = 1, 2) transmit buffer register 1. When using 9-bit character length, set
the data into the UARTX transmit buffer register 2 (high-order byte) first before the UARTX transmit
buffer register 1 (low-order byte).

*The receive buffer full flag (RBF) is set to “0” when the contents of UARTX receive buffer register
1 is read out. When using 9-bit character length, read the data from the UARTX receive buffer
register 2 (high-order byte) first before the UARTX receive buffer register 1 (low-order byte).

*If a character bit length is 7 bits, bit 7 of the UARTx transmit/receive buffer register 1 and bits 0 to
7 of the UARTX transmit/receive buffer register 2 are ignored at transmitting; they are invalid at
receiving.

If a character bit length is 8 bits, bits 0 to 7 of the UARTx transmit/receive buffer register 2 are
ignored at transmitting; they are invalid at receiving.

If a character bit length is 9 bits, bits 1 to 7 of the UARTX transmit/receive buffer register 2 are
ignored at transmitting; they are “0” at receiving.

*The reset cannot affect the contents of baud rate generator.

(4) UART address mode
*When the MSB of the incoming data is “0” in the UART address mode, the receive buffer full flag
(RBF) is set to “1”, but the receive buffer full interrupt request bit is not set to “1”.
*An overrun error cannot be detected after the first data has been received in UART address mode.
The UART address mode can be used in either an 8-bit or 9-bit character length. 7-bit character
length cannot be used.
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(5) CTS function
When the CTS function is enabled, the transmitted data is not transferred to the transmit shift register
until “L” is input to the CTSx pin (P8s/CTS1, P82/CTS2/SRXD). As the result, do not set the following
data to the transmit buffer register.

(6) RTS function o
«If the start bit is detected in the term of “H” assertion of RTS, its assertion count is suspended and
the RTSx pin remains “H” output. After receiving the last stop bit, the count is resumed.
«Setting the receive initialization bit (RIN) to “1” resets the UARTx RTS control register (UxXRTS) to
“8016". After setting the RIN bit to “1", set this UXRTS.

(7) Interrupt

*When setting the transmit initialization bit (TIN) to “1”, both the transmit buffer empty flag (TBE) and
the transmit complete flag (TCM) are set to “1”, so that the transmit interrupt request occurs
independent of its interrupt source. After setting the transmit initialization bit (TIN) to “1”, clear the
transmit interrupt request bit to “0” before setting the transmit enable bit (TEN) to “1”.

*The transmit interrupt request bit is set and the interrupt request is generated by setting the transmit
enable bit (TIN) to “1” even when selecting timing that either of the following flags is set to “1” as
timing where the transmission interrupt is generated:

(1) Transmit buffer empty flag is set to “1”
(2) Transmit complete flag is set to “1".

Therefore, when the transmit interrupt is used, set the transmit interrupt enable bit to transmit
enabled as the following sequence:

(1) Transmit enable bit is set to “1”

(2) Transmit interrupt request bit is set to “0”

(3) Transmit interrupt enable bit is set to “1”.
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2.5 DMAC

This paragraph explains the registers setting method and the notes related to the DMAC.

2.5.1 Memory map

Address

/
nv

b))
[4S

000216 | Interrupt request register A (IREQA)

~
e

32
145

v
~/

000516 | Interrupt control register A (ICONA)

~
e

~
e

145

v
v

003F16 | DMAC index and status register (DMAIS)
004016 | DMAC channel x mode register 1 (DMAx1)
004116 | DMAC channel x mode register 2 (DMAx2)
004216 | DMAC channel x source register Low (DMAXSL)

004316 | DMAC channel x source register High (DMAXSH)

004416 | DMAC channel x destination register Low (DMAXDL)

004516 | DMAC channel x destination register High (DMAXDH)

004616 | DMAC channel x transfer count register Low (DMAXCL)

004716 | DMAC channel x transfer count register High (DMAXCH

~N ~,

T T

Fig. 2.5.1 Memory map of registers related to DMAC
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2.5.2 Related registers
(1) DMAC index and status register

*DMAC channel x (x = 0, 1) count register underflow flag (DxUF)
When the corresponding transfer count register Low (address 4616) underflows, this DxUF flag is
set to “1”. Writing “0” into this flag clears it.

*DMAC channel x (x = 0, 1) suspend flag (DxSFI)
When an interrupt routine is processed during any DMA operation, the transfer operation is suspended
and the DMAC automatically sets the corresponding DxSFI flag to “1". As soon as the CPU
completes the interrupt operation, the DMAC clears the DxSFI flag to “0” and resumes the original
operation from the point where it was suspended.

*DMAC transfer suspend control bit (DTSC)
This bit specifies the transfer mode which can be suspended by an interrupt process.

*DMAC register reload disable bit (DRLDD)
If the DRLDD bit is “1”, when the DMAC channel x transfer count register underflows, the DMAC
channel x source registers and destination registers are disabled from being reloaded from their
latches.

eChannel index bit (DCI)
The related registers of channels 1 and 2 are assigned on the same SFR addresses. This DCI bit
specifies the accessible channel.

DMAC index and status register

b7 b6 b5 b4 b3 b2 bl b0
0 DMAC index and status register
(DMAIS : address 3F16)

A A A L Name Functions Atreset|R W
i1 11 111 1| o [DMAC channel 0 count 0 : No underflow 0 Oi g
i i i i i i i register underflow flag (DOUF) | 1 : Underflow generated !
A A 1 |DMAC channel 0 suspend |0 : Not suspended 0 o0
oo flag (DOSFI) (Note 1) 1: Suspended l
Lo 2 | DMAC channel 1 count 0 : No underflow 0 O}n!
oo register underflow flag (D1UF) | 1 : Underflow generated :
A 3 [DMAC channel 1 suspend |0 : Not suspended 0 o0
P flag (D1SFI) (Note 1) 1 : Suspended i
i i i . 4 | DMAC transfer suspend 0 :Suspending only burst transfers during 0 () : O
. control bit (DTSC) (Note 2)| interrupt process i
b 1 : Suspending both burst and cycle steal i
P transfers during interrupt process |
A e 5 [ DMAC register reload 0 :Enabling reload of source and 0 O:0
o disable bit (DRLDD) destination registers of both channels '
b (Note 3) 1 : Disabling reload of source and |
P destination registers of both channels !
b 6 | Fix this bit to “0”. o |o'o
R — 7 | Channel index bit (DCI) 0 : Channel 0 accessible 0 00
1: Channel 1 accessible :
Accessed registers: Mode register, :
source register, destination register, |
transfer count register. |

(: “0” can be set by software, but “1” cannot be set.

Notes 1: Suspended by an interrupt.
2: Transfer suspended during interrupt process
3: This settings affect the source and destination registers of both channels.

Fig. 2.5.2 Structure of DMAC index and status register
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(2) DMAC channel x (x = 0, 1) mode register 1

*DMAC channel x source register increment/decrement selection bit (DxSRID)

*DMAC channel x source register increment/decrement enable bit (DxSRCE)

*DMAC channel x destination register increment/decrement selection bit (DxDRID)

*DMAC channel x destination register increment/decrement enable bit (DxDRCE)
These bits select that the DMAC channel X source registers and destination registers are either
decreased or increased by 1 after transfer completion.

*DMAC channel x data write control bit (DxDWC)
The DxDWC bit controls write operation to the following registers and their latches: Low and High
bytes of DMAC channel x source registers, destination registers and transfer count registers.
When the DxDWC bit is “0”, data is simultaneously written into each latch and register. When this
bit is “1", data is written only into their latches.

*DMAC channel x disable after count register underflow enable bit (DxDAUE)
When the DxDAUE bit is “1”, after the DMAC channel x transfer count register Low underflows the
corresponding channel x is disabled. The DMAC channel x enable bit (DxCEN, bit 7 of DMAxM2)
goes to “0” at the same time.

*DMAC channel x register reload bit (DxRLD)
Writing “1” to the DXRLD bit can update the DMAC channel x source registers, destination registers
and transfer count registers with the values in their respective latches. It can be performed at
anytime. This bit is fixed to “0” at read.

*DMAC channel x transfer mode selection bit (DxTMS)
The DxTMS bit selects the transfer mode.

DMAC channel x mode register 1 (x =0, 1)

b7 b6 b5 b4 b3 b2 bl b0
DMAC channel x mode register 1
—~ 1 (DMAxM1 : address 4016) (Note 1)

Pl bbb b Name Functions Atreset|R W
i i i i i i i i__| o | DMAC channel x source 0 : Increment after transfer 0 00
T T T T T A register increment/decrement |1 : Decrement after transfer |
i i i i i i i selection bit (DxSRID) ;
i i i i i i S 1 [ DMAC channel x source 0 : Disabled (No change after transfer) 0 oi (@)
A register increment/decrement | 1 : Enabled !
AR enable bit (DxSRCE) i
I I R B CEEEEEES 2 | DMAC channel x destination [0 : Increment after transfer 0 00
oo register incrementidecrement |1 : Decrement after transfer :
bbb selection bit (DXDRID) i
A T S 3 | DMAC channel x destination | 0 : Disabled (No change after transfer) 0 0.0
A register increment/decrement | 1 : Enabled i
Ponod enable bit (DXDRCE) !
R 4 | DMAC channel xdata |0 : Writing data in reload latches and T Too
b write control bit (DxDWC) registers |
i i i 1 : Writing data in reload latches only ;
T O — 5 [ DMAC channel x disable after |0 : Channel x enabled after count 0 0i0
P count register underflow register underflow :
b enable bit (DXDAUE) 1: Channel x disabled after count |
P register underflow !
e e 6 | DMAC channel x register |0 : Not reloaded 0 00
i reload bit (DxRLD) 1 : Source, destination, and transfer (NoteiZ)
i count registers contents of channel x !
| to be reloaded |
Fommmmmmmmmmeeeeeeeeeee 7 | DMAC channel x transfer |0 : Cycle steal transfer mode 0 0'0
mode selection bit (DxTMS) |1 : Burst transfer mode i

Notes 1: Channels 1 and 2 share this register. The channel selection which can use this register

depends on channel index bit, bit 7 of DMAC index and status register.
2: These bits’ contents are “0” at read.

Fig. 2.5.3 Structure of DMAC channel x (x = 0, 1) mode register 1
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(3) DMAC channel x (x = 0, 1) mode register 2

*DMAC channel x software transfer trigger bit (DXSWT)
Writing “1” to the DxSWT bit can generate a transfer request as a software trigger. If all of DMACx
hardware transfer request source bits (DxHR) are “0”, the software trigger is only transfer request
factor. This bit is fixed to “0” at read.

*DMAC channel x USB and master CPU bus interface enable bit (DxUMIE)
When both USB and master CPU bus interface is used as a hardware transfer request source, set
the DxUMIE bit to “1”. When not that the master CPU bus interface is used, but that the USB is
only used, set the DxUMIE bit to “0” (disabled).

*DMAC channel x transfer initiation source capture register reset bit (DxCRR)
Writing “1” to the DXxCRR bit can reset the transfer initiation source capture register. The request
of the transfer initiation source is latched asynchronously and it is sampled into the transfer
initiation source capture register at a rising edge of ¢. This bit is fixed to “0” at read.

*DMAC channel x enable bit (DXCEN)
The DMAC channel x is enabled by setting this bit to “1”. When clearing this to “0”, the DMA
transfer is finished.
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DMAC channel 0 mode register 2
b7 b6 b5 b4 b3 b2 bl b0
| | DMAC channel 0 mode register 2
AL L L 11 1 | (DMAOM2: address 4116) (Note 1)
Pl bbb Name Functions Atreset|R W
i i i i i i i P 0 | DMAC channel 0 hardware | b3b2b1b0 0 (@) : O
A transfer request source 0000 : Notused |
I T R B R bits (DOHR) 000 1:UART1 receive interrupt !
AR 00 10: UART1 transmit interrupt |
prororor 0011:TimerY interrupt !
T S R A 0100: INTo interrupt :
A 0101:USB endpoint 1 IN_PKT_RDY |
I T T T T — signal (falling edge active) "
R 1 0110:USB endpoint 2 IN_PKT_RDY 0o |oio
b signal (falling edge active) i
I S B 0111:USBendpoint 3 IN_PKT_RDY :
T T S R signal (falling edge active) :
A 1000 : USB endpoint 1 |
i i i i i i OUT_PKT_RDY signal (rising :
T R R edge active) !
b — 1001:USB endpoint 1 T
e 2 OUT_FIFO_NOT_EMPTY 0 0:0
T R signal (rising edge active) :
oo 1010 : USB endpoint 2 |
oo OUT_PKT_RDY signal i
oo (rising edge active) |
oo 1011:USB endpoint 3 i
AR OUT_PKT_RDY signal :
T R e (rising edge active) y
O 3 1100 : Master CPU bus interface 0 00
Pl OBEOo signal (rising edge active) i
oo 110 1: Master CPU bus interface IBFo |
Pl signal, data (rising edge active) i
oo 11 10: Serial I/O transmit/receive :
T interrupt :
Pl 1111:CNTR1interrupt i
T R e e 4 | DMAC channel 0 software |0 : No action 0 00
i i i transfer trigger (DOSWT) |1 : Request of channel O transfer by 0 otei 2)
oL writing “1” !
P b 5 | DMAC channel 0 USB and |0 : Disabled 0 0i0
ol master CPU bus interface |1 : Enabled !
P enable bit (DOUMIE) |
R O — 6 | DMAC channel 0 transfer |0 : No action 0 00
i initiation source capture 1 : Reset of channel O capture register by (Note 2)
! register reset bit (DOCRR) writing “1” i
e 7 | DMAC channel 0 enable |0 : Channel O disabled 0 0'0
bit (DOCEN) 1: Channel 0 enabled (Note 3) i
Notes 1: DMAC channel 0 mode register 2 and DMAC channel 1 mode register 2 are
assigned at the same address 4116. The accessible register depends on channel
index bit, bit 7 of DMAC index and status register.
2: These bits’ contents are “0” at read. This bit is automatically cleared to “0” after
writing “1”.
3: When setting this bit to “1”, simultaneously set the DMAC channel 0 transfer
initiation source capture register reset bit (bit 6 of DMAOM2) to “1”.

Fig. 2.5.4 Structure of DMAC channel 0 mode register 2
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DMAC channel 1 mode register 2

b7 b6 b5 b4 b3 b2 bl bo

DMAC channel 1 mode register 2
(DMA1M2 : address 4116) (Note 1)

b Name

Functions

At reset

p———————

10

DMAC channel 1 hardware
transfer request source
bits (D1HR)

b3b2b1b0

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:

1000:

1001:

1010:

1011:

1100:

1101:

1110:
1111:

Not used

UART?2 receive interrupt
UART?2 transmit interrupt
Timer X interrupt

INT1 interrupt

USB endpoint 1 IN_PKT_RDY
signal (falling edge active)
USB endpoint 2 IN_PKT_RDY
signal (falling edge active)
USB endpoint 4 IN_PKT_RDY
signal (falling edge active)
USB endpoint 1
OUT_PKT_RDY signal (rising
edge active)

USB endpoint 1
OUT_FIFO_NOT_EMPTY
signal (rising edge active)

USB endpoint 2
OUT_PKT_RDY signal

(rising edge active)

USB endpoint 4
OUT_PKT_RDY signal

(rising edge active)

Master CPU bus interface
OBE. signal (rising edge active)
Master CPU bus interface IBF1
signal, data (rising edge active)
Timer 1 interrupt

CNTRo interrupt

0

ol|l=x
ol

©)

DMAC channel 1 software
transfer trigger (D1SWT)

: No action
: Request of channel 1 transfer by

writing “1”

o

O
&0

o
—
o)

DMAC channel 1 USB and
master CPU bus interface
enable bit (D1UMIE)

: Disabled
: Enabled

Ol

O

DMAC channel 1 transfer
initiation source capture
register reset bit (D1CRR)

: No action
: Reset of channel 1 capture register by

writing “1”

(Notei2)

o
o

DMAC channel 1 enable

bit (D1CEN)

0:
: Channel 1 enabled (Note 3)

1

Channel 1 disabled

oo

Notes 1: DMAC channel 0 mode register 2 and DMAC channel 1 mode register 2 are

assigned at the same address 4116. The accessible register depends on channel

index bit, bit 7 of DMAC index and status register.

2: These bits’ contents are “0” at read. This bit is automatically cleared to “0” after

writing “1”.

3: When setting this bit to “1”, simultaneously set the DMAC channel 1 transfer

initiation source capture register reset bit (bit 6 of DMA1M2) to “1”.

Fig. 2.5.5 Structure of DMAC channel 1 mode register 2
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DMAC channel x source registers Low, High

b7 b6 b5 b4 b3 b2 bl b0
| | DMAC channel x source registers Low, High
(DMAXSL,DMAXSH : addresses 4216, 4316)

i i i i i i i i b Functions Atreset|R iW
bbb b b Y10 |eThisis a 16-bit register with a latch. o |00
AR 0o |00
I S N SV 2 | ® This register indicates the source address for data transfer. 0 00
;;;;l ----------- 3] 0o [oio
L e | 4 | 0 0.0
N R 5] o |oio
e 6| 0o [oio
S 7 0 00

Notes 1: DMAC channel x source registers low, high of channels 0 and 1 are assigned at
the same addresses. The accessible register depends on channel index bit, bit 7 of
DMAC index and status register.
2: Write data into the lower bytes first, and then the higher bytes.
3: Read the contents from the higher bytes first, and then the lower bytes.

Fig. 2.5.6 Structure of DMAC channel x source registers Low, High

DMAC channel x destination registers Low, High

b7 b6 b5 b4 b3 b2 bl bo

DMAC channel x destination registers Low, High
(DMAXDL,DMAXDH : addresses 4416, 4516)

i | b Functions At reset
""L e This is a 16-bit register with a latch. 0

bl > | ® This register indicates the destination address for data transfer.

o|lo|lo|o|o|o

olololololololo] =

o](e][e][e][e][e)(e] (6] Y

——————————————————————— 7 0

Notes 1. DMAC channel x destination registers low, high of channels 0 and 1 are assigned
at the same addresses. The accessible register depends on channel index bit, bit 7
of DMAC index and status register.

2: Write data into the lower bytes first, and then the higher bytes.
3: Read the contents from the higher bytes first, and then the lower bytes.

Fig. 2.5.7 Structure of DMAC channel x destination registers Low, High
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DMAC channel x transfer count registers Low, High

b7 b6 b5 b4 b3 b2 bl b0

| | | DMAC channel x transfer count registers Low
ALt 111 | (DMAXCL : address 4616)
Probr bbb b Functions At reset| R iW
i1 1111 t--{0[eThis is the lower 8-bit register with a latch. Set the lower 8 bits of 0 0.0
Pl B 1| transfer numbers. 0 0:0
I S "> | ® This register indicates the remaining transfer numbers while 0 0O'0
A T SO — 3| transfer is continuing. 0 00
T ik This contents are decreased by 1 at every transfer operation. 0 00
i i i — @ When this register underflows, the DMAC interrupt request bit and :
o T 1S | the count register underflow flag (Note 2) are set to “1". 0 O ; S
| Smmmmmmmmmmmmmmmmmoo | 6| 0o |0:0
e 7 0[O0
b7 b6 b5 b4 b3 b2 bl b0

| DMAC channel x transfer count registers High
ALt 11 | (DMAXCH :address 4716)
Probr bbb b Functions At reset| R iW
i 1111 1 1 *-{o0]eThisis the higher 8-bit register with a latch. Set the higher 8 bits of| 0[O0
i i i i i i CRa—— 1| transfer numbers. 0 00
A S N SV > | ® This register indicates the remaining transfer numbers while 0 00
A T SO — 3| transferis continuing. 0 00
T ks This contents are decreased by 1 at every transfer operation. 0 00
{ ot 5 0_Joio
R e 6 | (e} e)
e 7 [ e}

on channel index bit, bit 7 of DMAC index and status register.
2: Channel 0 used: Bit 0 of DMAC index and status register
Channel 1 used: Bit 2 of DMAC index and status register
3: Write data into the lower byte first, and then the higher byte.

Notes 1: DMAC channel x transfer count registers low, high of channels 0 and 1 are
assigned at the same addresses 4616 and 4716. The accessible channel depends

4: Read the contents from the higher byte first, and then the lower byte.

Fig. 2.5.8 Structure of DMAC channel x transfer count registers Low, High
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Interrupt request register A

b7 b6 b5 b4 b3 b2 bl b0

Interrupt request register A
AL PP b1 | (IREQA : address 0216)
Pl bbb Name Functions Atreset|R W
bbb b 1o [uSB function interrupt 0 : No interrupt request issued 0 o:D0
bbb 1 [ |request bit 1 : Interrupt request issued |
Pobob b 1 [USB SOF interrupt request [0 : No interrupt request issued 0 Y=
Polob bit 1 : Interrupt request issued |
A 2 | INTo interrupt request bit |0 : No interrupt request issued 0 0! 0
Pl 1 : Interrupt request issued i
A 3 [INT1 interrupt request bit [0 : No interrupt request issued B EME
P 1 : Interrupt request issued |
A 4 | DMACO interrupt request [0 : No interrupt request issued 0 S HiE
b bit 1 : Interrupt request issued .
o] 5 | DMACL1 interrupt request |0 : No interrupt request issued 0 o0
o bit 1: Interrupt request issued i
b ] 6 [UART1 receive buffer full [0 : No interrupt request issued 0o (OiD
' interrupt request bit 1 : Interrupt request issued |
G 7 | UART1 transmit interrupt |0 : No interrupt request issued 0 oiO0

request bit 1 : Interrupt request issued i
[: “0” can be set by software, but “1” cannot be set.
Fig. 2.5.9 Structure of Interrupt request register A
Interrupt control register A

b7 b6 b5 b4 b3 b2 bl b0

Interrupt control register A
ALt | (ICONA: address 0516)
Pl bbb Name Functions Atreset|R W
A i___ 0 [ USB function interrupt 0 : Interrupt disabled 0 0:0
A enable bit 1 : Interrupt enabled |
SRR A R 1 |USB SOF interrupt enable [0 : Interrupt disabled 0 00
Polob bit 1 : Interrupt enabled |
A 2 [INTo interrupt enable bit [0 : Interrupt disabled o |oio
P 1 : Interrupt enabled i
A 3 [INT1 interrupt enable bit |0 : Interrupt disabled o |00
Pl 1 : Interrupt enabled |
e 4 | DMACO interrupt enable |0 : Interrupt disabled 0 0:0
ol bit 1 : Interrupt enabled :
R 5 | DMAC1 interrupt enable |0 : Interrupt disabled 0 0:i0
bt bit 1 : Interrupt enabled :
b ] 6 | UARTL receive buffer full [0 : Interrupt disabled 0o |[O:iO
! interrupt enable bit 1 : Interrupt enabled i
e 7 | UART1 transmit interrupt |0 : Interrupt disabled 0 Oi0

enable bit 1 : Interrupt enabled i

Fig. 2.5.10 Structure of Interrupt control register A
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2.5.3 DMAC operation description

The DMAC transfers data using the bus without use of the CPU. The DMAC consists of DMACO and
DMAC1, which have the same function each.

There are two transfer modes: Burst transfer mode or Cycle steal transfer mode.

*Burst transfer mode

Once a DMA transfer request is accepted, an entire batch of data is transferred. The right to use bus is
not returned to the CPU until the transfer of all data has been completed.

The DMAC transfers the number of bytes data specified by the transfer count register for each request.
The count register is a 16-bit counter; the maximum number of data is 65,536 bytes per one request.

*Cycle steal mode
The DMAC transfers one byte of data for each request. If one byte transfer has been completed and then

a DMA transfer request is not generated, the right to use bus is returned to the CPU.

Figure 2.5.11 shows the transfer mode overview.

m Burst transfer mode

DMACX request is accepted.
]

Righttouse bus  CPU DMACXx (x =0, 1) CPU

(Transfer of entire batch of data)

m Cycle steal transfer mode

) DMACO request DMAC1 request
DMACO request is accepted.

is accepted. is accepted.
| | |
Right to use bus CPU DMACO CPU DMACO DMAC1 CPU
(One-byte transfer) (One-byte transfer)(One-byte transfer)
Fig. 2.5.11 Transfer mode overview
(1) Priority
The DMAC places a higher priority on Channel-0 transfer requests than on Channel-1 transfer
requests.

If a channel-0 transfer request occurs during a channel-1 burst transfer operation, the DMAC completes
the next transfer source and destination read/write operation first, and then starts the channel-0
transfer operation. As soon as the channel-0 transfer is completed, the DMAC resumes the channel-
1 transfer operation.

(2) Transfer request acceptance
A transfer request is confirmed at every rising of @. After that a channel priority and a right to use
the bus is judged.
A software trigger and/or a hardware factor can be selected as a transfer request source. The DMAC
channel x hardware transfer request source bits (DxHR) selects a hardware factor.
Writing “1” to the DMAC channel x software transfer trigger bit (DxXSWT) can generate a transfer
request as a software trigger.
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(3) DMA execution
The selected channel transfers one byte of data from the address indicated by its source register
(address 4216 or 4316) into the address indicated by its destination register (address 4415 or 4516) with
at 2 cycles of @.
The operataion of the source registers and destination registers after transfer completion can be
selected between decreased/increased by 1 and no change with bits 0 to 3 in the DMAC channel x
mode register 1.
When the transfer count register underflows, the source registers and destination registers are reloaded
from their latches when the DMAC register reload disable bit (DRLDD) is “0". If the DRLDD bit is set
to “1”, a reload is disabled.
A read/write must be performed to the source registers, destination registers and transfer count
registers as follows:
Read from each higher byte first, then the lower byte
Write to each lower byte first, then the higher byte.

(1) Read cycle

DMAC Memory
OTransfer source address is specified.
DMAXSL, DMAXSH f\ 0 OContents of DMAXCL, DMAXCH are
updated by Decrementer.
DMAXSL, DMAxSH latch |L"| Incrementer/ \—\ Transfer | OContents of DMAxXSL, DMAxSH are
Decrementer
DOMAXDL. DMAXDH source updated by Incrementer/Decrementer.
XD X OData is read from memory and
DMAXDL, DMAXDH latch Decrementer | 0 retained in Temporary register.
I L L
DMAXCL, DMAXCH L i B
DMAXCL, DMAXCH latch
- Transfer
Temporary register L destination
(2) Write cycle
DMAC Memory
OTransfer destination address is specified.
DMAXSL, DMAXSH OContents of DMAxDL, DMAxDH are
updated by Incrementer/Decrementer.
DMAXSL, DMAXSH latch D—, :Screment?r/ Transfer OContents of temporary register is written
ecrementer source into memory
DMAXDL, DMAxXDH L '
DMAXDL, DMAXDH latch \
|:| vi A
DMAXCL, DMAXCH [ Decrementer |
DMAXCL, DMAXCH latch
0 Transfer
Temporary register | % destination

Note: The temporary register is an internal use register, so that it cannot be read out or written into by program.

Fig. 2.5.12 Basic operation of registers transferring
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Figure 2.5.12 shows the basic operation of registers transferring.
Tables 2.5.1 and 2.5.2 shows the address directions and examples of transfer result.

Table 2.5.1 Address directions and examples of transfer result (1)

Address direction Data arrangement on Transfer Data arrangement on
Source Destination transfer source memory sequence transfer destination memory
(Ttransfer result)
Fixed Fixed
* Data > Data *
Fixed Forward 0
* | Data lto6 0 Data 1 *
0 Data 2
U Data 3
Data 4
Data 5
Data 6
Fixed Backward q
* | Datalto6 - Data 6
0 Data 5
Data 4
Data 3
Data 2
Data 1 *
Forward Fixed
* Data 1 Datalto6 | *
Data 2
Data 3
Data 4
Data 5
Data 6
Forward Forward 0
* Data 1 > Data 1 *
Data 2 0 P Data?2
Data 3 o P Data3
Data 4 H P Data4
Data 5 0 P Data’
Data 6 - P Datab
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Table 2.5.2 Address directions and examples of transfer result (2)

Address direction Data arrangement on Transfer Data arrangement on
Source Destination transfer source memory sequence transfer destination memory
(Ttransfer result)
Forward Backward
* Data 1 U Data 6
Data2 [N Data 5
Data 3 g Data 4
Data 4 0 Data 3
Data 5 0 Data 2
Data 6 Data 1 *
Backward Fixed
Data 6 Datalto6 | *
Data 5
Data 4
Data 3
Data 2
* Data 1
Backward Forward
Data 6 Data 1 *
Data 5 Data 2
Data 4 g Data 3
Data 3 m] Data 4
Data 2 0 Data 5
* Data 1 Data 6
Backward Backward
Data 6 2 » Data 6
Data 5 = P Datas
Data 4 = P Data4
Data 3 = P Data3
Data 2 = P Data?2
* Data 1 a P Datal *

(4) Transfer suspension
Writing “0” to the DMAC channel x enable bit (DxCEN) can compulsorily suspend the transfer being
executed. The suspended transfer can be resumed by writing “1” to the DxCEN bit.

When an interrupt request, which is enabled, occurs during any DMA operation, the transfer operation
is suspended and the interrupt process routine is initiated. During the interrupt operation, the DMAC
automatically sets the corresponding DMAC channel x suspend flag to “1”. When the DMAC transfer
suspend control bit (DTSC) is “1”, the transfer is suspended in both burst transfer and cycle steal
transfer modes during an interrupt process; when the DTSC bit is “0”, it is suspended in only burst
transfer mode.
The suspended transfer due to the interrupt can also be resumed during its interrupt process routine
by writing “1” to the DXCEN bit.
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2.5.4 DMAC arbitration Table 2.5.3 Priority to use bus
The DMA transfer request is accepted at a riSing of Priority Factor requesting r|ght to use bus

@. If the bus is not released 1 cycle of ¢ later than 1 (Higher)
the transfer request acceptance, the DMAC will wait > DMAC
for the bus released. When the bus is released, the

DMAC has a right to use the bus and starts the 3 CPU data access

DMA transfer unless a request of the right to use _4 (Lower) | CPU instruction access
the bus having priority over the DMAC occurs.

Table 2.5.3 shows the priority to use the bus.

Hold request via HOLD pin

2.5.5 Transfer time
One-byte transfer of the cycle steal transfer mode requires the time calculated by the following equation:

Time (T)=A+B+C

A: This means the time from the occurrence of DMA transfer source request to sampling it. It needs 1 cycle
of @ at the maximum. The sampling is asynchronously performed.

B: This means the delay time to sample the DMA transfer source request. It needs 1 cycle of ¢ at the
maximum.

C: This means the time to transfer data. It needs 2 cycles of @.

Figures 2.5.13 to 2.5.15 show the timing chart for DMA transfer.
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1 1
®our | L 1 4 4 I 4 1 °L_I 1 !
SYNCour |
! [1 [ 1 I_|
RO LT LT 1T 11
RO | L1 |
WR L] L :
! LDA $zz STA $zz DMA transfer STA $zz (last 2 cycles)  Next instruction
:’ A A A ~ AL A ;
Address K pc X pc+1 Xapi1, 00X P +2 X o2, Xouadest- Mpc + 3 XADL2, 00X PC +4 )
Data @( A5 X b X pata X 85 X OMA X OMA M apiz X pata  XOp code 3
DMAouT | |
(Port P33) | | )
Transfer request | 1
source (“L" active) | [ |
Transfer request source 1 £ £ £1 £ £1 £ 1 £ 1
sampling | 1
Reset of transfer request : [ | :

source sampling

Fig. 2.5.13 Timing chart for cycle steal transfer caused by hardware-related transfer request

|
®our I | I A A I N R !
SYNCout | [ LI LI 1 ]
I
RD 1 | [ L[ L1 LI 1 L1 ° | I
Vﬁ |—| lcycle 1cycle 1cycle |_| I
LDM #1590, $41 instruction instruction instruction =~ DMA tiansfer Next instruction

!
|
|
b ~ *JI
Address {_pc X pc+ 1 X pc+2) 42,00 X e +3 X Pc+4 X Pc +5 Xt X ace X Pe +6 )
I

Data E( 3C X 18 X 41 X 90 XOpcode2><OpCOd83XOpC0de4 Ig!;/tlé Bgﬂté Op code 6
1
1
L
1
|

DMAouTt 1

(Port P33)

Transfer request

source (“L” active)
Transfer request source
sampling

Reset of transfer request
source sampling

fF_Ff1 1L F1 1 F1_ F1 F1L__F1

Fig. 2.5.14 Timing chart for cycle steal transfer caused by software trigger transfer request
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Reset of transfer request
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|
¢our | LI LI L1 1 [ |
I
SYNCout [ 1 [ ]
L
rRD ¢ L1 L1 LI 1 L LI
|
WR 1 STA $zz I—ISTA $zz
1 LDA $zz (First cycle) (Second cycle)
¥ A ~n—N— ~—N—
Address :( PC X PC+1 XADLL 00X PC+2 XPMasoree X OVaaEX oA e PC +3 )
Data E( a5 X apu X Data X 85 PMA X s XADL2
DMAoUT |
(Port P33) | |
Transfer request |
source (“L” active) | L |
Transfer request source
a | A B M
I
L

source sampling

1

Fig. 2.5.15 Timing chart for burst transfer caused by hardware-related transfer request
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2.5.6 DMAC application example

(1) Transfer from external FIFO to USB FIFO

Outline: Data are transferred from external FIFOs to USB FIFOs.

Specifications: <A burst transfer is used and 128-byte (128 bytes/packet) continuous transfer is
performed. The external FIFO size must be set as 128 hytes of an integral multiple.
«If the data is deficient in the external FIFO, the DMAC channel 0 transferring is
stopped in the DMAC channel O interrupt routine process. The DMA transfer is
resumed in the main routine process when the data is sufficient.
*To confirm the external FIFO state after completion of 128 bytes transferring, set
the DMAC channel x disable after count register underflow enable bit (DxDAUE) to
“1”.
*USB endpoint 2 IN_PKT_RDY (falling edge) selected as hardware transfer request
source.
*Master CPU bus interface unused.

Figures 2.5.16 and 2.5.17 show a setting of the related registers and Figure 2.5.18 shows a control
procedure.

If data are transferred from USB FIFOs to external FIFOs as well as this, use USB endpoint 2
OUT_PKT_RDY (rising edge) selected as hardware transfer request source.
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Clock control register (address 1F1i6)

CCR |0| | |o|o|o|0|0|

@ = f(XIN)/2

Frequency synthesizer multiply register 1 (address 6D1e)
b7 b0

FSM1 | 0016 |

Frequency synthesizer multiply register 2 (address 6E16)

b7 b0
FSM2 | FFis |
Frequency synthesizer control register (address 6Cz6)
b7
Fsc |o|1|o|o|o|o|o|1|

Frequency synthesizer enabled
f(XIN) selected as frequency synthesizer input

USB control register (address 1316)
b bO

USBC |1|l|0|0|

% “H” current for USB line driver
USB line driver enabled
USB clock enabled

» USB block enabled

USB endpoint index register (address 5816)
b7

USBINDEX | | | | | |0|1|0|

u—‘—) Endpoint 2

USB endpoint FIFO mode register (address 5F16)
b7

USBFIFOMR | | | | |1|X|X|X|

uJ—‘—) FIFO size s elec tion bit

For endpoint 2
IN 128 bytes, OUT 128 bytes

USB endpoint 2 IN max. packet size register (address 5B16)
b7 b0

IN_MAXP | 128 |

\—> 128 bytes

USB endpoint 2 IN control register (address 5916)
b7 bo

mesk o [ [[]]]

L—> IN_PKT_RDY bit
> AUTO_SET bit

DMAC index and status register (address 3F16)

ovAls |°| [TTTTT]

» Channel 0 accessible
DMAC channel 0 source registers Low, High (addresses 4216, 4316)

b7 b0

DMAOSL | XX16 |
‘—» External FIFO address (low-order)

b7 b0

DMAOSH | XX16 |

‘4> External FIFO address (high-order)

Fig. 2.5.16 Setting of relevant registers (1)
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DMAC channel 0 destination registers Low, High (addresses 4416, 4516)
b7 bo
DMAODL | 6216 |
\—’ USB endpoint 2 FIFO address (low-order)
b7 bo
DMAODH | 0016 |
‘4’ USB endpoint 2 FIFO address (high-order)
DMAC channel 0 transfer count registers Low, High (addresses 4616, 4716)
b7 bo
DMAOCL | 127 |
——— > 128-byte counts
b7 b
DMAOCH | 0 |

——> High-order of transfer counter

DMAC channel 0 mode register 1 (address 4016)

b7 b0
owsont []o]o] To[ To[ |

> DMAC channel 0 source register increment/decrement disabled
DMAC channel 0 destination register increment/decrement disabled

Channel 0 enabled after count register underflow
Burst transfer mode selected

USB interrupt enable register 1 (address 5416)
b7 bo

useier | | oo [ [ ]|

| \—> USB endpoint 2 IN interrupt disabled

——> USB endpoint 2 OUT interrupt disabled

Interrupt request register A (address 0216)
b7 bo

'REQA||||0|||||
L : )
DMACO interrupt request bit

USB interrupt control register A (address 0516)
b7

b0
cona || [ [a] [ [ [of
s USB function interrupt disabled
DMACO interrupt enabled

DMAC channel 0 mode register 2 (address 4116)

b7 b0
DMAOM2 |1|1|0|1|o|1|1|o|

‘ \—‘—‘—‘—’ USB endpoint 2 IN_PKT_RDY signal hardware transfer request source
— > Software transfer trigger requesting

DMAC channel 0 USB and master CPU bus interface disabled

Reset of channel O capture register

Channel 0 enabled

Fig. 2.5.17 Setting of relevant registers (2)
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( RESET )
[
Initialization e x: This bit is not used here. Set it to “0” or “1” arbitrarily.
SEI
CCR (address 1Fis) <— 0016 +USB initialization
FSM1 (address 6Dzs) <— 006
FSM2 (address 6Ezs) <— FFs
FSD (address 6F1s) <— 001,
FSC (address 6Cais) <— 4116
USBC (address 1316) <— 1X1100X02
USBINDEX (address 5816) €— XX0000102
USBFIFOMR (address 5F1c) €— 00001XXX2 *Maximum packet size of 128 bytes
IN_MAXP (address 5Bis) <€— 8016
IN_CSR (address 5916) €—  IXXXXXXX2
DMAIS (address 3Fzs) <€— 0OXXXXX002 «External FIFO for source register
DMAOSL (address421s) <— XXi6
DMAOSH (address 4316) <€— XXis *USB FIFOL1 for destination register
DMAODL (address441s) <— 621
DMAODH (address 4516) <€— 0015
DMAOCL (address4616) <— 7F
DMAOCH (address 4716) <€— 0016 *USB endpoint 2 IN_PKT_RDY as hardware transfer request source
DMAOML1 (address 4016) <€— 100X0X0X2 *USB endpoint 2 IN and OUT interrupts disabled
USBIE1 (address 541s) <€<—  XX0OXXXX2 *DMAC channel 0 USB and master CPU bus interface disabled
IREQA (address 0216) <— 0016
ICONA (address 0516) XXX1XXX02
< After confirming external FIFO state, generate the software transfer
DMAOM2 (address 4116) 110101102 trigger request
CLI
2
( DMAC channel 0 interrupt )

CLT (Note 1)
CLD (Note 2)

Push registers to stack

Data is available in external FIFO ?

|  DMAOM2 (address 4116), bit 7 €«— 0

| Pop registers

l

( RTI

Note 1: When using Index X mode flag (T)
2: When using Decimal mode flag (D)
*Push registers used in interrupt process routine

«If a data is deficient, stop the DMA transferring. After all data have
been available, resume the transfer.

Fig. 2.5.18 Control procedure
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2.5.7 Notes on DMAC
(1) Transfer time
*One-byte data transfer requires 2 cycles of ¢ (read and write cycles).
*To perform DMAC transfer due to the different transfer requests on the same DMAC channel or
DMAC transfer between both DMAC channels, 1 cycle of ¢ or more is needed before transfer is
started.

(2) Priority
The DMAC places a higher priority on channel-0 transfer requests than on channel-1 transfer
requests.
If a channel-0 transfer request occurs during a channel-1 burst transfer operation, the DMAC
completes the next transfer source and destination read/write operation first, and then stops the
channel-1 transfer operation.
The channel-1 transfer operation which has been suspended is automatically resumed from the
point where it was suspended so that channel-1 transfer can complete its one-burst transfer unit.
This will be performed even if another channel-0 transfer request occurs.
*The suspended transfer due to the interrupt can also be resumed during its interrupt process
routine by writing “1” to the DMAC channel x enable bit (DXCEN).

(3) Related registers

A read/write must be performed to the source registers, transfer destination registers and transfer
count registers as follows:

Read from each higher byte first, then the lower byte

Write to each lower byte first, then the higher byte.

Note that if the lower byte is read out first, the values are the higher byte’s.

*Do not access the DMAC-related registers by using a DMAC transfer. The destination address
data and the source address data will collide in the DMAC internal bus.

*When setting the DMAC channel x enable bit (bit 7 of address 4116) to “1”, be sure simultaneously
to set the DMAC channel x transfer initiation source capture register reset bit (bit 6 of address
4116) to “1”. If this is not performed, an incorrect data will be transferred at the same time when
the DMAC is enabled.

(4) USB transfer
One signal among USB endpoint signals 1 to 4 can be selected as the hardware transfer request
source. This can realize that transfer between the USB FIFO and the master CPU bus interface
input/output buffer is performed effectively. This transfer function is only valid in the cycle steal
transfer mode.

(5) DMAour pin
In the memory expansion mode and microprocessor mode, the DMAour pin (P33/DMAour) outputs
“H” during a DMA transfer.
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2.6 USB

Some application notes are available on the Web site:
http://www.renesas.com

Please refer to them for explanation and application of USB function.
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2.7 Frequency synthesizer
This paragraph explains the registers setting method and the notes related to the frequency synthesizer.

2.7.1 Memory map

Address

000016

CPU mode register A (CPMA)

nv
%

~
'

(C

006C16

Frequency synthesizer control register (FSC)

006D16

Frequency synthesizer multiply register 1 (FSM1)

006E16

Frequency synthesizer multiply register 2 (FSM2)

006F16

Frequency synthesizer divide register (FSD)

Fig. 2.7.1 Memory map of registers related to frequency synthesizer
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2.7.2 Related registers

CPU mode register A

b7 b6 b5 b4 b3 b2 bl b0
1 CPU mode register A
(CPMA : address 0016)

A A b Name Functions At reset|R W
i 1 11 1 1 1 i1 [Processor mode bits b1b0 0 00
A A 0 0 : Single-chip mode |
A = 0 1 : Memory expansion mode 0 00
Pl 1 1 0 : Microprocessor mode (Note 1) |
T T A A 11 : Not available !
I 2 | Stack page select bit 0: Page 0 1 0'!'0
bbb 1:Pagel i
R R 3 [Fix this bit to “1". 1|00
e 4 [Sub-clock (XcIN-XcouT) 0 : Stopped 0 0:0
Pl stop bit 1 : Oscillating ;
P femememcemmeeees 5 | Main clock (XIN-XouT) stop [0 : Oscillating 0 Oi0
P bit 1 : Stopped i
R LR 6 | Internal system clock 0 : External clock (XIN-XOUT or XCIN-XCOuT) 0 00
5 select bit (Note 2) 1:fsyn !
b 7 | External clock select bit 0 : XIN-XouT 0 O:0
1 : XcIN-XcouT i

Notes 1: This is not available in the flash memory version.
2: When (CPMA 7, 6) = (0, 0), the internal system clock can be selected between

f(XIN) and f(XIN)/2 by CCR7.

The internal clock @is the internal system clock divided by 2.

Fig. 2.7.2 Structure of CPU mode register A

Frequency synthesizer control register

b7 b6 b5 b4 b3 b2 bl bo

Frequency synthesizer control register

A1 |(.)| i l(l)l(l)l ~ (FSC : address 6C16)
i i i i i i i i b Name Functions Atreset|R W
b1 1111 i o[Frequency synthesizer 0 : Disabled 0 00
oo enable bit (FSE) 1 : Enabled :
i 11111 =----1 1 |Fix these bits to “0”. o [0:0
b 2 0|00
R T T 3 | Frequency synthesizer 0 : f(XIiN) 0 Oi0
P input bit (FIN) 1: f(XcN) i
T R S 4 | Fix this bit to “0”] o |oo
A S 5 |LPF current control bit b1b0 ) 1 00
b (CHG1, CHGO) (Note) 0 0 : Not available :
P — 01: Low current L
T 6 1 0 : Intermediate current (recommended) 1 0:0
: 11 : High current i
R — 7 | Frequency synthesizer 0 : Unlocked 0 0:0
lock status bit 1 : Locked i

Note: Bits 6 and 5 are set to (bit 6, bit 5) = (1, 1) at reset.
When using the frequency synthesizer, we recommend to set to (bit 6, bit 5) = (1, 0) after
locking the frequency synthesizer.

Fig. 2.7.3 Structure of Frequency synthesizer control register
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Frequency synthesizer multiply register 1

b7 b6 b5 b4 b3 b2 bl bo

| Frequency synthesizer multiply register 1
(FSM1: address 6Dz16)

i i i i i i i i b Functions At reset| R iW
i i1 1 1 1 1 *-{0]efvcoclock is generated by multiplying fein clock, which is generated| 1 [O:1O
A | 1| by FSM2, by the contents of this register: 1 0:0
- 2 1 0:0
A T T S 3| fvco=frPIN«{2(n +1)}, n: value set to FSM1. 1 00
I R 4| 1_|0i0
Pl e 5 1|00
P b 6 | T [e}{e)
hommommmmmomoooooo oo 7 i [eX{e)
Fig. 2.7.4 Structure of Frequency synthesizer multiply register 1
Frequency synthesizer multiply register 2
b7 b6 b5 b4 b3 b2 bl b0
| | Frequency synthesizer multiply register 2
A4 Lt (FSM2: address 6E16)
A A A A L Functions Atreset|R W
i 14 b 111 {0 efrin clock is generated by dividing fin clock by the contents of this| 1 0i0
i i i i i i R 1| register. 1 00
I T N - > | Either f(XiN) or f(XciN) as an input clock fin for the frequency 1 0'0
T T I 37| synthesizer is selectable. 1 00
T R A 2 | 1 o Xe)
o — fPin =fin/ {2(n +1)}, n: value set to FSM2 T
b bemmmmmmmm oo 1 5 | {2(n +1) n: valu 1 00
P temmmmmmesoooee- 6 | 1 |oio
et 7 [ [e}{e)

Fig. 2.7.5 Structure of Frequency synthesizer multiply register 2
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Frequency synthesizer divide register

b7 b6 b5 b4 b3 b2 bl b0

Frequency synthesizer divide register
(FSD: address 6F16)

A A A ) Functions At reset| R W
i1 1 1111 10 [efsyn clock is generated by dividing fvco clock by the contents of this 1 0:0
R R R (1] register: 1 0:0
s 2 1 |00
i i i i ] z fsyn = fvco / {2(m +1)}, m: value set to FSD 1 O'0
T - 4] 1 0.0
e 5| 1 0:0
R 6| 1__|oio
- 7 1 00

Fig. 2.7.6 Structure of Frequency synthesizer divide register
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2.7.3 Functional description

The frequency synthesizer generates the 48 MHz clock required by fuss and fsyn, which are multiples of the
external input reference f(Xin) or f(Xcn). To use the frequency synthesizer, set the frequency synthesizer
enable bit of frequency synthesizer control register (address 6Cis) to “1”.
The frequency synthesizer input bit selects either f(Xin) or f(Xen) as an input clock fin for the frequency

synthesizer.

Figure 2.7.7 shows the block diagram for the frequency synthesizer circuit.

|_fveo Frequency Divider | pm fSYN
fiN Prescaler fPIN Frequency A
> Multiplier A
— L - fUSB
[8]
o
T T T I 28 .
Soa
PET
A
FSM2 FSM1 FSC FSD
(address 006E16) (address 006D16) (address 006C16) (address 006F16)
Data Bus

Fig. 2.7.7 Block diagram for frequency synthesizer circuit

(1) fein

fin is divided by the contents of frequency synthesizer multiply register 2 (FSM2: address 6Eis) to
generate fein, where

fen = fin / 2(n + 1), n: value set to FSM2,
When the value of FSM2 is set to 255, the division is not performed and frin will equal fi.
Figure 2.7.8 shows the frequency synthesizer multiply register 2 setting example.

Note: Be sure to set frn to 1 MHz or more.

FSM2 register set value
fPIN - - fiN
Decimal Hexadecimal
24 MHz 255 FFi6 24.00 MHz
1 MHz 11 OB16 24.00 MHz
2 MHz 5 0516 24.00 MHz
3 MHz 3 0316 24.00 MHz
6 MHz 1 0116 24.00 MHz
12 MHz 0 0016 24.00 MHz

Fig. 2.7.8 Frequency synthesizer multiply register 2 setting example
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(2) fvco
fvco is generated by multiplying fen by the contents of frequency synthesizer multiply register 1
(FSM1: address 6D1s), where
fvco = fen O {2(n + 1)}, n: value set to FSM1.
Set the value of FSM1 so that fvco will be 48 MHz.
fvco is optimized in the frequency synthesizer to be used as fuse and it will be sent into the USB
function control unit.
While the frequency synthesizer enable bit is “0” (disabled), fvco retains “H” or “L” level.
Figure 2.7.9 shows the frequency synthesizer multiply register 1 setting example.

FSM1 register set value
fPIN - - fvco
Decimal Hexadecimal
320 kHz 74 4A16 48.00 MHz
2 MHz 11 0B16 48.00 MHz
4 MHz 5 0516 48.00 MHz
6 MHz 3 0316 48.00 MHz
12 MHz 1 0lie 48.00 MHz
24 MHz 0 0016 48.00 MHz
Fig. 2.7.9 Frequency synthesizer multiply register 1 setting example
(3) fswn
fvco is divided by the contents of frequency synthesizer divide register (FSD: address 6Fis) to generate
fSYN, where

fsyn = fvco / 2(m + 1), m: value set to FSD.

When the value of FSD is set to 255, the division is not performed and fsyv becomes invalid.

fsyn can be used as the internal system clock by setting the internal system clock select bit of CPU
mode register A.

Figure 2.7.10 shows the frequency synthesizer divide register setting example.

When the frequency synthesizer lock status bit is “1” in the frequency synthesizer enabled, this
indicates that fsyn and fvco have correct frequencies.

FSD register set value
fvco - - fsyYn
Decimal Hexadecimal
48.00 MHz 00 0016 24.00 MHz
48.00 MHz 127 7F16 187.5 kHz

Fig. 2.7.10 Frequency synthesizer divide register setting example
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(4) Recovering from hardware reset

The frequency synthesizer and DC-DC converter must be set up as follows when recovering from

a Hardware Reset:

O Enable the frequency synthesizer after setting the frequency synthesizer related registers (addresses
6C16 to 6F16). Then wait for 2 ms.

O Check the frequency synthesizer lock status bit. If “0”, wait for 0.1 ms and then recheck.

0 To use the intermediate current, set the LPF current control bits of frequency synthesizer control
register (address 6Cis) to (b6, b5) = “10".

0 When using the USB built-in DC-DC converter, set the USB line driver supply enable bit of the
USB control register (address 1316) to “1”. This setting must be done 2 ms or more later than
the setup described in step O0. The USB line driver current control bit must be set to “0” at this
time. (When Vcc = 3.3V, the setting explained in this step is not necessary.)

O After waiting for (C + 1) ms so that the external capacitance pin (Ext. Cap. pin) can reach
approximately 3.3 V, set the USB clock enable bit to “1”. At this time, “C” equals the capacitance
(uF) of the capacitor connected to the Ext. Cap. pin. For example, if 2.2 yuF and 0.1 pF
capacitors are connected to the Ext. Cap. in parallel, the required wait will be (2.3 + 1) ms.

O After enabling the USB clock, wait for 4 or more @ cycles, and then set the USB enable bit to
“1,

Do not write to any of the USB internal registers (addresses 5016 t0o 6416) until the USB clock
enabled, except for the USB control register (address 1316), clock control register (address
1Fi6), and frequency synthesizer control register (address 6Cais).

2.7.4 Notes on frequency synthesizer

*Bits 6 and 5 of the frequency synthesizer control register (address 6Cis) are initialized to (b6, b5) = “11”
after reset release. Make sure to set bits 6 and 5 to “10” after the frequency synthesizer lock status
bit goes to “1".

*Use the frequency synthesizer output clocks 2 ms to 5 ms later than setting the frequency synthesizer
enable bit to “1” (enabled). After that do not change any register values because it might cause output
clocks unstabilized temporarily.

Make sure to connect a low-pulse filter to the LPF pin when using the frequency synthesizer.

*The frequency synthesizer divide register set value never affects fuss frequency.

*When using the fsyn as an internal system clock, set the frequency synthesizer divide register so that
fsyn could be 24 MHz or less.

*When using the frequency synthesized clock function, we recommend using the fastest frequency
possible of f(Xi) or f(Xcn) as an input clock for the PLL.

«Set the value of frequency synthesizer multiply register 2 (FSM2) so that the fein is 1 MHZ or higher.
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2.8 Master CPU bus interface

This paragraph explains the registers setting method and the notes related to the master CPU bus interface.

2.8.1 Memory map

Address

“/
nv

b))
[4S

000416 | Interrupt request register C (IREQC)

A~
e

22
(C

v
~/

000716 | Interrupt control register C (ICONC)

A~
e

22
(C

v
~/

004816 | Data bus buffer register O (DBBO)
004916 | Data bus buffer status register 0 (DBBSO
004A16 | Data bus buffer control register 0 (DBBCO)

A~
e

v a
~ o\

(C

004C16 | Data bus buffer register 1 (DBB1)

004D1s | Data bus buffer status register 1 (DBBS1
004E16 | Data bus buffer control register 1 (DBBC1

~N ~,

/TI

Fig. 2.8.1 Memory map of registers related to master CPU bus interface
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2.8.2 Related registers

Data bus buffer register x
b7 b6 b5 b4 b3 b2 bl b0
| Data bus buffer register x (x = 0, 1)

ALt 1| (DBBx: addresses 4816, 4C16)

Pl bbb Functions Atreset|R W
P14 1111 [0 eA datais latched into this register by a write request from the host| 0 [O1O
foor o era] CPU 0|00
I I S 2| o 0|00
T T I 37| ® Write an output data into this register. 0 0.0
poror —— The data is output on to the data bus by a read request from the T
by e 4 0 0i0
[ —— host CPU. T
e | 5 | 0o [0:0
P e 6| " [e}{e)
femeemmemmmeeeeneee 7 0 oio

Fig. 2.8.2 Structure of Data bus buffer register x (x = 0, 1)
Data bus buffer status register x
b7 b6 b5 b4 b3 b2 bl b0
| | | Data bus buffer status register x (x = 0, 1)

AL L L 1 1 1 | (DBBSx:addresses 4916, 4D16)

A Name Functions At reset|R iW
toio1 1111 -4 o [Output buffer full flag 0 : Buffer empty 0 =
bbb (OBFX) 1 : Buffer full |
T T A A 1 | Input buffer full flag (IBFx) |0 : Buffer empty 0 o0
A 1 : Buffer full i
e 2 | User definable flag (U2) This flag can be defined by user freely. 0 0.0
T T S 3 | Ao flag (Aox) This flag indicates the condition of Ao| 0 0:0
Pl status when the IBFx flag is set. :

i i i S —— 4 | User definable flag This flag can be defined by user freely. 0 0:0
N SO 5 |(UatoU7) 0.0
P Lo 6| 00
B GCEEELELEEELE 7 0:0

Fig. 2.8.3 Structure of Data bus buffer status register x (x = 0, 1)
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Data bus buffer control register 0

b7 b6 b5 b4 b3 b2 bl b0

Data bus buffer control register O

select bit

functions as /O port.)
1 : Double data bus buffer mode(P72
functions as Sz input pin.)

i | i (.) i | . | —| (DBBCO : address 4A16)

Pl bbb Name Functions At reset|R W

i 141111 i--1 0 [OBFo output enable bit 0 : P52 functions as I/O port. 0 O:0

A A 1 : P52 functions as OBFo output pin. i

N 1 [IBFo output enable bit 0 : P53 functions as 1/O port. o |00

A 1 : P53 functions as IBFo !

T A 2 [IBFo interrupt select bit 0 : Occurrence due to data write (Ao =“0") or 0 [e}{e)

oo command write (Ao = “1") i

I R I 1: Occurrence due to command write (Ao = i

A ) i

A 3 | Output buffer 0 empty 0 : Enabled 0 00

Pl interrupt disable bit 1 : Disabled i

R 4 |Input buffer O full interrupt |0 : Enabled 0 |

b disable bit 1: Disabled '

N T SR —— 5 [Nothing arranged for this bit. Fix this bit to “0". o oo

| 6 [Master CPU bus interface |Function of P54 to P57, P60 to P67 ; 0 O:0

' enable bit 0: As I/O ports. !

i 1 : As master CPU bus interface function |

: pins. :

R — 7 [Bus interface type select |0 : RD,WR separate type bus 0 00
bit 1: R/W type bus i

Fig. 2.8.4 Structure of Data bus buffer control register 0
Data bus buffer control register 1
b7 b6 b5 b4 b3 b2 bl b0
| | 0 | 0 | | Data bus buffer control register 1

A1 Lt 111 | (DBBCO : address 4Eis)

Pl bbb Name Functions At reset|R W

i1 1111 -0 [OBF1 output enable bit 0 : P74 functions as 1/O port. 0 0.0

A A 1: P74 functions as OBF1 output pin. :

I A (Note) |

A 1 |IBFz1 output enable bit 0 : P73 functions as I/O port. 0 0:0

I A 1 : P73 functions as IBF1 output pin. |

REREE (Note) :

T 2 | IBF1 interrupt select bit 0 : Occurrence due to data write (Ao = “0") or 0 0:0

P command write (Ao = “1") !

Polon o 1 : Occurrence due to command write (Ao = :

T A A 1) :

I 3 | output buffer 1 empty 0 : Enabled 0 0:0

oo interrupt disable bit 1 : Disabled '

A S 4 | Input buffer 1 full interrupt |0 : Enabled 0 0:0

i i i disable bit 1: Disabled i

P e | 5 |Nothing arranged for these bits. 0 o0

sttty 6 | Fix these bits to “0”. 0 0:0

e e ] 7 | Data bus buffer function 0 : Single data bus buffer mode(P72 0 0!0

Note: This can be selected when the data bus buffer function select bit is “1”.

Fig. 2.8.5 Structure of Data bus buffer control register 1
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2.8.3 Functional description
The internal 2-byte bus interface can be controlled by the signals from the host CPU side; it is called the
slave mode. This bus interface allows the 7641 group to be directly connected with a R/W type of CPU
bus or a RD and WR separate type of CPU bus.
Ports P52 to P57, P6o to P67, P72 to P74 become the master CPU bus interface function pins when the
master CPU bus interface is enabled.
P60 to P67 Function as data 1/0 pins (DQo to DQv). (Be sure to set them to input mode by setting the port
P6 direction register to “0".)
P52, P74 Function as the status signal OBFx (x = 0, 1). The state of the output buffer DBBx (x = 0, 1) is
output. L
P53, P7s: Function as the status signal IBFx (x = 0, 1). The state of the input buffer DBBx (x = 0, 1) is
output.
P54, P72: Function as the status signal Sx (x = 0, 1). The chip select signals from the host CPU are input.
P5s: Functions as the status signal A.. When Ao is “H”, the host CPU can read the contents of the data
bus buffer status register x (x = 0, 1) (addresses 4916, 4D1s). When Ao is “L”, the contents of data bus
buffer register x (x = 0, 1) can be output owing to a read request from the host CPU.
When a data is written into the data bus buffer register x (x = 0, 1), if Ao is “L”, this indicates that its
contents are the data; if “H”, this indicates that they are the command.

P7. to P74 become the master CPU bus interface function pins only when the double data bus buffer mode
is used.

Tables 2.8.1 and 2.8.2 shows the bus control signal and data bus state; Figure 2.8.6 shows a connection
example.

Table 2.8.1 Bus control signal and data bus state-RD/WR separate type

Sx signal RD signal | WR signal | Ao signal Data bus state Data on data bus
L L H L Read Output data

L L H H Read DBBSx contents

L H L L Write Input data (data)

L H L H Write Input data (command)

H - - - High-impedance -

Table 2.8.2 Bus control signal and data bus state-R/W type

Sx signal |R/W signal| E signal | Ao signal Data bus state Data on data bus
L H H L Read Output data

L H H H Read DBBSx contents

L L H L Write Input data (data)

L L H H Write Input data (command)

H - - - High-impedance -
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Host CPU 7641 group Host CPU 7641 group
Do to D7 («@———»{DQo to DQ7 Do to D7 [«g@—» DQo to DQ7
A ——Pp»{Sx A ——P» Sx
A —PAx A —P» A
RD———P» R Er—P»{E
WR—P»| W RIW ——»{ RW
E,Wseparate type bus R/W type bus

Fig. 2.8.6 Connection example

(1) Data bus buffer mode
The selection of either the single data bus buffer mode or the double data bus buffer mode can be
performed by the Data Bus Buffer Function Select Bit.
*Single data bus buffer mode
The data bus buffer 0 of 1 byte only is used.

*Double data bus buffer mode
The data bus buffer 0 and data bus buffer 1, totalling 2 bytes, are used.

(2) Interrupt
eInput buffer full interrupt
When the data is input to the data bus buffer register x, the Input Buffer Full Flag (IBFx ; x = 0,
1) is set to “1” and the interrupt request occurs. When the data is read out from the data bus buffer
register x, the IBFx flag is cleared to “0".

*Output buffer empty interrupt
When the data is written to the data bus buffer register x, the Output Buffer Full Flag (OBFx ; x
=0, 1) is set to “1". When the host CPU reads out from the data bus buffer register x, the OBFx
flag is cleared to “0” and the output buffer empty interrupt request occurs.
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2.8.4 Operation description

(1) Input operation

The bus interface input operation is explained as the following:

O When the logical OR of Sx (x = 0, 1) and W is “0”, the data bus state is latched into the input data
bus buffer register x (x = 0, 1) at the rising of W input signal.

0 When the data is latched into the input data bus buffer register x, the Input Buffer Full Flag (IBFx
; X = 0, 1) of the data bus buffer status register x (x = 0, 1) is simultaneously set to “1".

O When the IBFx flag is set to “1”, the input buffer full interrupt request occurs.

0O At the timing O, the Ao level is stored into the Ao flag, bit 3 of the data bus buffer status register
x. Refer to the Ao flag to judge whether the read contents of the input data bus buffer register x
are data or a command.

(2) Output operation
The bus interface output operation is explained as the following:
0 Writing data to the output data bus buffer register x (x = 0, 1) sets the Output Buffer Full Flag
(OBFx ; x = 0, 1) of the data bus buffer status register x to “1".
O When the logical OR of Sx, R and Ao is “0”, the contents of the output data bus buffer register
X are output on the data bus and the OBFx flag is simultaneously cleared to “0".
00 At the rising of the R input signal, the output buffer empty interrupt request occurs.
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2.8.5 Master CPU bus interface application example

(1) Data communication with host CPU
Outline : The MCU communicates with the host CPU by using the single data bus buffer mode.

Figure 2.8.7 shows a setting of the related registers and Figure 2.8.8 shows a control procedure.

Data bus buffer control register 0 (address 4Az1s)
b7 bo

DBBCO (0|0|0[(0O|0|0O|1(1

|—> OBFo output enabled
IBFo output enabled
IBFo interrupt occurrence due to write of data or command
Output buffer 0 empty interrupt enabled

—> Input buffer O full interrupt enabled

> Master CPU bus interface disabled
(After initialization setting, set this to “1".)

> RD, WR separate type bus

Data bus buffer control register 1 (address 4Ez1s)
b7 bo

DBBC1 |0|0f0]1(1 ofo

|—> P74 functions as 1/O port.
P73 functions as 1/O port.
Output buffer 1 empty interrupt disabled

> Input buffer 1 full interrupt disabled
> Single data bus buffer mode

Interrupt control register C (address 0716)
b7 b0

ICONC 1{1

| » Input buffer full interrupt enabled
» Output buffer empty interrupt enabled

Data bus buffer register O (address 4816)
b7 b0

DBBO

| > Data read/write

Data bus buffer status register O (address 4916)
b7 b0

|—> Output buffer full flag
Input buffer full flag

Ao flag

DBBSO

Fig. 2.8.7 Setting of relevant registers
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( RESET )

Initialization e X: This bit is not used here. Set it to “0” or “1” arbitrarily.
DBBCO (address 4A1s) <— 000000112 *OBFo, IBFo output enabled
DBBC1 (address 4E16) <— 00011X002 *Output buffer 0 empty interrupt enabled
ICONC(address 0716) €<— XXLIXXXX2 eInput buffer O full interrupt enabled
DBBCO (address 4Azs),bit6 €<— 1 *Single data bus buffer mode
*Master CPU bus interface enabled
CLI
o
o
( Input buffer O full interrupt ) ( Output buffer 0 empty interrupt )
CLT (Note 1) CLT (Note 1)
CLD (Note 2) CLD (Note 2)
Push registers to stack Push registers to stack

Write data into Data bus buffer register 0

DBBSO (address 4916),bit3 ?

Read Data bus buffer Read Data bus buffer
register O register 0
(command) (data)
<
Pop registers Pop registers

C RTI ) C RTI )

Note 1: When using Index X mode flag (T)
2: When using Decimal mode flag (D)
*Push registers used in interrupt process routine

Fig. 2.8.8 Control procedure

2.8.6 Notes on master CPU bus interface
Be sure to set port P6 to input mode by setting the port P6 direction register to “0” when the master CPU
bus interface is enabled.
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2.9 Special count source generator (SCSG)

This paragraph explains the registers setting method and the notes related to the special count source
generator (SCSG).

2.9.1 Memory map

Address

002D16 | Special count source generator 1 (SCSG1)

002E16 | Special count source generator 2 (SCSG2)

002F16 | Special count source mode register (SCSGM)

~v nv

Y

FIg. 2.9.1 Memory map of registers related to special count source generator
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2.9.2 Related registers

Special count source generator 1

b7 b6 b5 b4 b3 b2 bl b0

Special count source generator 1
(SCSGL1: address 2D1s)

i i i i i i i i b Functions Atreset|R W
i 111111 =0 |eThis is a 8-bit down-count timer. 1 |00
A | 1| The division ratio : 1/ (n1 +1), n1: value set to SCSG1. 1 010
Pl 2] 1_|ol0
T | 3 1 100
e | 4 | 1 0.0
I GREEE LR et | 5| 1 oio
e 6| 1 [oio
S 7 1 00
Fig. 2.9.2 Structure of Special count source generator 1
Special count source generator 2
b7 b6 b5 b4 b3 b2 bl b0
| | Special count source generator 2
AL L L1 1 | (SCSG2: address 2E1s)
A A A A L Functions Atreset|R W
i1 1111 {0 ]eThis is a 8-bit down-count timer. An output from SCSG1 is divided| 1 [O:O
Polob o b 1| by the contents of SCSG2 to generate SCSGCLK. 1 00
[ A N > | ® The count source, an output from SCSG1, is @+ nl/(nl +1). 1 00
N B 3| ® SCSGCLK frequency: @+ nl/(nl+1)+1/(n2 +1) 1 0'0
I ] nl: value setto SCSG1 1 00
o — n2: value setto SCSG2 T
Dol mmmmmmmmmom oo | 5 | 1 0:0
e e | 6 | 1 00
- 7 1 Oi0

Fig. 2.9.3 Structure of Special count source generator 2
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Special count source mode register
b7 b6 b5 b4 b3 b2 bl b0
Special count source mode register
| (?| (.)|(.) | (.) L | . | | (SCSGM : address 2F1s)
Pl bbb Name Functions At reset|R iW
T S R A ) SCSG1 data write control |0 : Writing data into both timer latch and 0 o) : O
i i i i i i i bit timer simultaneously !
I T T T T 1 : Writing data into timer latch ;
i i i i i i N 1 | SCSG1 count stop bit 0 : Count start 0 O : O
oo 1: Count stop i
i i i i i SR— 2 | SCSG2 data write control |0 : Writing data into both timer latch and 0 @) : O
Pl bit timer simultaneously :
I 1 : Writing data into timer latch :
T 3 | SCSGCLK output control |0 : SCSGCLK output disabled o |oio
oo bit (SCSG1 and SCSG2 counts stop) '
P 1: SCSGCLK output enabled |
{od e 4| Fix these bits to “0", 0[O0
e 5 | o [o0fo
P hemmmmmee oo 6 | 0o |00
oo m o 7 [ [e}{¢]

Fig. 2.9.4 Structure of Special count source mode register
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2.9.3 Functional description
The special count source generator, SCSG, consists of two 8-bit timers: SCSG1 and SCSG2. The output
of the special count source generator can be used as a clock source for the timer X, serial 1/0 and two
UARTs (UART1 and UART2).

(1) scsaG1
The SCSG1 is a 8-bit down-count timer. An output from SCSG1 is used as an count source of
SCSG2. The division ratio of SCSG1 is given by 1 / (n1 + 1) and the count source of SCSG2
becomes @ O {n1/ (n1 + 1)}.
nl: value set to the SCSG1
Writing data to the SCSG1 can be performed anytime. When the SCSG1 data write control bit is set
to “0” and data is written to the SCSG1, the data is written to the latch and timer at the same time.
When that bit is set to “1”, the data is only written to the latch. When the count reaches “0”, an
underflow occurs at the next count source rising edge and the contents of the timer latch are loaded
to the timer.
If the SCSG1 count stop bit is set to “1” or the SCSG1 set value is “0”, this count source ¢ is not
divided, so that the count source for SCSG2 becomes @.

(2) SCSG2

The SCSG2 is a 8-bit down-count timer. This uses an output from SCSG1 as an count source.
The SCSG2 output is Clock SCSGCLK. The frequency is calculated as follows:

SCSGCLK = @ O {n1 / (n1+1)} O {1 / (n2+1)}

nl: value set to SCSG1

n2: value set to SCSG2
Writing data to the SCSG2 can be performed anytime. When the SCSG2 data write control bit is set
to “0” and data is written to the SCSG2, the data is written to the latch and timer at the same time.
When that bit is set to “1”, the data is only written to the latch. When the count reaches “0”, an
underflow occurs at the next count source rising edge and the contents of the timer latch are loaded
to the timer.

If the SCSGCLK output control bit is set to “0”, the SCSG1 and SCSG2 stop their counts and
SCSGCLK output is disabled. To use the SCSGCLK, set this bit to “1".
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2.10 External devices connection
This paragraph explains the registers setting method and the notes related to the external devices connection.

2.10.1 Memory map

Address
000016 | CPU mode register A (CPMA)
000116 | CPU mode register B (CPMB)

nv

2
C

Fig. 2.10.1 Memory map of registers related to external devices connection
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2.10.2 Related registers

CPU mode register A

b7 b6 b5 b4 b3 b2 bl b0

1 CPU mode register A

ALt 11 (CPMA: address 0016)

A A L Name Functions Atreset|R

P11 1111 -0 [Processor mode bits bib0 0 00

A 0 0 : Single-chip mode :

A ] 0 1 : Memory expansion mode 0 o0

b 1 1 0 : Microprocessor mode (Note 1) i

i i i i i i 11 : Not available !

T T N 2 | Stack page select bit 0: Page 0 1 0'0

Pl 1:Pagel i

A 3 [Fix this bit to “1”. 1 |OiO

T R R — 4 | Sub-clock (XciN-XcouT) |0 : Stopped o |00

bl stop bit 1 : Oscillating i

I e EEE e 5 [ Main clock (XIN-XouT) stop | 0 : Oscillating 0 0i0

Pl bit 1 : Stopped :

R R — 6 |Internal system clock 0 : External clock (XiN-XouT or Xcin-Xcour)] 0 [O1O

5 select bit (Note 2) il 2 !

R 7 | External clock select bit 0 : XIN-XouT 0 0:0
1 : XCIN-XcouT i

Notes 1: This is not available in the flash memory version.

2: When (CPMA 7, 6) = (0, 0), the internal system clock can be selected between
f(XIN) and f(XIN)/2 by CCRY7.
The internal clock @is the internal system clock divided by 2.

Fig. 2.10.2 Structure of CPU mode register A

CPU mode register B

b7 b6 b5 b4 b3 b2 bl b0
| 1 | 0 | | CPU mode register B

AL b1 | (CPMB : address 0116)

Pl bbb Name Functions At reset|R iW
toioi b4 b =10 [Slow memory wait select | b1bo 1 00
AR bits 00 : No wait :

T T R B N — 0 1 : One-time wait !
P T 1 10 : Two-time wait 1 0.0
I T T R 11 : Three-time wait |

T T T S R 2 | Slow memory wait mode | b3b2 0 0:0
Pobo select bits 00 : Software wait |
I A — 0 1: Not available '
R 3 10: RDY wait o [oio
T 11 : Software wait plus RDY input i
Pl anytime wait anytime wait |
tommmmmooooees 4 | Expanded data memory |0 : EDMA output disabled 0 |
P access bit 1 : EDMA output enabled i
I 5 | HOLD function enable bit |0 : HOLD function disabled 0 !
P 1 :'HOLD function enabled |
R 6 |Fix this bit to “0". 0o |00
Fomsmosmomomooooooo- 7 | Fix this bit to “1". 1 |oo

Fig. 2.10.3 Structure of CPU mode register B
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2.10.3 Functional description
This MCU starts its operation in the single-chip mode just after reset.

(1) Memory expansion mode
This mode is selected by setting “01” to the processor mode bits (b1, bO of CPMA) in software with
CNVss connected to Vss.
In this mode, the ports function as follows:
Ports PO and P1 as address buses (ABo to ABas)
Port P2 as data buses (DBo to DB7)
Ports P3s to P37 as DMAour, @our, SYNCour, WR, RD pins respectively.

This mode enables external memory expansion while maintaining the validity of the internal ROM.

(2) Microprocessor mode
This mode is selected by resetting the MCU with CNVss connected to Vcc, or by setting “10” to the
processor mode bits (b1, bO of CPMA) in software with CNVss connected to Vss. The function is the
same as that of memory expansion mode.

In the microprocessor mode, the internal ROM is no longer valid and an external memory must be
used.

Do not set this mode in the flash memory version.
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2.10.4 Slow memory wait
The slow memory wait function is for easier interfacing with external devices that have long
This can be enabled in the memory expansion mode and microprocessor mode.

access times.

The wait is effective only to external areas. Access to internal area is always performed without wait.

(1) Software wait

The software wait is selected by setting “00” to the slow memory wait mode select bits (b3, b2 of

CPMB).
Figure 2.10.4 shows the software wait timing example.

<< No Wait >>
1 bus cycle

<> |

wour L

ADOUT @ Kaores

DB IN/OUT \E/

WR U

Note: Accessing to internal areas is always performed on this waveform.

<< Wait >>
1 bus cycle
<>
@OuUT M
ADouT
DB IN/OUT N>
RD | |
WR i LT

Note: This example is the 1-cycle software wait.
Refer to Chapter 1 “Slow Memory Wait in PROCESSOR MODE” for 2- and
3-cycle software wait timings.

Fig. 2.10.4 Software wait timing example
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(2) RDY wait
RDY wait is selected by setting “10” to the slow memory wait mode select bits (b3, b2 of CPMB).
When a fixed time of “L” (tsu) is input to the RDY pin at the beginning of a read/write cycle (before
¢ cycle falls), the MCU goes to the RDY state. Then the read/write cycle can be extended by one
to three @ cycles. The number of @ cycles to be extended can be selected by the slow memory wait
select bits (b1, b0 of CPMB).
Even if “L” is input to the RDY pin at the end of waited read/write cycle, the cycle is not extended.
When a fixed time of “H” (tsu) is input to the RDY pin at the beginning of a read/write cycle (before
¢ cycle falls), the MCU is released from the RDY state.
Figure 2.10.5 shows the RDY wait timing example.

<< No Wait >>

1 bus cycle
<>

our LT L

ADOUT @ mAddre .
DB IN/OUT Ny

WR b L

<< Wait >>

1 bus cycle
| >

our LT LT L

ADoUT < Address >
DB invouT ——K_ W > _out

RD | |

w T
tSU(i?DY-q)) tsu.:(RDY-(p)

RDY i i

Note: This example is the 1-cycle RDY wait .
Refer to Chapter 1 “Slow Memory Wait in PROCESSOR MODE” for 2- and
3-cycle RDY wait timings.

Fig. 2.10.5 RDY wait timing example
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(3) Software wait + Extended RDY wait

Extended RDY wait (software wait plus RDY input anytime wait) is selected by setting “11” to the
slow memory wait mode select bits (b3, b2 of CPMB). The read/write cycle can be extended when
a fixed time (tsu) of “L” is input to the RDY pin at the beginning of a read/write cycle (before @ cycle
falls). The RDY pin state is checked continually at each fall of ¢ cycle until the RDY pin goes to “H”
and the cycle keeps being extended. When a fixed time of “H” (tsu) is input to the RDY pin at the
beginning of a read/write cycle (before ¢ cycle falls), the MCU is released from the wait within 1, 2,
or 3 @ cycles as selected with the slow memory wait bits (b1, bO of CPMB).

Figure 2.10.6 shows the extended RDY wait (software wait plus RDY input anytime wait) timing

example

<< No Wait >>

1 bus cycle
- >
wour | LTI
ADouT
DB IN/OUT (N>
RD
WR
<< Wait >>
1 bus cycle >
wour LTI
ADoOUT Address
DB INJOUT IN
RO ﬁ
WR
tsu sy tsu
L ol | |:| | s
RDY — I‘—
1 2 3 4

1. When a fixed time (tsu) of “L” is input to the RDY pin before ¢ falls, the MCU goes to RDY state.

2. The RDY pin state is checked continually at each fall of ¢ cycle.

3. The RDY pin is “L" at the @ fall of the end of the current wait time, so that the read/write cycle is
extended for one wait once again. L

4. When a fixed time (tsu) of “H” is input to the RDY pin before @ falls, the RDY state is released after
the current wait time.

Note: This example is the 1-cycle extended RDY wait (RD).
The 1-cycle extended RDY wait (WR) is the same timing as this.
Refer to Chapter 1 “Slow Memory Wait in PROCESSOR MODE” for 2- and 3-cycle
extended RDY wait timings.

Fig. 2.10.6 Extended RDY wait (software wait plus RDY input anytime wait) timing example
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2.10.5 HOLD function
The HOLD function is used for systems that consist of external circuits that access MCU buses without use

of the CPU (Central Processing Unit). The HOLD function is used to generate the timing in which the MCU
will relinquish the bus from the CPU to the external circuits. To use the HOLD function, set the HOLD
function enable bit (b5 of CPMB) to “1”. This can be enabled in the memory expansion mode and microprocessor
mode.

When “L” level is input to the HOLD pin, the MCU goes to the HOLD state and remains so while the pin
is at “L”. When the MCU relinquishes use of the bus, “L” level is output from the HLDA pin. The MCU puts
ports PO and P1 (address buses) and port P2 (data bus) to tri-state outputs and holds the RD pin (P37)
and WR pin (P3s) “H” level. This will prevent incorrect operations of external devices.

Though the clock supply to the CPU halts in HOLD state, the internal peripheral clocks and @our (P3a4)
continues to be supplied.

When “H” level is input to the HOLD pin,“H” level is output from the HLDA pin and the MCU can use
address buses, data bus, signals RD and WR to access to external devices.

Figure 2.10.7 shows the Hold function timing diagram.

XN} :

oorr i/ \_/ S/ /N /Y
rowr Y/ N_Y N Y
ADDRoUT E( X X X >E-----§ ( X
DATAIN/OUT E N\ O E ____; O_E
' tsu(HOLD-¢) |¢—Pp th(¢-HOLD) . ' '

HOLD |\ ‘_1 A

: e :

HLDA | td(¢ HLDAL) S td(“*HL‘D;;‘i:

Note: This diagram assumes @ = XIN/2.

Fig. 2.10.7 Hold function timing diagram
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2.10.6 Expanded data memory access

In Expanded Data Memory Access Mode (EDMA mode), the MCU can access a data area larger than 64

Kbytes with the LDA ($zz), Y (indirect Y) instruction and the STA ($zz), Y (indirect Y) instruction. It is only

able to store and read data for the expanded data memory area. The access can be performed with T flag

= “0" or “1". (T flag is Index X mode flag.)

To use this mode, set the expanded data memory access bit (b4 of CPMB) to “1”. In this case, EDMA pin

(port P4o) goes “L” level during the read/write cycle of the LDA or STA instruction. The determination of

which bank to access is done by using an 1/O port to represent expanded addresses exceeding address

bus (AB1s5)16. This signal and the port output signal are put together, and it becomes the chip select

(selecting a bank, expanded memory).

In EDMA mode, the area from addresses 00001s to FFFFis can be accessed. When accessing a bank,

follow this procedure (four banks are assumed):

- Bank specification (Data output to the port for a bank setup 16 (ABis), and 16 (AB17)). The user must
setup 16 (ABis), and 16 (ABu17).

- Enabling EDMA output. (Set b4 of CPMB to “1".)

- Executing LDA ($zz), Y (indirect Y) (In the case of read data of expanded data memory)

The data of the address (bank 0) + Y stored in the internal RAM address ($zz) are loaded to the accumulator.

Figure 2.10.8 shows a connection example of memory access up to 256 Kbytes.

Decoder ij

Cs0
Cs1
7641 group cs2
7)7__ CS3
EDMA 74HC139 —‘
P80
P81 8 64K RAM 64K RAM 64K RAM 64K RAM
DBo to DB7 BANKO BANK1 BANK2 BANK3
ABO to AB15
RD
Vﬁ T--I T-- T--
- -

\

Fig. 2.10.8 Connection example of memory access up to 256 Khytes
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2.10.7 External devices connection example
Connection example for controlling external memory is shown bellow.

(1) External memory connection example : No Wait function
Outline: In microprocessor mode the external memory is accessed.
Figure 2.10.9 shows the external ROM and RAM example.

7641 Group
CNVss AD15
M5M27C256AK-10
RDY 74F04 M5M256BP
<II P31, P32 CE s
AD14 15
<I:> P4 to Ao to A14 —— Ao to A14
ADo
EPROM SRAM
”ﬂ PS5
DBo 8
ll l to hd Do to D7 —1DQ1to DQs
P6 DB7 Memory map
<E 000016 SFR area
p7 OE OE W 000816 Eyternal RAM area
001016 SFR area
007016
_ Internal RAM area
P8 RD 047016
WR External RAM area
Vcec=4.15t05.25V 800016
External ROM area
I:I 24 MHz
FFFF16]

Fig. 2.10.9 External ROM and RAM example
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(2) External memory connection example : RDY function (one wait) in use
Outline: RDY function is used because the external memory has a slow-memory-access speed.
Specifications: e«In read/write status of the CPU, input “L” to the RDY(P30) pin will cause extension
of 1 to 3 @ cycles on its read/write cycle.
*When the slow memory wait select bit (b1, b0) is = “01”", it is extended by one
cycle.
*RD/WR signal holds “L” level during the extended time.
*Usable RAM and ROM at f(Xiw) = 24 MHz, Vcc = 5 V are given bellow:
- OE access time : ta(OE) < 107 ns
- Data setup time at write : tsu(D) < 100 ns
- Examples satisfying these specifications: M5M27C256AK-10 (EPROM),
M5M5256BP-10 (SRAM)

Figure 2.10.10 shows the RDY function use example, and Figures 2.10.11 to 2.10.13 show the read
and write cycles.

7641 Group
L CNVss AD15 *
M5M27C256AK-10
;:E 74F04 M5M256BP
<I| P31, P32 RDY ¢ CE S
AD14 15
<1;> P4 to Ao to A14 —— Ao to A14
ADo
EPROM SRAM
Ps
DBo 8
to Do to D7 ,—1DQ1to DQs
'l 'l P6 bB7 Memory map
000016 SFR area
<I> p7 OE OE W 000816 External RAM area
001016 SFR area
007016
_ Internal RAM area
P8 E’ 047016
WR External RAM area
Vee =4.15105.25 V 80001
External ROM area
|:| 24 MHz
FFFF16
Fig. 2.10.10 RDY function use example
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ABo to AB7
(Port PO) :X) Lower address XX
AB8 to AB14
(Portgl) :X) Upper address XX
5 -
(AB15)
OE twl(RD)
(RD of 7641) < w (1 +0.5) »83.33 ns — 5 ns (min.)

td(AH-RD): 0.5 ¢ 83.33 ns — 28 ns (min.)
td(AL-RD): 0.5 « 83.33 ns — 30 ns (min.)

ta(OE)
DBo to DB? 50 ns (max.) Ni
(Port P2)
tsu(DB-RD)
13 ns (min.)
WR “H” level

td(AH-RD), td(AL-RD) : AB15-AB8, AB7-ABo valid time before RD of 7641 group
twi(RD) : RD pulse width of 7641 group

ta(OE) : Output enable access time of M5M256BP-10

tsu(DB-RD) : Data bus setup time before RD of 7641 group

f(XIN) = 24 MHz

Vec=5V

Fig. 2.10.11 Read cycle (OE access, SRAM)

ABo to AB7
(Port PO) :X) Lower address XX
ABs to AB14
(Port P1) :X) Upper address XX
CE JtPHL
5.8ns
(max.
OE twl(RD)
(RD of 7641) < > (1 +0.5) *83.33 ns — 5 ns (min.)
td(AH-RD): 0.5 « 83.33 ns — 28 ns (min.)
td(AL-RD): 0.5 « 83.33 ns — 30 ns (min.) ta(OE)
DBo to DB7 50ns (max.) w_
(Port P2)
tsu(DB-RD)
13 ns (min.)
WR “H” level

td(AH-RD), td(AL-RD) : AB15-ABs, AB7-ABo valid time before RD of 7641 group

twl(RD) : RD pulse width of 7641 group
tPHL : Output delay time of 74F04
ta(OE) : Output enable access time of M6M27C256AK-10

tsu(DB-RD) : Data bus setup time before RD of 7641 group
f(XIN) = 24 MHz
Vec=5V

Fig. 2.10.12 Read cycle (OE access, EPROM)
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ABo to AB7
(Port PO)

B

Lower address

ABs to AB14
(Port P1)

N

Upper address

(AB15)

=

g

b3

(WR of 7641)

td(AH-RD): 0.5 « 83.33 ns — 28 ns (min.)
td(AL-RD): 0.5 « 83.33 ns — 30 ns (min.)

twi(WR)
<(1 +0.5) ¢« 83.33 ns — 5 ns (min.)
td(WR-DB)

DBo to DB7 201s (max)
(Port P6)
tsu(D)
o 35 ns (min.)
OE “H' level
(RD of 7641)
td(AH-WR), td(AL-WR) : AB15-ABs, AB7-ABo valid time before WR of 7641 group
twi(WR) : WR pulse width of 7641 group
td(WR-DB) : Data bus delay time after WR of 7641 group
tsu(D) : Data setup time of M5M256BP-10
f(XIN) = 24 MHz
Vec=5V

Fig. 2.10.13 Write cycle (W control, SRAM)

Rev.2.00 Aug 28,2006 page 131 of 148
REJ09B0336-0200

RENESAS



APPLICATION

7641 Group 2.10 External devices connection

2.10.8 Notes on external devices connection

(1) Rewrite port P3 latch
In both memory expansion mode and microprocessor mode, ports P3: and P32 can be used as output
ports. We recommend to use the LDM instruction or STA instruction to write to port P3 register
(address 000Euzs). If using the Read-Modify-Write instruction (SEB instruction, CLB instruction) you
will need to map a memory that the CPU can read from and write to.

[Reason]

The access to address 000Eis is performed:

*Read from external memory

*Write to both port P3 latch and external memory.

It is because address 000Eis is assigned on an external area In the memory expansion mode and
microprocessor mode.

Accordingly, if a Read-Modify-Write instruction is executed to address 000Eis, the external memory
contents is read out and after its modification it will be written into both port P3 latch and an external
memory. As a result, if an external memory is not allocated in address 000Eis then, the MCU will read
an undefined value and write its modified value into the port P3 latch. Therefore port P3 latch value
will become undefined.

(2) overlap of internal and external memories
In the memory expansion mode, if the internal and external memory areas overlap, the internal
memory becomes the valid memory for the overlapping area. When the CPU performs a read or a
write operation on this overlapped area, the following things happen:
*Read
The CPU reads out the data in the internal memory instead of in the external memory. Note that,
since the CPU will output a proper read signal, address signal, etc., the memory data at the
respective address will appear on the external data bus.
*Write
The CPU writes data to both the internal and external memories.

(3) RD, WR pins
In the memory expansion mode or microprocessor mode, a read-out control signal is output from the
RD pin (P3¢), and a write-in control signal is output from the WR pin (P37). “L” level is output from
the RD pin at CPU read-out and from the WR pin at CPU write-in. These signals function for internal
access and external access.

(4) HLDA pin
In spite of enabling the Hold function, the HLDA pin does not function when IBF: output is enabled
in the master CPU bus interface.
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(5) RDY function
When using RDY function in usual connection, it does not operate at 12 MHz of @ or faster.
[Reason]
td(@-AH) + tsu(RDY-¢) = 31 ns (max.) + 21 ns (min.) = 52 ns.
twh (@), twl (¢) = 0.5 0 83.33 — 5 = 36.665 ns
Therefore, it becomes 52 ns > 36.665 ns, so that the timing to enter RDY wait does not match.

However, if the timings can match owing to RDY pin by “L” fixation and others, the RDY function can
be used even at @ = 12 MHz. In this situation the slow memory wait always functions.

(6) Wait function
The Wait function is serviceable at accessing an external memory in the memory expansion mode
and microprocessor mode. However, in these modes even if an external memory is assigned to
addresses 000816 to 000F1s, the Wait function cannot function to these areas.

(7) Processor mode switch
Note when the processor mode is switched by setting of the processor mode bits (b1, b0 of CPMA),
that will immediately switch the accessible memory from external to internal or from internal to
external. If this is done, the first cycle of the next instruction will be operated from the accidental
memory.

To prevent this problem, follow the procedure below:

(a) Duplicate the next instruction at the same address both in internal and external memories.

(b) Switch from single-chip mode to memory expansion mode, jump to external memory, and then
switch from memory expansion mode to microprocessor mode. (Because in general, the problem
will not occur when switching the modes as long as the same memory is accessed after the
switch.

(c) Load a simple program in RAM that switches the modes, jump to RAM and execute the program,
then jump to the location of the code to run after the processor mode has switched.
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2.11 Reset

2.11.1 Connection example of reset IC
Figure 2.11.1 shows the system example which switches to the RAM backup mode by detecting a drop of

the system power source voltage with the INT interrupt.

System power

source voltage— P " Vee
+5V bz
77 Vcel =
RESET RESET
Vee2 INT INT

AN
VY

Vss
V1 gnp SO —— 7641 Group
777 777 717

M62009L, M62009P, M62009FP

Fig. 2.11.1 RAM backup system

2.11.2 Notes on reset

(1) Connecting capacitor
In case where the RESET signal rise time is long, connect a ceramic capacitor or others across the
RESET pin and the Vss pin. Use a 1000 pF or more capacitor for high frequency use. When
connecting the capacitor, note the following :
* Make the length of the wiring which is connected to a capacitor as short as possible.
« Be sure to verify the operation of application products on the user side.

e Reason
If the several nanosecond or several ten nanosecond impulse noise enters the RESET pin, it may

cause a microcomputer failure.
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2.12 Clock generating circuit

This paragraph explains the registers setting method and the notes related to the clock generating circuit.
Besides, two modes to realize less power dissipation due to the CPU and some peripherals halted are
explained: Stop mode due to STP instruction, Wait mode due to WIT instruction.

2.12.1 Memory map

Address

000016 | CPU mode register A (CPMA)

~
'

22
(€

v
~

001F1e | Clock control register (CCR)

~
'

N
'

\Q Y

v
~

006C16 | Frequency synthesizer control register (FSC)

006D16 | Frequency synthesizer multiply register 1 (FSM1)

006E16 | Frequency synthesizer multiply register 2 (FSM2)

006F16 | Frequency synthesizer divide register (FSD)

nv ~

i

Fig. 2.12.1 Memory map of registers related to clock generating circuit
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2.12.2 Related registers

CPU mode register A

b7 b6 b5 b4 b3 b2 bl b0
1 CPU mode register A
(CPMA : address 0016)

A A b Name Functions Atreset|R W
P11 111 1 i--{ o [Processor mode bits b1b0 0 00
A A 0 0 : Single-chip mode i
A e 0 1: Memory expansion mode 0 00
Pl 1 1 0 : Microprocessor mode (Note 1) :
Vol e e 11 : Not available !
I 2 | Stack page select bit 0:Page 0 1 0!0
Pl 1:Page 1 i
A 3 [Fix this bit to “1". 1 |00
e 4 | Sub-clock (XciN-XcouT) |0 : Stopped o |00
Pl stop bit 1: Oscillating i
P femememcemmeeees 5 | Main clock (XIN-XouT) stop [0 : Oscillating 0 00
P bit 1 : Stopped ;
R LR 6 | Internal system clock 0 : External clock (XIN-XOUT or XCIN-XCOuT) 0 00
5 select bit (Note 2) 1:fsyn !
b 7 | External clock select bit 0 : XIN-XouT 0 O:0
1 : XcIN-XcouT i

Notes 1: This is not available in the flash memory version.
2: When (CPMA 7, 6) = (0, 0), the internal system clock can be selected between
f(XIN) and f(XIN)/2 by CCR7.
The internal clock @is the internal system clock divided by 2.

Fig. 2.12.2 Structure of CPU mode register A

Clock control register

b7 b6 b5 b4 b3 b2 bl bo
Clock control register
| | | | ?l (I) I0| (.)l (I) (CCR : address 1F16)

i i i i i i i i b Name Functions At reset| R iW
e | 0 | Fix these bits to “0". 0 0!0
IR I ey o lolo
BEEEE—— 2 o [oio
] ey B 000
Rt 4 o |00
T SRS—— 5 [ Xcout oscillation drive 0 : Xcour oscillation drive is enabled. o |olo
i i disable bit (CCR5) (When XciN oscillation is enabled.) |
i i 1 : XcouT oscillation drive is disabled. i
| 6 | XouT oscillation drive 0 : XouT oscillation drive is enabled. 0 00
i disable bit (CCR6) (When XN oscillation is enabled.) i
! 1 : Xour oscillation drive is disabled. !
T 7 | XIN divider select bit 0 : f(XIN)/2 is used for the system clock. 0 @) i @)
(CCR7) (Note) 1 : f(XIN) is used for the system clock. i

Note: This bit is valid when (b7, b6 of CPMA) = “00".

Fig. 2.12.3 Structure of Clock control register
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Frequency synthesizer control register

b7 b6 b5 b4 b3 b2 bl b0
| | | | 0 | 0 | 0 | Frequency synthesizer control register
(FSC : address 6C16)

A A L Name Functions At reset|R W
i 104411 i _[o[Frequency synthesizer [0 : Disabled 0 |00
A enable bit (FSE) 1: Enabled |
bbb R---—-| 1 [Fix these bits to “0”. 0 0:0
A 2 0 10:0
T R R e 3 | Frequency synthesizer 0 : f(XIN) 0 00
Pl input bit (FIN) 1: f(Xcin) i
R 4 [Fix this bit to “0”. 0!0
o] 5 | LPF current control bit b1b0 . 1 00
o (CHG1, CHGO) (Note) 00 : Not available |
P — 0 1: Low current .
T 6 1 0 : Intermediate current (recommended) 1 00
i 11 : High current i
R —— 7 | Frequency synthesizer 0 : Unlocked 0 0:0
lock status bit 1: Locked i

Note: Bits 6 and 5 are set to (bit 6, bit 5) = (1, 1) at reset.
When using the frequency synthesizer, we recommend to set to (bit 6, bit 5) = (1, 0) after
locking the frequency synthesizer.

Fig. 2.12.4 Structure of Frequency synthesizer control register

Frequency synthesizer multiply register 1

b7 b6 b5 b4 b3 b2 bl b0
| Frequency synthesizer multiply register 1
(FSM1: address 6D16)

i i i i i i i i b Functions Atreset|R W
i1 111 11 -0 [efvco clock is generated by multiplying frin clock, which is generated 1 [eX{e)
A R R | 1| by FSM2, by the contents of this register: 1 0:0
I R R S EEES 2 1 0:0
T S T S—— z fvco = fPIN « {2(n +1)}, n: value set to FSM1. 1 00
T R S 4] 1 [oi0
P oo | 5 | 1 00
b s 6| 1|00
o 7 1 Qi0

Fig. 2.12.5 Structure of Frequency synthesizer multiply register 1
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Frequency synthesizer multiply register 2
b7 b6 b5 b4 b3 b2 bl b0
| | Frequency synthesizer multiply register 2
At 11| (FSM2: address 6E16)
i i i i i i i i b Functions At reset| R W
i i1 1 11 1 *-{0]efrin clock is generated by dividing fin clock by the contents of this| 1 [O1O
i i i i i i b 1| register. 1 00
I S T O SO > | Either f(XiN) or f(Xcin) as an input clock fin for the frequency 1 00
i i i i o] 3] synthesizer is selectable. 1 00
R T 4 | 1 0.0
P — frIN=fIN/{2(n +1)}, n: val t to FSM2 T
] 5] PIN = fin / {2(n +1)}, n: value set to 1 00
. 6 | i [eX{e
hommmmmmmmmo e 7 1 |Oi0
Fig. 2.12.6 Structure of Frequency synthesizer multiply register 2
Frequency synthesizer divide register
b7 b6 b5 b4 b3 b2 bl b0
| Frequency synthesizer divide register
AL 1t 11 1 | (FSD:address 6Fi6)
A AL Functions At reset|R W
b1 b 111 R--{ 0 [efsyn clock is generated by dividing fvco clock by the contents of this| 1 [O10
L b register 100
e nh 2 1 0:0
A T S 3| fsyn=fvco/{2(m +1)}, m: value set to FSD 1 0.0
I 4] 1_|O0i0
N 1S | 1 0.0
P hommmmmmommnoee 6 | 1 |oio
et 7 [ [e}{e)

Fig. 2.12.7 Structure of Frequency synthesizer divide register
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2.12.3 Stop mode

The Stop mode is set by executing the STP instruction. In Stop mode, the oscillation of both clocks (Xin—
Xout, Xen—Xcout) stop and the internal clock @ stops at the “H” level. The CPU stops and peripheral units
stop operating. As a result, power dissipation is reduced.

(1) State in Stop mode

Table 2.12.1 shows the state in Stop mode.
Table 2.12.1 State in Stop mode
Item State in Stop mode

Oscillation Stopped.

CpPU Stopped.

Internal clock ¢ Stopped at “H” level.

I/O ports Retains the state at the STP instruction execution.

Timer When using internal count source: Stopped.
When using external count source: Operating.

UART Stopped.

DMAC Stopped.

Serial 1/0 When using internal syncronous clock: Stopped.
When using external syncronous clock: Operating.

USsSB Stopped.

RAM Retained.

SFR Retained (except for Timer 1, Timer 2).

CPU registers

Retained: Accumulator, Index register X, Index register Y, Stack
pointer, Program counter, Processor status register.

(2) Release of Stop mode

The Stop mode is released by a reset input or by the occurrence of an interrupt request.
These interrupt sources can be used for restoration:

*INTo, INT:2
*CNTRo, CNTR:

*Timers X, Y using an external count source

«Serial 1/0s using an external clock

*Key-on wake-up
*USB function resume

However, when using any of these interrupt requests for restoration from Stop mode, in order to
enable the selected interrupt, set the following conditions before execution of STP instruction.

[Necessary register setting]

O Timer 1 interrupt enable bit (b6 of ICONB) = “0” (interrupt disabled)

Oooooogoo

(3) Notes on STP instruction

Timer 2 interrupt enable bit (b7 of ICONB) = “0” (interrupt disabled)

Timer 1 interrupt request bit (b6 of IREQB) = “0” (no interrupt request issued)

Timer 2 interrupt request bit (b7 of IREQB) = “0” (no interrupt request issued)

Interrupt request bit of interrupt source to be used for restoration = “0” (no interrupt request issued)
Interrupt enable bit of interrupt source to be used for restoration = “1” (interrupts enabled)
Interrupt disable flag | = “0” (interrupt enabled)

*Execution of STP instruction clears the timer 123 mode register (address 2916) except bit 4 to “0”.
*When using fsvn as the internal system clock, switch to f(Xiv) or f(Xci) before execution of STP instruction.
*Execution of STP instruction clears bit 7 of clock control register to “0” (f(Xi)/2).
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2.12.4 Wait mode

The Wait mode is set by execution of the WIT instruction. In Wait mode, oscillation continues, but the

internal clock @ stops at the “H” level.

The CPU stops, but most of the peripheral

(1) State in Wait mode

units continue operating.

Table 2.12.2 shows the state in Wait mode.

Table 2.12.2 State in Wait mode
Iltem State in Wait mode

Oscillation Oparating.
CPU Stopped.
Internal clock ¢ Stopped at “H” level.
I/O ports Retains the state at the WIT instruction execution.
Timer Operating.
UART Operating.
DMAC Stopped.
Serial 1/0 Operating.
UsB Operating.
RAM Retained.
SFR Retained.

CPU registers

Retained: Accumulator, Index register X, Index register Y, Stack
pointer, Program counter, Processor status register.

(2) Release of wait mode

The Wait mode is released by reset input or by the occurrence of an interrupt request.
In Wait mode oscillation is continued, so that an instruction can be executed immediately after the

Wait mode is released.

These interrupt sources can be used for restoration:

*INTo, INT:

*CNTRo, CNTR:

*Timers

*Serial 1/0s

*UART

*DMAC

*Key-on wake-up

*Master CPU bus interface
*USB function

*USB SOF

However, when using any of these interrupt requests for restoration from Stop mode, in order to
enable the selected interrupt, set the following conditions before execution of WIT instruction.

[Necessary register setting]

O Interrupt request bit of interrupt source to be used for restoration = “0” (no interrupt request issued)
O Interrupt enable bit of interrupt source to be used for restoration = “1” (interrupts enabled)
O Interrupt disable flag | = “0” (interrupt enabled)

Rev.2.00 Aug 28,2006 page 140 of 148
REJ09B0336-0200

RENESAS



APPLICATION

7641 Group 2.12 Clock generating circuit

2.12.5 Clock generating circuit application examples
(1) Status transition during power failure
Outline: The clock is counted up every one second by using the timer interrupt during a power
failure.

Input port [«——— Power failure detection signal
(Note)

7641 Group

Note: A signal is detected when input to input port, interrupt
input pin, or analog input pin.

Fig. 2.12.8 Connection diagram

Specifications: *Reducing power dissipation as low as possible while maintaining clock function

*Clock: f(Xin) = 4.19 MHz, f(Xcn) = 32.768 kHz
*Port processing

Input port: Fixed to “H” or “L” level on the external

Output port: Fixed to output level that does not cause current flow to the external

(Example) When a circuit turns on LED at “L” output level, fix the
output level to “H".
I/O port: Input port —» Fixed to “H” or “L” level on the external
Output port — Output of data that does not consume current

Figure 2.12.9 shows the status transition diagram during power failure and Figure 2.12.10 shows the
setting of relevant registers.

Reset released Power failure detected

' '
xw 171 JAVAVAVAVATAT:N

Y 11sVAVAVAVSUAVAUAVA

Internal system clock mfg‘e'e‘fpee“x High-speed mode >< Low-speed mode

f -

T Change internal system After detection, change internal system clock to

clock to high-speed mode  low-speed mode and stop oscillating Xin-Xout

Xcin-Xcourt oscillation function selected

Fig. 2.12.9 Status transition diagram during power failure
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Clock control register (address 1F16)

b7 b0
ccrR [ | [ [ofofo]o]o]

0 : Middle-speed mode (f(Xin)/2)
1 : High-speed mode (f(XIN))

CPU mode register A (address 0016)

b7 b0
cpmA [ofofofa]a] | | |

Sub-clock f(Xcin) oscillating
Main-clock f(Xin) oscillating

Main-clock f(Xin) selected

CPU mode register A (address 0016)

b7 b0
cPMA [i]ofafa]a] | | |

Sub-clock f(Xcin) oscillating
Main-clock f(Xin) stopped
Sub-clock f(XciN) selected

Fig. 2.12.10 Setting of relevant registers
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Control procedure: Set the relevant registers in the order shown below to prepare for a power
failure.

RESET e X: This bit is not used here. Set it to “0” or “1” arbitrarily.

Initialization

CCR (address 1Fis) <4— 100000002
CPMA (address 0016) ¢— 00011XXX2 When selecting main clock f(Xin) (high-speed mode)

Detect power failure ?

x

CPMA (address 001s), bit 74— 1 (Note) f(Xcin) (low-speed mode) selected as internal system
CPMA (address 001¢), bit5 4€— 1 (Note) clock
Main clock f(Xin) oscillation stopped

At power failure, clock count is performed during

Set timer interrupt to occurs every second. timer interrupt processing (every second).

Execute WIT instruction.

Return condition from power failure
completed ?

Return processing from power failure

l Note: Do not switch simultaneously.

Fig. 2.12.11 Control procedure
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(2) Counting without clock error during power failure
Outline: It keeps counting without clock error during a power failure.
Specifications: *Reducing power consumption as low as possible while maintaining clock function
*Clock: f(Xin) = 24 MHz
*Sub clock: f(Xcn) = 32.768 kHz
*Use of Timer 2 interrupt

For the peripheral circuit and the status transition during a power failure, refer to Figures 2.12.8 and

2.12.9.
Figure 2.12.12 shows the structure of clock counter, Figures 2.12.13 and 2.12.14 show the setting

of relevant registers.

Timer 1 interrupt

Timer 1 Base counter 1 second counter 1 minute counter
170 usv """ ' oo ' 1 oo
f(XIN) = 24 MHz 1/2 > 1/8 > 1/255 > | === » | 1/245 —> 1/24 T—> ------ »11/60 1
[ [J——| [—
T T Minute/Time/Day/Month/Year
| I 1

When the system returns from a ,
power failure, add the time taken /
for the switching processing for the ,

return. ,
Timer 2 interrupt /
Timer 1 Timer 2 ,’l
<At power failure> 183 s B
f(XciN) = 32.768 kHz —>| 1/2 > 1/3 > ---->»|1/228 > 1/24 >
i | Software timer
: Hardware timer
Fig. 2.12.12 Structure of clock counter
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CPU mode register A (address 0016)
b7 b0

CPMA |0|0f0|1]|1

| Xcin-Xcout oscillating

XiN-XouT oscillating

External clock selected as internal system clock

f(XiN) selected as external clock; f(Xcin) selected at power failure

Y Vv

\ 4

\ 4

Clock control register (address 1Fzie)
b7 b0

CCR |1 0|0|0f0]|O0

| » XN division: f(XiN) (high-speed mode)

Timer 1 (address 2416)
b7 b0

T1 254 Set (Division ratio -1); 254 (FEz1s)

Timer 123 mode register (address 291s)
b7 b0

T123M |0 0|0]|0

k—> Timer 1 count: Operating
Timer 1 count source: ¢/8

Timer 2 count source: Timer 1 output
> Timer 1, 2 write: Write value in latch and counter

Interrupt request register B (address 0316)
b7 b0

IREQB (0|0
‘ |

Interrupt control register B (address 0616)
b7 o]0)

ICONB (0|1
‘ |

Fig. 2.12.13 Initial setting of relevant registers

\4

Set “0” to timer 1 interrupt request bit
Set “0” to timer 2 interrupt request bit

\4

\4

Timer 1 interrupt: Enabled
Timer 2 interrupt: Disbled

\ 4
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Timer 123 mode register (address 291s)
b7 b0

T123M |0 0[1(0

k—> Timer 1 count: Operating
Timer 1 count source: f(Xcin)/2

Timer 2 count source: Timer 1 output
> Timer 1, 2 write: Write value in latch and counter

Interrupt control register B (address 0616)
b7 b0

ICONB (10
‘ |

CPU mode register A (address 0016)
b7 b0

Timer 1 interrupt: Disabled
Timer 2 interrupt: Enbled

\ 4

\4

CPMA |1|0(f1|1]|1

Xcin-Xcout oscillating

XIN-XouT stopped

External clock selected as internal system clock
f(Xcin) selected as external clock

\ 2 /

\4

\4

Timer 1 (address 241s)
b7 b0

T1 02 A
\. Set (Division ratio -1)
Timer 2 (address 2516) (T1=2(0216), T2 = 227 (E216)
b7 b0
T2 227 )

Fig. 2.12.14 Setting of relevant registers after detecting power failure
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Control procedure: Set the relevant registers in the order shown below to prepare for a power
failure.

RESET e X: This bit is not used here. Set it to “0” or “1” arbitrarily.

Initialization
CPMA (address 001e) 4— 00011XXX2 | When selecting main clock f(Xiv) (high-speed mode)
CCR (address 1Fis) <4— 1XX000002
T1 (address 241s) 4— FEs Setting for making base and one second counters activate during
T123M (address 2916) 4— 0XX0X00X2 | timer 1 interrupt
IREQB (address 3Cuis), bit 7, bit6  4— 0,0 In the normal power state, these software counters generate one

Base counter (internal RAM) 4— F5 second.
1 second counter (internal RAM) 4— 1816
ICONB (address 06:s), bit 6 “«— 1

CLI

N
Detect power failure ? i
T123M (address 2916), bit 2 <+“— 1 Timer 1 count source: f(XciN)
ICONB (address 061s), bit 6 4“— 0 Timer 1 interrupt: Disabled
CPMA (address 0016), bit 7 <4— 1(Note) Internal system clock: f(Xcin) (low-speed mode)
CPMA (address 0016), bit 5 4— 1(Note) Main clock f(Xin): Oscillation stopped
IREQB (address 0616), bit 7, bit6  4— 0,0 Setting for generating timer 2 interrupt every second
T1 (address 2416) <4— 0216 Generation of one second by hardware timer during
T2 (address 2516) 4— E21 power failure
ICONB (address 061s), bit 7 +— 1
Execute WIT instruction Timer 2 interrupt: Enabled
N . .
Return condition for power failure is Timer 2 interrupt occurs every second
satisfied ? (return from wait mode)
Return processing from power failure
~ Note: Do not switch at one time.
Fig. 2.12.15 Control procedure (1)
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C Timer 2 interrupt routine )

Push registers to stack etc.

Count 1 minute (internal RAM) counter

1 minute counter overflow ?

Modify time, day, month, year

i,
<
RTI

Fig. 2.12.16 Control procedure (2)
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APPENDIX

3.1 Electrical characteristics

3.1 Electrical characteristics

3.1.1 Absolute maximum ratings

Table 3.1.1 Absolute maximum ratings

Symbol Parameter Conditions Ratings Unit
Vcc Power source voltage -0.3t06.5 \%
Avcc Analog power source voltage AVcc, Ext.Cap All voltages are based on —-0.3 to Vcc+0.3 \Y
Vi Input voltage ~ P00-PO07, P10-P17, P20-P27, Vss. Output transistors -0.3to Vcc+0.3 \%

P30-P37, P40—P44, P50-P57, are cut off.

P60-P67, P70-P74, P80—P87
Vi Input voltage RESET, XIN, XCIN —0.3 to Vcc+0.3 \
Vi Input voltage CNVss Mask ROM version -0.3to Vecc + 0.3 \%

Flash memory version -0.3t06.5 \%

Vi Input voltage USB D+, USB D— -0.5t0 3.8 Y
Vo Output voltage P00—P07, P1o-P17, P20—P27, —-0.3 to Vcc+0.3 \Y

P30-P37, P40-P44, P50-P57,

P60-P67, P70—P74, P80—-P87,

Xout, Xcour, LPF
Vo Output voltage USB D+, USB D—, Ext. Cap -0.5t0 3.8 \
Pd Power dissipation (Note) Ta=25°C 750 mw
Topr Operating temperature —-20to 70 °C
Tstg Storage temperature —40 to 125 °C

Note: The maximum power dissipation depends on the MCU’s power dissipation and the specific heat consumption of the package.
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7641 Group 3.1 Electrical characteristics

3.1.2 Recommended operating conditions (In Vcc = 5 V)

Table 3.1.2 Recommended operating conditions (Vcc = 4.15 t0 5.25 V, Vss = 0 V, Ta = -20 to 70°C,
unless otherwise noted)

Limits )
Symbol Parameter - Unit
Min. Typ. Max.
Vcc Power source voltage 4.15 5.0 5.25 \
AVcc Analog reference voltage 4.15 5.0 \ele \
Vss Power source voltage 0 \%
AVss Analog reference voltage 0 Y
VIH “H” input voltage P00-P07, P10-P17, P20-P27, 0.8vcc \ele \
P30-P37, P40—P44, P50-P57,
P60-P67, P70-P74, P80—P87
VIH “H” input voltage (Selecting VIHL level input) P20-P27 0.5Vce Vce \%
VIH “H” input voltage (Selecting TTL level input for MBI input) 2.0 Vce \%
P54-P57, P60-P67, P72
VIH “H” input voltage RESET, XIN, XCIN, CNVss 0.8vcc Vce \%
VIH “H” input voltage USB D+, USB D— 2.0 3.8 \Y
VIL “L” input voltage P00-P07, P10-P17, P20-P27, 0 0.2vVcc \%
P30-P37, P40—P44, P50—P57,
P60-P67, P70-P74, P80—P87
ViL “L” input voltage (Selecting VIHL level input) P20-P27 0 0.16Vcc \%
ViL “L” input voltage (Selecting TTL level input for MBI input) 0 0.8 \%
P54-P57, P60-P67, P72
ViL “L” input voltage RESET, XIN, XCIN, CNVss 0 0.2vcc \4
ViL “L” input voltage USB D+, USB D- 0.8 \4
SloH(peak) | “H” total peak output current  POo—P07, P1o-P17, P20-P27, -80 mA
(Note 1) P30-P37, P40—P44, P50-P57,
P60-P67, P70—-P74, P80—P87
ZloL(peak) | “L” total peak output current P00-PO07, P10-P17, P20-P27, 80 mA
(Note 1) P30-P37, P40—P44, P50-P57,
P60-P67, P70—-P74, P80—P87
ZloH(avg) | “H” total average output current POo—P07, P10—P17, P20-P27, -40 mA
(Note 1) P30-P37, P40—P44, P50-P57,
P60-P67, P70-P74, P80—P87
ZloLavg) | “L” total average output current POo—P07, P1o-P17, P20—P27, 40 mA
(Note 1) P30-P37, P40—P44, P50-P57,
P60-P67, P70-P74, P80—P87
IOH(peak) | “H” peak output current P00-P07, P10-P17, P20-P27, -10 mA
(Note 2) P30-P37, P40—P44, P50-P57,
P60-P67, P70-P74, P80—P87
0L (peak) “L” peak output current P00-PO07, P10-P17, P20-P27, 10 mA
(Note 2) P30-P37, P40—P44, P50-P57,
P60-P67, P70-P74, P80—P87
|OH(avg) “H" average output current P00-P07, P10—P17, P20-P27, -5.0 mA
(Note 3) P30—-P37, P40-P44, P50-P57,
P60-P67, P70-P74, P80—P87
oL (avg) “L” average output current P00-P07, P1o-P17, P20-P27, 5.0 mA
(Note 3) P30—-P37, P40-P44, P50-P57,
P60-P67, P70-P74, P80—P87
f(CNTRo) | Timer X input frequency (Note 4) 5.0 MHz
f(CNTR1) | Timer Y input frequency (Note 4) 5.0 MHz
f(XIN) Main clock input frequency (Notes 4, 5) 1 24 MHz
f(XCIN) Sub-clock input frequency (Notes 4, 6) 32.768 50/5.0 KkHzMHz

Notes 1: The total peak output current is the peak value of the peak currents flowing through all the applicable ports. The total average output current is the average
value measured over 100 ms flowing through all the applicable ports.

: The peak output current is the peak current flowing in each port.

: The average output current is an average value measured over 100 ms.

: The duty of oscillation frequency is 50 %.

: Connect a ceramic resonator or a quartz-crystal oscillator between the XiN and XouT pins. Its maximum oscillation frequency must be 24 MHz. However,
make sure to set @to 12 MHz or slower. More faster clocks are required as the f(XIN) when using the frequency synthesizer as possible.

: Connect a ceramic resonator or a quartz-crystal oscillator between the XcIN and XcouT pins. Its maximum oscillation frequency must be 50 kHz. Input an
external clock having 5 MHz frequency (max.) from the XcIN pin.

a b wWwN

(22}
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7641 Group 3.1 Electrical characteristics

3.1.3 Electrical characteristics (In Vcc = 5 V)

Table 3.1.3 Electrical characteristics (1) (Vcc = 4.15 to 5.25 V, Vss = 0 V, Ta = -20 to 70°C, unless
otherwise noted)

Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
VOH “H” output voltage IoH =-10 mA Vce-2.0 \%
P00-P07, P10-P17, P20-P27, P30—P37,
P40—P44, P50-P57, P60-P67, P70-P74,
P80-P87
VoH “H” output voltage USB+, and USB- pins 2.8 3.6 \Y
USB D+, USB D- pull-down via a resistor
of 15kQ +5 %
USB+ pin pull-up to Ext.
Cap. pin via a resistor of
15kQ+5%
VoL “L” output voltage loL =10 mA 2.0 \
P00-P07, P10-P17, P20-P27, P30-P37,
P40-P44, P50-P57, P60-P67, P70-P74,
P80-P87
VoL “L” output voltage USB+, and USB- pins 03 v
USB D+, USB D- pull-down via a resistor
of 15kQ £ 5%
USB+ pin pull-up to Ext.
Cap. pin via a resistor of
15kQ+5%
VT+=VT- Hysteresis _ 05 v
CNTRo, CNTRY, INTo, INT1, RDY, HOLD,
P20-P27
VT+-VT- Hysteresis 0.5 \%
URXD1, URXD2 (SCLK), CTS2 (SRXD),
SRDY, CTS1
VT+-VT- Hysteresis RESET 0.5 \
IH “H” input current Vi=Vce 5.0 HA
P00-PO07, P10—P17, P20-P27, P30—P37,
P40—P44, P50-P57, P60-P67, P70-P74,
P80-P87
IH “H” input current  RESET, CNVss 5.0 pA
IIH “H” input current  XIN 9.0 20 HA
IIH “H” input current  XCIN 5.0 HA
I “L” input current VI =Vss -5.0 HA
P0O0-P07, P10—P17, P30-P37,
P40—P44, P50-P57, P60-P67, P70-P74,
P80-P87
I “L"input current RESET -5.0 HA
I “L"input current  CNVss -20 PA
I “L™ input current  XIN -9.0 -20 HA
I “L™ input current  XCIN -5.0 HA
I “L" input current  P20-P27 Vi =Vss -5.0 HA
Pull-ups “off”
Vcc=5.0V, Vi=Vss -30 —65 -140 UA
Pull-ups “on”
VRAM RAM hold voltage When clock is stopped 2.0 5.25 v
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3.1 Electrical characteristics

In Vcc =5V

Table 3.1.4 Electrical characteristics (2) (Vcc = 4.15 to 5.25 V, Vss = 0 V, Ta = =20 to 70°C, unless

otherwise noted)

Symbol Parameter

Test conditions

Limits

Min.

Typ.

Max.

Unit

Icc Power source current

(Output transistor is
isolated.)

Normal mode (Note 1)
f(XIN) =24 MHz, =12 MHz
USB operating

Frequency synthesizer ON

40

90

mA

Wait mode (Note 2)

f(XIN) = 24 MHz, @ = 12 MHz

USB block enabled, USB clock
stopped, Frequency synthesizer ON

5.0

11

mA

Wait mode (Note 3)

f(XcIN) = 32 kHz, =16 kHz

USB block disabled

Frequency synthesizer OFF

USB transceiver DC-DC converter OFF

10

HA

Stop mode
USB transceiver DC-DC converter ON
Low current mode (USBC3 = “1")

100

250

Stop mode
USB transceiver DC-DC converter OFF
Ta=25°C

1.0

HA

Stop mode
USB transceiver DC-DC converter OFF
Ta=70°C

10

HA

<Test conditions>
Notes 1: Operating in single-chip mode

Clock input from XIN pin (XouT oscillator stopped)
USB operating with USB transceiver DC-DC converter enabled

Operating functions: Frequency synthesizer, CPU, two UARTs, DMAC, Timers and Count source generator

Disabled functions: Master CPU bus interface and Serial I/O

2: Operating in single-chip mode with Wait mode

Clock input from XIN pin (XouT oscillator stopped)

USB suspended due to USB clock stopped with USB transceiver DC-DC converter enabled

Operating functions: Frequency synthesizer, Timers and Count source generator
Disabled functions: CPU, two UARTs, DMAC, Master CPU bus interface and Serial I/O

3: Operating in single-chip mode with Wait mode

XIN - XouT oscillator stopped

Clock input from XcIN pin (XcouT oscillator stopped)
USB stopped, USB clock stopped and USB transceiver DC-DC converter disabled
Operating functions: Timers and Count source generator

Disabled functions: Frequency synthesizer, CPU, two UARTs, DMAC, Master CPU bus interface and Serial /O
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Timing Requirements

In Vcc =5V
Table 3.1.5 Timing requirements (Vcc =4.151t0 5.25V, Vss =0V, Ta = -20 to 70°C, unless otherwise
noted)
Limits .
Symbol Parameter Min, . Max. Unit
tw(RESET) Reset input “L” pulse width 2 us
tc(XIN) Main clock input cycle time (Note) 41.66 ns
twWH(XIN) Main clock input “H” pulse width 0.4stc(XIN) ns
tWL(XIN) Main clock input “L” pulse width 0.4stc(XIN) ns
tc(XCIN) Sub-clock input cycle time 200 ns
twH(XCIN) Sub-clock input “H” pulse width 0.4stc(XCIN) ns
tWL(XCIN) Sub-clock input “L” pulse width 0.4stc(XCIN) ns
tc(INT) INTo, INT1 input cycle time 200 ns
tWH(INT) INTo, INT1 input “H” pulse width 90 ns
tWL(INT) INTo, INT1 input “L” pulse width 90 ns
tc(CNTRI) CNTRo, CNTR1 input cycle time 200 ns
tWH(CNTRI) CNTRo, CNTR1 input “H” pulse width 80 ns
tWL(CNTRI) CNTRo, CNTR1 input “L” pulse width 80 ns
td(@-TOUT) Timer TouT delay time 15 ns
td(¢ -CNTROo) Timer CNTRo delay time (Pulse output mode) 15 ns
tc(CNTREO0) Timer CNTRo input cycle time (Event counter mode) 200 ns
twH(CNTREO) Timer CNTRo input “H” pulse width (Event counter mode) 0.4+tc(CNTREO) ns
tWL(CNTREO) Timer CNTRo input “L” pulse width (Event counter mode) 0.4+tc(CNTREO) ns
td(@ -CNTR1) Timer CNTR1 delay time (Pulse output mode) 15 ns
tc(CNTREL) Timer CNTR1 input cycle time (Event counter mode) 200 ns
twH(CNTRE1) Timer CNTR1 input “H” pulse width (Event counter mode) 0.4+tc(CNTRE1) ns
tWL(CNTREL) Timer CNTR1 input “L” pulse width (Event counter mode) 0.4+tc(CNTRE1) ns
tc(SCLKE) Serial I/O external clock input cycle time 400 ns
tWH(SCLKE) Serial I/O external clock input “H” pulse width 190 ns
tWL(SCLKE) Serial I/O external clock input “L” pulse width 180 ns
tsu(SRXD-SCLKE)| Serial I/O input setup time (external clock) 15 ns
th(SCLKE-SRXD) | Serial I/O input hold time (external clock) 10 ns
td(SCLKE-STXD) | Serial I/O output delay time (external clock) 25 ns
tv(SCLKE-SRDY) | Serial I/O SRDY valid time (external clock) 26 ns
te(SCLKI) Serial I/O internal clock output cycle time 166.66 ns
twH(SCLKI) Serial I/O internal clock output “H” pulse width 0.5¢tc(SCLKI) — 5 ns
twL(SCLKI) Serial I/O internal clock output “L” pulse width 0.5¢tc(SCLKI) — 5 ns
tsu(SRXD-SCLKI) | Serial I/O input setup time (internal clock) 20 ns
th(SCLKI-SRXD) | Serial I/O input hold time (internal clock) 5 ns
td(SCLKI-STXD) | Serial I/O output delay time (internal clock) 5 ns

Note: Make sure not to exceed 12 MHz of ¢, in other words, tc(g) = 83.33 ns). For example, set bit 7 of the clock control register (CCR) to “0” in the case of
tc(XIN) < 41.66 ns.
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3.1 Electrical characteristics

In Vcc =5V

Table 3.1.6 Master CPU bus interface (MBI; RD, WR separate type) (Vcc = 4.15to 5.25 V, Vss =0

V, Ta = =20 to 70°C, unless otherwise noted)

Symbol Parameter - Limits Unit
Min. Typ. Max.
tsu(S-R) So, S1 setup time for read 0 ns
tsu(S-W) 'So, S1 setup time for write 0 ns
th(R-S) So, S1 hold time for read 0 ns
th(W-S) So, S1 hold time for write 0 ns
tsu(A-R) Ao setup time for read 10 ns
tsu(A-W) Ao setup time for write 10 ns
th(R-A) Ao hold time for read 0 ns
th(W-A) Ao hold time for write 0 ns
tw(R) Read pulse width 50 ns
tw(W) Write pulse width 50 ns
tsu(D-W) Data input setup time before write 25 ns
th(W-D) Data input hold time after write 0 ns
ta(R-D) Data output enable time after read 40 ns
wv(R-D) Data output disable time after read 10 ns
wv(R-OBF) OBF output transmission time after read 40 ns
td(W-IBF) IBF output transmission time after write 40 ns
In Vcc =5V

Table 3.1.7 Master CPU bus interface (MBI, R/W type) (Vcc = 4.15t0 5.25V, Vss =0V, Ta = -20

to 70°C, unless otherwise noted)

Symbol Parameter - Limits Unit
Min. Typ. Max.
tsu(S-E) So, S1 setup time 0 ns
th(E-S) 'So, S1 hold time 0 ns
tsu(A-E) Ao setup time 10 ns
th(E-A) Ao hold time 0 ns
tsu(RW-E) R/W setup time 10 ns
th(E-RW) R/W hold time 10 ns
tw(E) Enable pulse width 50 ns
tw(E-E) Enable pulse interval 50 ns
tsu(D-E) Data input setup time before write 25 ns
th(E-D) Data input hold time after write 0 ns
ta(E-D) Data output enable time after read 40 ns
tv(E-D) Data output disable time after read 10 ns
tv(E-OBF) OBF output transmission time after E inactive 40 ns
td(E-1BF) IBF output transmission time after E inactive 40 ns
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In Vcc =5V

Table 3.1.8 Timing requirements and switching characteristics in memory expansion and
microprocessor modes

(Vec = 4.15to 5.25 V, Vss = 0 V, Ta = -20 to 70°C, unless otherwise noted)

Symbol Parameter - Limits Unit
Min. Typ. Max.
tc(p) @ clock cycle time 83.33 ns
tWH(q) @ clock “H” pulse width 0.5etc(@) — 5 ns
twi(g) @ clock “L” pulse width 0.5etc(@) — 5 ns
td(@ -AH) AB15-ABs delay time 31 ns
tv(@ -AH) AB15-ABs valid time 5 ns
td(@-AL) AB7-ABo delay time 33 ns
tv(@-AL) AB7-ABo valid time 5 ns
td(@ -WR) 'WR delay time 6 ns
tv(-WR) WR valid time 3 ns
td(@ -RD) RD delay time 6 ns
tv(@ -RD) RD valid time 3 ns
td(@-SYNC) SYNCouT delay time 6 ns
tv(@-SYNC) SYNCour valid time 4 ns
td(@ -DMA) DMAouT delay time 25 ns
tv(@ -DMA) DMAouT valid time 5 ns
tsu(RDY- ¢) RDY setup time 21 ns
th(¢ -RDY) RDY hold time 0 ns
tsu(HOLD- ¢) HOLD setup time 21 ns
th(¢ -HOLD) HOLD hold time 0 ns
td(¢p -HLDAL) HOLD “L” delay time 25 ns
td(¢ -HLDAH) HOLD “H” delay time 25 ns
tsu(DB- @) Data bus setup time 7 ns
th(¢p -DB) Data bus hold time 0 ns
td(¢p -DB) Data bus delay time 22 ns
tv(¢-DB) Data bus valid time (Note 1) 13 ns
td(¢ -EDMA) EDMA delay time 9 ns
tv(@ -EDMA) EDMA valid time 4 ns
twL(WR) (Note 2)| WR pulse width 0.5etc(@) — 5 ns
twL(RD) (Note 2) | RD pulse width 0.5¢tc(q) — 5 ns
td(AH-WR) AB15-ABs valid time before WR 0.5tc(g) — 28 ns
td(AL-WR) AB7—ABo valid time before WR 0.5+tc(g) — 30 ns
tv(WR-AH) AB15-ABs valid time after WR 0 ns
tv(WR-AL) AB7—ABo valid time after WR 0 ns
td(AH-RD) AB15-ABg valid time before RD 0.5etc(q) — 28 ns
td(AL-RD) AB7-ABo valid time before RD 0.5tc(g) — 30 ns
tv(RD-AH) AB15-ABs valid time after RD 0 ns
tv(RD-AL) AB7-ABo valid time after RD 0 ns
tsu(RDY-WR) RDY setup time before WR 27 ns
th(WR-RDY) RDY hold time after WR 0 ns
tsu(RDY-RD) RDY setup time before RD 27 ns
th(RD-RDY) RDY hold time after RD 0 ns
tsu(DB-RD) Data bus setup time before RD 13 ns
th(RD-DB) Data bus hold time after RD 0 ns
td(WR-DB) Data bus delay time before WR 20 ns
tv(WR-DB) Data bus valid time after WR (Note 1) 10 ns
tv(WR-EDMA) EDMA delay time after WR 2 ns
tv(RD-EDMA) EDMA valid time after RD 2 ns
tr(D+), tr(D-) USB output rise time, CL = 50 pF 4 20 ns
ti(D+), ti(D-) USB output fall time, CL = 50 pF 4 20 ns
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Notes 1: Test conditions: IOHL = + 5mA, CL = 50 pF
2: twL(RD) = ((n + 0.5) * tc(PHI)) — 5 ns (n = wait number)
twL(WR) = ((n + 0.5) « tc(PHI)) — 5 ns (n = wait number)
For example, two software waits, PHI = 12 MHz operating
twL(RD) = 2.5 » tc(PHI) — 5 ns = 203.33 ns
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3.1.4 Recommended Operating Conditions (In Vcc = 3 V)

Table 3.1.9 Recommended operating conditions (Vcc = 3.0to 3.6 V, Vss =0V, Ta = -20 to 70°C,
unless otherwise noted)

Limits )
Symbol Parameter - Unit
Min. Typ. Max.
Vvce Power source voltage 3.0 3.3 3.6 \
Avcc Analog reference voltage 3.0 3.3 Vce \
Vss Power source voltage 0 \Y
AVss Analog reference voltage 0 \%
Ext. Cap. | DC-DC converter voltage 3.0 3.3 3.6 \%
VIH “H” input voltage P00-P07, P1o-P17, P20-P27, 0.8vcc vce
P30-P37, P40-P44, P50-P57,
P60-P67, P70-P74, P80—P87 \V;
VIH “H” input voltage (Selecting VIHL level input) P20-P27 0.5vcc Vcc \
VIH “H” input voltage RESET, XIN, XCIN, CNVss 0.8Vcc Vcc \
VIH “H” input voltage USB D+, USB D- 2.0 \Y
VIL “L” input voltage P0O0-P0O7, P10-P17, P20-P27, 0 0.2vVcc \
P30-P37, P40—P44, P50-P57,
P60-P67, P70-P74, P80—P87 \%
VIL “L” input voltage (Selecting VIHL level input) P20-P27 0 0.16Vcc \4
VIL “L” input voltage RESET, XIN, XCIN, CNVss 0 0.2vcc \%
ViL “L” input voltage USB D+, USB D— 0.8 mA
ZloH(peak) | “H” total peak output current  P0o—P07, P1o-P17, P20-P27, -80 mA
(Note 1) P30-P37, P40-P44, P50—P57,
P60-P67, P70-P74, P80—P87
ZloL(peak) | “L” total peak output current P00-PO07, P10-P17, P20-P27, 80 mA
(Note 1) P30-P37, P40-P44, P50—P57,
P60-P67, P70-P74, P80—P87
ZloH(avg) | “H" total average output current POo—P07, P1o-P17, P20-P27, —40 mA
(Note 1) P30-P37, P40-P44, P50—P57,
P60-P67, P70—P74, P80—P87
ZloL(avg) | “L” total average output current POo—P07, P1o-P17, P20-P27, 40 mA
(Note 1) P30-P37, P40-P44, P50—P57,
P60-P67, P70—P74, P80—P87
IOH(peak) | “H” peak output current P00-P07, P10-P17, P20-P27, —10 mA
(Note 2) P30-P37, P40-P44, P50—P57,
P60-P67, P70-P74, P80—P87
lOL(peak) “L” peak output current P00-P07, P10-P17, P20-P27, 10 mA
(Note 2) P30-P37, P40-P44, P50—P57,
P60-P67, P70—P74, P80—P87
IoH(avg) “H” average output current P00-P07, P1o-P17, P20-P27, -5.0 mA
(Note 3) P30-P37, P40-P44, P50—P57,
P60-P67, P70—P74, P80—P87
loL(avg) “L” average output current P00-P07, P10-P17, P20-P27, 5.0 mA
(Note 3) P30-P37, P40-P44, P50—P57,
P60-P67, P70-P74, P80—P87
f(CNTRo) | Timer X input frequency (Note 4) 5.0 MHz
f(CNTR1) | Timer Y input frequency (Note 4) 5.0 MHz
f(XIN) Main clock input frequency (Notes 4, 5) 1 24 MHz
f(XcIN) Sub-clock input frequency (Notes 4, 6) 32.768 50/5.0 kHzMHz

Notes 1: The total peak output current is the peak value of the peak currents flowing through all the applicable ports. The total average output current is the average
value measured over 100 ms flowing through all the applicable ports.

: The peak output current is the peak current flowing in each port.

: The average output current is an average value measured over 100 ms.

: The duty of oscillation frequency is 50 %.

: Connect a ceramic resonator or a quartz-crystal oscillator between the XiN and XouT pins. Its maximum oscillation frequency must be 24 MHz. However,
make sure to set @to 6 MHz or slower. More faster clocks are required as the f(XIN) when using the frequency synthesizer as possible.

6: Connect a ceramic resonator or a quartz-crystal oscillator between the XcIN and Xcout pins. Its maximum oscillation frequency must be 50 kHz. Input an

external clock having 5 MHz (max.) frequency from the XcIN pin.

a s wN
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3.1.5 Electrical Characteristics (In Vcc = 3 V)

Table 3.1.10 Electrical characteristics (1) (Vcc =3.0to 3.6 V, Vss =0V, Ta = =20 to 70°C, unless

otherwise noted)

Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
VOH “H” output voltage IoH = -1 mA Vce-1.0 \%
P00-P07, P1lo—P17, P20-P27, P30—-P37,
P40-P44, P50-P57, P60-P67, P70-P74,
P80-P87
VoH “H” output voltage USB+, and USB- pins 2.8 3.6 \Y
USB D+, USB D- pull-down via a resistor
of 1I5kQ +5 %
USB+ pin pull-up to Ext.
Cap. pin via a resistor of
15kQ+5%
VoL “L” output voltage loL =1 mA 1.0 \
P00-P07, P1o-P17, P20—P27, P30-P37,
P40-P44, P50-P57, P60-P67, P70-P74,
P80-P87
VoL “L” output voltage USB+, and USB- pins 0 0.3 \Y
USB D+, USB D- pull-down via a resistor
of 15kQ +5 %
USB+ pin pull-up to Ext.
Cap. pin via a resistor of
15kQ+5%
VT+-VT- Hysteresis __ 0.3 v
CNTRo, CNTR1, INTo, INT1, RDY, HOLD,
P20-P27
VT+-VT- Hysteresis 0.3 \
URXD1, URXD2 (SCLK), CTS2 (SRXD),
SRDY, CTS1
VT+-VT- Hysteresis RESET 0.3 \%
IIH “H” input current VI =Vce 5.0 HA
P00-P07, P1o-P17, P20-P27, P30-P37,
P40-P44, P50-P57, P60-P67, P70-P74,
P80-P87
IiH “H” input current  RESET, CNVss 5.0 HA
IH “H” input current  XIN 9.0 20 HA
IiH “H” input current  XCIN 5.0 HA
liL “L” input current Vi=Vss -5.0 HA
P00-P07, P1lo-P17, P30-P37,
P40-P44, P50-P57, P60-P67, P70-P74,
P80-P87
liL “L" input current RESET -5.0 HA
liL “L" input current  CNVss -20 HA
liL “L" input current  XIN -9.0 -20 HA
liL “L” input current  XCIN -5.0 HA
liL “L" input current  P20-P27 Vi =Vss -5.0 HA
Pull-ups “off”
Vcc=3.0V, Vi=Vss -10 -20 -50 HA
Pull-ups “on”
VRAM RAM hold voltage When clock is stopped 2.0 \V]
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APPENDIX

3.1 Electrical characteristics

In Vcc =3V

Table 3.1.11 Electrical characteristics (2) (Vcc =3.0to 3.6 V,Vss=0V, Ta =

otherwise noted)

—20 to 70°C, unless

Symbol Parameter

Test conditions

Limits

Min.

Typ.

Max.

Unit

Icc Power source current

(Output transistor is
isolated.)

Normal mode (Note 1)
f(XIN) = 24 MHz, = 6 MHz
USB operating

Frequency synthesizer ON

25

45

mA

Wait mode (Note 2)

f(XIN) = 24 MHz, 9= 6 MHz

USB block enabled, USB clock
stopped, Frequency synthesizer ON

25

mA

Wait mode (Note 3)

f(XCIN) = 32 kHz, =16 kHz

USB block disabled

Frequency synthesizer OFF

USB transceiver DC-DC converter OFF

HA

Stop mode
USB transceiver DC-DC converter OFF
Ta=25°C

10

Stop mode
USB transceiver DC-DC converter OFF
Ta=70°C

10

HA

<Test conditions>
Notes 1: Operating in single-chip mode

Clock input from XIN pin (XouT oscillator stopped)
USB operating with USB transceiver DC-DC converter enabled

Operating functions: Frequency synthesizer, CPU, two UARTs, DMAC, Timers and Count source generator

Disabled functions: Master CPU bus interface and Serial I/O

2: Operating in single-chip mode with Wait mode

Clock input from XIN pin (XouT oscillator stopped)

USB suspended due to USB clock stopped with USB transceiver DC-DC converter enabled

Operating functions: Frequency synthesizer, Timers and Count source generator
Disabled functions: CPU, two UARTs, DMAC, Master CPU bus interface and Serial I/O

3: Operating in single-chip mode with Wait mode

XIN - XouT oscillator stopped

Clock input from XcIN pin (XcouT oscillator stopped)
USB stopped, USB clock stopped and USB transceiver DC-DC converter disabled
Operating functions: Timers and Count source generator

Disabled functions: Frequency synthesizer, CPU, two UARTs, DMAC, Master CPU bus interface and Serial /O
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3.1 Electrical characteristics

Timing Requirements

In Vcc =3V
Table 3.1.12 Timing requirements (Vcc =3.0to 3.6 V, Vss =0V, Ta = -20 to 70°C, unless otherwise
noted)

Limits .

Symbol Parameter Min. . Max. Unit
tw(RESET) Reset input “L” pulse width 2 us
tc(XIN) Main clock input cycle time (Note) 41.66 ns
tWH(XIN) Main clock input “H” pulse width 0.4¢tc(XIN) ns
tWL(XIN) Main clock input “L” pulse width 0.4¢tc(XIN) ns
tc(XCIN) Sub-clock input cycle time 200 ns
tWH(XCIN) Sub-clock input “H” pulse width 0.4stc(XCIN) ns
tWL(XCIN) Sub-clock input “L” pulse width 0.4stc(XCIN) ns
tc(INT) INTo, INT1 input cycle time 250 ns
twH(INT) INTo, INT1 input “H” pulse width 110 ns
tWL(INT) INTo, INT1 input “L” pulse width 110 ns
tc(CNTRI) CNTRo, CNTR1 input cycle time 250 ns
twH(CNTRI) CNTRo, CNTR1 input “H” pulse width 110 ns
tWL(CNTRI) CNTRo, CNTR1 input “L” pulse width 110 ns
td(@-TOUT) Timer Tout delay time 17 ns
td(¢ -CNTRO0) Timer CNTRo delay time (Pulse output mode) 16 ns
tc(CNTREO) Timer CNTRo input cycle time (Event counter mode) 250 ns
twH(CNTREO) Timer CNTRo input “H” pulse width (Event counter mode) 0.4+tc(CNTREO) ns
tWL(CNTREO) Timer CNTRo input “L” pulse width (Event counter mode) 0.4+tc(CNTREO) ns
td(@-CNTR1) Timer CNTR1 delay time (Pulse output mode) 15 ns
tc(CNTREL) Timer CNTR1 input cycle time (Event counter mode) 250 ns
twH(CNTRE1) Timer CNTR1 input “H” pulse width (Event counter mode) 0.4+tc(CNTRE1) ns
tWL(CNTREL) Timer CNTR1 input “L” pulse width (Event counter mode) 0.4+tc(CNTRE1) ns
tc(SCLKE) Serial I/O external clock input cycle time 450 ns
tWH(SCLKE) Serial I/O external clock input “H” pulse width 220 ns
twL(SCLKE) Serial I/O external clock input “L” pulse width 190 ns
tsu(SRXD-SCLKE)| Serial I/O input setup time (external clock) 20 ns
th(SCLKE-SRXD) | Serial I/O input hold time (external clock) 15 ns
td(SCLKE-STXD) | Serial I/O output delay time (external clock) 34 ns
tv(SCLKE-SRDY) | Serial I/O SRDY valid time (external clock) 35 ns
te(SCLKI) Serial I/O internal clock output cycle time 300 ns
twH(SCLKI) Serial I/O internal clock output “H” pulse width 0.5¢tc(SCLKI) — 5 ns
twL(SCLKI) Serial I/O internal clock output “L” pulse width 0.5¢tc(SCLKI) — 5 ns
tsu(SRXD-SCLKI) | Serial I/O input setup time (internal clock) 20 ns
th(SCLKI-SRXD) | Serial I/O input hold time (internal clock) 5 ns
td(SCLKI-STXD) | Serial I/O output delay time (internal clock) 5 ns

Note: Make sure not to exceed 6 MHz of @, in other words, tc(¢) = 166.66 ns).
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APPENDIX

3.1 Electrical characteristics

In Vcc =3V

Table 3.1.13 Master CPU bus interface (MBI; RD, WR separate type) (Vcc = 3.0to 3.6 V, Vss =0V,

Ta = —20 to 70°C, unless otherwise noted)

Symbol Parameter - Limits Unit
Min. Typ. Max.
tsu(S-R) So, S1 setup time for read 0 ns
tsu(S-W) So, S1 setup time for write 0 ns
th(R-S) So, S1 hold time for read 0 ns
th(W-S) So, S1 hold time for write 0 ns
tsu(A-R) Ao setup time for read 10 ns
tsu(A-W) Ao setup time for write 10 ns
th(R-A) Ao hold time for read 0 ns
th(W-A) Ao hold time for write 0 ns
tw(R) Read pulse width 80 ns
tw(W) Write pulse width 80 ns
tsu(D-W) Data input setup time before write 35 ns
th(W-D) Data input hold time after write 0 ns
ta(R-D) Data output enable time after read 65 ns
wv(R-D) Data output disable time after read 10 ns
tv(R-OBF) OBF output transmission time after read 50 ns
td(W-1BF) IBF output transmission time after write 50 ns
In Vcc =3V

Table 3.1.14 Master CPU bus interface (MBI; R/Wtype) (Vee = 3.0 to

70°C, unless otherwise noted)

3.6V,Vss=0V, Ta=-20to

Symbol Parameter - Limits Unit
Min. Typ. Max.
tsu(S-E) So, S1 setup time 0 ns
th(E-S) So, S1 hold time 0 ns
tsu(A-E) Ao setup time 10 ns
th(E-A) Ao hold time 0 ns
tsu(RW-E) R/W setup time 10 ns
th(E-RW) R/W hold time 10 ns
tw(E) Enable pulse width 80 ns
tw(E-E) Enable pulse interval 80 ns
tsu(D-E) Data input setup time before write 35 ns
th(E-D) Data input hold time after write 0 ns
ta(E-D) Data output enable time after read 65 ns
tv(E-D) Data output disable time after read 10 ns
tv(E-OBF) OBF output transmission time after E inactive 50 ns
td(E-1BF) IBF output transmission time after E inactive 50 ns
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7641 Group 3.1 Electrical characteristics

In Vcc =3V

Table 3.1.15 Timing requirements and switching characteristics in memory expansion and
microprocessor modes

(Vcc =3.0to 3.6 V,Vss =0V, Ta=-20to 70°C, unless otherwise noted)

Symbol Parameter - Limits Unit
Min. Typ. Max.
tc(p) @ clock cycle time 166.66 ps
tWH(@) @ clock “H” pulse width 0.5¢tc(g) — 5 ns
twL(@) @ clock “L” pulse width 0.5¢tc(g) — 5 ns
td(¢@-AH) AB15-AB8 delay time 45 ns
tv(g -AH) AB15—-ABs valid time 7 ns
td(@-AL) AB7-ABo delay time 47 ns
tv(@-AL) AB7—-ABo valid time 7 ns
td(-WR) 'WR delay time 8 ns
tv(@-WR) WR valid time 4 ns
td(q-RD) RD delay time 8 ns
tv(@ -RD) RD valid time 3 ns
td(@-SYNC) SYNCour delay time 11 ns
tv(p-SYNC) SYNCour valid time 4 ns
td(¢ -DMA) DMAouT delay time 26 ns
tv(@-DMA) DMAouT valid time 9 ns
tsu(RDY- ¢) RDY setup time 35 ns
th(¢ -RDY) RDY hold time 0 ns
tsu(HOLD- @) HOLD setup time 21 ns
th(¢ -HOLD) HOLD hold time 0 ns
td(¢p-HLDAL) HOLD “L” delay time 30 ns
td(¢@ -HLDAH) HOLD “H” delay time 30 ns
tsu(DB- ) Data bus setup time 9 ns
th(¢p-DB) Data bus hold time 0 ns
td(¢@-DB) Data bus delay time 30 ns
tv(¢-DB) Data bus valid time (Note 1) 15 ns
td(@ -EDMA) EDMA delay time 12 ns
tv(@ -EDMA) EDMA valid time 8 ns
tWL(WR) (Note 2)| WR pulse width 0.5¢tc(q) — 6 ns
twL(RD) (Note 2) | RD pulse width 0.5¢tc(q) — 6 ns
td(AH-WR) AB15-ABs valid time before WR 0.5tc(g) — 33 ns
td(AL-WR) AB7-ABo valid time before WR 0.5¢tc(g) — 35 ns
tv(WR-AH) AB15-ABs valid time after WR 0 ns
tv(WR-AL) AB7—ABo valid time after WR 0 ns
td(AH-RD) AB15-ABs valid time before RD 0.5tc(g) — 33 ns
td(AL-RD) AB7—ABo valid time before RD 0.5¢tc(@) — 35 ns
tv(RD-AH) AB15-ABs valid time after RD 0 ns
tv(RD-AL) AB7-ABo valid time after RD 0 ns
tsu(RDY-WR) RDY setup time before WR 45 ns
th(WR-RDY) RDY hold time after WR 0 ns
tsu(RDY-RD) RDY setup time before RD 45 ns
th(RD-RDY) RDY hold time after RD 0 ns
tsu(DB-RD) Data bus setup time before RD 18 ns
th(RD-DB) Data bus hold time after RD 0 ns
td(WR-DB) Data bus delay time after WR 28 ns
tv(WR-DB) Data bus valid time after WR (Note 1) 12 ns
tv(WR-EDMA) EDMA delay time after WR 3 ns
tv(RD-EDMA) EDMA valid time after RD 3 ns
tr(D+), tr(D-) USB output rise time, CL = 50 pF 4 20 ns
ti(D+), ti(D-) USB output fall time, CL = 50 pF 4 20 ns
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Notes 1: Test conditions: lIOHL = + 5mA, CL = 50 pF
2: twL(RD) = ((n + 0.5) * tc(PHI)) — 5 ns (n = wait number)
twL(WR) = ((n + 0.5) « tc(PHI)) — 5 ns (n = wait number)
For example, two software waits, PHI = 12 MHz operating
twL(RD) = 2.5 « tc(PHI) — 5 ns = 203.33 ns

Measurement output pin Oj—>
100
pF

CMOS output

Fig. 3.1.1 Circuit for measuring output switching
characteristics (1)

1kQ

Measurement output pin

100 pF

N-channel open-drain output (Note)

Note: This diagram applies when bit 7 of the serial I/O control
register 1 is “1".

Fig. 3.1.2 Circuit for measuring output switching
characteristics (2)
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e Timing diagram
[Interrupt]
tC(CNTRI)
TWH(CNTRI) o TWL(CNTRI)
CNTRo, CNTR1 0.8Vee 0.2Vce P’
tC(NT)
| tWH(NT) | tWL(NT)
INTo, INT1 /| 08vee )’\‘( 0.2Vec 14
[Input]
) tW(RESET) ,
RESET \LO.ZVCC 7\/0.8VCC
tc(xin)
) TWH(XIN) Lo TWL(XIN)
XIN /‘( 0.8Vcc )’\‘( 0.2Vce j /
tc(xeiny
) tWH(XCIN) L twL(xcin)
XCIN /‘( 0.8Vcc 0.2Vee j /
[Timer]
N_ 0.5Vce
(0] N
td(e- Tour)
TOUT 0.5Vcce ><
td(@— CNTRo,1)
CNTRo, CNTR1 0.5Vee ><
| {C(CNTREO,1)
TWH(CNTREO,1) L tWL(CNTREO,1)
CNTRO, CNTR1 0.8Vee )’\‘( 0.2Vce 7(
Fig. 3.1.3 Timing diagram (1)
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e Timing diagram

[Serial 1/0O]
tC(SCLKE,N)
IWL(SCLKE, 1) | TWH(SCLKE, )
N
SCLK L 0.2Vee | 0-8Vee N\
tsu(SRXD - SCLKE, 1) th(SCLKE, | - SRXD)

7 N

0.8Vcc
SRXD R B 0vee IR
td(SCLKE, | - STXD)

STxD }< S

tv(SCLKE — SRDY)

SRDY 0.8Vce

Fig. 3.1.4 Timing diagram (2)

tf(D+) tr(D+)
tf(D-) tr(D-)
USBD+, 0.1V0n 0.9VOH
USBD-
Fig. 3.1.5 Timing diagram (3)
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e Timing diagram

[Master CPU bus interface: RIW separate mode]

(PTC7) =“1” (TTL level input)

<Read>
tsu(A-R) th(R-A)
0.8Vcc(2.0V
Ao >io.2ch(o.8v ;|f <
tsu(s-R) th(R-S)
So, S1 0.2Vce(0.8V) ;‘4
tw(R)
| 0.8Vce(2.0V) 1
= N 0.2Vee(0.8V) e
0.8Vcc
DQo to DQ7 0.2vee
tv(R-ID)
tv(R-OBF)
OBF
<Write>
tsu(a-w) th(w-A)
0.8Vcc(2.0V
Ao >i0.2Vcc(0.8V ¥—§LF<
tsu(s-w) th(w-s)
So, S1 0.2Vce(0.8V)
) tww)
| 0.8Vce(2.0V) 1
W 0.2Vcc(0.8V) e
tsu(d-w) th(w-D)
0.8Vcc 0.8Vcc
DQo to DQ7 0.2Vce % 0.2Vce
td(w-1BF)
IBF 0.2Vce

Note: This timing applies in the case of the master bus input level select bit

Fig. 3.1.6 Timing diagram (4)
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e Timing diagram
[Master CPU bus interface: R/W mode]

| tw(E-E) tw(E)
Ve -
0.8Vce(2.0V)
E x‘\o.vac(o.SV) ¥ 02vec(o8v) N
<Read> tsu(A-E) th(E-A)

Ao 0.8Vcc(2.0V b

R/W 0.2Vcc(0.8V 7

tsu(s-E) thE-s)
S /
So, S1 0.2Vcc(0.8V) /]
N 0.8Vee TO8Vee
DQo to DQ7 / 0.2Vce A 0.2Vce
—
ta(E-D)
. tv(E-D)
<Write>
tsu(D-E)
N\ 0.8Vcc 0.8Vcc
DQo to DQ7 / 0.2Vcc 0.2Vec
th(E-D)
tv(E-0OBF)
td(E-1BF)
OBF, IBF

Note: This timing applies in the case of the master bus input level select bit

(PTC7) = “1” (TTL level input)

Fig. 3.1.7 Timing diagram (5)
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tc(o)
tWH(g) twig)
4 \| /7
(0] # 0.5Vcc N y

td(¢-AH) ty(e-AH)
AB15 to ABs XX osvee w

e tv(e-AL)
AB7 to ABo ><>< 0.5Vce %(

td(e-SYNC) | MesYNo)

SYNCout %‘ 0-5Vee hN

o L e
td(e-RD)
0.5Vcc

RD,WR /|
td(¢-DMA) \ tv(e-DMA)
(? n cycles of N
DMAoOUT 0.5Vce y () \_
tsu(RDY-g) | th(¢-RDY)
0.8Vcc\ /
RDY 02Vee 7
tsu(HOLD-g) | th(¢-HOLD)
HOLD 0.8Vce /
(at entering) 0.2Vcc ® ?
td(¢-HLDAL)
0.5V
HLDA “
Itsu(HOLD-tp) th(¢-HOLD)
HOLD 0.8Vcc )’(
(at releasing) 0.2Vee /
td(@-HLDAH)
HLDA 0.5Vce
tsu(DB-g) th(¢-DB)
<CPU read> —
0.8Vcc }_
DBo to DB7 Q.2Vcc 1
. td(o-DB) tv(e-DB)
<CPU write>
DBo to DB7 0.5Vee /

td(¢-EDMA) tv(p-EDMA)
0.5Vcc
EDMA \k /| 0-3Vee

Fig. 3.1.8 Timing diagram (6); Memory expansion and microprocessor modes
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twL(RD)
tWL(WR)
RD,WR X 05vee J4

td(AH-RD) tv(RD-AH)
td(AH-WR) fVOWRAH)

AB1s to ABs K osvee 9{)<
td(AL-RD) tu(RD-AL)
td(AL-WR) tvWR-AL)

AB7 to ABo K osvec %<

tsu(RDY-WR) | th(WR-RDY)
tsu(RDY-RD) | th(RD-RDY)
0.8Vcc
RDY 0.2Vcc
<CPU read> tsus-RD) th(RD-DB)
0.8Vcc
DBo to DB7 io.vac ﬁi
<CPUwrite> td(wR-DB)

l—> tv(wRr-DB)

DBo to DB7 0.5Vce >—

tv(WR-EDMA)
tv(RD-EDMA)
\ 14

EDMA 0.5Vce

Fig. 3.1.9 Timing diagram (7); Memory expansion and microprocessor modes
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3.2 Standard characteristics

Standard characteristics described below are just examples of the 7641 Group’s characteristics and are not
guaranteed. For rated values, refer to “3.1 Electrical characteristics”.

3.2.1 Power source current standard characteristics
Figure 3.2.1 shows power source current standard characteristics.

Icc (mA)

60

55

50

45

40

35

30

25

20

15

10

Measuring conditions : Ta = 25 °C, normal mode, @ = f(XIN)/2,
USB operating, frequency synthesizer circuit connecting

| Vee=4.15V

ivee=3.6v

- Vee=3.3V
 Vee=3.0V

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

0 3 6 9 12 15 18 21 24 27 30

XN (MHz)

Fig. 3.2.1 Power source current standard characteristics (Ta = 25 °C)
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3.2.2 Port standard characteristics
Figure 3.2.2 to Figure 3.2.7 show port standard characteristics.

IoH (MA)

-100

-90

-80

-70

-60

-50

-40

M37641M8 loH-VoH characteristics
CMOS output port (P-channel drive) [Ta = 25 °C]

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Vee=5.0V

Vee=4.45V <1 P NN R P

BV Y- VA A T NG A Lo NG T

0 0.6 1.2 1.8 2.4 3 36 4.2 4.8 5.4 6
VoH (V)

Fig. 3.2.2 CMOS output

port P-channel side characteristics (Ta = 25 °C)

IoH (MA)

-100

-90

-80

-70

-60

-50

-40

-30

M37641M8 loH-VoH characteristics

CMOS output port (P-channel drive) [Ta = 70 °C]

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Vce=5.0V

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Vce=4.15V

Vcc:376v

0 0.6 1.2 1.8 2.4 3 3.6 4.2 4.8 5.4 6
VoH (V)

Fig. 3.2.3 CMOS output port P-channel side characteristics (Ta = 70 °C)
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loL (mA)

100

90

80

70

60

50

40

30

20

10

M37641M8 loL-VoL characteristics
CMOS output port (N-channel drive) [Ta = 25 °C]

Vce=5.25V
Vcc‘=5.0V
" Vce=4.15V
T s Vee=36Y T
: . T 1 Vee=3.3V ' :
77777777 LA e VEE=BOV
0 0.6 1.2 1.8 2.4 3 3.6 4.2 4.8 5.4 6

VoL (V)

Fig. 3.2.4 CMOS output port N-channel side characteristics (Ta = 25 °C)

loL (MA)

100

90

80

70

60

50

40

30

20

10

M37641M8 loL-VoL characteristics
CMOS output port (N-channel drive) [Ta = 70 °C]

7777777777777777777777777777777777777777777777777777777777777777777777777 Vce=5.25V
,,,,,,,, ,,,,,, ,,,,,,,, [ ,,,,, Vce=5.0V
! Vee=4.15V
| Vee=3.6V !
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, vee=33v.:
Vce=3.0vV
0 06 12 18 2.4 3 36 42 48 54 6
VoL (V)

Fig. 3.2.5 CMOS output port N-channel side characteristics (Ta = 70 °C)
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-100

-90

-80

-70

-60

-50

IL(uA)

-40

-30

-20

-10

0 0.6 1.2 1.8 2.4 3 3.6 4.2 4.8 5.4 6

M37641M8 Port P20—P27 liL-ViL characteristics
(at pull-up) [Ta = 25 °C]

Vcc=5.25V

Vce=5.0v

Vee=A.15V

Vee=3.6V

———————————————————————————————————————————————————————————————————————————————

Vee=3.0V

ViL(V)

Fig. 3.2.6 Port P20-P27

at pull-up characteristics (Ta = 25 °C)

-100

-90

-80

-70

-60

-50

(A

-40

-30

-20

-10

M37641M8 Port P20—P27 li.-ViL characteristics
(at pull-up) [Ta = 70 °C]

Vee=5.25V
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3.3 Notes on use

3.3.1 Notes on interrupts

(1) When setting external interrupt active edge
When setting the external interrupt active edge (INTo, INT1, CNTRo, CNTRu1), the interrupt request bit
may be set to “1". When not requiring the interrupt occurrence synchronized with these setting, take

the following sequence.

eInterrupt polarity select register (address 00111s)

*Timer X mode register (address 00271s)

*Timer Y mode register (address 0028:1s)

Set the above listed registers or bits as the following sequence.

Set the corresponding interrupt enable bit to “0”
(disabled) .

i

Set the interrupt edge select bit
(active edge switch bit) to “1”.

|

NOP (one or more instructions)

i

Set the corresponding interrupt request bit to “0”
(no interrupt request issued).

i

Set the corresponding interrupt enable bit to “1”
(enabled).

Fig. 3.3.1 Sequence of setting external interrupt active edge
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3.3.2 Notes on serial 1/O
(1) Clock
When the external clock is selected as the transfer clock, its transfer clock needs to be controlled
by the external source because the serial 1/0 shift register will keep being shifted while transfer clock
is input even after transfer completion.

(2) Reception

When the external clock is selected as the transfer clock for reception, the receiving operation will
start owing to the shift clock input even if write operation to the serial 1/O shift register (SIOSHT) is
not performed. The serial I/O interrupt request also occurs at completion of receiving. However, we
recommend to write dummy data in the serial I/O shift register. Because this will cause followings
and improve transfer reliability.

*Write to SIOSHT puts the SRDY pin to “L”. This enables shift clock output of an external device.
*Write to SIOSHT clears the internal serial I/O counter.

Note: Do not read the serial 1/0O shift register which is shifting. Because this will cause incorrect-data
read.

(3) STXD output
*When the internal clock is selected as the transfer clock, the STXD pin goes a high-impedance state
after transfer completion.
*When the external clock is selected as the transfer clock, the STXD pin does not go a high-
impedance state after transfer completion.

(4) SPI compatible mode
*When using the SPI compatible mode, set the SRDY select bit to “1” (SRDY signhal output).
*When the external clock is selected in SPI compatible mode, the SRXD pin functions as a data
output pin and the STXD pin functions as a data input pin.
*Do not write to the serial I/O shift register (SIOSHT) during a transfer as slave when in SPI compatible
mode.
*Master operation of SPI compatible mode requires the timings:
-From write operation to the SIOSHT to SRDY pin put to “L”
Requires 2 cycles of internal clock ¢ + 2 cycles of serial 1/0 synchronous clock + 35 ns
-From SRDY pin put to “L” to SCLK switch
Requires 35 ns
-From the last pulse of SCLK to SRDY pin put to “H”
Requires 35 ns.
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3.3.3 Notes on UART
(1) Receive

*When any one of errors occurs, the summing error flag is set to “1” and the UARTx summing error
interrupt request bit is also set to “1”. If a receive error occurs, the reception does not set the
UARTX receive buffer full interrupt request bit to “1”.

«If the receive enable bit (REN) is set to “0” (disabled) while a data is being received, the receiving
operation will stop after the data has been received.

«Setting the receive initialization bit (RIN) to “1” resets the UARTx RTS control register (UXRTS) to
“8016". After setting the RIN bit to “1”, set this UXRTS.

(2) Transmit
*Once the transmission starts, it continues until the last bit has been transmitted even though clearing
the transmit enable bit (TEN) to “0” (disabled) or inputting “H” to the CTSx pin. After completion of
the current transmission, the transmission is disabled.
*The transmit complete flag (TCM) is changed from “1” to “0” later than 0.5 to 1.5 clocks of the shift
clock. Accordingly, take it in consideration to transmit data confirming the TCM flag after the data
is written into the transmit buffer register.

(3) Register settings

«|f updating a value of UARTX baud rate generator while the data is being transmitted or received,
be sure to disable the transmission and reception before updating. If the former data remains in the
UARTXx transmit buffer registers 1 and 2 at retransmission, an undefined data might be output.

*The all error flags PER, FER, OER and SER are cleared to “0” when the UARTX status register is
read, at the hardware reset or initialization by setting the Transmit Initialization Bit. These flags are
also cleared to “0” by execution of bit test instructions such as BBC and BCS.

*The transmit buffer empty flag (TBE) is set to “0” when the low-order byte of transmitted data is
written into the UARTX (x = 1, 2) transmit buffer register 1. When using 9-bit character length, set
the data into the UARTX transmit buffer register 2 (high-order byte) first before the UARTX transmit
buffer register 1 (low-order byte).

*The receive buffer full flag (RBF) is set to “0” when the contents of UARTX receive buffer register
1 is read out. When using 9-bit character length, read the data from the UARTX receive buffer
register 2 (high-order byte) first before the UARTX receive buffer register 1 (low-order byte).

«If a character bit length is 7 bits, bit 7 of the UARTx transmit/receive buffer register 1 and bits 0 to
7 of the UARTX transmit/receive buffer register 2 are ignored at transmitting; they are invalid at
receiving.

If a character bit length is 8 bits, bits 0 to 7 of the UARTX transmit/receive buffer register 2 are
ignored at transmitting; they are invalid at receiving.

If a character bit length is 9 bits, bits 1 to 7 of the UARTX transmit/receive buffer register 2 are
ignored at transmitting; they are “0” at receiving.

*The reset cannot affect the contents of baud rate generator.

(4) UART address mode
*When the MSB of the incoming data is “0” in the UART address mode, the receive buffer full flag
(RBF) is set to “1”, but the receive buffer full interrupt request bit is not set to “1”.
*An overrun error cannot be detected after the first data has been received in UART address mode.
*The UART address mode can be used in either an 8-bit or 9-bit character length. 7-bit character
length cannot be used.
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(5) Receive error flag
*The all error flags PER, FER, OER and SER are cleared to “0” when the UARTX status register is
read, at the hardware reset or initialization by setting the Transmit Initialization Bit. Accordingly,
note that these flags are also cleared to “0” by execution of bit test instructions such as BBC and
BBS, not only LDA.

(6) CTS function
*When the CTS function is enabled, the transmitted data is not transferred to the transmit shift
register until “L” is input to the CTSx pin (P8¢/CTS1, P82/CTS2/SRXD). As the result, do not set the
following data to the transmit buffer register.

(7) RTS function
«If the start bit is detected in the term of “H” assertion of RTS, its assertion count is suspended and
the RTSx pin remains “H” output. After receiving the last stop bit, the count is resumed.
«Setting the receive initialization bit (RIN) to “1” resets the UARTx RTS control register (UxXRTS) to
“8016". After setting the RIN bit to “1”, set this UXRTS.

(8) Interrupt

*When setting the transmit initialization bit (TIN) to “1”, both the transmit buffer empty flag (TBE) and
the transmit complete flag (TCM) are set to “1”, so that the transmit interrupt request occurs
independent of its interrupt source. After setting the transmit initialization bit (TIN) to “1”, clear the
transmit interrupt request bit to “0” before setting the transmit enable bit (TEN) to “1”.

*The transmit interrupt request bit is set and the interrupt request is generated by setting the transmit
enable bit (TIN) to “1” even when selecting timing that either of the following flags is set to “1” as
timing where the transmission interrupt is generated:

(1) Transmit buffer empty flag is set to “1”
(2) Transmit complete flag is set to “1".

Therefore, when the transmit interrupt is used, set the transmit interrupt enable bit to transmit
enabled as the following sequence:

(1) Transmit enable bit is set to “1”

(2) Transmit interrupt request bit is set to “0”

(3) Transmit interrupt enable bit is set to “1”.
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3.3.4 Notes on DMAC
(1) Transfer time
*One-byte data transfer requires 2 cycles of ¢ (read and write cycles).
*To perform DMAC transfer due to the different transfer requests on the same DMAC channel or
DMAC transfer between both DMAC channels, 1 cycle of ¢ or more is needed before transfer is
started.

(2) Priority
*The DMAC places a higher priority on channel-0 transfer requests than on channel-1 transfer
requests.
If a channel-0 transfer request occurs during a channel-1 burst transfer operation, the DMAC
completes the next transfer source and destination read/write operation first, and then stops the
channel-1 transfer operation.
The channel-1 transfer operation which has been suspended is automatically resumed from the
point where it was suspended so that channel-1 transfer can complete its one-burst transfer unit.
This will be performed even if another channel-0 transfer request occurs.
*The suspended transfer due to the interrupt can also be resumed during its interrupt process
routine by writing “1” to the DMAC channel x enable bit (DXCEN).

(3) Related registers
A read/write must be performed to the source registers, transfer destination registers and transfer
count registers as follows:
Read from each higher byte first, then the lower byte
Write to each lower byte first, then the higher byte.
Note that if the lower byte is read out first, the values are the higher byte’s.
*Do not access the DMAC-related registers by using a DMAC transfer. The destination address
data and the source address data will collide in the DMAC internal bus.
*When setting the DMAC channel x enable bit (bit 7 of address 4116) to “1”, be sure simultaneously
to set the DMAC channel x transfer initiation source capture register reset bit (bit 6 of address
4116) to “1". If this is not performed, an incorrect data will be transferred at the same time when
the DMAC is enabled.

(4) USB transfer
One sighal among USB endpoint signals 1 to 4 can be selected as the hardware transfer request
source. This can realize that transfer between the USB FIFO and the master CPU bus interface
input/output buffer is performed effectively. This transfer function is only valid in the cycle steal
transfer mode.

(5) DMAout pin
In the memory expansion mode and microprocessor mode, the DMAour pin (P33/DMAour) outputs
“H” during a DMA transfer.
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3.3.5 Notes on USB
(1) USB reception
*When reading the USB endpoint x (x = 0 to 4) OUT write count registers, the lower byte must be
read first, and then the higher byte.
*When the OUT FIFO contains 2-data packets in the endpoints 1 to 4 used, one-data packet will still
remain in the OUT FIFO even after the data of the OUT max. packet size has been read. In this
case the OUT_PKT_RDY flag is not cleared even if it is set to “0”. (The flag returns from “0” to “1”
83 ns later (Vcc = 5 V, f(Xin) = 24 MHz) than the clearing.)
*Read one packet data from the OUT FIFO before clearing the OUT_PKT_RDY flag. If the OUT_PKT_RDY
flag is cleared while one-data packet is being read, the internal read pointer cannot operate normally.

(2) USB transmission
*The IN FIFO status can be checked by monitoring the IN_PKT_RDY bit and the TX_NOT_EPT flag.
*When NULL packet transmission is required in the endpoints 1 to 4 used, perform it under the
conditions of the IN_PKT_RDY bit set to “1” and no data in FIFO.

(3) External circuit

eConnect a capacitor between the Ext. Cap. pin and the Vss pin. The capacitor should have a 2.2
WUF capacitor (Tantalum capacitor) and a 0.1 yF capacitor (ceramic capacitor) connected in parallel.
Additionally, connect a 1.5 kQ (£ 5 %) resistor between the Ext. Cap. pin and the D+ pin.

*The Full-Speed USB2.0 specification requires a driver -impedance 28 to 44 Q. (Refer to Clause
7.1.1.1 Full-speed (12 Mb/s) Driver Characteristics in the USB specification.) In order to meet the
USB specification impedance requirements, connect a resistor (27 to 33 Q recommended) in series
to the USB D+ pin and the USB D- pin.

In addition, in order to reduce the ringing and control the falling/rising timing of USB D+/D- and a
crossover point, connect a capacitor between the USB D+/D- pins and the Vss pin if necessary.
The values and structure of those peripheral elements depend on the impedance characteristics and
the layout of the printed circuit board. Accordingly, evaluate your system and observe waveforms
before actual use and decide use of elements and the values of resistors and capacitors.
Figure 3.3.2 shows the circuit example for the proper positions of the peripheral components.

eIn Vcc = 3.3 V operation, connect the Ext. Cap. pin directly to the Vcc pin in order to supply power
to the USB transceiver. In addition, you will need to disable the DC-DC converter in this operation
(set bit 4 of the USB control register to “0”.) If you are using the bus powered supply in Vcc = 3.3
V operation, the DC-DC converter must be placed outside the MCU.

eIn Vcc = 5 V operation, do not connect the external DC-DC converter to the Ext. Cap. pin. Use the
built-in DC-DC converter by enabling the USB line driver.

Make sure the USB D+/D- lines do not cross any other wires. Keep a large GND area to protect the
USB lines. Also, make sure you use a USB specification compliant connecter for the connection.

*All passive components must be located as close as possible to the LPF pin. Figure. 3.3.3 shows
the passive components near LPF pin

*An insulation connector (Ferrite Beads) must be connected between AVss and Vss pins and between
AVcc and Vcc pins. (See Figure 3.3.4.)

(4) USB Communication
*In applications requiring high-reliability, we recommend providing the system with protective measures
such as USB function initialization by software or USB reset by the host to prevent USB communication
from being terminated unexpectedly, for example due to external causes such as noise.
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(5) Registers and bits

*When using the endpoint 0, use the USB endpoint 0 IN max. packet size register for transmission
and reception (IN packet size and OUT packet size).

*When not using the USB endpoint x (x = 0 to 4) IN max. packet size register and USB endpoint x
OUT max. packet size register, set them to “0".

*To write to/read from the USB interrupt status registers 1 and 2, perform it for the USB interrupt
status register 1 first and then the register 2.

*To read from the USB endpoint x (x = 0 to 4) OUT write count registers Low and High, the lower
byte must be read first, then the higher byte.

Make sure the index indicated by the USB endpoint index register is correct when accessing the
registers: USB endpoint x (x = 0 to 4) IN control register, USB endpoint x OUT control register, USB
endpoint x IN max. packet size register, USB endpoint x OUT max. packet size register, USB
endpoint x (x = 0 to 4) OUT write count registers Low and High, USB endpoint FIFO mode register.

*When the USB reset interrupt status flag is kept at “1”, all other flags in the USB internal registers
(addresses 005016 to 005F16) will return to their reset status. However, the following registers are
not affected by the USB reset: USB control register (address 001316), Frequency synthesizer control
register (address 006Cis), Clock control register (address 001Fis), and USB endpoint x FIFO register
(addresses 006015 to 00641s).

*When not using the USB function, set the USB line driver supply enable bit of the USB control
register (address 001316) to “1” for power supply to the internal circuits (at Vcc = 5 V).

*The IN_PKT_RDY Bit can be set by software even when using the AUTO_SET function.

*Do not write to USB-related registers (addresses 005016 to 006416) except the USBC, CCR and FSC
until the USB clock is enabled.

*When the MCU is in the USB-suspend state, the USB enable bit is kept “1”; the USB block is
enabled. To write to USB-related registers (addresses 005016 to 006416) except the USBC, CCR
and FSC after returning from the USB-suspend state; after enabling the USB clock, wait for 4 or
more @ cycles and then set those registers.

*When using the MCU at Vcc = 3.3V, set the USB line driver supply enable bit to “0” (line driver
disable). Note that setting the USB line driver current control bit (USBC3) doesn’t affect the USB
operation.

«Setting the FLUSH bit to “1” eliminates the data in IN FIFO and OUT FIFO. If there are 2 or more-
data packets in them, the oldest data is eliminated. The FLUSH bit setting also affects the IN_PKT_RDY
bit or the OUT_PKT_RDY flag.

«If the FLUSH bit is set to “1” while transmission/reception is being performed, the data might be
corrupted. When receiving, setting the FLUSH bit must be done while the OUT_PKT_RDY flag is
“1". When transmitting in the isochronous transfer mode, use the AUTO_FLUSH function.

*Use the AUTO_FLUSH bit (bit 6 of address 5816) in the double buffer mode.
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*Use the transfer instructions such as LDA and STA to set the registers: USB interrupt status
registers 1, 2 (addresses 005216, 005316); USB endpoint 0 IN control register (address 005916); USB
endpoint x IN control register (address 005916); USB endpoint x OUT control register (address
005A16). Do not use the read-modify-write instructions such as the SEB or the CLB instruction.
When writing to bits shown by Table 32 using the transfer instruction such as LDA or STA, a value
which never affect its bit state is required. Take the following sequence to change these bits
contents:

(1) Store the register contents onto a variable or a data register.

(2) Change the target bit on the variable or the data register. Simultaneously mask the bit so that
its bit state cannot be changed. (See to Table 3.3.1.)

(3) Write the value from the variable or the data register to the register using the transfer instruction
such as LDA or STA.

*To use the AUTO_SET function for an IN transfer when the AUTO_SET bit is set to 1, set the FIFO
to single buffer mode.

Table 3.3.1 Bits of which state might be changed owing to software write

Register name Bit name Value not affecting state (Note)
USB endpoint O IN control register IN_PKT_RDY (b1)
DATA_END (b3)
FORCE_STALL (b4)
USB endpoint x (x = 1 to 4) IN control register IN_PKT_RDY (b0)
UNDER_RUN (b1)
USB endpoint x (x = 1 to 4) OUT control register OUT_PKT_RDY (b0)
OVER_RUN (b1)
FORCE_STALL (b4)
DATA_ERR (b5)

Note: Writing this value will not change the bit state, because this value cannot be written to the bit by software.

HEHEHEECIEICIE

(6) Others
*When the USB SOF Port Select Bit is “1", the reference pulse of 83.3 ns (¢ = 12 MHz) is output
from the P7./SOF pin and synchronized with the SOF packet.

Rev.2.00 Aug 28,2006 page 35 of 108 RENESAS
REJ09B0336-0200



APPENDIX

7641 Group 3.3 Notes on use

3.3.6 Notes on frequency synthesizer

*Bits 6 and 5 of the frequency synthesizer control register (address 006C1s) are initialized to (b6, b5) = “11”
after reset release. Make sure to set bits 6 and 5 to “10” after the frequency synthesizer lock status bit
goes to “1".

*Use the frequency synthesizer output clocks 2 ms to 5 ms later than setting the frequency synthesizer
enable bit to “1” (enabled). After that do not change any register values because it might cause output
clocks unstabilized temporarily.

Make sure to connect a low-pulse filter to the LPF pin when using the frequency synthesizer.

*The frequency synthesizer divide register set value never affects fuse frequency.

*When using the fsyn as an internal system clock, set the frequency synthesizer divide register so that fsvn
could be 24 MHz or less.

*When using the frequency synthesized clock function, we recommend using the fastest frequency possible
of f(Xiv) or f(Xcin) as an input clock for the PLL.

«Set the value of frequency synthesizer multiply register 2 (FSM2) so that the frn is 1 MHZ or higher.

3.3.7 Notes on master CPU bus interface
Be sure to set port P6 to input mode by setting the port P6 direction register to “0” when the master CPU
bus interface is enabled.

3.3.8 Notes on external devices connection

(1) Rewrite port P3 latch
In both memory expansion mode and microprocessor mode, ports P3: and P32 can be used as output
ports. We recommend to use the LDM instruction or STA instruction to write to port P3 register
(address 000Euzs). If using the Read-Modify-Write instruction (SEB instruction, CLB instruction) you
will need to map a memory that the CPU can read from and write to.

[Reason]

The access to address 000Eis is performed:

*Read from external memory

*Write to both port P3 latch and external memory.

It is because address 000Eis is assigned on an external area In the memory expansion mode and
microprocessor mode.

Accordingly, if a Read-Modify-Write instruction is executed to address 000Eis, the external memory
contents is read out and after its modification it will be written into both port P3 latch and an external
memory. As a result, if an external memory is not allocated in address 000Eis then, the MCU will read
an undefined value and write its modified value into the port P3 latch. Therefore port P3 latch value
will become undefined.

(2) overlap of internal and external memories
In the memory expansion mode, if the internal and external memory areas overlap, the internal
memory becomes the valid memory for the overlapping area. When the CPU performs a read or a
write operation on this overlapped area, the following things happen:
*Read
The CPU reads out the data in the internal memory instead of in the external memory. Note that,
since the CPU will output a proper read signal, address signal, etc., the memory data at the
respective address will appear on the external data bus.
*Write
The CPU writes data to both the internal and external memories.
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(3) RD, WR pins
In the memory expansion mode or microprocessor mode, a read-out control signal is output from the
RD pin (P36), and a write-in control signal is output from the WR pin (P37). “L” level is output from
the RD pin at CPU read-out and from the WR pin at CPU write-in. These signals function for internal
access and external access.

(4) HLDA pin
In spite of enabling the Hold function, the HLDA pin does not function when IBF: output is enabled
in the master CPU bus interface.

(5) RDY function
When using RDY function in usual connection, it does not operate at 12 MHz of ¢ or faster.
[Reason]
td(@-AH) + tsu(RDY-¢) = 31 ns (max.) + 21 ns (min.) = 52 ns.
twh (@), twl (¢) = 0.5 0 83.33 — 5 = 36.665 ns
Therefore, it becomes 52 ns > 36.665 ns, so that the timing to enter RDY wait does not match.

However, if the timings can match owing to RDY pin by “L” fixation and others, the RDY function can
be used even at @ = 12 MHz. In this situation the slow memory wait always functions.

(6) Wait function
The Wait function is serviceable at accessing an external memory in the memory expansion mode
and microprocessor mode. However, in these modes even if an external memory is assigned to
addresses 000816 to 000F1s, the Wait function cannot function to these areas.

(7) Processor mode switch
Note when the processor mode is switched by setting of the processor mode bits (b1, b0 of CPMA),
that will immediately switch the accessible memory from external to internal or from internal to
external. If this is done, the first cycle of the next instruction will be operated from the accidental
memory.

To prevent this problem, follow the procedure below:

(a) Duplicate the next instruction at the same address both in internal and external memories.

(b) Switch from single-chip mode to memory expansion mode, jump to external memory, and then
switch from memory expansion mode to microprocessor mode. (Because in general, the problem
will not occur when switching the modes as long as the same memory is accessed after the
switch.

(c) Load a simple program in RAM that switches the modes, jump to RAM and execute the program,
then jump to the location of the code to run after the processor mode has switched.
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3.3.9 Notes on timer
(1) Read/Write for timer

*The timer division ratiois : 1 / (n + 1)

(n = “0” to “255” written into the timer)

*Read and write operation on 16-bit timer (Timers X and Y) must be performed for both high and low-
order bytes.

*When reading the 16-bit timer (Timers X and Y), read the high-order byte first and then the low-order
byte. When writing to the 16-bit timer, write the low-order byte first and then the high-order byte.

Do not read the 16-bit timer during the write operation, or do not write to it during the read
operation.

*When the value is loaded only in the latch, the value is loaded in the timer at the count pulse
following the count where the timer reaches “0016".

¢In the timers 1 to 3, switching of the count sources of timers 1 to 3 does not affect the values of
reload latches. However, that may make count operation started. Therefore, write values again in
the order of timers 1, 2 and then timer 3 after their count sources have been switched.

In the timer mode (for timers X, Y, 1 to 3), event counter mode (for timers X, Y), pulse output mode
(for timers X, Y, 1, 2), the timer current count value can be read out by reading the timer.

¢In the pulse width measurement mode (for timer X), period measurement mode (for timer Y), pulse
width HL continuously measurement mode (for timer Y), the measured timer value is stored into the
internal temporary register. When reading the timer, the value of internal temporary register is read
out. The contents of internal temporary register is updated after the next measurement.

(2) Pulse output

*When using the pulse output mode of timer X, set bit 3 of port P4 direction register to “1” (output
mode).

*When using the TYour output of timer Y, set bit 4 of port P4 direction register to “1” (output mode).

*When using the Tour output of timer 1 or timer 2, set bit 1 of port P5 direction register to “1” (output
mode).

*The Tour output pin is shared with the Xcour pin. Accordingly, when using f(Xcn)/2 as the timer 1
count source (bit 2 of timer 123 mode register = “0"), Xcour oscillation drive must be disabled (bit
5 of clock control register = “1”) to input clocks from the Xc pin.

*The P51/Xcout/Tour pin cannot function as an ordinary 1/0O port while Xcin-Xcour is oscillating. When
Xcin-Xcour oscillation is stopped or Xcour oscillation drive is disabled, this can be used as the Tour
output pin of timer 1 or 2.

(3) Pulse input
*When using the timer X in the event counter or pulse width measurement mode, set bit 3 of port
P4 direction register to “0” (input mode).
*When using the timer Y in the period measurement, event counter or pulse width HL continuously
measurement mode, set bit 4 of port P4 direction register to “0” (input mode).

(4) Interrupt
In the timer Y’s pulse width HL continuously measurement mode, CNTRu: interrupt request is generated
at both rising and falling edges of CNTR: pin input signal regardless of the setting of CNTR: active
edge switch bit of timer Y mode register.

(5) At STP instruction executed
When the STP instruction is executed or Reset occurs, the timer 1 is set to “FFis” and the internal
clock ¢ divided by 8 is automatically selected as its count source. Additionally, the timer 2 is set to
“0116” and the timer 1's output is automatically selected as its count source. When the STP instruction
is being executed, all bits except bit 4 of the timer 123 mode register (address 002916) are initialized
to “0”. It is not necessary to set T123M1 (timer 1 count stop bit) to “0” before executing the STP
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instruction. After returning from Stop mode, reset the timer 1 (address 002416), timer 2 (address
002516), and the timer 123 mode register (address 00291s).

3.3.10 Notes on Stop mode

*When the STP instruction is executed, bit 7 of the clock control register (address 001Fis) goes to
“0”. To return from stop mode, reset CCR7 to “1".

*When using fsyn (set internal system clock select bit (CPMAG) to “1") as the internal system clock,
switch CPMAG6 to “0” before executing the STP instruction. Reset CPMAG6 after the system returns
from Stop Mode and the frequency synthesizer has stabilized.

CPMAG does not need to be switched to “0” when using the WIT instruction.

*When the STP instruction is executed or Reset occurs, the timer 1 is set to “FFis” and the internal
clock @ divided by 8 is automatically selected as its count source. Additionally, the timer 2 is set
to “0116” and the timer 1's output is automatically selected as its count source. When the STP
instruction is being executed, all bits except bit 4 of the timer 123 mode register (address 00291¢)
are initialized to “0”. It is not necessary to set T123M1 (timer 1 count stop bit) to “0” before
executing the STP instruction. After returning from Stop mode, reset the timer 1 (address 00241s),
timer 2 (address 002516), and the timer 123 mode register (address 0029:s).

3.3.11 Notes on reset

(1) Connecting capacitor
In case where the RESET signal rise time is long, connect a ceramic capacitor or others across the
RESET pin and the Vss pin. Use a 1000 pF or more capacitor for high frequency use. When
connecting the capacitor, note the following :
« Make the length of the wiring which is connected to a capacitor as short as possible.
» Be sure to verify the operation of application products on the user side.

e Reason
If the several nanosecond or several ten nanosecond impulse noise enters the RESET pin, it may
cause a microcomputer failure.

3.3.12 Notes on /O port

(1) Notes in standby state
In standby state™ for low-power dissipation, do not make input levels of an 1/O port “undefined”.
Pull-up (connect the port to Vcc) or pull-down (connect the port to Vss) these ports through a
resistor.
When determining a resistance value, note the following points:
» External circuit
» Variation of output levels during the ordinary operation

When using built-in pull-up resistor, note on varied current values:
« When setting as an input port : Fix its input level
« When setting as an output port : Prevent current from flowing out to external

e Reason
The potential which is input to the input buffer in a microcomputer is unstable in the state that input
levels of an I/O port are “undefined”. This may cause power source current.

01 standby state: stop mode by executing STP instruction
wait mode by executing WIT instruction
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(2) Modifying output data with bit managing instruction
When the port latch of an 1/O port is modified with the bit managing instruction™, the value of the
unspecified bit may be changed.

e Reason
The bit managing instructions are read-modify-write form instructions for reading and writing data
by a byte unit. Accordingly, when these instructions are executed on a bit of the port latch of an
I/O port, the following is executed to all bits of the port latch.
*As for bit which is set for input port:
The pin state is read in the CPU, and is written to this bit after bit managing.
*As for bit which is set for output port:
The bit value is read in the CPU, and is written to this bit after bit managing.

Note the following:

*Even when a port which is set as an output port is changed for an input port, its port latch holds
the output data.

*As for a bit of which is set for an input port, its value may be changed even when not specified
with a bit managing instruction in case where the pin state differs from its port latch contents.

02 Bit managing instructions: SEB and CLB instructions

(3) Pull-up control
When using port P2, which includes a pull-up resistor, as an output port, its port pull-up control is
invalidated, that is, pull-up cannot be enabled.

e Reason
Pull-up/pull-down control is valid only when each direction register is set to the input mode.

3.3.13 Notes on programming

(1) Processor status register

O Initializing of processor status register
Flags which affect program execution must be initialized after a reset.
In particular, it is essential to initialize the T and D flags because they have an important effect
on calculations.

e Reason
After a reset, the contents of the processor status register (PS) are undefined except for the |
flag which is “1”.

C Reset )

!

| Initializing of flags |
!

| Main program |

Fig. 3.3.5 Initialization of processor status register
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O How to reference the processor status register
To reference the contents of the processor status register (PS), execute the PHP instruction once
then read the contents of (S+1). If necessary, execute the PLP instruction to return the PS to its
original status. A NOP instruction should be executed after every PLP instruction.
Be sure to execute the SEI instruction before the PLP instruction. If executing the CLI instruction,
do it after the NOP instruction

/_\—/
(PLP instruction execution) S)
l
NOP (S)+1 Stored PS
N‘/

Fig. 3.3.6 Sequence of PLP instruction execution Fig. 3.3.7 Stack memory contents after PHP
instruction execution

(2) BRK Instruction
It can be detected that the BRK instruction interrupt event or the least priority interrupt event by
referring the stored B flag state. Refer to the stored B flag state in the interrupt routine.

(3) Decimal Calculations
When decimal mode is selected, the values of the V flags are invalid.
The carry flag (C) is set to “1” if a carry is generated as a result of the calculation, or is cleared to
“0” if a borrow is generated. To determine whether a calculation has generated a carry, the C flag
must be initialized to “0” before each calculation. To check for a borrow, the C flag must be initialized
to “1” before each calculation.

(4) Multiplication and Division Instructions
The index X mode (T) and the decimal mode (D) flags do not affect the MUL and DIV instruction.

(5) Instruction Execution Time
The instruction execution time is obtained by multiplying the frequency of the internal clock ¢ by the
number of cycles needed to execute an instruction.
The number of cycles required to execute an instruction is shown in the list of machine instructions.
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3.3.14 Termination of unused pins
(1) Terminate unused pins

O I/O ports :

» Set the 1/O ports for the input mode and connect them to Vcc or Vss through each resistor of
1 kQ to 10 kQ.

Ports that permit the selecting of a built-in pull-up resistor can also use this resistor. Set the
I/O ports for the output mode and open them at “L” or “H".

* When opening them in the output mode, the input mode of the initial status remains until the
mode of the ports is switched over to the output mode by the program after reset. Thus, the
potential at these pins is undefined and the power source current may increase in the input
mode. With regard to an effects on the system, thoroughly perform system evaluation on the user
side.

« Since the direction register setup may be changed because of a program runaway or noise, set
direction registers by program periodically to increase the reliability of program.

(2) Termination remarks

O I/O ports :
Do not open in the input mode.
e Reason
« The power source current may increase depending on the first-stage circuit.
« An effect due to noise may be easily produced as compared with proper termination O and
shown on the above.

O I/O ports :
When setting for the input mode, do not connect to Vcc or Vss directly.
e Reason
If the direction register setup changes for the output mode because of a program runaway or
noise, a short circuit may occur between a port and Vcc (or Vss).

O I/O ports :
When setting for the input mode, do not connect multiple ports in a lump to Vcc or Vss through
a resistor.
e Reason
If the direction register setup changes for the output mode because of a program runaway or
noise, a short circuit may occur between ports.

« At the termination of unused pins, perform wiring at the shortest possible distance (20 mm or less)
from microcomputer pins.
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3.3.15 Notes on CPU rewrite mode for flash memory version
The below notes applies when rewriting the flash memory in CPU rewrite mode.

(1) Operation speed
During CPU rewrite mode, set the internal clock @ to 6 MHz or less using the X divider select bit
(bit 7 of address 001Fus).

(2) Instructions inhibited against use
The instructions which refer to the internal data of the flash memory cannot be used during CPU
rewrite mode .

(3) Interrupts inhibited against use
The interrupts cannot be used during CPU rewrite mode because they refer to the internal data of
the flash memory.

(4) Reset
Reset is always valid. When CNVss is “H” at reset release, the program starts from the address
stored in addresses FFFAi1s and FFFB1s of the boot ROM area in order that CPU may start in boot
mode.
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3.4 Countermeasures against noise

Countermeasures against noise are described below. The following countermeasures are effective against
noise in theory, however, it is necessary not only to take measures as follows but to evaluate before actual use.

3.4.1 Shortest wiring length
The wiring on a printed circuit board can function as an antenna which feeds noise into the microcomputer.
The shorter the total wiring length (by mm unit), the less the possibility of noise insertion into a microcomputer.

(1) Wiring for RESET pin
Make the length of wiring which is connected to the RESET pin as short as possible. Especially,
connect a capacitor across the RESET pin and the Vss pin with the shortest possible wiring (within
20mm).

e Reason
The width of a pulse input into the RESET pin is determined by the timing necessary conditions.
If noise having a shorter pulse width than the standard is input to the RESET pin, the reset is
released before the internal state of the microcomputer is completely initialized. This may cause
a program runaway.

Noise
_/ N\
Reset é ! StaeT Reset
circuit RESET circuit ™ T RESET
Vss Vss Vss--T Vss
N.G.
O.K.

Fig. 3.4.1 Wiring for the RESET pin

(2) Wiring for clock input/output pins
* Make the length of wiring which is connected to clock I/O pins as short as possible.
« Make the length of wiring (within 20 mm) across the grounding lead of a capacitor which is
connected to an oscillator and the Vss pin of a microcomputer as short as possible.
e Separate the Vss pattern only for oscillation from other Vss patterns.

e Reason
If noise enters clock I/O pins, clock waveforms may be deformed. This may cause a program
failure or program runaway. Also, if a potential difference is caused by the noise between the Vss
level of a microcomputer and the Vss level of an oscillator, the correct clock will not be input in
the microcomputer.

Noise
] ]
0 = XIN I—_é_—XIN
[— XouT B Xout
Vss 1Vss
77T
N.G. O.K.
Fig. 3.4.2 Wiring for clock 1/0 pins
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3.4.2 Connection of bypass capacitor across Vss line and Vcc line

Connect an approximately 0.1 uF bypass capacitor across the Vss line and the Vcc line as follows:

« Connect a bypass capacitor across the Vss pin and the Vcc pin at equal length.

« Connect a bypass capacitor across the Vss pin and the Vcc pin with the shortest possible wiring.

« Use lines with a larger diameter than other signal lines for Vss line and Vcc line.

« Connect the power source wiring via a bypass capacitor to the Vss pin and the Vcc pin.

In use of the 7641 group it is recommended to connect 0.1 pF and 4.7 uF capacitors in parallel between
pins Vcc and Vss, and pins AVss and AVcc. However, their capacitors must not be allocated near the LPF

pin.

jotnon == \V/ole Vcc
o =4
A 7
| V'ss Vss
N.G. O.K.
—
Vss
(AVss)
4.7 uS 0.1uS
Vcc
(AVcc)

Fig. 3.4.3 Bypass capacitor across the Vss line and the Vcc line
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3.4.3 Oscillator concerns

Take care to prevent an oscillator that generates clocks for a microcomputer operation from being affected
by other signals.

(1) Keeping oscillator away from large current signal lines
Install a microcomputer (and especially an oscillator) as far as possible from signal lines where a
current larger than the tolerance of current value flows.

e Reason
In the system using a microcomputer, there are signal lines for controlling motors, LEDs, and
thermal heads or others. When a large current flows through those signal lines, strong noise
occurs because of mutual inductance.

Microcomputer

Mutual inductance =
MI
I Vvl
Large 2| XIN
current Xout
Vss

Fig. 3.4.4 Wiring for a large current signal line

(2) Installing oscillator away from signal lines where potential levels change frequently
Install an oscillator and a connecting pattern of an oscillator away from signal lines where potential
levels change frequently. Also, do not cross such signal lines over the clock lines or the signal lines
which are sensitive to noise.

e Reason
Signal lines where potential levels change frequently (such as the CNTR pin signal line) may affect
other lines at signal rising edge or falling edge. If such lines cross over a clock line, clock waveforms
may be deformed, which causes a microcomputer failure or a program runaway.

N.G.
Do not cross CNTR

f XIN
’:: } XouTt
Vss

il
\/

Fig. 3.4.5 Wiring for signal lines where potential levels change frequently

HOH
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(3) Oscillator protection using Vss pattern
As for a two-sided printed circuit board, print a Vss pattern on the underside (soldering side) of the
position (on the component side) where an oscillator is mounted.
Connect the Vss pattern to the microcomputer Vss pin with the shortest possible wiring. Besides,
separate this Vss pattern from other Vss patterns.

An example of Vss patterns on the
underside of a printed circuit board

Oscillator wiring
pattern example
5 XIN
| XouT
5| Vss

Separate the Vss line for oscillation from other Vss lines

IEig. 3.4.6 Vss pattern on the underside of an oscillator

3.4.4 Setup for I/O ports
Setup I/O ports using hardware and software as follows:

<Hardware>
» Connect a resistor of 100 Q or more to an 1/O port in series.

<Software>
« As for an input port, read data several times by a program for checking whether input levels are
equal or not.
» As for an output port, since the output data may reverse because of noise, rewrite data to its port
latch at fixed periods.
» Rewrite data to direction registers at fixed periods.

Note: When a direction register is set for input port again at fixed periods, a several-nanosecond short
pulse may be output from this port. If this is undesirable, connect a capacitor to this port to remove
the noise pulse.

Data bus O"\/\/\/—i
‘ N;ise

Port latch

I/O port
pins

Fig. 3.4.7 Setup for 1/0 ports
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3.4.5 Providing of watchdog timer function by software

If a microcomputer runs away because of noise or others, it can be detected by a software watchdog timer
and the microcomputer can be reset to normal operation. This is equal to or more effective than program
runaway detection by a hardware watchdog timer. The following shows an example of a watchdog timer

provided by software.

In the following example, to reset a microcomputer to normal operation, the main routine detects errors of
the interrupt processing routine and the interrupt processing routine detects errors of the main routine.
This example assumes that interrupt processing is repeated multiple times in a single main routine processing.

<The main routine>

« Assigns a single byte of RAM to a software watchdog timer (SWDT) and writes the initial value
N in the SWDT once at each execution of the main routine. The initial value N should satisfy the

following condition:

N+1 = (Counts of interrupt processing executed in each main routine)
As the main routine execution cycle may change because of an interrupt processing or others,

the initial value N should have a margin.

« Watches the operation of the interrupt processing routine by comparing the SWDT contents with
counts of interrupt processing after the initial value N has been set.

 Detects that the interrupt processing routine has failed and determines to branch to the program
initialization routine for recovery processing in the following case:
If the SWDT contents do not change after interrupt processing.

<The interrupt processing routine>

» Decrements the SWDT contents by 1 at each interrupt processing.

» Determines that the main routine operates normally when the SWDT contents are reset to the
initial value N at almost fixed cycles (at the fixed interrupt processing count).

* Detects that the main routine has failed and determines to branch to the program initialization

routine for recovery processing in the following case:

If the SWDT contents are not initialized to the initial value N but continued to decrement and if

they reach 0 or less.

(' Main routine ) Qnterrupt processing routine)
(SWDT) — N

[(swpT) - (swDT)—1|

| Interrupt processing |

Main processing

Interrupt processing Main routine
rottine errors errors

Fig. 3.4.8 Watchdog timer by software

Rev.2.00 Aug 28,2006 page 48 of 108 RENESAS

REJ09B0336-0200



7641 Group

APPENDIX

3.5 Control registers

3.5 Control registers

CPU mode register A

b7 b6 b5 b4 b3 b2 bl b0

1 CPU mode register A

ALt 11 (CPMA: address 0016)

A A L Name Functions At reset|R

P11 1111 -0 [Processor mode bits bib0 0 00

i i i i i i i 0 0 : Single-chip mode :

A ] 0 1 : Memory expansion mode 0 o0

b 1 1 0 : Microprocessor mode (Note 1) i

i i i i i i 11 : Not available !

T T T T 2 | Stack page select bit 0:Page0 1 0'0

Pl 1:Pagel i

I R 3 [Fix this bit to “1". 1 [O:O

T R R — 4 | Sub-clock (XciN-XcouT) |0 : Stopped o |00

bl stop bit 1 : Oscillating i

I e EEE e 5 [ Main clock (XIN-XouT) stop [0 : Oscillating 0 00

Pl bit 1 : Stopped :

P bmmmmmmem oo 6 | Internal system clock 0 : External clock (XIN-XoUT or XCIN-XCOUT) 0 Ooi0o

, select bit (Note 2) 1: fsyn !

R — 7 | External clock select bit 0 : XIN-XouT 0 00
1 : XCIN-XcouT i

Notes 1: This is not available in the flash memory version.
2: When (CPMA 7, 6) = (0, 0), the internal system clock can be selected between

f(XIN) and f(XIN)/2 by CCRY7.

The internal clock @is the internal system clock divided by 2.

Fig. 3.5.1 Structure of CPU mode register A

CPU mode register B

b7 b6 b5 b4 b3 b2 bl b0
1]0 CPU mode register B
ALt 1 (CPMB: address 0116)
A A L Name Functions At reset|R iW
i i i i i i i t--1 0 | Slow memory wait select | b1bo 1 @) l O
S bits 0 0 : No wait :
R T R S — 0 1: One-time wait :
A 1 10 : Two-time wait 1 0.0
A 1 1: Three-time wait ;
T T T T 2 [ Slow memory wait mode | b3b2 0 00
Pobob select bits 00 : Software wait |
A N — 01 : Not available '
Pl 3 10 : RDY wait 0 |00
I 11 : Software wait plus RDY input :
Pl anytime wait anytime wait |
i i i bemomeeneeees 4 | Expanded data memory 0 : EDMA output disabled 0 i
oo access bit 1 : EDMA output enabled i
R S — 5 [HOLD function enable bit |0 : HOLD function disabled 0 |
i i 1 : HOLD function enabled :
s 6 |Fix this bit to “0”. 0o |oio
bommmmmmmmsmonoooo e 7 |Fix this bit to “1”. 1 oo

Fig. 3.5.2 Structure of CPU mode register B

Rev.2.00 Aug 28,2006 page 49 of 108

REJ09B0336-0200

RENESAS



7641 Group

APPENDIX

3.5 Control registers

Interrupt request register A

b7 b6 b5 b4 b3 b2 bl bo

Interrupt request register A
(IREQA : address 0216)

Probr bbb Name Functions Atreset|R W
A i___ 0 [USB function interrupt 0 : No interrupt request issued 0 oi0
A A request bit 1: Interrupt request issued i
Porob b 1 [USB SOF interrupt request [0 : No interrupt request issued 0 |00
AR bit 1 : Interrupt request issued i
A 2 [INTo interrupt request bit [0 : No interrupt request issued S EE
i i i i i 1: Interrupt request issued i
A 3 |INT1 interrupt request bit [0 : No interrupt request issued 0 oo
i i i i 1: Interrupt request issued i
A 4 [DMACQO interrupt request [0 : No interrupt request issued 0 O 0
o bit 1: Interrupt request issued .
A 5 | DMACL1 interrupt request |0 : No interrupt request issued 0 o0
o bit 1 : Interrupt request issued i
A 6 | UART1 receive buffer full |0 : No interrupt request issued 0 o0
' interrupt request bit 1 : Interrupt request issued |
G 7 [UART1 transmit interrupt (0 : No interrupt request issued 0 00
request bit 1 : Interrupt request issued i
: “0” can be set by software, but “1” cannot be set.
Fig. 3.5.3 Structure of Interrupt request register A
Interrupt request register B
b7 b6 b5 b4 b3 b2 bl b0
| Interrupt request register B
AL P b1 | (IREQB : address 0316)
Probr bbb Name Functions Atreset|R W
A i___ 0 [UART1 summing error 0 : No interrupt request issued 0 oi0
A A interrupt request bit 1 : Interrupt request issued i
Porob o 1 [UART2 receive buffer full [0 : No interrupt request issued 0 |00
AR interrupt request bit 1 : Interrupt request issued i
A 2 |UART2 transmit interrupt [0 : No interrupt request issued B EE
i i i i i request bit 1 : Interrupt request issued i
A 3 |UART2 summing error 0 : No interrupt request issued 0o |00
Pl interrupt request bit 1 : Interrupt request issued :
A 4 |Timer X interrupt request [0 : No interrupt request issued 0 O 0
o bit 1: Interrupt request issued .
A 5 | Timer Y interrupt request |0 : No interrupt request issued 0 o0
o bit 1 : Interrupt request issued i
A 6 [ Timer 1 receive buffer full |0 : No interrupt request issued 0 O:0
' interrupt request bit 1 : Interrupt request issued |
G 7 [Timer 2 transmit interrupt [0 : No interrupt request issued 0 00
request bit 1: Interrupt request issued i
: “0” can be set by software, but “1” cannot be set.

Fig. 3.5.4 Structure of Interrupt request register B
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Interrupt request register C

b7 b6 b5 b4 b3 b2 bl b0

Interrupt request register C

(.) AL L 1 1 1 | (IREQC: address 0416)
Pl bbb Name Functions At reset|R iW
i i i i i i i i--4 0 | Timer 3 interrupt request |0 : No interrupt request issued 0 o'
A bit 1 : Interrupt request issued !
e 1 [CNTRo interrupt request [0 : No interrupt request issued 0 o0
i i i i i i bit 1: Interrupt request issued :
R 2 [CNTRu interrupt request |0 : No interrupt request issued 0 o0
oo bit 1 : Interrupt request issued i
e 3 | Serial I/0 interrupt request |0 : No interrupt request issued 0 o:0
Pl bit 1 : Interrupt request issued ;
R SRR 4 | Input buffer full interrupt [0 : No interrupt request issued 0 o:0
o request bit 1: Interrupt request issued |
e 5 | Output buffer empty 0 : No interrupt request issued 0 o0
b interrupt request bit 1 : Interrupt request issued '
P temmemmeeo e 6 | Key input interrupt request [0 : No interrupt request issued 0 o0
! bit 1 : Interrupt request issued '
B i 7 | Fix this bit to “0”. 0 0:0
(: “0” can be set by software, but “1” cannot be set.
Fig. 3.5.5 Structure of Interrupt request register C
Interrupt control register A
b7 b6 b5 b4 b3 b2 bl b0
Interrupt control register A

AL L L 1 1 1 | (ICONA:address 0516)
Pl bbb Name Functions Atreset|R W
i i i i i i i i___ 0 | USB function interrupt 0 : Interrupt disabled 0 0i0
A enable bit 1 : Interrupt enabled :
bbb 1 |USB SOF interrupt enable |0 : Interrupt disabled 0 0:0
bbb bit 1 Interrupt enabled i
A 2 [INTo interrupt enable bit [0 : Interrupt disabled o |oio
P 1 : Interrupt enabled !
A 3 |INT1 interrupt enable bit |0 : Interrupt disabled 0 00
Pl 1 : Interrupt enabled :
e 4 | DMACO interrupt enable |0 : Interrupt disabled 0 0:0
ol bit 1 : Interrupt enabled :
b ] 5 | DMACL1 interrupt enable |0 : Interrupt disabled 0 0:i0
b bit 1 : Interrupt enabled :
b 6 | UART1 receive buffer full |0 : Interrupt disabled 0 0:0
! interrupt enable bit 1 : Interrupt enabled ;
e 7 |UARTL1 transmit interrupt (O : Interrupt disabled 0 00

enable bit 1 : Interrupt enabled |

Fig. 3.5.6

Structure of Interrupt control register A
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Interrupt control register B

b7 b6 b5 b4 b3 b2 bl b0

Interrupt control register B
(ICONB : address 0616)

Plob bbb Name Functions Atreset|R W
i i i i i i i i___ 0 |UART1 summing error 0 : Interrupt disabled 0 0:i0
A A interrupt enable bit 1: Interrupt enabled :
A 1 [UART?2 receive buffer full |0 : Interrupt disabled 0 0:0
Pl interrupt enable bit 1 Interrupt enabled |
A 2 [UART2 transmit interrupt [0 : Interrupt disabled o |oio
Pl enable bit 1 : Interrupt enabled !
A 3 |UART2 summing error 0 : Interrupt disabled o |O!0
Pl interrupt enable bit 1: Interrupt enabled :
A 4 | Timer X interrupt enable |0 : Interrupt disabled 0 0:0
ol bit 1 : Interrupt enabled :
A 5 | Timer Y interrupt enable |0 : Interrupt disabled 0 O:i0
b bit 1 : Interrupt enabled :
A 6 | Timer 1 interrupt enable bit [0 : Interrupt disabled 0 00
! 1 : Interrupt enabled ;
e 7 | Timer 2 interrupt enable bit [0 : Interrupt disabled 0 00
1: Interrupt enabled |
Fig. 3.5.7 Structure of Interrupt control register B
Interrupt control register C
b7 b6 b5 b4 b3 b2 bl b0
| Ol | | Interrupt control register C
AL bbb 1| (ICONC : address 0716)
Prob bbb Name Functions At reset|R iW
P11 11 -1 0 [Timer 3 interrupt enable bit [0 : Interrupt disabled 0 0:0
Pl 1 : Interrupt enabled !
A T — 1 |CNTRo interrupt enable bit |0 : Interrupt disabled 0 00
AR 1 : Interrupt enabled :
e 2 | CNTR1 interrupt enable bit |0 : Interrupt disabled o |[O:0
i i i i i 1 : Interrupt enabled i
et 3 | Serial I/O interrupt enable |0 : Interrupt disabled 0 [O:0
i i i i bit 1: Interrupt enabled i
I aat 4 |Input buffer full interrupt [0 : Interrupt disabled o |[O:0
b enable bit 1 : Interrupt enabled |
Pl e 5 | Output buffer empty 0 : Interrupt disabled 0 00
Pt interrupt enable bit 1 : Interrupt enabled !
P Rmmmmmmmmmemeeeeee 6 [Key input interrupt enable |0 : Interrupt disabled 0 0.0
' bit 1: Interrupt enabled !
b 7 [ Fix this bit to “0”. 0 |oio

Fig. 3.5.8 Structure of Interrupt control register
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Port Pi

b7 b6 b5 b4 b3 b2 bl b0
| PortPi(i=0,1,2,3,5,6,8)
(Pi : addresses 0816, 0A16, 0C16, OE16, 1616, 1416, 1C16)

A A L Name Functions At reset|R ‘W
bbb i fo[Portpio e In output mode 0 OEO
A Write essesses Port latch !

e e A 1 [ Port Pi1 Read eeeeeees Port latch 0 00
b e In input mode :

T R . Write esesesee Port latch !

A 2 |Port Pi2 Read sssssees Value of pin 0 o : ©
A S 3 | Port Pi3 0 e} i @)
A T S 4 | Port Pia 0 00
i i ] 5 | Port Pis 0 00
] 6 | Port Pis 0 @) ; O

_______________________ 7 [Port Pi7 0 0'0

Fig. 3.5.9 Structure of Port Pi

Port P4, Port P7

b7 b6 b5 b4 b3 b2 bl b0
| Port P4, Port P7
(P4, P7 : addresses 1816, 1A16)

P bbb Name Functions Atreset|R W
bbb b1 1| o|PortP4o or Port P70 « In output mode 0 0:0
i i i i i i i Write eessesee Port latch :

A A 1 |Port P41 or Port P71 Read ssseeees Port latch o |00
i i i i i i e In input mode !

e 2 | Port P42 or Port P72 Write eseeeeee Port latch 0 00
oo Read esesesee \Value of pin '

A S 3 | Port P43 or Port P73 0 0:0
A T S 4 | Port P44 or Port P74 0 0.0
Py T | 5 | Nothing is arranged for these bits. These are write disable bits. When [Undefined| U ; [
P oo | 6 |these bits are read out, the contents are undefined. Undefined) 00 i O
Fmmm e e 7 Undefined| O i O

Fig. 3.5.10 Structure of Port P4, Port P7
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Port Pi direction register

b7 b6 b5 b4 b3 b2 bl b0
Port Pi direction register (i=0, 1, 2, 3, 5, 6, 8)
(PiD : addresses 0916, 0B1s, 0D16, OF16, 1716, 1516, 1D16)

Pl bbb Name Functions At reset| R ‘W
v 41 b 11 1 i _[ o[ PortPidirection register [0 : Port Pio input mode 0 0i0
A A 1 : Port Pio output mode !
A T 1 0 : Port Pi1 input mode 0 00
A 1: Port Pi1 output mode ;
A N N 2 0 : Port Pi2 input mode 0 0io
i i i i i 1: Port Pi2 output mode '
S S 3 0 : Port Pi3 input mode 0 0:0
Pl 1 : Port Pi3 output mode |
T N S 4 0 : Port Pi4 input mode o |o0:0
bobo ] 1 : Port Pi4 output mode i
T T P 5 0 : Port Pis input mode 0 0io
i i 1 : Port Pis output mode !
o] 6 0 : Port Pie input mode 0 0o
i 1: Port Pis output mode !
e 7 0 : Port Pi7 input mode 0 00
1: Port Pi7 output mode i

Fig. 3.5.11 Structure of Port Pi direction register

Port P4, P7 direction registers

b7 b6 b5 b4 b3 b2 bl b0
| Port P4 direction register, Port P7 direction register
(P4D, P7D : addresses 1916, 1B16)

Probr bbb Name Functions At reset|R W
i i i i i i i i__| 0 [ Port P4 direction register |0 : Port P4o or P70 input mode 0 ] EO
A A || Port P7 direction register |1 : Port P4o or P70 output mode |
A A 1 0 : Port P41 or P71 input mode 0 0io
T S A 1: Port P41 or P71 output mode !
Porob 2 0 : Port P42 or P72 input mode 0 0:0
oo 1 : Port P42 or P72 output mode i
A 3 0 : Port P43 or P73 input mode 0 0i0
Pl 1: Port P43 or P73 output mode '
A S S 4 0 : Port P44 or P74 input mode 0 01 O
P 1: Port P44 or P74 output mode :
T |5 | Nothing is arranged for these bits. These are write disable bits. When |Undefined| [ | U
p o mmmmmmmmmeme s | 6 [these bits are read out, the contents are undefined. Undefined| O : O
b 7 Undefined| 0: O

Fig. 3.5.12 Structure of Port P4, Port P7 direction registers

Rev.2.00 Aug 28,2006 page 54 of 108 RENESAS
REJ09B0336-0200



7641 Group

APPENDIX

3.5 Control registers

Port control register

b7 b6 b5 b4 b3 b2 bl b0

Port control register
(PTC : address 1016)

rm——————

b Name Functions At reset|R iW

[0 [PortPOto P3slewrate |0 : Disabled o [OiO
control bit (Note 1) 1: Enabled ;

1 | Port P4 slew rate control |0 : Disabled 0 00
bit (Note 1) 1: Enabled i

2 [ Port P5 slew rate control |0 : Disabled 0 0:0
bit (Note 1) 1 : Enabled i

3 | Port P6 slew rate control |0 : Disabled 0 (OX@)
bit (Note 1) 1: Enabled !

4 | Port P7 slew rate control |0 : Disabled 0 00
bit (Note 1) 1: Enabled l

5 | Port P8 slew rate control |0 : Disabled 0 ©) : o
bit (Note 1) 1 : Enabled ;

6 | Port P2 input level select |0 : Reduced VIHL level input (Note 2) 0 00
bit 1: CMOS level input ;

7 [Master CPU bus input 0 : CMOS level input 0 0:0
level select bit 1:TTL level input :

Notes 1: The slew rate function can reduce di/dt by modifying an internal buffer structure.
2: The characteristics of VIHL level is basically the same as that of TTL level. But, its

switching center point is a little higher than TTL'’s.

Fig. 3.5.13 Structure of Port control register

Interrupt polarity select register

b7 b6 b5 b4 b3 b2 bl b0
[oJofo]ofofo] |

Interrupt polarity select register
(IPOL : address 1116)

b Name Functions At reset|R {W

0 [INTo interrupt edge select |0 : Falling edge active 0 00
bit 1: Rising edge active :

1 |INTz1 interrupt edge select (O : Falling edge active 0 00
bit 1: Rising edge active i

| 2 | Fix these bits to “0". 0 0:0

| 3] 0 0:0

4] o |00

5 o [0iO

6 | 0o |oio

7] o |oio

Fig. 3.5.14 Structure of Interrupt polarity select register
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Port P2 pull-up control register

b7 b6 b5 b4 b3 b2 bl b0
| Port P2 pull-upt control register
(PUP2 : address 1216)

i i i i i i i i b Name Functions At reset|R IW
i i i i i i i i__| 0 [Port P20 pull-up control bit |0 : Disabled 0 O i O
i i i i i i i 1: Enabled !
A T 1 | Port P21 pull-up control bit |0 : Disabled 0 00
A 1: Enabled |
I I A 2 [Port P22 pull-up control bit |0 : Disabled 0 00
T B 1: Enabled :
S S 3 [ Port P23 pull-up control bit [0 : Disabled o [O:0
Pl 1: Enabled !
N SO 4 | Port P24 pull-up control bit |0 : Disabled 0 00
P 1: Enabled ;
R S — 5 [Port P25 pull-up control bit |0 : Disabled 0 |00
P 1 : Enabled |
S 6 | Port P26 pull-up control bit |0 : Disabled 0 0:0
i 1: Enabled !
e 7 | Port P27 pull-up control bit |0 : Disabled 0 0:0
1: Enabled i
Fig. 3.5.15 Structure of Port P2 pull-up control register
USB control register
b7 b6 b5 b4 b3 b2 bl b0
| 0 | USB control register
AL bbb 1| (USBC : address 1316)
i i i i i i i i b Name Functions At reset|R W
b =70 [Fix this bit to *0”. 0o [0i0
S - 1 | USB default state selection |0 : In default state after power-on/reset 0 0:0
A bit (USBC1) 1 : In default state after USB reset signal |
I S A received '
A R R SER 2 [ USB artificial SOF enable |0 : Artificial SOF disabled o [OiO
Poroab bit (USBC2) 1 : Artificial SOF enabled i
i i i i bemmomeenaen 3 |USB line driver current 0 : High current mode 0 Oi O
ool control bit (USBC3) 1: Low current mode :
L] e 4 [USB line driver supply [0 : Line driver disabled 0 |O'O
Pl enable bit (USBC4) (Note 1) |1 : Line driver enabled |
S S 5 | USB clock enable bit 0 : 48 MHz clock to the USB block disabled | 0 [O!O
P (USBC5) 1 : 48 MHz clock to the USB block enabled :
P e 6 [USB SOF port select bit [0 : SOF output disabled o |0!0
i (USBC6) 1: SOF output enabled .
e 7 |USB enable bit (USBC7) |0 : USB block disabled (Note 2) 0 00
1: USB block enabled i
Notes 1: When using the MCU in Vcc = 3.3 V, set this bit to “0” and disable the built-in DC-
DC converter.
2: Setting this bit to 0” causes the contents of all USB registers to have the values at
reset.

Fig. 3.5.16 Structure of USB control register
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Clock control register

b7 b6 b5 b4 b3 b2 bl bo
Clock control register
| | | |?|9|9|9|9 (CCR : address 1F1s)

A A L Name Functions Atreset|R W
A L“'L Fix these bits to “0”. 0 0:0
BEEEE e F o_[oio
A 2] 0o |00
REE B 0_[ofo
Pl R 4 0o |00
T RE— 5 [ Xcour oscillation drive 0 : Xcour oscillation drive is enabled. o l|olo
Do disable bit (CCR5) (When XciN oscillation is enabled.) |
i i 1 : Xcout oscillation drive is disabled. i
i T 6 | XouT oscillation drive 0 : XouT oscillation drive is enabled. 0 @) l o)
! disable bit (CCR®6) (When XiN oscillation is enabled.) |
i 1 : Xour oscillation drive is disabled. !
G EE R 7 | XiN divider select bit 0 : f(XIN)/2 is used for the system clock. 0 0'0

(CCRY7) (Note) 1 : f(XIN) is used for the system clock. i

Note: This bit is valid when (b7, b6 of CPMA) = “00".
Fig. 3.5.17 Structure of Clock control register
Timer X (low, high)
b7 b6 b5 b4 b3 b2 bl b0
Timer XL, Timer XH

AL L L1 11 (TXL, TXH: addresses 2016, 2116)
i Pl bbb Functions At reset|R W
i i i i i i i Lo 0 | ® Timer X’s count value is set through this register. 1 '®) i 9]
A A —1 e Writing operation depends on the timer X write control bit. :
I s 1| When it is “0”, the values are simultaneously written into timer X 1 00
Pl — latch and counter. :
Vo T 2| Whenitis “1”, the values are written into only timer X latch. 1 0:0
Pl e Timer X is a down-count timer. !
pob oy T i e When reading this register’s address, the timer X's count value is 1 O:O
I I E— 4| readout 1 |olo
I 5 1 |olo
. 6 1 |00
e EEEEE 7 1 0i0

Notes 1: Read and write operation to timer X must be performed for both high and low-order bytes.
2: When reading timer X, read the high-order byte first and then the low-order byte.
3: When writing to timer X, write the low-order byte first and then the high-order byte.
4: Do not read this register during the write operation, or do not write during the read operation.

Fig. 3.5.18 Structure of Timer X
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Timer Y (low, high)

b7 b6 b5 b4 b3 b2 bl b0

Timer YL, Timer YH
(TYL, TYH: addresses 2216, 2316)

E P bbb b Functions Atreset|R W
borobb b L[ g |eTimer Y's count value is set through this register. 1 oo
A — e Timer Y is a down-count timer. ;

e 1 [e When reading this register’s address, the timer Y’s count value is 1 0.0
A — read out. :

R My 2 1 |00
] e 3 1 |olo
R 4 1 |00
I 5 1 |oio
e 6 1 |oio
e 7 1 0i0

Notes 1: Read and write operation to timer X must be performed for both high and low-order bytesl.

2: When reading timer X, read the high-order byte first and then the low-order byte.
3: When writing to timer X, write the low-order byte first and then the high-order byte.

4: Do not read this register during the write operation, or do not write during the read operation.

Fig. 3.5.19 Structure of Timer Y

Timeri (i=1to 3)

b7 b6 b5 b4 b3 b2 bl b0

Timer 1, Timer 2, Timer 3
(T1, T2, T3: addresses 2416, 2516, 2616)

R

1 1 1 1 1 1 1 1 1
Prorr 1 |b Functions At reset|R :\W
i i i i i i i Lo 0 | ® Timer i's count value is set through this register. (Note) |O i 0]
Pl L1 e Timer 1 and Timer 2 ;
T A 1| Writing operation depends on the timers 1, 2 write control bit. (Note) |O1O
A — When it is “0”, the values are simultaneously written into their :
T T T 2 [ latches and counters. (Note) |O1O
i Pobod —1 Whenitis “1”, the values are written into only their latches. !

T 3 | e Timer 3 (Note) |O1O
oo | The values are simultaneously written into their latches and i
S 4] counters. / (Note) [O1O
i A 5 |® When reading this register's address, its timer's count values are (Note) 00
i i | read out. ) :

N S—— 6 [® The timer causes an underflow at the count pulse following the| (Note) |O!O
| 1 count where the timer contents reaches “0016”. Then The contents !
PR —— 7 | of latches are automatically reloaded into the timer. (Note) |OiO

Note: Timer 1 and Timer 3's values are “FF16". Timer 2 s value are “0116".

Fig. 3.5.20 Structure of Timer i
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Timer X mode register

b7 b6 b5 b4 b3 b2 bl b0

Timer X mode register
(TXM : address 2716)

______

b Name Functions At reset|R W

0 | Timer X write control bit 0 : Write value in latch and counter 0 @) : O
1 : Write value in latch only !

1 [ Timer X count source b2bl 0 00
select bits 00:¢/8 i
— 01:¢/16 ;

2 10:¢/32 o [oio
11:¢/64 i

3 | Timer X internal clock 0:¢/n(n=8, 16, 32, 64) 0 0'0
select bit 1 : SCSGCLK (Special Count Source Generator) i

4 | Timer X operating mode | bSb4 0 0:0
bits 0 0 : Timer mode !
— 0 1: Pulse output mode T

5 1 0 : Event counter mode 0o |0:0
11 : Pulse width measurement mode i

6 | CNTRo active edge switch | This function depends on the timer X 0 o He)
bit operating mode. (See below.) :

7 | Timer X count stop bit 0 : Count start 0 0:0
1: Count stop i

Function of CNTRo active edge switch bit

Timer X operating mode

CNTRo active edge switch bit

Pulse output mode 0 : Starts at “H” output

1: Starts at “L" output
Event counter mode 0 : Counts at rising edge

1: Counts at falling edge
Pulse width measurement | 0 : Measures “H” pulse width
mode 1: Measures “L” pulse width
Interrupt 0 : Falling edge active

1

: Rising edge active

Fig. 3.5.21 Structure of Timer X mode register
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Timer' Y mode register

b7 b6 b5 b4 b3 b2 bl b0

Timer Y mode register
(TYM : address 2816)

Plb bbb Name Functions At reset|R EW
bbb b1 -0 [Timer Y write control bit |0 : Write value in latch and counter 0 00
i b 1 : Write value in latch only '
A 1 | Timer Y output control bit |0 : TYouT output disabled 0 0:0
I A 1: TYour output enabled !
A 2 | Timer Y count source b3b2 0 0!0
Pobo select hits 00:¢/8 i
e 3 10:¢/32 o |[O:0
Pl 11:¢/64 i
T R 4 |Timer Y operating mode ~ [bSb4 0 0:0
P bits 0 0 : Timer mode !
Pl 0 1: Period measurement mode ;
I = | 1 0 : Event counter mode !
i i 5 11 : Pulse width HL continuously 0 © i O
b measurement mode !
P beemeememeeeoeeeeee 6 | CNTRu1 active edge switch | This function depends on the timer Y 0 0:0
' bit operating mode. (See below.) :
e 7 | Timer Y count stop bit 0: Count start 0 00
1: Count stop i

Function of CNTR1 active edge switch bit

Timer Y operating mode

CNTR1 active edge switch bit

Period measurement mode|

: Measures between falling edges
: Measures between rising edges

Event counter mode

: Counts at rising edge
: Counts at falling edge

TYouT output

. Starts at “H” output
: Starts at “L” output

Interrupt

P O||PrO|FkrO|Fr O

: Falling edge active
: Rising edge active

Fig. 3.5.22 Structure of Timer Y mode register

Rev.2.00 Aug 28,2006 page 60 of 108

REJ09B0336-0200

RENESAS



7641 Group

APPENDIX

3.5 Control registers

Timer 123 mode register
b7 b6 b5 b4 b3 b2 bl b0
| Timer 123 mode register

AL bbb | (T123M : address 2916)

A A L) Name Functions At reset|R IW
bbb il o[Tourt factor select bit 0 : Timer 1 output 0 00
Pobob 1 : Timer 2 output !
A 1 [Timer 1 count stop bit 0 : Count start o |Oi0
I T T B 1: Count stop ;
A 2 | Timer 1 count source 0:9/8 0 O:0
oo select bit 1:f(XcIN) /2 |
A T 3 [ Timer 2 count source 0 : Timer 1 output 0 o0
Pl select bit 1:0 |
T S 4 | Timer 3 count source 0 : Timer 1 output o |00
Pl select bit 1:¢/8 ;

b ] 5 [ TouT output active edge |0 : Start at “H” output 0 00
i i switch bit 1: Start at “L” output '
o] 6 | TouT output control bit 0 : TouT output disabled 0 0i0
i 1 : Tout output enabled !

e e 7 | Timers 1, 2 write control bit| O : Write value in latch and counter 0 Oi O

1 : Write value in latch only i
Fig. 3.5.23 Structure of Timer 123 mode register
Serial 1/0O shift register
b7 b6 b5 b4 b3 b2 bl b0
| | | Serial I/O shift register

AL L b1 | (SIOSHT: address 2A16)

Pror bbb b Functions Atreset|R iW
bbb 1 s 0 [ e At transmitting Undefined| O 1O
i i i i i i e | 1| Writing transmitted data to this register starts transmitting operation. |Undefined 0:0
A R 2 | ® At receiving _ _ Undefined| O 1 O
R 3| Read received data through this register. Undefined[ O[O
T | 4 | Undefined| O 1 O
b bemmmmmmmm oo oo 1 5| Undefined| O 1 O
P b 6 | Undefined| O : O
ommmmmmmmemeeemeoo o 7 Undefined| O 1O

Fig. 3.5.24 Structure of

Serial I/O shift register
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Serial I/O control register 1

b7 b6 b5 b4 b3 b2 bl bo

| Serial 1/0 control register 1
(SIOCONL1 : address 2B16)

Pl bbb Name Functions Atreset| R W
t 11 1 1 1 1 -1 0 [internal synchronous clock |b2b1bo 0 0:0
T A A select bits (Note) 00 0 : Internal clock divided by 2 '
P | 00 1: Internal clock divided by 4 |
T T T T R . 1 0 1 0: Internal clock divided by 8 0 00
oo 01 1:Internal clock divided by 16 :
T T R 100: Internal clock divided by 32 !
A R . B 101 : Internal clock divided by 64 0 loo
T T S 11 0: Internal clock divided by 128 !
Pobo 11 1:Internal clock divided by 256 |
R 3 | Serial I/O port select bit |0 : /O port 0 o'o
Pl 1: STXD, SCLK signal output ;
R R 4 | SRDY output select bit 0 : /O port 0 00
P 1: SRDY signal output |
P temmemmeee e 5 | Transfer direction select bit| O : LSB first 0 0i0
P 1: MSB first !
iy 6 | Synchronous clock select |0 : External clock 1 o}e)
: bit 1 : Internal clock :
b 7 | STXD output channel 0 : CMOS output o |oio
control bit 1 : N-channel open drain output i

1/0 control register 2

Note: The source of serial I/O internal synchronous clock can be selected by bit 1 of serial

Fig. 3.5.25 Structure of Serial 1/O control register 1

Serial I/O control register 2

b7 b6 b5 b4 b3 b2 bl bO

0 | 0 | 0 | Serial I/O control register 2

AL Lt 111 | (SIOCON2: address 2C16)

Pl bbb Name Functions At reset|R W
bbb b1 Lo [SPImode select bit 0 : Normal serial I/O mode 0o [oio
i i i i i i i 1: SPI compatible mode (Note) i
Pl e 1 | Serial I/O internal clock 0:¢ 0 00
A select bit 1:SCSGCLK i
[T R T A SN 2 [ SRXD input enable bit 0 : SRXD input disabed 0 00
Pl 1 : SRXD input enabed |
A A SO 3 | Clock polarity select bit 0 : SCLK starting at “L” 1 O:0
i i i i (CPoL) 1: SCLK starting at “H” i
e 4 | Clock phase select bit 0 : Serial transfer starting at falling edge 1 0.0
oo (CPha) of SRDY |
Pl 1 : Serial transfer starting after a half i
oo cycle of SCLK passed at falling edge :

i i i of SRDY i

{ ] Smmmmeemeeeeeeees | 5 [Fix these bits to “0”. 0[O0
| hmmmmmmmmmmmmeemeees | 6 | 0 0: 0
Memmmmmemmeemeeeoeeo 7 0 |oio

Note: To set the slave mode, also set bit 4 of serial I/O control register 1 to “1".

Fig. 3.5.26 Structure of Serial I/O control register 2
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Special count source generator 1

b7 b6 b5 b4 b3 b2 bl bo

Special count source generator 1
(SCSGL1: address 2D1s)

i i i i i i i i b Functions Atreset|R W
i 111111 =0 |eThis is a 8-bit down-count timer. 1 |O00
i i i i i i R | 1| Thedivision ratio : 1/(nl +1), nl: value set to SCSG1. 1 00
BEEE R L1000
R 3] 1 0.0
e | 4 | 1 0.0
e e | 5 | 1 o0
O 6| e
S 7 1 00
Fig. 3.5.27 Structure of Special count source generator 1
Special count source generator 2
b7 b6 b5 b4 b3 b2 bl b0
| Special count source generator 2
AL L L1 1 | (SCSG2: address 2E1s)
i i i i i i i i b Functions Atreset|R iW
i i1 1 111 *-{0]eThis is a 8-bit down-count timer. An output from SCSG1 is divided 1 0:0
A 1| by the contents of SCSG2 to generate SCSGCLK. 1 00
[T S T T A - "> | ® The count source, an output from SCSG1, is @+ nl/(nl +1). 1 00
A 3| ® SCSGCLK frequency: @+ nl/(n1+1)«1/(n2 +1) 1 |00
A 4| Nl value setto SCSG1 1 00
P — n2:value set to SCSG2 l
Dol b | 5| 1 oio
b s 6] 1_|oio
o 7 1 Qi0

Fig. 3.5.28 Structure of

Special count source generator 2
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Special count source mode register
b7 b6 b5 b4 b3 b2 bl b0
Special count source mode register

| (?l (I)lol | (.) L | . | | (SCSGM : address 2F1s)
Pl bbb Name Functions At reset|R iW
A R A o I SCSG1 data write control |0 : Writing data into both timer latch and 0 o) : O
i i i i i i i bit timer simultaneously !
I 1 : Writing data into timer latch l
i i i i i i N 1 | SCSG1 count stop bit 0 : Count start 0 O : O
A 1: Count stop i
N 2 | SCSG2 data write control |0 : Writing data into both timer latch and 0 O:0
Pobor bit timer simultaneously :
I 1 : Writing data into timer latch l
T S 3 | SCSGCLK output control |0 : SCSGCLK output disabled 0 0i0
P bit (SCSG1 and SCSG2 counts stop) i
P 1: SCSGCLK output enabled :
I | 4 | Fix these bits to “0”. 0 |0i0
e 5| o [OiO
P temmemeoeeee o 6| 0o |00
Ny 7 [ [e}{¢]

Fig. 3.5.29 Structure of Special count source mode register
UARTX mode register
b7 b6 b5 b4 b3 b2 bl b0
| | UARTX (x = 1, 2) mode register

AL bbb 1| (UXMOD : addresses 3016, 3816)
i i i i i i i i b Name Functions At reset|R W
iopo1 o111 -1 0 |UART clock select bit 0:¢ 0 O:0
i i i i i i i (CLK) 1: SCSGCLK output !
T R 1 |UART clock prescaling b2b1 0 !
b select bits (PS) 00 : UART clock divided by 1 |
T R — 0 1: UART clock divided by 8 ;
bbb T 2 10 : UART clock divided by 32 0o |00
I 11 : UART clock divided by 256 i
bl e 3 | Stop bit length select bit |0 : 1 stop bit 0o |00
P (STB) 1: 2 stop bits i
A T 4 | Parity select bit (PMD) 0 : Even parity o |oio
i i i 1:Odd parity !
b} e 5 |Parity enable bit (PEN) 0 : Parity checking disabled 0 0:i0
i i 1 : Parity checking enabled i

| mmmmmmemmmmmemeeeee 6 | UART character length b7bs 0 00
: select bit (LE1, 0) 00 :7 bits |

! — 01 : 8 hits :
"""""""""""" 7 10: 9 bits 0 [O:0

11 : Not available i

Fig. 3.5.30 Structure of UARTx (x = 1, 2) mode register
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UARTX baud rate generator
b7 b6 b5 b4 b3 b2 bl b0
| | UARTX (x = 1, 2) baud rate generator
AL bbb 1| (UXBRG: addresses 3116, 3916)
E E i i i i i i b Functions Atreset|R iW
i 11 1 1 1 1 “--|0[eThe UXBRG determines the baud rate for transfer. Undefined| O 1O
N 1 | e This is a 8-bit counter with its reload register. This generator divides [Undefined| O { O
S T N S 5| the frequency of the count source by 1/(n + 1), where “n” is the [Jndefined| O 1 O
A A 5] value written to the UXBRG. Undefined] O 1O
R Z Undefined| O 1 O
et | 5 | Undefined| O 1 O
P bemmmmmm e | 6 | Undefined| O 1O
s 7 Undefined| O 1O
Fig. 3.5.31 Structure of UARTx (x = 1, 2) baud rate generator
UARTX status register
b7 b6 b5 b4 b3 b2 bl b0
| | | UARTX (x = 1, 2) status register
AL P 1| (UXSTS @ addresses 3216, 3A16)
i i i i i i i i b Name Functions At reset|R IW
bbb b1 -] o [ Transmit complete flag 0 : Transmit shift in progress 1 (OXRN
i i i i i i i (TCM) 1 : Transmit shift completed i
A 1 | Transmit buffer empty flag |0 : Buffer full 1 oo
I T S R (TBE) 1 : Buffer empty ;
[T T R R 2 | Receive buffer full flag 0 : Buffer empty 0 o0
AR (RBF) 1 : Buffer full !
T T T T S— 3 | Parity error flag (PER) 0 : No error 0 OO
Pl 1 : Parity error !
Pl R 4 | Framing error flag (FER) |0 : No error 0 oo
P 1 : Framing error ;
|1 R 5 [ Overrun error flag (OER) |0 : No error 0 OXin
Do 1 : Overrun error |
I temmeeecmcee e 6 | Summing error flag (SER) |0 : (PER) U (FER) U (OER) =0 0 0.0
; 1: (PER) U (FER) U (OER) = 1 |
G EEE 7 |Nothing is arranged for this bit. This is a write disable bit. When this 0 Oi 0
bit is read out, the contents are “0". i

Fig. 3.5.32 Structure of UARTx (x = 1, 2) status register
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UARTX control register

b7 b6 b5 b4 b3 b2 bl bo

UARTX (x = 1, 2) control register
(UXCON : addresses 3316, 3B16)

b Name Functions At reset|R W

0 | Transmit enable bit (TEN) |0 : Transmit disabled 0 00
1 : Transmit enabled i
1 [ Receive enable bit (REN) |0 : Receive disabled 0 :
1: Receive enabled '
o | Transmit initialization bit |0 : No action 0 i
(TIN) 1 : Initializing (Note 1) i

3 [ Receive initialization bit 0 : No action 0 00
(RIN) 1 : Initializing (Note 2) i

4 | Transmit interrupt source |0 : Interrupt when transmit buffer has 0 O : O
select bit (TIS) emptied i
1 : Interrupt when transmit shift operation |
is completed i

5 | CTS function enable bit 0 : CTS function disabled (Note 3) 0 0:0
(CTS_SEL) 1 : CTS function enabled i

6 [ RTS function enable bit 0 : RTS function disabled (Note 4) 0 0:0
(RTS_SEL) 1: RTS function enabled !

7 | UART address mode 0 : Address mode disabled 0 0'0
enable bit (AME) 1: Address mode enabled i

Notes 1. When setting the TIN bit to “1”, the TEN bit is set to “0” and the UARTX status
register will be set to “0316” after the data has been transmitted. To retransmit, set
the TEN bit to “1” and set a data to the transmit buffer register again. The TIN bit

will be cleared to “0” one cycle later after the TIN bit has been set to “1".

2: Setting the RIN bit to “1” suspends the receiving operation and will set all of the
REN, RBF and the receive error flags (PER, FER, OER, SER) to “0". The RIN bit

will be cleared to “0” one cycle later after the RIN bit has been set to “1”".

3: When CTS function is disabled (CTS_SEI = “0"), pins P82 and P86 can be used as

ordinary 1/O ports.

4: When RTS function is disabled (RTS_SEI = “0”), pins P83 and P87 can be used as

ordinary 1/O ports.

Fig. 3.5.33 Structure of UARTX (x = 1, 2) control register
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UARTX transmit/receive buffer registers 1, 2

b7 b6 b5 b4 b3 b2 bl bo

UARTX (x = 1, 2) transmit/receive buffer register 1
(UXTRB1: addresses 3416, 3C16)

b7 b6 b5 b4 b3 b2 bl b0

b Functions At reset|R W
0 | The transmit buffer register and the receive buffer register are located [yndefined| O | O
—]at the same address. Writing a transmitting data and reading a - i
| 1 | received data are performed through the UXTRB. This is its low-order |Undefined) © 1O
2 [byte. Undefined| O 1 O
— *At write - :
| 3| The data is written into the transmit buffer register. It is not done into |Undefined| O : O
4 | the receive buffer register. Undefined| O 'O
I—]+At read !
5 | The contents of receive buffer register is read. Undefined| O i O
6 If a character bit length is 7 bits, the MSB of received data is invalid. Undefinedl O i o
7 | Note that the contents of transmit buffer register cannot be read. Undefined| O | O
UARTX (x = 1, 2) transmit/receive buffer register 2
(UXTRB2: addresses 3516, 3D16)
b Functions Atreset|R W
0 | The transmit buffer register and the receive buffer register are located (Undefined| O { O
at the same address. Writing a transmitting data and reading a !
received data are performed through the UxTRB. This is its high- i
order byte. i
*At write i
The data is written into the transmit buffer register. It is not done into |
the receive buffer register. i
*At read |
The contents of receive buffer register is read. :
If a character bit length is 9 bits, the received high-order 7 bits of !
UXTRB2 are “0” |
Note that the contents of transmit buffer register cannot be read. If a i
character bit length is 7 or 8 bits, the received contents of UXTRB2 !
are invalid. i
| 1 [Nothing is arranged for this bit. This is a write disable bit. When this [Undefined| O i O
2 | bit is read out, the contents are “0". Undefined| O : 0
| 3] Undefined| O i O
| 4| Undefined| O | O
5 Undefined| O | O
| 6| Undefined| O 1 O
7 Undefined| O O

_______________________

Fig. 3.5.34 Structure of UARTx (x = 1, 2) transmit/receive buffer registers 1, 2
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UARTX RTS control register

b7 b6 b5 b4 b3 b2 bl b0
| | | | | 0 | 0 | 0 | 0 | UARTX (x = 1, 2) RTS control register
1 1 | (UXRTSC : addresses 3616, 3E16)

i i i i i i b Name Functions Atreset|R 'W

o111 1--4 0 [Fix these bits to *0". 0 0i0

BEE e o [oio

L ] Tolo

Pl e 3 0 0:0

1 1 0 O o
select bits (RTS) 0 0 0 0 : No delay; Assertion immediately

001 0: 16-bit term assertion at “H”
= 001 1:24-bit term assertion at “H”
01 0 0 : 32-bit term assertion at “H”
010 1: 40-bit term assertion at “H”
0110 :48-bit term assertion at “H”
— 011 1:56-bitterm assertion at “H”

i 000 1: 8-bit term assertion at “H”

1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1 .
ettt 4 | RTS assertion delay count | b7b6b5b4
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1

. 6 100 0 : 64-hit term assertion at “H” 0 |00
| 100 1:72-bit term assertion at “H”
i 101 0 : 80-bit term assertion at “H”
' || 101 1:88-hitterm assertion at “H”
R Get LU ELEEE LR 7 110 0 : 96-bit term assertion at “H” 1 0!0

110 1:104-bit term assertion at “H”
1110:112-bit term assertion at “H”
1111:120-bit term assertion at “H”

o1
o

Ol Ol O] _©O[O000T |
O

Fig. 3.5.35 Structure of UARTx (x = 1, 2) RTS control register
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DMAC index and status register

b7 b6 b5 b4 b3 b2 bl b0
0 | | | DMAC index and status register
(DMAIS : address 3F16)

control bit (DTSC) (Note 2)|  interrupt process
1 : Suspending both burst and cycle steal
transfers during interrupt process

bbbt 5 | DMAC register reload 0 :Enabling reload of source and 0 (OH©)

i i i i i i i b Name Functions At reset|R W
i 14 11 1o [DMAC channel 0 count 0 : No underflow 0 [OiO
i i i i i i register underflow flag (DOUF) | 1 : Underflow generated !
A 1 | DMAC channel 0 suspend |0 : Not suspended 0 o:0
[ flag (DOSFI) (Note 1) 1 : Suspended !
bbb 2 | DMAC channel 1 count 0 : No underflow 0 o0
ool register underflow flag (D1UF) | 1 : Underflow generated

oo ] 3 | DMAC channel 1 suspend [0 : Not suspended 0 o'n
i i i flag (D1SFI) (Note 1) 1: Suspended

T 4 | DMAC transfer suspend |0 :Suspending only burst transfers during 0 0:0

i disable bit (DRLDD) destination registers of both channels

' (Note 3) 1 : Disabling reload of source and

i destination registers of both channels
| bememmeeeeeceeeee 6 | Fix this bit to “0”. 0 0!0
R —— 7 | Channel index bit (DCI) 0 : Channel 0 accessible 0 e}

1: Channel 1 accessible
Accessed registers: Mode register,

source register, destination register,
transfer count register.

[: “0” can be set by software, but “1” cannot be set.

Notes 1: Suspended by an interrupt.
2: Transfer suspended during interrupt process
3: This settings affect the source and destination registers of both channels.

Fig. 3.5.36 Structure of DMAC index and status register
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DMAC channel x mode register 1 (x =0, 1)

b7 b6 b5 b4 b3 b2 bl bo

DMAC channel x mode register 1
(DMAXM1 : address 4016) (Note 1)

p———————

b Name Functions At reset
| 0 | DMAC channel x source 0 : Increment after transfer 0 00
register increment/decrement |1 : Decrement after transfer i
selection bit (DxSRID) i

1 | DMAC channel x source 0 : Disabled (No change after transfer) 0 0!0
register increment/decrement | 1 : Enabled '
enable bit (DXSRCE) :

2 | DMAC channel x destination |0 : Increment after transfer 0 oi @)
register increment/decrement |1 : Decrement after transfer i
selection bit (DxDRID) :

3 [ DMAC channel x destination | O : Disabled (No change after transfer) 0 oi (@)
register increment/decrement | 1 : Enabled :
enable bit (DxDRCE) i

4 | DMAC channel x data 0 : Writing data in reload latches and 0 oo
write control bit (DxDWC) registers :

1 : Writing data in reload latches only i

5 [ DMAC channel x disable after [0 : Channel x enabled after count 0 0!0
count register underflow register underflow !
enable bit (DXDAUE) 1 : Channel x disabled after count :

register underflow i

6 | DMAC channel x register |0 : Not reloaded 0 00

reload bit (DXRLD) 1 : Source, destination, and transfer (Notei2)
count registers contents of channel x i
to be reloaded :

7 | DMAC channel x transfer |0 : Cycle steal transfer mode 0 0.0
mode selection bit (DXTMS) |1 : Burst transfer mode i

Notes 1: Channels 1 and 2 share this register. The channel selection which can use this register

depends on channel index bit, bit 7 of DMAC index and status register.
2: These bits’ contents are “0” at read.

Fig. 3.5.37 Structure of DMAC channel x (x = 0, 1) mode register 1
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DMAC channel 0 mode register 2

b7 b6 b5 b4 b3 b2 bl b0

DMAC channel 0 mode register 2
(DMAOM?2 : address 4116) (Note 1)

b Name

Functions

At reset

p———————

{0

DMAC channel 0 hardware
transfer request source
bits (DOHR)

b3b2b1b0
0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:

1000:

1001:

1010:

1011:

1100:

1101:

1110:

1111:

Not used

UARTL receive interrupt
UART1 transmit interrupt
Timer Y interrupt

INTo interrupt

USB endpoint 1 IN_PKT_RDY
signal (falling edge active)
USB endpoint 2 IN_PKT_RDY
signal (falling edge active)
USB endpoint 3 IN_PKT_RDY
signal (falling edge active)
USB endpoint 1
OUT_PKT_RDY signal (rising
edge active)

USB endpoint 1
OUT_FIFO_NOT_EMPTY
signal (rising edge active)

USB endpoint 2
OUT_PKT_RDY signal

(rising edge active)

USB endpoint 3
OUT_PKT_RDY signal

(rising edge active)

Master CPU bus interface
OBEo signal (rising edge active)
Master CPU bus interface IBFo
signal, data (rising edge active)
Serial I/O transmit/receive
interrupt

CNTRu interrupt

0

DMAC channel 0 software
transfer trigger (DOSWT)

0:

No action

1 : Request of channel 0 transfer by
writing “1”

(N

DMAC channel 0 USB and
master CPU bus interface
enable bit (DOUMIE)

: Disabled

1 : Enabled

DMAC channel 0 transfer
initiation source capture
register reset bit (DOCRR)

: No action

1 : Reset of channel O capture register by
writing “1”

DMAC channel 0 enable

bit (DOCEN)

0:

Channel 0 disabled

1: Channel 0 enabled (Note 3)

Notes 1: DMAC channel 0 mode register 2 and DMAC channel 1 mode register 2 are

assigned at the same address 4116. The accessible register depends on channel

index bit, bit 7 of DMAC index and status register.

2: These bits’ contents are “0” at read. This bit is automatically cleared to “0” after

writing “1”.

3: When setting this bit to “1”, simultaneously set the DMAC channel 0 transfer
initiation source capture register reset bit (bit 6 of DMAOM2) to “1”.

Fig. 3.5.38 Structure of DMAC channel 0 mode register 2
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DMAC channel 1 mode register 2

b7 b6 b5 b4 b3 b2 bl bo

DMAC channel 1 mode register 2
(DMA1M2 : address 4116) (Note 1)

b Name

Functions

At reset

p———————

10

DMAC channel 1 hardware
transfer request source
bits (D1HR)

b3b2b1b0
0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:

1000:

1001:

1010:

1011:

1100:

1101:

1110:
1111:

Not used

UART?2 receive interrupt
UART?2 transmit interrupt
Timer X interrupt

INT1 interrupt

USB endpoint 1 IN_PKT_RDY
signal (falling edge active)
USB endpoint 2 IN_PKT_RDY
signal (falling edge active)
USB endpoint 4 IN_PKT_RDY
signal (falling edge active)
USB endpoint 1
OUT_PKT_RDY signal (rising
edge active)

USB endpoint 1
OUT_FIFO_NOT_EMPTY
signal (rising edge active)

USB endpoint 2
OUT_PKT_RDY signal

(rising edge active)

USB endpoint 4
OUT_PKT_RDY signal

(rising edge active)

Master CPU bus interface
OBE1 signal (rising edge active)
Master CPU bus interface IBF1
signal, data (rising edge active)
Timer 1 interrupt

CNTRo interrupt

0

ol|l=x
ol

©)

DMAC channel 1 software
transfer trigger (D1SWT)

: No action
: Request of channel 1 transfer by

writing “1”

(N

O

o
=1

@
T

DMAC channel 1 USB and
master CPU bus interface
enable bit (D1IUMIE)

: Disabled
: Enabled

Ol

©)

DMAC channel 1 transfer
initiation source capture
register reset bit (D1CRR)

: No action
: Reset of channel 1 capture register by

writing “1”

O
o

otei2)
1

DMAC channel 1 enable

bit (D1CEN)

0:
1

Channel 1 disabled
: Channel 1 enabled (Note 3)

oo

Notes 1: DMAC channel 0 mode register 2 and DMAC channel 1 mode register 2 are

assigned at the same address 4116. The accessible register depends on channel

index bit, bit 7 of DMAC index and status register.

2: These bits’ contents are “0” at read. This bit is automatically cleared to “0” after

writing “1”.

3: When setting this bit to “1”, simultaneously set the DMAC channel 1 transfer

initiation source capture register reset bit (bit 6 of DMA1M2) to “1”.

Fig. 3.5.39 Structure of DMAC channel 1 mode register 2
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DMAC channel x source registers Low, High

b7 b6 b5 b4 b3 b2 bl b0

DMAC channel x source registers Low, High
(DMAXSL,DMAXSH : addresses 4216, 4316)

i i i i i i i i b Functions Atreset| R iW
i 1ob b1 11 t-10 |eThisis a 16-bit register with a latch. 0o |0i0
T e e 0_loio
I T T B S 2 | @ This register indicates the source address for data transfer. 0 e Xe)
R 3] o [oio
R R e e | 4 | 0 0.0
I 5| 0 0:0
P e 6| o |00
- 7 0 00

Notes 1. DMAC channel x source registers low, high of channels 0 and 1 are assigned at
the same addresses. The accessible register depends on channel index bit, bit 7 of
DMAC index and status register.
2: Write data into the lower bytes first, and then the higher bytes.
3: Read the contents from the higher bytes first, and then the lower bytes.

Fig. 3.5.40 Structure of DMAC channel x (x = 0, 1) source registers Low, High

DMAC channel x destination registers Low, High

b7 b6 b5 b4 b3 b2 bl b0

DMAC channel x destination registers Low, High
(DMAXDL,DMAXDH : addresses 4416, 4516)

i i i i i i i i b Functions Atreset|R W
bbb 1 Y- o [eThisis a 16-bit register with a latch. 0 0:0
EEER R ™ 0_Joio
[ N S 2 | @ This register indicates the destination address for data transfer. 0 [eXe)
i i i i [ 3] 0 0.0
: : : L e e i O Oio
N S— 5] o |00
R — 6| " (e} e
o 7 0 00

Notes 1: DMAC channel x destination registers low, high of channels 0 and 1 are assigne
at the same addresses. The accessible register depends on channel index bit, bit 7
of DMAC index and status register.
2: Write data into the lower bytes first, and then the higher bytes.
3: Read the contents from the higher bytes first, and then the lower bytes.

Fig. 3.5.41 Structure of DMAC channel x (x = 0, 1) destination registers Low, High
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DMAC channel x transfer count registers Low, High

b7 b6 b5 b4 b3 b2 bl b0
| | DMAC channel x transfer count registers Low
(DMAXCL : address 4616)

Probr bbb b Functions At reset| R iW
bbb b b1 t-10 |eThis is the lower 8-bit register with a latch. Set the lower 8 bits of| 0[O0
I S S A R S 1| transfer numbers. 0 0:0
A T > |® This register indicates the remaining transfer numbers while[— 5 [O'O
i i i i e 3] transfer is continuing. 0 0'0
I 7 ° This contents are decreased by 1 at every transfer operation. 0 00
T —— @ When this register underflows, the DMAC interrupt request bit and :
P TTTTTTTTTTTTTTT 15| the count register underflow flag (Note 2) are set to “1". 0 |00
Iommmmmmm oo | 6 | 0 0:0
TR 7 0 0:i0
b7 b6 b5 b4 b3 b2 bl b0

| DMAC channel x transfer count registers High
At 11 | (DMAXCH :address 4716)
Probr bbb b Functions At reset| R iW
bbb b b1 Y- 0 |eThis is the higher 8-bit register with a latch. Set the higher 8 bitsof| 0[O0
T 1| transfer numbers. 0 00
A A > |® This register indicates the remaining transfer numbers while[— 5 [0O!0O
A T SO — 3| transfer is continuing. 0 00
R ik This contents are decreased by 1 at every transfer operation. 0 00
R SRS —— 5| 0 |00
b 6] [ [e}{e)
TR 7 0 0:i0

Notes 1: DMAC channel x transfer count registers low, high of channels 0 and 1 are
assigned at the same addresses 4616 and 4716. The accessible channel depends
on channel index bit, bit 7 of DMAC index and status register.

2: Channel 0 used: Bit 0 of DMAC index and status register
Channel 1 used: Bit 2 of DMAC index and status register
3: Write data into the lower byte first, and then the higher byte.
4: Read the contents from the higher byte first, and then the lower byte.

Fig. 3.5.42 Structure of DMAC channel x (x = 0, 1) transfer count registers Low, High
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Data bus buffer register x
b7 b6 b5 b4 b3 b2 bl b0
| | | Data bus buffer register x (x = 0, 1)

ALt 1| (DBBx: addresses 4816, 4C16)

P bbb Functions At reset| R W
i1 11 11 -0 [eA datais latched into this register by a write request from the host| 0 [eXe)
8 BRSO [P}
i 2 ) _ _ ) 0 0:0
A T T SO — 37| ® Write an output data into this register. 0 00
oo ——1 The data is output on to the data bus by a read request from the ’
ol e al 0o [OiO
[ — ost CPU. T
oyt =l 0o 0.0
P b 6 | o |00
homommmmmmomooooo oo 7 [ [e}{e)

Fig. 3.5.43 Structure of Data bus buffer register x (x = 0, 1)
Data bus buffer status register x
b7 b6 b5 b4 b3 b2 bl b0
| Data bus buffer status register x (x = 0, 1)

A4t 1 11 | (DBBSx: addresses 4916, 4D16)

i i i i i i i i b Name Functions At reset|R iW
p4ob 1 1 Ig[Output buffer full flag 0 : Buffer empty o [OiDo
A (OBFx) 1 : Buffer full |
A T T S— 1 | Input buffer full flag (IBFx) [0 : Buffer empty 0 o
P 1 : Buffer full |
Pl ey 2 | User definable flag (U2) This flag can be defined by user freely. 0 0.0
i i i i [ 3 [ Ao flag (Aox) This flag indicates the condition of Ao 0 oin
Pl status when the IBFx flag is set. i

i i i S 4 | User definable flag This flag can be defined by user freely. 0 0:0
A 5 | (Uato U7) 00
b 6| o0
B EEEEE L 7 0:0

Fig. 3.5.44 Structure of Data bus buffer status register x (x = 0, 1)
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Data bus buffer cont

rol register O

b7 b6 b5 b4 b3 b2 bl b0

Data bus buffer control register 0

select bit

functions as I/O port.)
1 : Double data bus buffer mode(P72
functions as Sz input pin.)

i | i (.) i | . | —| (DBBCO : address 4A16)
Pl bbb Name Functions At reset|R W
i1 1111 i 0 [OBFo output enable bit 0 : P52 functions as I/O port. 0 O:0
A A 1 : P52 functions as OBFo output pin. i
A S 1 | IBFo output enable bit 0 : P53 functions as 1/O port. 0 00
A 1 : P53 functions as IBFo !
T A 2 [IBFo interrupt select bit 0 : Occurrence due to data write (Ao =“0") or 0 [e}{e)
oo command write (Ao = “1") i
I 1: Occurrence due to command write (Ao = i
BERE 1) i
A 3 | Output buffer 0 empty 0 : Enabled 0 O:0
P interrupt disable bit 1 : Disabled i
R 4 |Input buffer O full interrupt |0 : Enabled 0 |
b disable bit 1 : Disabled '
N T SR —— 5 [Nothing arranged for this bit. Fix this bit to “0". 0o |o'o
| 6 | Master CPU bus interface [Function of P54 to P57, P60 to P67 ; 0 O:0
' enable bit 0: As I/O ports. !
i 1 : As master CPU bus interface function |
: pins. :
R — 7 | Bus interface type select [0 : RD,WR separate type bus 0 (@) : O
bit 1: R/W type bus i
Fig. 3.5.45 Structure of Data bus buffer control register 0
Data bus buffer control register 1
b7 b6 b5 b4 b3 b2 bl b0
| olo | | Data bus buffer control register 1
A1 1 I 1 | 1 | (DBBCO:address 4Eis)
i i i i i i i i b Name Functions Atreset|R W
i1 11 11 -1 0 [OBF1 output enable bit 0 : P74 functions as I/O port. o [Oi0
A A 1: P74 functions as OBF1 output pin. i
I A (Note) |
e 1 [ IBF1 output enable bit 0 : P73 functions as /O port. 0 0:0
A 1 : P73 functions as IBF1 output pin. |
REREE (Note) |
T 2 | IBF1 interrupt select bit 0 : Occurrence due to data write (Ao = “0") or 0 O ; @]
P command write (Ao = “1") !
Polon o 1 : Occurrence due to command write (Ao = :
A 1) |
I 3 | Output buffer 1 empty 0 : Enabled 0 0:0
poror interrupt disable bit 1: Disabled i
A 4 | Input buffer 1 full interrupt |0 : Enabled o |00
Pl disable bit 1: Disabled i
P hemmmmmmmeeoees | 5 | Nothing arranged for these bits. 0 0Oi0
I e e ELEEELE 6 | Fix these bits to “0”". 0 (o})e)
CER 7 | Data bus buffer function | 0 : Single data bus buffer mode(P72 0 0:0

Note: This can be selected when the data bus buffer function select bit is “1”.

Fig. 3.5.46 Structure of Data bus buffer control register 1
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USB address register

b7 b6 b5 b4 b3 b2 bl b0

0 USB address register

AL L1 | (USBA @ address 5016)

i i i i i i i i b Name Functions At reset|R IW

i i i i i i i i__|o|This register maintains the 7-bit USB function control unit address 0 OEO

A | | assigned by the host CPU. |

BEEE R o |00

IR TR I g —Y o |9

I S 3] o [olo

N 4] o |00

A S— 5| 0 |00

R 6 | o [ojo

R 7 | Nothing arranged for this bit. 0 Oi (@)
Fix this bit to “0”. i

Fig. 3.5.47 Structure of USB address register

USB power management register

b7 b6 b5 b4 b3 b2 b1l b0
USB power management register
|0 | 0 | 0 | 0 | 0 | | (USBPM : address 5116)

A A L Name Functions Atreset| RIW
i 10 b1 11 -0 [USB suspend detection 0 : No USB suspend detected 0 Oi o
i i i i i i i flag (SUSPEND) 1: USB suspend detected (Note 1) !
A 1 | USB resume detection flag |0 : No USB resume signal detected 0 oo
R T A A (RESUME) 1: USB resume signal detected i
i 2 [ USB remote wake-up bit |0 : End of remote resume signal 0 0.0
oo (WAKEUP) 1 : Transmitting of remote resume signal !
oo (only when SUSPEND = “1") (Note 2) i
et | 3 |Nothing arranged for this bit. Fix these bits to “0”. 0 O ; O
Pl e 4] o [oo
I 5 0 |0:0
R O — 6 0 00
e 7 0 0:0

Notes 1: This bit is cleared when the WAKEUP bit is “1”.
2: When the SUSPEND bit is “1”, set this bit to “1” and keep “1” for 10 ms to 15 ms.

Fig. 3.5.48 Structure of USB power management register
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USB interrupt status register 1

b7 b6 b5 b4 b3 b2 bl b0
o]

USB interrupt status register 1
(USBIS1 : address 5216)

b Name

Functions

At reset

0 [USB endpoint O interrupt
status flag (INTSTO)

0 : Except the following conditions
1: Set at any one of the following
conditions:
« A packet data of endpoint 0 is
successfully received
* A packet data of endpoint 0 is
successfully sent
« DATA_END bit of endpoint O is
cleared to “0”
¢« FORCE_STALL bit of endpoint 0 is
setto “1”
» SETUP_END bhit of endpoint 0 is set
to “1".

0

1 [Nothing arranged for this bit. Fix this bit to “0”.

2 |USB endpoint 1 IN
interrupt status flag
(INTST2)

0 : Except the following conditions
1 : Set at which of the following
conditions:
* A packet data of endpoint 1 is
successfully sent
* UNDER_RUN bit of endpoint 1 is set
to “1”.

3 [USB endpoint 1 OUT
interrupt status flag
(INTST3)

0 : Except the following conditions
1: Set at any one of the following
conditions:
e A packet data of endpoint 1 is
successfully received
« OVER_RUN bit of endpoint 1 is set to
wqn
* FORCE_STALL bit of endpoint 1 is set
fo “1”.

4 |USB endpoint 2 IN
interrupt status flag
(INTST4)

0 : Except the following conditions
1 : Set at which of the following
conditions:
* A packet data of endpoint 2 is
successfully sent
* UNDER_RUN bit of endpoint 2 is set
to “1”.

5 [USB endpoint 2 OUT
interrupt status flag
(INTST5)

0 : Except the following conditions
1: Set at any one of the following
conditions:
e A packet data of endpoint 2 is
successfully received
« OVER_RUN bit of endpoint 2 is set to
wqn
* FORCE_STALL bit of endpoint 2 is set
to "1”.

6 |USB endpoint 3 IN
interrupt status flag
(INTST6)

0 : Except the following conditions
1 : Set at which of the following
conditions:
* A packet data of endpoint 3 is
successfully sent
* UNDER_RUN bit of endpoint 3 is set
to “1”.

7 | USB endpoint 3 OUT

interrupt status flag
(INTST7)

0 : Except the following conditions
1: Set at any one of the following
conditions:
* A packet data of endpoint 3 is
successfully received
« OVER_RUN bit of endpoint 3 is set to
wqn
* FORCE_STALL bit of endpoint 3 is set
to "1,

[0: “0” can be set by software, but “1” cannot be set.
To clear the bit set to “1”, write “1” to the bit.

Fig. 3.5.49 Structure of USB interrupt status register 1
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USB interrupt status register 2

b7 b6 b5 b4 b3 b2 bl b0
| | | | |0 0 | | USB interrupt status register 2
(USBIS2 : address 5316)

Pl bbb Name Functions At reset|R W
141111 i To|USBendpoint4 IN 0 : Except the following conditions o [ojm
A interrupt status flag 1 : Set at which of the following !
A A A I (INTST8) conditions: i
AR T » A packet data of endpoint 4 is !
T T T A successfully sent |
AR T « UNDER_RUN bit of endpoint 4 is set :
AR R 01", i
A 1 [USB endpoint 4 OUT 0 : Except the following conditions 0 oin
A interrupt status flag 1: Set at any one of the following |
T T R B (INTST9) conditions: |
R « A packet data of endpoint 4 is !
I T T B successfully received i
A « OVER_RUN bit of endpoint 4 is set to !
A ‘v i
Pl « FORCE_STALL bit of endpoint 4 is set :
A to “1”. :
i i i i i R i Nothing arranged for these bits. Fix these bist to “0”. 0 00
i 3 0 0:0
Pl b 4 | USB overrun/underrun 0 : Except the following conditions 0 |0:iO
o interrupt status flag 1: Set at an occurrence of overrun / |
i i i (INTST12) underrun (for isochronous data !
R transfer) i
Dol hemmmmmmmemeoe 5 [USB reset interrupt status | 0 : Except the following conditions o |loig
P flag (INTST13) 1: Set at receiving of USB reset signal i
P bmmmmmmmmmemmees 6 | USB resume signal 0 : Except the following conditions 0 oin
! interrupt status flag 1: Set at receiving of resume signal '
i (INTST14) i
R 7 [ USB suspend signal 0 : Except the following conditions 0 o'
interrupt status flag 1: Set at receiving of suspend signal i
(INTST15) :

0: “0” can be set by software, but “1” cannot be set.
To clear the bit set to “1”, write “1” to the bit.

Fig. 3.5.50 Structure of USB interrupt status register 2
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USB interrupt enable register 1

b7 b6 b5 b4 b3 b2 bl b0

| | USB interrupt enable register 1
(USBIE1 : address 5416)

Pl bbb Name Functions At reset|R W
i 111 11 i ['o[UsBendpointOinterrupt o : Disabled 1 |0i0
i i i i i P enable bit (INTENO) 1 Enabled |
Pl e 1 [Nothing arranged for this bit. Fix this bit to “0”. 1 0:0
e 2 |USB endpoint 1 IN interrupt [ O : Disabled 1 00
oo enable bit (INTEN2) 1: Enabled '
Pl R 3 |USB endpoint 1 OUT inter- |0 : Disabled 1 o0
oo rupt enable bit (INTEN3) 1: Enabled !
R 4 |USB endpoint 2 IN interrupt | O : Disabled 1 |0Oi0
bl enable bit (INTEN4) 1 : Enabled |
e 5 | USB endpoint 2 OUT inter- |0 : Disabled 1 O:0
i i rupt enable bit (INTENS) 1: Enabled !
P bommmmmmm e 6 | USB endpoint 3 IN interrupt [ O : Disabled 1 o:0
! enable bit INTENG) 1: Enabled :
e 7 | USB endpoint 3 OUT inter- [0 : Disabled 1 |oio
rupt enable bit INTEN7) 1: Enabled i
Fig. 3.5.51 Structure of USB interrupt enable register 1
USB interrupt enable register 2
b7 b6 b5 b4 b3 b2 bl b0
USB interrupt enable register 2
|||9|?‘|||9|9|||| (USBIE2 : address 5516)
A A L Name Functions At reset|R W
i1 1 11 11 1| o[usBendpoint 4 IN interrupt |0 : Disabled 1 0:0
Pl enable bit INTENS) 1 - Enabled i
e 1 [USB endpoint 4 OUT inter- |0 : Disabled 1 |o:0
Pl rupt enable bit INTEN9) 1: Enabled i
I A A B | 2 [Nothing arranged for these bits. Fix these bits to “0". 0 0:i0
ey 3 0 0:0
e 4 [USB overrun/underrun 0 : Disabled 1 00
A interrupt enable bit INTEN12) | 1 : Enabled i
i i ity 5 [Nothing arranged for this bit. Fix this bit to “1”. 1 0:i0
P e 6 [Nothing arranged for this bit. Fix this bit to “0”. 0 00
R T R 7 | USB suspend/resume 0 : Disabled 0 00
interrupt enable bit INTEN15) | 1 : Enabled i

Fig. 3.5.52 Structure of USB interrupt enable register 2
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USB frame number register Low

b7 b6 b5 b4 b3 b2 bl b0
| | USB frame number register Low
(USBSOFL : address 5616)

i i i i i i i i b Name Functions At reset|R IW
i i i i i i i N EY Contains the low-order 8 bits of SOF 0 10
T T T R token frame number. i

S A S 1[FN1 o |oiC
I A 2 [FN2 0 |oiD
T R U 3 [FN3 0o |ojm
T R S —— 4 |FN4 o |oiO
S S 5 [FN5 EE
] 6 [FN6 BEE
e ] 7 |FN7 0 oo

USB frame number register High

b7 b6 b5 b4 b3 b2 bl b0
| USB frame number register High
(USBSOFH : address 5716)

Pl bbb Name Functions At reset|R IW
i i i i i i i i__|o|Fns Contains the high-order 3 bits of SOF 0 o0
I token frame number. |

A A 1 |FN9 0 |00
I A 2 [FN10 0 |oiOo
R 3 | Nothing is arranged for these bits. These are write disable bits. When 0 o:0
oo || these bits are read out, the contents are “0". i

T S 4 0 o0
] g EE
b 6 | o |oio
] 7 o [oio

Fig. 3.5.53 Structure of USB frame nmber registers Low, High
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USB endpoint index register

b7 b6 b5 b4 b3 b2 bl b0
[ololof | |

USB endpoint index register
(USBINDEX : address 5816)

_______________________

b Name Functions Atreset|R W
0 | Endpoint index bit b2b1b0 0 0.0
(EPINDEX) 00 0: Endpoint O |
001 : Endpoint 1 !
EN 010 : Endpoint 2 |
1 0.0
01 1:Endpoint3 0 '
100 : Endpoint 4 |
5 | 101 : Notused T
2 110 : Notused 0 OEO
111:Notused i
3 |Nothing arranged for these bits. Fix these bist to 0 (@) i (@)
[ 4] e
5 o [oio
6 |AUTO_FLUSH bit 0 : Auto FIFO flush disabled 0 0.0
(AUTO_FL) (Note) 1: Auto FIFO flush enabled !
7 |ISO_UPDATE bit 0 : ISO_UPDATE disabled 0 00
(ISO_UPD) (Note) 1:1SO_UPDATE enabled i

Note: This bit is valid for an isochronous transfer.

Fig. 3.5.54 Structure of USB endpoint index register
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USB endpoint 0 IN control register

b7 b6 b5 b4 b3 b2 bl b0

usB

endpoint 0 IN control register

(IN_CSR : address 5916)

USB endpoint 1, 2, 3, 4 IN control register

b7 b6 b5 b4 b3 b2 bl b0

b Name Functions Atreset| R1W
0 |OUT_PKT_RDY flag 0 : Except the following condition 0 (@]
(INOCSRO0) 02 (Cleared to “0” by writing “1” into
SERVICED_OUT_PKT_RDY bit)
1: End of a data packet reception
1 |IN_PKT_RDY bit 0: End of a data packet transmission 0 (e}
(INOCSR1) 01 1 : Write “1” at completion of writing a
data packet into IN FIFO.
2 | SEND_STALL bit 0 : Except the following condition 0
(INOCSR2) I3, 04 1: Transmitting STALL handshake signal
3 | DATA_END bit (INOCSR3) [0 : Except the following condition 0
01 (Cleared to “0” after completion of
status phase)
1 : Write “1” at completion of writing or
reading the last data packet to/from
FIFO.
4 [FORCE_STALL flag 0 : Except the following condition 0
(INOCSR4) 02, 03 1 : Protocol error detected
5 [ SETUP_END flag 0 : Except the following condition 0
(INOCSRS5) (Note 1) (02 (Cleared to “0” by writing “1” into
SERVICED_SETUP_END bit)
1 : Control transfer ends before the
specific length of data is transferred
during the data phase.
6 [SERVICED_OUT_PKT_R [0 : Except the following condition 0 (e}
DY bit (INOCSR6) 1 : Writing “1” to this bit clears OUT_
PKT_RDY flag to “0".
7 | SERVICED_SETUP_END |0 : Except the following condition 0 (@)
bit INOCSR7) 1 : Writing “1” to this bit clears SETUP_
END flag to “0".
USB endpoint 1, 2, 3, 4 IN control register
(IN_CSR : address 5916)
b Name Functions At reset w
0 [INT_PKT_RDY bit 0 : End of a data packet transmission 0 (@)
(INXCSRO0) 01 1: Write “1” at completion of writing a
data packet into IN FIFO. (Note 2)
1 [UNDER_RUN flag 0 : No FIFO underrun 0 O
(INXCSR1) (In isochronous| 1 : FIFO underrun occurred
data transfer) 02, 03 (USB overrun/underrun interrupt
status flag is set to “1”.)
2 | SEND_STALL bit 0 : Except the following condition 0
(INXCSR2) 03, 04 1: Transmitting STALL handshake signal
3 | ISO/TOGGLE_INIT bit 0 : Except the following condition 0
(INXCSR3) U3, 04 1 : Initializing to endpoint used for
isochronous transfer; Initializing the
data toggle sequence bit
4 | INTPT bit INXCSR4) 0 : Except the following condition 0 O
1 : Initializing to endpoint used for
interrupt transfer, rate feedback
5 [ TX_NOT_EPT flag 0 : Empty in IN FIFO 0 ]
(INXCSRS5) 001, 02 1:FullinIN FIFO
6 | FLUSH bit (INXCSR6) 0 : Except the following condition 0 (@)
01, 04 1: Flush FIFO
7 |AUTO_SET bit (INXCSR7) | 0 : AUTO_SET disabled 0 o)
03,04 1: AUTO_SET enabled (Note 3)
0 1: This bit is automatically cleared to “0”".
0 2: This bit is automatically set to “1”.
[0 3: The user must program to “0”.
00 4: The user must program to “1”".

Notes 1: If this bit is set to “1”, stop accessing the FIFO to serve the previous setup

transaction.

2: When AUTO_SET bit is “0”, the user must set to “1". When AUTO_SET bit is “1”,
this bit is automatically set to “1”. Additionally, when writing to other bits of this

register, write “0” to this bit.

3: To use the AUTO_SET function for an IN transfer when the AUTO_SET bit is set

to “1”, set the FIFO to single buffer mode.

Fig. 3.5.55 Structure of USB endpoint x (x = 0 to 4) IN control register

Rev.2.00 Aug 28,2006 page 83 of 108

REJ09B0336-0200

RENESAS



7641 Group

APPENDIX

3.5 Control registers

USB endpoint x OUT control register

b7 b6 b5 b4 b3 b2 bl b0

_______________________

USB endpoint x OUT control register

(OUT_CSR : address 5A16)

b Name Functions Atreset| RIW
0 |OUT_PKT_RDY flag 0 : Except the following condition (Note) 0 00
(OUTXCSRO0) 4 1: End of a data packet reception !

1 |OVER RUN flag 0 : No FIFO overrun o |Oi0
(OUTXCSR1) (In 1 : FIFO overrun occurred :
isochronous data transfer) '
02, 03 |

2 | SEND_STALL bit 0 : Except the following condition 0 @) i
(OUTXCSR2) 03, 04 1 : Transmitting STALL handshake signal ;

3 [ISO/TOGGLE_INIT bit 0 : Except the following condition 0 O!
(OUTXCSR3) 03, 04 1 : Initializing to endpoint used for i

isochronous transfer; Enabling :
reception of DATAO and DATAL as |
PID (Initializing the toggle) i

4 |FORCE_STALL flag 0 : Except the following condition 0 0:0
(OUTXCSRA4) 02, 03 1 : Protocol error detected i

5 | DATA_ERR flag 0 : Except the following condition 0 00
(OUTXCSRS5) 02, 03 1: CRC or bit stuffing error detected in '

transferring isochronous data |

6 | FLUSH bit (OUTXCSR6) [0 : Except the following condition 0 0.0
1, 04 1: Flush FIFO |

7 [AUTO_SET bit 0: AUTO_SET disabled o |Oi0o
(OUTXCSRY7) 03, 04 1:AUTO_SET enabled ;

0 1: This bit is automatically cleared to “0".
0 2: This bit is automatically set to “1”.

0 3: The user must program to “0”".

0 4: The user must program to “1”.

Note : When AUTO_CLR bit is “0”, the user must set to “0”. When AUTO_CLR bit is “1”, this

bit is automatically set to “0".

Fig. 3.5.56 Structure of USB endpoint x (x = 1 to 4) OUT control register

USB endpoint x IN max. packet size register

b7 b6 b5 b4 b3 b2 bl b0

USB endpoint x IN max. packet size register

(IN_MAXP: address 5B16)

b Functions At reset|R W
| 0 [ The maximum packet size (MAXP) of endpoint x IN is contained. (Note) [O1O
1 | ® MAXP = n for endpoints 0, 2, 3, 4 (Note) |O:iO
> | ® MAXP = n O 8 for endpoint 1 (Note) |OiO
= | “n”is awritten value into this register. (Note) |O1O
z (Note) [O1O
15 | (Note) [O!O
1 6 | (Note) |O1O
7 (Note) [O1O

Note: The value is “0816” in the endpoint 1 used.
The value is “0116” in the endpoint 0, 2, 3 or 4 used.

Fig. 3.5.57 Structure of USB endpoint x (x = 0 to 4) IN max. packet size register
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USB endpoint x OUT max. packet size register

b7 b6 b5 b4 b3 b2 bl b0

USB endpoint x OUT max. packet size register
(OUT_MAXP: address 5C16)

A L) Functions At reset| R W
i i i i i i i ""L The maximum packet size (MAXP) of endpoint x OUT is contained. (Note) |O i O
A 1 | ® MAXP = n for endpoints 0, 2, 3, 4 (Note) |O1O
A T - > | ® MAXP = n O 8 for endpoint 1 (Note) |O1O
T A 3| “n"is awritten value into this register. (Note) |O1O
i i i . 4] (Note) [O1O
T R SRR — 5] (Note) |O:O
b e 6| (Note) [O1O
e 7 (Note) [OIO

Note: The value is “0816” in the endpoint 0, 2, 3 or 4 used.
The value is “0116” in the endpoint 1 used.

Fig. 3.5.58 Structure of USB endpoint x (x = 0 to 4) OUT max. packet size register
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USB endpoint x OUT write count register Low
b7 b6 b5 b4 b3 b2 bl b0
| USB endpoint x OUT write count register Low
ALt (WRT_CNTL : address 5Di6)
Pl bbb Name Functions At reset|R IW
i i i i i i i 1o Contains the low-order 8 bits of the number of bytes in endpoint x 0 i 0
T T T |__{ OUT FIFO. i
I O A S o |00
ERRRE S 0 [o0
R I S 3] o [oiD
I 4] 0 |oiO
I — g8 I
A 6 | BEE
e 7] 0 |oo
USB endpoint x OUT write count register High
b7 b6 b5 b4 b3 b2 bl b0
USB endpoint x OUT write count register High
AL P11 (WRT_CNTH : address 5E16)
bbb b Name Functions At reset|R W
i i i i i i i i__| 0 [ contains the high-order 2 bits of the number of bytes in endpoint x 0 : O
tir i | |OUTFIFO. :
I A o [oiO
A T R S— 2 | Nothing is arranged for these bits. These are write disable bits. When| 0 |O! O
oo || these bits are read out, the contents are “0". |
T T T TR VU —— 3 0 e
I [ 4] o |oio
] g MEE
] 6 | BEE
e 7] o [oio

Fig. 3.5.59 Structure of USB endpoint x (x = 0 to 4) OUT write count registers Low, High
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USB endpoint FIFO mode register

b7 b6 b5 b4 b3 b2 bl b0

olo | olo | | USB endpoint FIFO mode register

~H 1 1 1 1 1 (USBFIFOMR : address 5Fi6)

i i i i i i i i b Name Functions At reset|R EW
tiob b 11 -1 0 [FIFO size selection bit For endpoint 1 0 0:0
Popob o (Note) b4b2b1b0 i

I T T T T L 0000 :IN512-byte, OUT 800-byte !

T 1 000 1:IN 1024-byte, OUT 1024-byte 0 00
T R 0 010:IN O-byte, OUT 2048-byte !
AR 001 1:IN2048-byte, OUT 0-byte i

T T T R — 0100:IN 768-byte, OUT 1280-byte L
T 2 0101:IN 880-byte, OUT 1168-byte o |0i0
i i i i i - For endpoint 2 '
R I ettt 3 b4b2b1b0 0 00
P 0000 :IN 32-byte, OUT 32-byte i
oo 1000 :IN 128-byte, OUT 128-byte !

i i i e | 4 [Nothing arranged for these bits. Fix these bits to “0". 0 0!0
{ ] femmemcmmecneenes 5 | o [ofo
e 6| o |o0io
LU EEL L Lt 7 0 0:0

Note: The value set into “X” is invalid.
Fig. 3.5.60 Structure of USB endpoint FIFO mode register
USB endpoint x FIFO register
b7 b6 b5 b4 b3 b2 bl b0
| USB endpoint x FIFO register

A4 Lt 1| (USBFIFOx: addresses 6016, 6116, 6216, 6316, 6416)

i i i i i i i i b Functions Atreset|R EW
t i1 1 1 1 1 *-{0]eThisis Endpoint x INJOUT FIFO. Undefined| O 1O
i i i i i i LN 1 | e Write a data to be transmitted into this IN FIFO. Undefined| O 1O
A S S S O > | ® Read a received data from this OUT FIFO. Undefined| O 1O
T T 1 3] Undefined| O i O
T | 4 | Undefined| O 1 O
bob bemmmmmmmme oo 1 5 | Undefined| O 1O
| b | 6 | Undefined| O 1O
e L e 7 Undefined| O 1O

Fig. 3.5.61 Structure of USB endpoint x (x = 0 to 4) FIFO register
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Flash memory control register

b7 b6 b5 b4 b3 b2 bl bo

Flash memory control register
(FMCR : address 6A16)

A i | b Name Functions At reset| R W
Pl i--1 0 [RY/BY status flag 0 : Busy (being programmed or erased) 1 O:0
A (FLCAQ) 1: Ready !
e 1 | CPU rewrite mode select |0 : Normal mode (Software commands 0 O : O
A bit (FLCA1) (Note 2) invalid) !
I A 1 : CPU rewrite mode (Software |
i i i i i i commands acceptable) !
A 2 | CPU rewrite mode entry |0 : Normal mode 0 o }in!
i i i i i flag (FLCA2) 1: CPU rewrite mode !
Pod o] Semeemeeeeed 3 [Flash memory reset bit 0 : Normal operation 0 i
A (FLCA3) (Note 3) 1: Reset i
{1 e 4 |User ROMarea/Boot |0 Interrupt disabled 0 |O;
Pl ROM area select bit 1 : Interrupt enabled i
Pl (FLCA4) (Note 4) i
ey | 5 | Indefinite at read. Write “0” at write. 0 0:0
| Lo 6 o [oio
ommmmemmmoooeooooe 7 o Joio
Notes 1: The contents of flash memory control register are “XXX00001” just after reset

release.
In the mask ROM version this area is reserved, so that do not write any data to
this address.

. For this bit to be set to “1”, the user needs to write “0” and then “1” to it in

succession. If it is not this procedure, this bit will not be set to "1”. Additionally, it
is required to ensure that no interrupt will be generated during that interval.

Use the control program in the area except the built-in flash memory for write to
this bit.

: This bit is valid when the CPU rewrite mode select bit is “1”. Set this bit 3 to “0”

subsequently after setting bit 3 to “1”.

: Use the control program in the area except the built-in flash memory for write to

this bit.

Fig. 3.5.62 Structure of Flash memory control register
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Frequency synthesizer control register

b7 b6 b5 b4 b3 b2 bl b0

L1 1 o]

0 | 0 | Frequency synthesizer control register
i — (FSC : address 6C16)
i1 |b Name Functions Atreset|R W
i 1 i__| o |Frequency synthesizer 0 : Disabled 0 [o}e)
I enable bit (FSE) 1: Enabled '
Pobe-ee- | 1 |Fix these bits to “0". 0 O
bommemee 2 0 0i0
____________ 3 | Frequency synthesizer 0 : f(XIN) 0 0.0
input bit (FIN) 1 : f(XcIN) i
——————————— 4 |Fix this bit to “0”. 0o |oio
LPF current control bit b1b0 ‘ 1 |oio
(CHG1, CHGO) (Note) 0 0 : Not available i
— 0 1:Low current .
1 0 : Intermediate current (recommended) 1 00
11 : High current i
Frequency synthesizer 0 : Unlocked 0 00
lock status bit 1: Locked i

Note: Bits 6 and 5 are set to (bit 6, bit 5) = (1, 1) at reset.

When using the frequency synthesizer, we recommend to set to (bit 6, bit 5) = (1, 0) after

locking the frequency synthesizer.

Fig. 3.5.63 Structure of Frequency synthesizer control register

Frequency synthesizer multiply register 1

b7 b6 b5 b4 b3 b2 bl b0

| Frequency synthesizer multiply register 1

(FSM1: address 6Dz16)

Functions

At reset

e fvco clock is generated by multiplying fPiN clock, which is generated

by FSM2, by the contents of this register:

fvco = fPIN » {2(n +1)}, n: value set to FSM1.

1

R

o|o|o|ololoofo]=

olololololo[o[o] =

Fig. 3.5.64 Structure of

Frequency synthesizer multiply register 1
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Frequency synthesizer multiply register 2

b7 b6 b5 b4 b3 b2 bl b0

Frequency synthesizer multiply register 2
(FSM2: address 6E16)

E E E i i i i i b Functions At reset| R iW
i 4111 -0 |efrin clock is generated by dividing fin clock by the contents of this| 1 [O1O
I R R 1| register. 1 0:0
A A > | Either f(XiN) or f(XciN) as an input clock fin for the frequency 1 00
i i i i e 3] synthesizer is selectable. 1 O : O
T B O — 4 ] 1 |00
P — frin=fiN/ {2(n +1)}, n: value set to FSM2 .
Pl hmmmmmmmmmmmeeeeed 1 5 | {2(n +1)}, n: valu 1 00
R et 6 | 1|00
beemm oo 7 [ [e}{e)
Fig. 3.5.65 Structure of Frequency synthesizer multiply register 2
Frequency synthesizer divide register
b7 b6 b5 b4 b3 b2 bl b0
| Frequency synthesizer divide register
AL Lt 11 1 | (FSD:address 6Fise)
A AL Functions At reset|R W
b1 b 111 R--{ 0 [efsyn clock is generated by dividing fvco clock by the contents of this| 1 [O10
L b regiser 1_[0[0
R N 2 1|00
A T S 3| fsyn=fvco/{2(m +1)}, m: value set to FSD 1 0.0
1 I I S—— ] L oo
o e | 5 | 1 10:0
e 6 | 1|00
 aeEEEE R PR R 7 1 0:0

Fig. 3.5.66 Structure of

Frequency synthesizer divide register
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3.5 Control registers

ROM code protect control register

b7 b6 b5 b4 b3 b2 bl b0
| 1 | 1 | ROM code protect control register
— -1 (ROMCP : address FFC916) (Note 1)

Pl bbb Name Functions Atreset| R W
bbb -0 [Fix these bits to “1”. 1 0:0
L T [0l
I T T R VR 2 | ROM code protect level 2 | b3b2 1 00
oo set bits (ROMCP2) 0 0 : Protect enabled :
A —1 (Notes 2, 3) 0 1 : Protect enabled ;
Pl T s 10 : Protect enabled 1 |OiO
T 11 : Protect disabled !
T 4 [ ROM code protect reset b5ba 1 O!
i i i bits (ROMCR) (Note 4) 0 0 : Protect removed i
b — 0 1 : Protect set bits effective i
A > 1 0 : Protect set bits effective 1 0:0
Do 1 1 : Protect set bits effective !
S — 6 [ ROM code protect level 1 [ b7b6 1 00
i set bits (ROMCP1) 0 0 : Protect enabled :
] — (Note 2) 0 1: Protect enabled :
7 10 : Protect enabled 1 |oio
1 1: Protect disabled i

Notes 1: This area is on the ROM in the mask ROM version.
against readout or modification in parallel I/O mode.

inspection LSI tester, etc. also is inhibited.

rewrite mode.

2: When ROM code protect is turned on, the internal flash memory is protected
3: When ROM code protect level 2 is turned on, ROM code readout by a shipment
4: The ROM code protect reset bits can be used to turn off ROM code protect level 1

and ROM code protect level 2. However, since these bits cannot be modified in
parallel /O mode, they need to be rewritten in standard serial 1/0 mode or CPU

Fig. 3.5.67 Structure of ROM code protect control register
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3.6 Package outline

PROPO0O80GB-A

JEITA Package Code | RENESAS Code [  Previous Code | MASS[Typ] |
P-QFP80-14x20-0.80 | PRQP0080GB-A | 80P6N-A \ 169 |

64 41
—
65 : 40
NOTE)
1. DIMENSIONS "*1" AND "*2"
w DO NOT INCLUDE MOLD FLASH.
2. DIMENSION "*3" DOES NOT
o INCLUDE TRIM OFFSET.
Ny
80 4 . Dimension in Millimeters
e

He

N EEEEEEEEEEELE

JHRRRAAARRHAAAR A

[l

TeE HHHHHHHHHHHHHHHHHHHH__:ii____ D58 508 23

D ]119.8]/20.0|20.2
E 113.8/14.0|14.2
Index mark A — 2.8 —
Hp | 22.5|22.8 | 23.1

#

He [16.5]| 16.8 | 17.1

« : J YNHH Ar | 0 | 01]02
E m b, | 0.3 |0.35  0.45

EcNREEE i c [013]0.15] 02

9 - s | 0o — [ 10°

% £ L e [0.65[ 0.8 0.95

Detail F y — | — [ 0.10

Zp | — | 08 | —

Ze | — [ 10| —

L 04| 06| 08
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PLOPOO8S8OKB-A

JEITA Package Code | RENESASCode [  Previous Code | MASS[Typ] |
P-LQFP80-12x12-0.50 | PLQPO08OKB-A | 80P6Q-A \ 059 |

Hp

*
D ]
L 41
NOTE)
1. DIMENSIONS "*1" AND "#2"

DO NOT INCLUDE MOLD FLASH.
2. DIMENSION "*3" DOES NOT
INCLUDE TRIM OFFSET.

610 ©

& Dimension in Millimeters
Terminal cross section Symbel Min | Nom | Max
w D | 11.9] 12.0] 121
B E [ 11.9] 12.0] 121
" a | Ay | — [ 14| —
HH Hp | 13.8] 14.0| 14.2
! 20 He | 13.8] 14.0| 14.2
- = e A — [ —T117
. A | 0 |01]o02
b, | 0.15] 0.20| 0.25
[I /ﬁ{ bt | — 018 —
SRR A < < (ﬂiﬂf o c [0.09]0.145| 0.20
i Sl Ty c1 0.125
| © ) 0° | — 10°
B E] _J ? B |E 3 L 7 ] e — 105 | —
: L x | — | — [0.08
T y |— | — 008
Detail F Zp | — | 1.25] —
Ze | — | 1.25] —
L 03| 05| 0.7
L1 | — 10| —
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7641 Group 3.7 Machine instructions 7641 Group 3.7 Machine instructions

3.7 Machine instructions

Addressing mode Addressing mode Processor status register

Symbol Function Details IMP IMM A BIT,A,R zP BIT, ZP, R ZP, X ZP, Y ABS ABS, X | ABS,Y IND ZP,IND | IND, X IND, Y REL SP 7/6|5|4|3|2|1]|0

OP( n| #|OP| n| #|OP|n [# |OP| n| # [OP| n | # |[OP| n | # OP| n | # |OP| n|#|OP|n |[#|OP| n|#|OP| n|#|OP|n|#|OP| n|#|OP| n|#|[OP|n|#|OP|n|#|[OPn|#|IN|V|T|B|D|I|Z]|C

ADC When T =0 When T = 0, this instruction adds the contents 69| 2|2 65|13 |2 7504 |2 6D| 4 |3|7D|5|3]79|5|3 61|16 |2]|71|6 |2 N[V | [e|e|e|e|Z]|C
(Notel) | A-A+M+C M, C, and A; and stores the results in A and C.
(Note 7) When T = 1, this instruction adds the contents
When T =1 of M(X), M and C; and stores the results in
M(X) « M(X)+M+C M(X) and C. When T=1, the contents of A re-
main unchanged, but the contents of status
flags are changed.

M(X) represents the contents of memory
where is indicated by X.

AND When T =0 When T = 0, this instruction transfers the con- 29| 2|2 25|32 35(4 |2 2D(4|3|3D|5|3|39|5(3 21|16 2|31|6|2 Nje|[e|e|e]]|Z]-
(Notel) | A - AAM tents of A and M to the ALU which performs a
bit-wise AND operation and stores the result
WhenT=1 back in A.

M(X) = M(X) AM When T = 1, this instruction transfers the con-
tents M(X) and M to the ALU which performs a
bit-wise AND operation and stores the results
back in M(X). When T = 1, the contents of A
remain unchanged, but status flags are
changed.

M(X) represents the contents of memory
where is indicated by X.

ASL 7 0 This instruction shifts the content of A or M by OA[ 1|1 06|52 16| 6|2 OE| 6 |3 |1E| 7|3 Nfe|e]e|ls|]Z]|C
d-C—J-0 one bit to the left, with bit 0 always being set to
0 and bit 7 of A or M always being contained in
C.

BBC Ai or Mi =0? This instruction tests the designated bit i of M 13142 7|53 L3 RN E NS NN BN B
or A and takes a branch if the bit is 0. The 20i 20i
branch address is specified by a relative ad- (Npte|4) (Npte (6)
dress. If the bit is 1, next instruction is
executed.

BBS Aior Mi=1? This instruction tests the designated bit i of the 03|42 07(5|3 oo o] o] ]
M or A and takes a branch if the bit is 1. The 20i 20i
branch address is specified by a relative ad- (Npte |4) (Npte |6)
dress. If the bit is 0, next instruction is
executed.

BCC c=0? This instruction takes a branch to the ap- 90|22 [N IS I O O P I
(Note 5) pointed address if C is 0. The branch address
(Note 9) is specified by a relative address. If C is 1, the
next instruction is executed.

BCS c=1? This instruction takes a branch to the ap- Bo| 2|2 ele|of o] o] efe]e
(Note 5) pointed address if C is 1. The branch address
(Note 9) is specified by a relative address. If C is 0, the
next instruction is executed.

BEQ z=1? This instruction takes a branch to the ap- Fol2]2 PR I O O O P I
(Note 5) pointed address when Z is 1. The branch
(Note 8) address is specified by a relative address.

If Z is 0, the next instruction is executed.

BIT AAM This instruction takes a bit-wise logical AND of 24|32 2cl4|3 M7|Me| s [« | |e|Z]>
A and M contents; however, the contents of A
and M are not modified.

The contents of N, V, Z are changed, but the
contents of A, M remain unchanged.

BMI N=1? This instruction takes a branch to the ap- 30|22 PR PR PR R O (R R
(Note 5) pointed address when N is 1. The branch
(Note 8) address is specified by a relative address.

If N is 0, the next instruction is executed.

BNE z=0? This instruction takes a branch to the ap- DO(2 |2 el ool oo ofe]e
(Note 5) pointed address if Z is 0. The branch address
(Note 8) is specified by a relative address. If Z is 1, the
next instruction is executed.
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Addressing mode Addressing mode Processor status register
Symbol Function Details IMP IMM A BIT, A ZP BIT, ZP ZP, X ZP, Y ABS ABS, X | ABS,Y IND ZP, IND IND, X IND, Y REL SP 7|6|5(4|3[2|1]0
OP| n| #|OP| n| # |OP| n |# |OP| n| # [OP| n | # |OP| n | # OP| n | # |OP| n|#|OP| n|# |OP| n| #|OP| n| #|OP| n|#|OP| n|#|OP| n|# |OP|n|#|OP| n|#|OP|n|#|N|V|T|B|D|I|Z]|C
BPL N=0? This instruction takes a branch to the ap- 1022 C IR R BT O N B IR
(Note 5) pointed address if N is 0. The branch address
(Note 8) is specified by a relative address. If N is 1, the
next instruction is executed.
BRA PC ~ PC * offset This instruction branches to the appointed ad- 80 3|2 L3 IS OIS O3S U BN B
(Note 6) dress. The branch address is specified by a
relative address.

BRK B-1 When the BRK instruction is executed, the |00| 7 | 1 L3 BN U B A I A N B

(PC) « (PC)+2 CPU pushes the current PC contents onto the

M(S) ~ PCH stack. The BADRS designated in the interrupt

S-S-1 vector table is stored into the PC.

M(S) — PCL

S~S-1

M(S) ~ PS

S~S-1

-1

PCL ~ ADL

PCH — ADH
BVC V=0? This instruction takes a branch to the ap- 50|22 el e oo ool
(Note 5) pointed address if V is 0. The branch address

is specified by a relative address. If V is 1, the
next instruction is executed.

BVS V=1? This instruction takes a branch to the ap- 7012 |2 E BN O O A O S Y
(Note 5) pointed address when V is 1. The branch
address is specified by a relative address.
When V is 0, the next instruction is executed.

CLB AiorMi - 0 This instruction clears the designated bit i of A Bl 1F|5(2 el e oo e]e]e]e
or M. 20i 20i

CcLCc C-0 This instruction clears C. 18|11 eflofe]e]elele]0
CLD D~0 This instruction clears D. D8| 1|1 ele|efe]|O]o]e]e
CLI -0 This instruction clears I. 58|12 (1 ele]|o]|e]elo]e]s
CLT T-0 This instruction clears T. 1211 (1 el e|Ofe]|e]o]e]e
CLvV V<0 This instruction clears V. B8| 1|1 e |0 efe]|e]e]e]e
CMP WhenT =0 When T = 0, this instruction subtracts the con- C9| 2|2 C5(3 |2 D5| 4 |2 ICD| 4 |3 [DD| 5 |3 |D9|5 |3 Cl/6 |2 |D1|6 |2 Nfe|[e]|e|]|c|Z]|C
(Note 3) | A-M tents of M from the contents of A. The result is

WhenT=1 not stored and the contents of A or M are not

M(X) = M modified.

When T = 1, the CMP subtracts the contents
of M from the contents of M(X). The result is
not stored and the contents of X, M, and A are
not modified.

M(X) represents the contents of memory
where is indicated by X.

coMm MM This instruction takes the one's complement of 445 |2 N|{e|e|e|e]e]Z]-
the contents of M and stores the result in M.

CPX X-M This instruction subtracts the contents of M EO(2 |2 E4(3 |2 EC|4 |3 N|e|e|e|e]e]Zz]|C
from the contents of X. The result is not stored
and the contents of X and M are not modified.

CPY Y-M This instruction subtracts the contents of M Co| 2|2 C4|3 |2 ICC| 4 |3 N|{e|e|e|e]e]z]|C
from the contents of Y. The result is not stored
and the contents of Y and M are not modified.

DEC A-A-1lor This instruction subtracts 1 from the contents 1Al1 1 C6|5 |2 D6(6 |2 CE| 6 |3 |DE| 7 | 3 Nfe|[e]e|e|s]Z]-~
M~ M-1 of A or M.
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Symbol Function Details
DEX X = X-1 This instruction subtracts one from the current
contents of X.
DEY Y-Y-1 This instruction subtracts one from the current
contents of Y.
DIV A« (M(zz+ X +1), This instruction divides the 16-bit data in

M(zz + X))/ A M(zz+(X)) (low-order byte) and M(zz+(X)+1)

M(S) «~ one's comple- | (high-order byte) by the contents of A. The

ment of Remainder quotient is stored in A and the one's comple-

S<S-1 ment of the remainder is pushed onto the stack.

EOR When T =0 When T = 0, this instruction transfers the con-
(Notel) | A~ AVM tents of the M and A to the ALU which
performs a bit-wise Exclusive OR, and stores

When T =1 the resultin A.

M(X) « M(X) ¥M When T = 1, the contents of M(X) and M are
transferred to the ALU, which performs a bit-
wise Exclusive OR and stores the results in
M(X). The contents of A remain unchanged,
but status flags are changed.

M(X) represents the contents of memory
where is indicated by X.
INC A A+lor This instruction adds one to the contents of A

M-M+1 or M.

INX X X+1 This instruction adds one to the contents of X.
INY Ye-Y+1 This instruction adds one to the contents of Y.
JMP If addressing mode is ABS This instruction jumps to the address desig-

PCL ~ ADL nated by the following three addressing

PCH « ADH modes:

If addressing mode is IND Absolute

PCL « M (ADH, ADL) Indirect Absolute

PCH ~ M (ADH, ADL + 1) | Zero Page Indirect Absolute

If addressing mode is ZP, IND

PCL ~ M(00, ADL)

PCH « M(00, ADL + 1)

JSR M(S) « PCH This instruction stores the contents of the PC

S-s-1 in the stack, then jumps to the address desig-

M(S) ~ PCL nated by the following addressing modes:

S-S-1 Absolute

After executing the above, Special Page

if addressing mode is ABS, | Zero Page Indirect Absolute

PCL ~ ADL

PCH — ADH

if addressing mode is SP,

PCL ~ ADL

PCH ~ FF

If addressing mode is ZP, IND,

PCL ~ M(00, ADL)

PCH « M(00, ADL + 1)

LDA When T =0 When T = 0, this instruction transfers the con-
(Note2) | A M tents of M to A.

When T =1 When T = 1, this instruction transfers the con-

M(X) = M tents of M to (M(X)). The contents of A remain
unchanged, but status flags are changed.
M(X) represents the contents of memory
where is indicated by X.

LDM M~ nn This instruction loads the immediate value in
M
LDX X <M This instruction loads the contents of M in X.
LDY Y -M This instruction loads the contents of Min Y.
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Addressing mode Processor status register
ZP, X ZP, Y ZP,IND | IND, X 6(5[4(3]|2]1
OP| n | # |OP| n | # # |OP| n|# |OP| n V|T|B|D|I|Z
N|[e|[e|e]|e|e|Z
N|o|o|e]e|s]|Z
E2|16]| 2 NjVv]e|e]e] |2z
55(4 |2 41| 6 Nfe|[e]|e|e]]|Z
F6| 6 | 2 N{ele|e|e]"]2Z
N|[e|[e|e]|e]|e|Z
N|le|[e|e]|e]|e|Z
3|B2[ 4|2 e le o o] o]
02712 e le o o] o]
B5|4 |2 Al| 6 N|es|o|e]e|s]|Z
B6| 4 |2 N|el|ele]e] |2z
B4| 4 |2 Nfe|e]e|e]|e]|2Z
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7641 Group 3.7 Machine instructions 7641 Group 3.7 Machine instructions
Addressing mode Addressing mode Processor status register

Symbol Function Details IMP IMM A BIT, A zP BIT, ZP ZP, X ZP, Y ABS ABS, X | ABS,Y IND ZP, IND IND, X IND, Y REL SP 7|6|5(4|3[2|1]0

OP| n| #|OP| n| # |OP| n |# |OP| n| # [OP| n | # |OP| n | # OP| n | # |OP| n|#|OP| n|# |OP| n| #|OP| n| #|OP| n|#|OP| n|#|OP| n|# |OP|n|#|OP| n|#|OP|n|#|N|V|T|B|D|I|Z]|C

LSR 7 0 This instruction shifts either A or M one bit to 4A[1 (1 46 |5 | 2 56| 6|2 4E(6 |3 |5E| 7|3 Ofe|*|*|*|*|Z]|C
o-[_1-@d the right such that bit 7 of the result always is

set to 0, and the bit 0 is stored in C.

MUL M(S) * A « AOM(zz + X) | This instruction multiply Accumulator with the 62(14| 2 Nje|[e|e|e]|Z]~

S-s-1 memory specified by the Zero Page X address

mode and stores the high-order byte of the re-
sult on the Stack and the low-order byte in A.

NOP PC - PC+1 This instruction adds one to the PC but does [EA[ 1 |1 L3 R N B B B B
no other operation.
ORA When T =0 When T = 0, this instruction transfers the con- 09| 2|2 05(3 | 2 15| 4|2 0D| 4 |3]|1D|5|3|19|5]| 3 01| 6| 211|162 Nje|[e|[e]e|]|Z]~
(Notel) | A-AVM tents of A and M to the ALU which performs a
bit-wise “OR”", and stores the result in A.
When T =1 When T = 1, this instruction transfers the con-
M(X) « M(X) VM tents of M(X) and the M to the ALU which

performs a bit-wise OR, and stores the result
in M(X). The contents of A remain unchanged,
but status flags are changed.

M(X) represents the contents of memory
where is indicated by X.

PHA M(S) - A This instruction pushes the contents of A to o e oo o]l
S-S-1 the memory location designated by S, and [48|3 |1
decrements the contents of S by one.
PHP M(S) - PS This instruction pushes the contents of PS to o e efo] o]l
S-S-1 the memory location designated by S and dec- [08| 3 | 1
rements the contents of S by one.
PLA S«S+1 This instruction increments S by one and Nje|[e|e|e]|Z]~
A~ M(S) stores the contents of the memory designated [68| 4 | 1
by Sin A.
PLP S-S+1 This instruction increments S by one and (Value saved in stack)
PS < M(S) stores the contents of the memory location |28|4 |1

designated by S in PS.

ROL 7.0 This instruction shifts either A or M one bit left 2A(1 (1 26(5 (2 36|62 2E| 6 |3 |3E| 7|3 N|je|e|e|e]|Z]|C
through C. C is stored in bit 0 and bit 7 is
stored in C.
ROR 7 0 This instruction shifts either A or M one bit 6A[ 1|1 6652 76/ 6| 2 6E| 6| 3|7E| 7| 3 N|je|[e|e]e|s|Z]|C
- 1- right through C. C is stored in bit 7 and bit 0 is
== stored in C.
RRF 70 This instruction rotates 4 bits of the M content 82(8 |2 L I O R RO IR S
Ny ¢ to the right.
RTI S<S+1 This instruction increments S by one, and (Value saved in stack)
PS « M(S) stores the contents of the memory location [40|6 |1
S<S+1 designated by S in PS. S is again incremented
PCL — M(S) by one and stores the contents of the memory
S<S+1 location designated by S in PCL. S is again
PCH « M(S) incremented by one and stores the contents of
memory location designated by S in PCH.
RTS S<S+1 This instruction increments S by one and L3 BN L RN RN U B A
PCL ~ M(S) stores the contents of the memory location [60|6 |1
S<S+1 designated by S in PCL. S is again
PCH « M(S) incremented by one and the contents of the
(PC) - (PC)+1 memory location is stored in PCH. PC is

incremented by 1.
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Addressing mode Addressing mode Processor status register
Symbol Function Details IMP IMM A BIT, A ZP BIT, ZP ZP, X ZP, Y ABS ABS, X ABS, Y IND ZP, IND IND, X IND, Y REL SP 7|6|5(4|3[2|1]0
OP| n| #|OP| n| # |OP| n |# |OP| n| # [OP| n | # |OP| n | # OP| n | # |OP| n|#|OP| n|# |OP| n| #|OP| n| #|OP| n|#|OP| n|#|OP| n|# |OP|n|#|OP| n|#|OP|n|#|N|V|T|B|D|I|Z]|C
SBC When T =0 When T = 0, this instruction subtracts the E9[ 2|2 E5| 3|2 F5( 42 ED| 4 |3 |FD|5|3|F9| 5|3 E1{6|2|F1|6|2 N|V|[e|[e|e]e]Z]|C
(Notel) | A« A-M-CT value of M and the complement of C from A,
(Note 7) and stores the results in A and C.
When T =1 When T = 1, the instruction subtracts the con-
M(X) « M(X)-M-C tents of M and the complement of C from the
contents of M(X), and stores the results in
M(X) and C.
A remain unchanged, but status flag are
changed.
M(X) represents the contents of memory
where is indicated by X.
SEB AiorMi « 1 This instruction sets the designated bit i of A B[ 1|1 oF| 5|2 L3 T NS BN B B O B
o
orM. 20i 20i
SEC C-1 This instruction sets C. 3811 el ] ]2
SED D1 This instruction set D. Fsl1 1 D3 S S N B S B Y
SEI -1 This instruction set I. 782 |1 L B N B O I B BN B
SET T-1 This instruction set T. 32011 L N I S B N B BN I
STA M- A This instruction stores the contents of A in M. 85|32 95/ 4 | 2 8D| 4 |3|9D|5|3]99/5]|3 8116 |2[91/6|2 LI IO A O IO B I
The contents of A does not change.
STP This instruction resets the oscillation control F/ [42] 2 | 1 L IR R I O R IO IR
F and the oscillation stops. Reset or interrupt
input is needed to wake up from this mode.
STX M« X This instruction stores the contents of X in M. 86|32 964 |2 |8E[4 |3 L IR R I IO R IO IR
The contents of X does not change.
STY MY This instruction stores the contents of Y in M. 84(3 |2 94|14 |2 8C(4 |3 L3 RN BE3N R U B B
The contents of Y does not change.
TAX X <A This instruction stores the contents of Ain X. [AA[ 1 |1 Nfef|[e]efe|e]|Z]"
The contents of A does not change.
TAY Y <A This instruction stores the contents of Ain'Y. [A8] 1 |1 Nfjelele]e]|Z]"
The contents of A does not change.
TST M =0? This instruction tests whether the contents of 64(3 |2 Njeo|[e|e|e]]Z]-
M are “0" or not and modifies the N and Z.
TSX XS This instruction transfers the contents of Sin [BA| 1 |1 Nfjelele]e]|Z]"
X
TXA A< X This instruction stores the contents of Xin A.  [8A[ 1 |1 N|efefefe]|=]|Z]"
TXS S« X This instruction stores the contents of Xin'S.  [9A| 1 | 1 LI RO A O IO B I
TYA A-Y This instruction stores the contents of Yin A.  [98] 1 | 1 Nfelele]e]|Z]"
WIT The WIT instruction stops the internal clock [C2| 2 | 1 L3 N U BN NCRN BO B A
but not the oscillation of the oscillation circuit
is not stopped.
CPU starts its function after the Timer X over
flows (comes to the terminal count). All regis-
ters or internal memory contents except Timer
X will not change during this mode. (Of course
needs VDD).
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Notes

O WNBE

The number of cycles “n” is increased by 3 when T is 1.

: The number of cycles “n” is increased by 2 when T is 1.

: The number of cycles “n” is increased by 1 when T is 1.

: The number of cycles “n” is increased by 2 when branching has occurred.

: The number of cycles “n” is increased by 1 when branching to the same page has occurred. The number of cycles “n” is increased by 2 when

branching to the other page has occurred.

6 : The number of cycles “n” is increased by 1 when branching to the other page has occurred.

7 :V flag is invalid in decimal operation mode.

8 : When this instruction is executed immediately after executing DEX, DEY, INX, INY, TAX, TSX, TXA, TYA, DEC, INC, ASL, LSR, ROL, or ROR
instructions, the number of cycles “n” becomes “3”. Furthermore, the number of cycles “n” is increased by 1 (number of cycles “n” is “4”) when
branching to the same page has occurred. The number of cycles “n” is increased by 2 (number of cycles “n” is “5”) when branching to the other page
has occurred.

9 : When this instruction is executed immediately after executing ASL, LSR, ROL, or ROR instructions, the number of cycles “n” becomes “3”. Further-
more, the number of cycles “n” is increased by 1 (number of cycles “n” is “4”) when branching to the same page has occurred. The number of cycles
“n” is increased by 2 (number of cycles “n” is “5”) when branching to the other page has occurred.

Symbol Contents Symbol Contents
IMP Implied addressing mode + Addition
IMM Immediate addressing mode - Subtraction
A Accumulator or Accumulator addressing mode O Multiplication
BIT, A Accumulator bit addressing mode / Division
BIT, A, R Accumulator bit relative addressing mode A Logical OR
ZP Zero page addressing mode \% Logical AND
BIT, ZP Zero page bit addressing mode ¥ Logical exclusive OR
BIT, ZP, R Zero page bit relative addressing mode — Negation
ZP, X Zero page X addressing mode - Shows direction of data flow
ZP, Y Zero page Y addressing mode X Index register X
ABS Absolute addressing mode Y Index register Y
ABS, X Absolute X addressing mode S Stack pointer
ABS, Y Absolute Y addressing mode PC Program counter
IND Indirect absolute addressing mode PS Processor status register
PCH 8 high-order bits of program counter
ZP, IND Zero page indirect absolute addressing mode PCL 8 low-order bits of program counter
ADH 8 high-order bits of address
IND, X Indirect X addressing mode ADL 8 low-order bits of address
IND, Y Indirect Y addressing mode FF FF in Hexadecimal notation
REL Relative addressing mode nn Immediate value
SP Special page addressing mode zz Zero page address
C Carry flag M Memory specified by address designation of any ad-
z Zero flag dressing mode
| Interrupt disable flag M(X) Memory of address indicated by contents of index
D Decimal mode flag register X
B Break flag M(S) Memory of address indicated by contents of stack
T X-modified arithmetic mode flag pointer
\% Overflow flag M(ADH, ADL) Contents of memory at address indicated by ADH and
N Negative flag ADL, in ADH is 8 high-order bits and ADL is 8 low-or-
der bits.
M(00, ADL) Contents of address indicated by zero page ADL
Ai Biti (i = 0 to 7) of accumulator
Mi Biti (i = 0 to 7) of memory
OoP Opcode
n Number of cycles
# Number of bytes
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7641 Group 3.8 List of instruction code

3.8 List of instruction code

Da-Do | 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111

Drops Nl o |1 | 2 | 3 |4 | s |6 |7 |8 | o |a|B|c|D|E]|F

ORA | JSR | BBS ORA | ASL | BBS ORA | ASL | SEB ORA | ASL | SEB

0000 O | BRK Iino,x|ze,mo| oA | T | zp | zp [oze PP [ mm | A | oA | T |aBs | aABs |o zr

ORA BBC ORA | ASL | BBC ORA | DEC | cLB ORA | ASL | cLB

0001 Lo[BPL oy ©T oA | = |zpx|zex|o,zp | ©C [aBs,¥| A | 0.a | — |aBs, x|aBS, x| 0.zP

0010 , | 3SR | AND | JsR | BBS | BIT | AND | ROL | BBS | , , | AND | ROL | SEB | BIT | AND | ROL | SEB

ABS |IND,X| SP | 1,A | zp | zPp | zPp |1,2P MM | A | 1,A | ABS | ABS | ABS | 1,zP

AND BBC AND | ROL | BBC AND | INC | cLB | LDM | AND | ROL | cLB

0011 3 | BM tno,y| SET | A | T |zex|zex [nzp | SBC |aBs,Y| A | 1A | zp |aBs x|aBs, x| 1. zp

EOR BBS | coMm | EOR | LSR | BBS EOR | LSR | SEB | JMP | EOR | LSR | SEB

0100 4 R x| Sl 2a |l ze | zp | zp |2z [P | M | A | 2a | aBs | ABS | ABS |2 zP

EOR BBC EOR | LSR | BBC EOR cLB EOR | LSR | cLB

0101 S | noy| T [ 2a| T |zpx|zex|2ze| ' |aBs,Y| T | 2a | T |aBs x|aBs x| 2z

0110 6 | rrs |ADC [ MuL | BBS | TST | ADC | ROR | BBS | , , | ADC | ROR | SEB | IMP | ADC | ROR | SEB

IND,X|zP,x | 3,A | zp | zp | zP |8,zP MM | A | 3,A | IND | ABS | ABS | 3, zP

ADC BBC ADC | ROR | BBC ADC cLB ADC | ROR | cLB

0111 7 [BYS noy| T | 3a| T |zox|zex|3ze| SE [aBs,y| — |3 a | T |aBs x|aBs, x| 3 zr

STA | RRF | BBS | sTY | sTAa | sTx | BBS ses | sty | sTA | sTx | ses

1000 8 [BRA \Nox| zp | 4Aa | zp | zp | zp |azp |PEY | — | ™A | 4 a | ABS | ABS | ABS | 4,2P

STA BBC | sTY | sTA | sTx | BBC STA CLB STA CcLB

1001 9 [BCC o y| — | 4a |zpx|zex|ze v |azp | ™A [aBs, Y| S | 4a | T |aBs, x| — |42zp

LDY | LDA | LDX | BBS | LDY | LDA | LDX | BBS LDA SEB | LDY | LDA | LDX | SEB

1010 A [ mm [inox| v | sa [ zp | zp | zp |szp | TAY | mm | ™A | 5,A | ABS | ABS | ABS | 5, zP

LDA | Jmp | BBC | LDY | LDA | LDX | BBC LDA cLB | LDy | LDA | LDX | cLB

1011 B | BCS Iinp, v |z, nD| 5,4 |z, x | zP,x | zP, Y [5,zp | Y |aBS, Y| X | 5 A |aBS, x|aBS, x|ABS, Y| 5. zP

cpy | cwp BBS | cPy | cmP | DEC | BBS cMP seB | cPY | cMP | DEC | SEB

1100 C [mwm [nox| W | 6a|zp | zp | zp |6zp | ™Y | mm | 5% | 6,A | ABS | ABS | ABS |6, 2P

CMP BBC CMP | DEC | BBC CMP cLB CMP | DEC | cLB

1101 D [BNE 'npv| = |ea | T |zex|zex|6ze | P |aBs,y| — | 6a | ~ |aBs x|aBs x| 6 zp

1110 ¢ |cPx|ssc | biv | Bes | cex |sec | iNc |BBS | . |SBC | o, | SEB |CPX | SBC | INC | SEB

MM |IND, X | zP, X | 7.A | zP | zP | zP |7,2P IMM 7,A | ABS | ABS | ABS | 7,zP

SBC BBC SBC | INC | BBC SBC cLB sBC | INC | cLB

1111 F[BER \noy| = | 74| = |zox|zex |7z | 5P [as,y| = | 7.4 | — |aBs, x|aBS, x| 7. zP
: 3-byte instruction
: 2-byte instruction
: 1-byte instruction
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3.9 SFR memory map

000016 | CPU mode register A (CPUA) 003816 |UART2 mode register (U2MOD)

000116 | CPU mode register B (CPUB) 003916 |UART2 baud rate generator (U2BRG)

000216 | Interrupt request register A (IREQA) 003A16 [UART?2 status register (U2STS)

00036 | Interrupt request register B (IREQB) 003B16 |UART2 control register (U2CON)

000416 | Interrupt request register C (IREQC) 003C16 |UART2 transmit/receive buffer register 1 (U2TRB1)
000516 | Interrupt control register A (ICONA) 003D16 |UART?2 transmit/receive buffer register 2 (U2TRB2)
000616 | Interrupt control register B (ICONB) 003E16 |UART2 RTS control register (U2RTSC)

000716 | Interrupt control register C (ICONC) 003F16 [DMAC index and status register (DMAIS)

000816 | Port PO (PO) 004016 [DMAC channel x mode register 1 (DMAXx1)

000916 | Port PO direction register (POD) 004116 |DMAC channel x mode register 2 (DMAX2)

000Az6 | Port P1 (P1) 004216 IDMAC channel x source register Low (DMAXSL)
000B16 | Port P1 direction register (P1D) 004316 [DMAC channel x source register High (DMAXSH)
000C1s | Port P2 (P2) 004416 [DMAC channel x destination register Low (DMAXxDL)
000D16 | Port P2 direction register (P2D) 004516 [DMAC channel x destination register High (DMAXDH)
000E:s | Port P3 (P3) 004616 [DMAC channel x transfer count register Low (DMAXCL)
000F16 | Port P3 direction register (P3D) 004716 [DMAC channel x transfer count register High (DMAXCH)
001016 | Port control register (PTC) 004816 [Data bus buffer register 0 (DBBO)

001116 | Interrupt polarity select register (IPOL) 004916 | Data bus buffer status register 0 (DBBSO0)

001216 | Port P2 pull-up control register (PUP2) 004A16 |Data bus buffer control register 0 (DBBCO)

001316 | USB control register (USBC) 004B16 [Resereved (Note 1)

001416 | Port P6 (P6) 004C16 |Data bus buffer register 1 (DBB1)

001516 | Port P6 direction register (P6D) 004D16 |Data bus buffer status register 1 (DBBS1)

001616 | Port P5 (P5) 004E16 [Data bus buffer control register 1 (DBBC1)

001716 | Port P5 direction register (P5D) 004F16 |Resereved (Note 1)

001816 | Port P4 (P4) 005016 [USB address register (USBA)

001916 | Port P4 direction register (P4D) 005116 [USB power management register (USBPM)
001A16 | Port P7 (P7) 005216 [USB interrupt status register 1 (USBIS1)

001B16 | Port P7 direction register (P7D) 005316 |USB interrupt status register 2 (USBIS2)

001Czs | Port P8 (P8) 005416 |USB interrupt enable register 1 (USBIE1)

001D16 | Port P8 direction register (P8D) 005516 [USB interrupt enable register 2 (USBIE2)

001E1s | Resereved (Note 1) 005616 [USB frame number register Low (USBSOFL)
001F16 | Clock control register (CCR) 005716 |USB frame number register High (USBSOFH)
002016 | Timer XL (TXL) 005816 |USB endpoint index register (USBINDEX)

002116 | Timer XH (TXH) 005916 |[USB endpoint x IN control register (IN_CSR)
002216 | Timer YL (TYL) 005A16 [USB endpoint x OUT control register (OUT_CSR)
002316 | Timer YH (TYH) 005B16 [USB endpoint x IN max. packet size register (IN_MAXP)
002416 | Timer 1 (T1) 005C16 |USB endpoint x OUT max. packet size register (OUT_MAXP)
002516 | Timer 2 (T2) 005D16 |USB endpoint x OUT write count register Low (WRT_CNTL)
002616 | Timer 3 (T3) 005E16 |USB endpoint x OUT write count register High (WRT_CNTH)
002716 | Timer X mode register (TXM) 005F16 [USB endpoint FIFO mode register (USBFIFOMR)
002816 | Timer Y mode register (TYM) 006016 |USB endpoint 0 FIFO (USBFIFOO)

002916 | Timer 123 mode register (T123M) 006116 |USB endpoint 1 FIFO (USBFIFO1)

002A16 | Serial I/0 shift register (SIOSHT) 006216 |USB endpoint 2 FIFO (USBFIFO2)

002Ba1s6 | Serial 1/0 control register 1 (SIOCON1) 006316 |USB endpoint 3 FIFO (USBFIFO3)

002C16 | Serial /O control register 2 (SIOCONZ2) 006416 |USB endpoint 4 FIFO (USBFIFO4)

002D16 | Special count source generator 1 (SCSG1) 006516 [Resereved (Note 1)

002E16 | Special count source generator 2 (SCSG2) 006616 [Resereved (Note 1)

002F16 | Special count source mode register (SCSGM) 006716 [Resereved (Note 1)

003016 | UART1 mode register (ULMOD) 006816 |Resereved (Note 1)

003116| UARTL1 baud rate generator (ULBRG) 006916|Resereved (Note 1)

003216| UART1 status register (ULSTS) 006A16|Flash memory control register (FMCR) (Note 2)
003316| UART1 control register (ULCON) 006B16|Resereved (Note 1)

003416 | UARTL1 transmit/receive buffer register 1 (ULTRB1) 006C16|Frequency synthesizer control register (FSC)
003516| UART1 transmit/receive buffer register 2 (UITRB2) | 006D1s|Frequency synthesizer multiply register 1 (FSM1)
003616| UART1 RTS control register (UIRTSC) 006E16|Frequency synthesizer multiply register 2 (FSM2)
003716 Resereved (Note 1) 006F16|Frequency synthesizer divide register (FSD)

FFC916| ROM code protect control register (ROMCP) (Note 3)|

Notes 1: Do not write any data to this addresses, because these areas are reserved.
2: This area is reserved in the mask ROM version.
3: This area is on the ROM in the mask ROM version.
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3.10 Pin configuration

7641 Group
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60 | -¢— P22/DB2
[59 | <— P23/DB3
58 | <a—m P24/DB4
(57 | <& P25/DBs
[56 | <a— P26/DBs
55| -a—m P27/DB7
|54 ] -a—» PO0/ABo
53] <& P01/AB:1
|52 ] -a— P0O2/AB2
[51] < P03/AB3
50| <& P04/AB4
[49] <& P05/ABs
(48] < P06/AB6
(47| -a— P0O7/AB7
46| -a— P10/ABs
[45] - P11/AB9
[44]-a— P12/AB10
[43]<-a— P13/AB11
(42| < P14/AB12
(41— P15/AB13

P21/DB1 <& [61] 20] <« P16/AB1s
P20/DBo -a— [62] Q 39] <« P17/AB15
P74/OBF1 -4 [63] 38] <4 P30/RDY
P73/IBF/HLDA <& [64] 37] < P3:

P72/S1 <4 [65] 36] - P32
P71/HOLD <« [66] 35] < P33/DMAoUT
P70/SOF < [67] % < P34/Qout

USB D+ -a—p [68 33| - P35/SYNCout
useD-=» [  M37641M8-XXXHP % ~» PIMR
Ext.Cap <P 70| 31| -ww P37/RD

Vss 7] M37641F8HP 30] <€ P80/UTXD2/SRDY
Vee [72] 29] - P81/URXD2/SCLK
P67/DQ7 < [73] 28] <4 P82/CTS2/SRXD
P66/DQs <t [74] 27] <« P83/RTS2/STXD
P65/DQ5 <a—m [75] 26] <« P84/UTXD1
P64/DQ4 <t [76] 25] <« P85/URXD1
P63/DQ3 4 [77] [24] <~ P86/CTS1
P62/DQ2 < [78] 23] < P87/RTS1
P61/DQ1 -t [79] Q 22] <« P40/EDMA
P60/DQo - [80] 21] <« P41/INTo
) ) e e S
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Vss
XIN — [12]
XouT <— [13]

Vcc

AVcc
LPF <+— [16]

AVss
P44/CNTR1 < [18]
P43/CNTRo < [19]
P42/INT1 < [20 ]

P56/R(E) < [2 |
P55/A0 -t— [ 3]
P53/IBFo <[5 |
P52/0OBFo <[ 6 |
CNVss/Vpp —p» [ 7 |

RESET—»
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P50/XCIN < [10|

P57/W/(R/W) <t [ 1
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