A94B114 ABOV Semiconductor Co., Ltd.

CMOS single-chip 8-bit MCU -- \BO\
with 12-bit ADC, LDO and SEMICONDUCTOR
Comparator

A94B114

User’s manual

Main features

 Enhanced 8051 microcontroller with reduced instruction cycle time V1.09
(CM8051-S CPU)

e Basic MCU Function

— 8 Kbytes Flash Code Memory
— Code Area Protection
—512 bytes SRAM Data Memory

¢ Built-in Analog Function

— Power-On Reset and Low Voltage Detect Reset

—Internal HFO (32MHz TYP % 1.5%, TA= +25°C)

—Internal LFO (256kHz + 10%, TA= -40 ~ +85°C@Normal/IDLE Mode)
—Internal LFO (168kHz £ 15%, TA= +25°C @STOP Mode)

—Internal LFO (168kHz £ 20%, TA= -40 ~ +85°C@STOP Mode)

— Watchdog Timer RC Oscillator (LFO/2 =128kHz)

o Peripheral Features
— 12-bit Analog to Digital Converter with 2.5V LDO
— 16-bit PWM with inverters and dead-band control
— USART 8-bit x 1-ch
—12C 8-bit x 1-ch

o /O and Packages

— Up to 18 Programmable I/O lines with 20-SOP
—20-SOP, 20-TSSOP, 16-SOPN

o Operating Conditions
— 2.0V to 5.5V Wide Voltage Range
—-40°C to 85°C Temperature Range

o Application

— Small Home Appliance
— Battery charge & discharge control
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A94B114 ABOV Semiconductor Co., Ltd.

1 Overview

1.1. Description
The A94B114 is an advanced CMOS 8-bit microcontroller with 8 Kbytes of FLASH. This is powerful microcontroller
which provides a highly flexible and cost effective solution to many embedded control applications. This provides the
following features : 8 Kbytes of FLASH, 512 bytes of SRAM, 16-bit timer/counter, 16-bit PWM with inverters and dead-
band control, Watchdog timer, 12-bit ADC with LDO, On-chip POR, LVI and LVR, Internal High Frequency Oscillator,
Internal Low Frequency Oscillator and clock circuitry. The A94B114 also supports Power saving modes to reduce

Power Consumption.

Device Name FLASH XRAM IRAM ADC /0 PORT Package

A94B114FR 10 inputs 18 20-TSSOP

A94B114FD BYoes | 256bytes | 256 bytes | 10 inputs 18 20-SOP

A94B114AE 8 inputs 14 16-SOPN
Table 1.1 Ordering Information of A94B114

Device Nomenclature A9B114 E R N ()
A94B114 Family Name
Pin Count

F 20 pin

A 16 pin
Package Type

R TSSOP

D SOP

E SOPN
Bonding Wire

none Au wire

N Pd-Cu wire
Packing

(M Tape & Reel

Figure 1.1 Device Nomenclature
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1.

2 Features

CPU

—8-bit CISC CM8051-S core
(8051 Compatible, 1 clocks per cycle)

8 Kbytes On-Chip FLASH

— Endurance : 10,000 times (Sector 0~247)
50,000 timers (Sector 248~255)

—Retention : 10 years
—In-System Programming (ISP)

256 bytes IRAM / 256 bytes XRAM

General Purpose 1/O (GPIO)

—Normal I/O : 18 Port
(PO[7:0], P1[5:0], P2[3:0])

Timer/Counter
—8-bit Timer x 1-ch (T0O)
— 16-bit Timer x 2-ch (T1, T2)

Programmable Pulse Generation

— Pulse generation (by T1/T2)
—16-bit PWM with inverters

and Dead-band control x 1ch (by T1)
Comparator

— Selectable internal reference Comparator.
— External (CMNO, CMN1)
— Internal  (1.6V, 2.2V)

Watch Timer (WDT)
—8-bit x 1-ch
— RCWDT with LFO

USART
—8-bitx 1-ch
12C

—8-bitx 1-ch

12-bit A/D Converter
—10 Input channels

Power Down Mode
—IDLE, STOP mode

Sub-Active mode

— System used by internal 128kHz Ring oscillator
(LFO/2)

e Power On Reset

—Reset release level (1.4V)
e Low Voltage Reset

—1 level detect (1.75)
e Low Voltage Indicator

—4 level detect (2.40/ 2.90/ 3.90/ 4.20V)
e Interrupt Sources

— External Interrupts
(EINTO~2, EINT10, EINT11, EINT12) (4)

—Timer(0/1/2) (3)

-WDT (1)

—LVI(1)

—USART (2)

—-12C (1)

—ADC (1)

-BIT (1)

—CRC (1)

— Comparator (1)

e Internal Oscillator

— Internal High Frequency Oscillator :
32MHz TYP +1.5% (Ta= 25°C)

— Internal Low Frequency Oscillator :
256kHz +10% (TA= -40~+85°C, Normal/IDLE)
168kHz £15% (TA= +25°C, STOP)
168kHz +20% (TA= -40~+85°C, STOP)

e Operating Voltage and Frequency
- 1MHz ~ 16MHz

* Internal Clock : TA= -40~+85°C, Vpp=2.0V ~ 5.5V
» External Crystal : TA= -40~+85°C, Vpp=2.7V ~ 5.5V

e Oscillator Type
— 0.4~16 MHz Crystal or Ceramic for main clock
e Minimum Instruction Execution Time
- 62.5ns (@16MHz main clock)
e Operating Temperature
- -40~+85°C
e Operating Frequency

- 1/4/8/16MHz (with HFO/2)
- 128kHz (with LFO/2)

e Package Type
—-20-SOP
—20-TSSOP
- 16-SOPN
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1.3 Development tools
1.3.1  Compiler

ABOV semiconductor does not provide any compiler for the A94B114. But the CPU core of A94B114 is CM8051-S
core, you can use all kinds of third party's standard 8051 compiler like Keil C Compiler, Open Source SDCC (Small
Device C Compiler). These compilers' output debug information can be integrated with our OCD2 emulator and
debugger. Refer to OCD2 manual for more details.

1.3.2 OCD2 emulator and debugger

The OCD2 emulator supports ABOV Semiconductor’s 8051 series MCU emulation.

The OCD?2 interface uses two wires interfacing between PC and MCU which is attached to user’s system. The OCD2
can read or change the value of MCU internal memory and I/O peripherals. And also the OCD2 controls MCU internal
debugging logic, it means OCD2 controls emulation, step run, monitoring etc.

The OCD2 Debugger program works on Microsoft-Windows NT, 2000, XP, Vista, 7, 8, 8.1, 10 (32-bit, 64-bit) operating
system.

If you want to see more details, please refer OCD2 debugger manual. You can download debugger S/W and manual
from our web-site.

There are OCD2 mode connection.

- P01 (A94B114 DSCL pin)
- P00 (A94B114 DSDA pin)

2 UserVCC

4 User GND

o
[ ]
0

DSCL

8 DSDA

O 0 0 o0 o
o

Figure 1.2  On Chip Debugger 2 and Pin description (OCD2 mode)
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OCD2 (On Chip Debug) Emulator
*  MCU emulation control via 2pin OCD interface.
*  2pin interface : OCD2 clock & data.
» Higher interface speed than OCD dongle.
»  Support newly added debugging specifications.
* Compact size.
» Cost effective emulator.
+ Emulation & debugging on the target system directly.
* Real time emulation.
» PCinterface : USB.

Debugger
*  Operates with OCD2 emulator H/W.

* Integrated Development Environment (IDE).
Support docking windows and menus.

*  Support Free run, Step run, auto step run.
»  Support Symbolic debugging.
»  Support Source level debugging.

i File View Emulation Break/Configure Test Window Help
e B e AAA DS 68
i) Device name: OCD2 test
Disasm View R X Globalvar. B X Code View 2 x startup.a51 x| DA Register Driver.c | -
FE Bl 5= 91 EXTRN CODE (2C_START) 5
sr | Addr Opcede | Mnemonic Type | attrib_ | Name | valy  Code : 00000 M BUBLIC 2C_STARTUR
BT 5 [ADDC ARs unsigned it CODE__ICE_DUMMY._ o Addr [0 [1 (2 [3 |2 |5 |6 |7 |8 |
00001 84 DV AB 00000 3C 84 FE EF 75 FO 3C 84 E5 CSEG  AI g
00002 FE MOV RGA 00010 25 64 00 20 20 20 20 00 00 RS T R
00003 EF MOV AR7 00020 00 00 00 00 Q0 00 00 E4 FF e c o
00004 75F03C MOV 0F0#03C 00030 E4 FF 12 43 8C EF 60 03 7F SRS e cmsLaRIE
00007 J:2d DIV AB 00040 DB EO 24 FE 60 03 04 70 04 STARTUPL:
00008 ESFO MOV AQF0 00050 4F FF 22 EA FF FE 12 01 A IF IDATALEN <> 0
0000A 6001 Jz  0000D P —T— »| 0O0GO 09 E9 70 F2 OA 80 FF 22 E4 RO, $1DATALEN - 1
ooooc - 0E INC RE 00070 05 EF 7C 00 7D 64 AE 04 AF CLR L3
0000D  AFO6 MOV R7,006 Lol var. | Global var. 00080 04 7F 02 80 05 90 03 A7 EO
0000F 22 ReT Registers @009 94 07 50 OC 74 72 2 F5 &2 S DINZ RO, IDATALOOR
ooo1e 2564 ADD ADE4 000A0 22 32 32 32 32 00 33 33 33
00012 00 NOP RO Ri R2 R3 R4 RS R6 R7 000BO O5 13 88 03 78 01 7A 00 79 IF XDATALEN <> 0
00013 202020 JB 024.000036 000C0 E4 FD FC 02 7E 95 EF 75 FO DETR, $XDATASTART
[ 20 00 [oo [oo [00 oo [oo [o0 |00 .
GG 200000 B 020.0,00019 oo oo o0 oo oo [oo o oo 000D0 35 FO FA 7B FF 22 12 7A 3E BT, #LOW (XDATALEN)
00019 ©O NOP ™ =1 [oo [oo [o0"[60 o000 [00 [a0" O0CE0 01 F5 83 EO FF 22 EF 75 FO IF (LOW (XDRIALEN)) <> O ~
%ig ﬁ :gg I~ %200 [[o0 [0 o0 [o0 o0 [o0 [o0 000F0 35 FO FA 7B FF 22 EF 70 04 . H R6, # (HIGH (XDATALEN)
o001C 00 NOP ™ #3[00 00 [o0 [oo [oa [0 o0 [oo- S RE, $11GH (XDRTALEN)
ooo1p 00 NOP CY AC FO RSI1 RSO OV Fi PA w1 v 2
e | mwoofofa]ofofoofo] e ax oo
e ax A [0 oem [ o000 BlSSE R7, KDATAL
EB R6, XDATALL
7] 8 [oo ec [ooooo 4 Xaddr : 00000 5
IRAM : 000 sirview wx addr |o |1 (2 s |45 e |7 fe~) 22 f
addr [0 |1 [2 |3 |a |5 |6 |73 00000 00 00 00 00 00 00 00 00 (¢ ||+ »
oo R AR T 00010 00 00 00 00 00 00 00 00 C | %
00010 [N B B e B 00020 00 00 00 00 00 00 00 00 (
00020 00 00 00 00 00 00 oo o | Addr [0 [t ]2 [3[4 |5 |6 |7 |8 |900030 00 00 00 00 00 00 00 00 C || Emulation &break information wil be displayed here.
00030 00 00 00 00 00 00 00 Oi=| 0000 00 07 00 00 00 48 9 00 FE 0 00040 (00 00 0B 00 00 00 OB 00 C= .\, 0 ¢ye ass
00020 00 00 00 00 00 00 00 (@ | 0005 38 00 00 07 00 00 F3 FF 00 0 00050 00 00 00 00 00 00 00 00 ( | pesy detected:
00050 00 00 00 00 00 00 00 o | OOOAD 00 00 00 FO FF FF 00 00 00 F 00060 00 00 00 00 00 00 00 00 (| || WextPC=0x0000L
00060 00 00 00 00 00 00 OO0 Qi | 000BO 0O FO FF FO FF 00 00 00 07 O 00070 00 00 00 00 00 00 00 00 ( roscznunt_n,nnn,onp,npo,nnz
00070 100 00 100 100 100 00 00 i 000CO 00 00 00 00 00 00 00 00 00 0|00060 00 000000 /00 0000 00 |c ] Emuistion time ~00:0000 000ms 000 2us
00080 00 00 00 00 00 00 Q0 @ 000D 00 00 00 00 0O 0O 00 00 00 500090 00 00 00 00 00 00 00 00 C
00000 00 00 00 00 00 00 Q0 @ O00F0 00 28 00 00 OO 0O 00 00 OO O 0OCAD 00 00 00 00 00 00 00 00 C
000AC 00 00 00 00 00 00 00 @ |O00FO 00 00 00 00 0O 00 00 00 00 O 0000 00 00 00 00 00 00 00 00 C
00050 T R P N W MR ™ 000C0 00 00 00 00 00 00 00 00 C~
anarn L m ] » < M ] » | 000DO ¢ | I, | » W 4 » W Status Breaks | TABZ
Ready CAF NUM SCRL Connected

Figure 1.3 OCD2 Debugger
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1.3.3 Programmer

E-PGM +
*  Support ABOV / ADAM devices
+  2~5times faster than S-PGM+
*  Main controller : 32-bit MCU @ 72MHz
*  Buffer memory : 1TMB

i

E-PGM+

e ——

s

ABOV | 2
2 ° USBL120 pC1o-16V  S/W

()] on
B e

&

Power DC 9 ~ 15V

Enter Key Connector.
To connect with the auto-

handler
_ | 1. MCU RX
P ns-222 NI WO

2.VDD

| 3. MCU TX

| | 4. GND
5. Run Flag or Boot Pin
6. Serial Clock
7. GND
8. Serial Data
9. N/A

For ISP(In-System-Programming} For Barcode reader 10. VPP or Reset Pin
Figure 1.4 E-PGM+ component and connector
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PGMPIlusLC2
Description
PGMPIusLC2 is for ISP(In System Programming). It is used to write into the MCU
Which is already mounted on target board using 10pin cable.
Features
*+  PGMplusLC2 is low cost writing Tool.
* USB interface is supported.
*  Not need USB driver installation.
»  Connect the external power adaptor(5V@2A).
*  Supported high voltage Max 18V.
*  PGMplusLC2 is based on PC environment.
*  PGMplusLC2 is faster than PGMplusLC.
*  Transmission speed is 64KB/s

Figure 1.5 PGMplusLC Writer
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E-PGM+ Gang4/6

*  Product name : E-PGM+ GANG 4

»  Dimension(x, y, h) : 33.5 x 22.5 x35mm
*  Weight: 2.0kg

* Input Voltage : DC Adaptor 15V/2A

*  Operating Temp : -10 ~40°C
+  Storage Temp : -30 ~ 80°C
*  Water Proof : No

*  Product name : E-PGM+ GANG 6

»  Dimension(x, y, h) : 148.2 x 22.5 x35mm
*  Weight : 2.8kg

* Input Voltage : DC Adaptor 15V/2A

*  Operating Temp : -10 ~40°C
+  Storage Temp : -30 ~ 80°C
*  Water Proof : No

Figure 1.6 Gang Programmer
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1.3.4 Circuit Design Guide

At the FLASH programming, the programming tool needs 4 signal lines that are DSCL, DSDA, VDD, and VSS. When
you design the PCB circuits, you should consider the usage of these signal lines for the on-board programming.
Please be careful to design the related circuit of these signal pins because rising/falling timing of DSCL and DSDA is

very important for proper programming.

PGMpulsLC2, E-PGM+, E-PGM+ GANG 4 /6

R1 (0Q ~ 100)
pscL() [ ] AN » To application circuit
R2 (0R ~ 1009)
DSDA(I/0) | ] ® AN » To application circuit
vDD [ |
vss | ] I

NOTE)
1. In on-board programming mode, very high-speed signal will be provided to pin DSCL and DSDA.
And it will cause some damages to the application circuits connected to DSCL or DSDA port if the
application circuit is designed as high speed response such as relay control circuit. If possible, the
I/O configuration of DSDA, DSCL pins had better be set to input mode.

2. The value of R1 and R2 is recommended value. It varies with circuit of system.

3. When using LFO (Low Frequency Oscillator), it is recommended that the resistance value of R2 is
100 ohms. Because the internal De-bounce circuit does not operate normally at low clocks, this
prevents Glitch from corrupting OCD communication.

Figure 1.7 PCB design guide for on board programming
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2 Block diagram

TOO(PWMOO) Timer 0 oCD2
ENT10ECOY€ > g8y  — ( On-Chip o0 > POO~PO7
debugger2)
P1
T20/PWM20 | Timer2 | C"c"%’sé's (X PorT [>¢ P1O-P15
ECZEINT12{ € (16-Bit) >
«—>Q P20~P23
PORT
T10/PWM10 —
EC1/EINT11 imer <:>
PWM10B :[:z (16-Bit) FLASH
(8K bytes) COMPARTOR —>¢ CMO
K (266 byt
(256 bytes) A A
Complementary CMNO
CPWtM| XRAM ? cmn
ontro! (256 bytes)
EINTO BIT TIMER -1.6v 2.2V © CMP
EINT1 <:> (8-Bit)
EINT2 Inferrupt | v 2.5VLDO
EINT10 Controller Watch Dog
EINT11 <:> Timer AVDD
EINT12 T 4
LFO 256kHz
HFO 32MHz ADC Rt AN9/P23
SCL (P14/P20
SDA (P1 5/P21;‘ > L — AN8/P22
AN7/PO7
ANG6/P06
Power on
RXD/P14 Reset AN5/P05
T)s(gﬂ)g‘ <> USART (T | 12vitanc AN4/PO4
XCK/PO1 <:> Low Voltage AN3/P03
Indicator AN2/PO2
XIN/P11
AN1/P0O1
XOUT/P10 System & Low Voltage
Reset ANO/PO0
RESETB/P13 Clock Control <:>
A
VDD VSS
Figure 2.1 Block diagram of A94B114

NOTE) The P20, P21, P22 and P23 are not in the 16-Pin package.
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3 Pin assighment
vVsSsS ] 1 v 20— vDD
PWM20O/T20/XOUT/P10 [ 2 19 | __] POO/ANO/SS/DSDA
PWM1O/T10/XIN/P11 ] 3 ~ > 18 [—1 P01/AN1/XCK/DSCL
PWM2O/T20/EC2/EINT12/P12 (] 4 |° g 17 1 P02/AN2/EINTO
RESETB/P13 [ 5 a' @ 16 1 P22/ANS/EINT1
(SCL)/RXD/EINT10/P14 [] 6 8 ; 15 [ P23/AN9/EINT10/ECO/TOO/PWM10B
(SDA)/TXD/P15 [ 7 3 % 14 —1 P03/AN3/EINT11/EC1/T10/PWM10
SCL/P20 [ 8 13 [—1 P04/AN4/CMN1/EINT2/PWM10B
SDA/P21 [ 9 12 =1 P05/AN5/CMNO
CMO/AN7/PO7 ] 10 11 1 P06/ANB/CMP
NOTE)
1. The programmer (PGMplusLC, E-PGM+) uses P0[1:0] pin as DSCL, DSDA.
2. The SDA/SCL lines for I2C can be configured on the P20/P21 (P14/P15) pins by software control.
3. Touse T1O/PWM10 as pin3(P11), set Sub-function and set it to Output High.
4. To use T20/PWM20 as pin2(P10), set Sub-function and set it to Output Low.
Figure 3.1 A94B114FR 20-TSSOP Pin Assignment
vsSsS [] 1 \—/ 20 —1 vDD
PWM20O/T20/XOUT/P10 [ 2 19 1 POO/ANO/SS/DSDA
PWM10O/T10/XIN/P11 ] 3 > 18 1 P01/AN1/XCK/DSCL
PWM20O/T20/EC2/EINT12/P12 [ 4 g g 17 =1 P02/AN2/EINTO
RESETB/P13 (] 5 (IIJ E 16 [—1 P22/ANS/EINT1
(SCL)/RXD/EINT10/P14 ] 6 o : 15 /1 P23/AN9/EINT10/EC0O/TOO/PWM10B
(SDAYTXD/P15 ] 7 3 3 14 —1 P03/AN3/EINT11/EC1/T10/PWM10
scL/P20 ] 8 13 1 P04/AN4/CMN1/EINT2/PWM10B
sbA/P21 [ 9 12 —1 P05/AN5/CMNO
CMO/AN7/PO7 ] 10 11 =1 P06/AN6/CMP
NOTE)
1.  The programmer (PGMplusLC, E-PGM+) uses P0[1:0] pin as DSCL, DSDA.
2. The SDA/SCL lines for I2C can be configured on the P20/P21 (P14/P15) pins by software control.
3. Touse T1O/PWM10 as pin3(P11), set Sub-function and set it to Output High.
4. Touse T20/PWM20 as pin2(P10), set Sub-function and set it to Output Low.
Figure 3.2 A94B114FD 20-SOP Pin Assignment
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vss ] 1 ~— 16 ] VDD
PWM20/T20/XOUT/P10 ] 2 > 15 =1 POO/ANO/SS/DSDA
PWM1O/T10/XINP11 ] 3 > L 14 1 PO1/AN1/AN1/XCK/DSCL
PWM20/T20/EC2/EINT12/P12 ] 4 o D 13 3 PO2/AN2/EINTO
RESETB/P13 ] 5 Q N 12 71 PO3/ANS/EINT11/EC1/T10/PWMIO
(SCLYRXD/EINT10/P14 ] 6 z> 11 =3 P04/AN4/CMN1/EINT2/PWM10B
(SDAYTXD/P15 —] 7 10 1 PO5/ANS/CMNO
CMO/AN7/PO7 —] 8 9 =3 Pos/ANBICMP

NOTE)
1.  The programmer (PGMplusLC, E-PGM+) uses P0[1:0] pin as DSCL, DSDA.

2. The P20, P21, P22 and P23 pins should be selected as a push-pull output or an input with pull-up
resistor by software control when the 16-pin package is used.

3. The SDA/SCL lines for I2C can be configured on the P20/P21 (P14/P15) pins by software control.
To use T1O/PWM10 as pin3(P11), set Sub-function and set it to Output High.
5. To use T20/PWM20 as pin2(P10), set Sub-function and set it to Output Low.

&

Figure 3.3 A94B114AE 16-SOPN Pin Assignment
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A94B114

Package Diagram
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5

Pin Description

PIN Name | /O | Function @RESET | Shared with
P00 ANO/SS/DSDA
PO1 AN1/XCK/DSCL
P02 AN2//EINTO
Port 0 is a bit-programmable 1/0 port which can be
P03 e configured as a schmitt-trigger input, a push-pull Input ANS/EINT11/EC1/T10/PWM10
P04 output, or an open-drain output. AN4/EINT2/CMN1/PWM10B
A pull-up resistor can be specified in 1-bit unit.
P05 AN5/CMNO
P06 AN6/CMP
PO7 AN7/CMO
P10 XOUT/T20/PWM20
P11 Port 1 is a bit-programmable 1/O port which can be XINT1O/PWM1O
P12 configured as a schmitt-trigger input, a push-pull EINT12/EC2/T20/PWM20
1/O | output, or an open-drain output. Input
P13 A pull-up resistor can be specified in 1-bit unit. RESETB
P14 RXD/(SCL)/EINT10
P15 TXD/(SDA)
P20 Port 2 is a bit-programmable 1/0O port which can be ScL
P21 configured as a schmitt-trigger input, a push-pull SDA
1/0 | output, or an open-drain output. Input
P22 A pull-up resistor can be specified in 1-bit unit. ANB/EINT1
P23 The P20 - P23 are only in the 20-Pin package. AN9/EINT10/ECO/ECO/TOO/PWM10B
EINTO P02/AN2/SS
EINTA1 External interrupt inputs Input P22/AN8
EINT2 P04/AN4/CMN1/PWM10B
P14/RXD/(SCL)
EINT10 . . . . Input P23/AN9/ECO/TOO/PWM10B
External interrupt inputs, Timer Capture and timer
EINT11 event counter inputs. (Timer 0, 1, 2) Input PO3/AN3/EC1/T10/PWM10
EINT12 Input P12/EC2/T20/PWM20
TOO Timer 0O interval output Input P23/AN9/EINT10
T10 Timer 1 interval output Input PO3/AN3/EINT11/EC1/PWM10
T20 Timer 2 interval output Input P12/EINT12/ PWM20
PWMOO o | Timer 0 PWM output Input P23/AN9/EINT10/TOO
PWM10 Timer 1 PWM output Input PO3/ANZ/EINT11/EC1/T10
) P04/AN4/EINT2/CMNA1
PWM10B Timer 1 PWM Complementary output Input P23/ANY/EINT10/ECO/TOO
PWM20 Timer 2 PWM output Input P12/EINT12/T20
SS 1/0 | USART external clock input/output Input P0OO/ANO/DSDA
XCK /0 | USART slave selection input/output input PO1/AN1/DSCL
TXD (0] USART data output Input P15/SDA (Second Select Pin)
RXD | USART data input Input P14/SCL (Second Select Pin)/EINT10
SCL 1/0 | 12C clock input/output Input P20, P14/(SCL)
SDA 1/0 | 12C data input/output Input P21, P15/(SDA)
Table 5.1 Normal Pin Description
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PIN Name 1/0 Function @RESET Shared with
ANO P00/SS/DSDA
AN1 P01/XCK/DSCL
AN2 PO2//EINTO
AN3 PO3/EINT11/EC1/T10/PWM10
ﬁmg A/D converter input channels Input iggjg:\l/l\l;i/CMN1/PWM1 °B
ANG6 P06/CMP
AN7 P0O7/CMO
AN8 P22/EINT1
AN9 P23/EIN10/ECO/TOO/PWM10B
CMP | Comparator input channel (+) Input P06/ANG
CMNO | Comparator input channel (-) input PO5/ANS
CMN1 [ Comparator input channel (-) input P04/AN4/EINT2/PWM10B
CMO (0] Comparator output input P07/ AN7
tem reset pin with ll-up resistor when it i
RESETB | 1 | e e o RESE TS by CONFIGURE OPTION Input P13
DSDA I/0 | Programmer data input/output NOTE45) Input PO0/ANO/SS
DSCL I Programmer clock input NOTE45) Input P01/AN1/XCK
XIN I/O | Main oscillator pins Input P11/T20/PWM20
XOUT P10/T10/PWM10
VDD, VSS | — Power input pins — —

Table 5.2 Normal Pin Description (Concluded)

NOTE)
1. The P20, P21, P22 and P23 are not in the 16-Pin package.

2. The P13/RESETB pin is configured as one of the P13 and the RESETB pin by the “CONFIGURE
OPTION".

3. If the P00 and P01 pins are connected to the programmer during power-on reset, the pins are
automatically configured as In-System programming pins.

4. The P00 and P01 pins are configured as inputs with internal pull-up resistor only during the reset or
power-on reset.
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6 Port Structures
6.1 General Purpose 1/O Port

BZ] Level shift (1.8V to ExtVDD)
[7] Level Shift (ExtvDD to 1.8)

VDD
PULL-UP
REGISTER >° 4 y q
DD VDD
OPEN DRAIN
REGISTER
DATA o — )3 H
REGISTER MUX oAD
SUB-FUNC DATA OUTPUT 1
SUB-FUNC ENABLE
SUB-FUNC DIRECTION —— {4
MUX
DIRECTION 0
REGISTER T
CMOS or
Schmitt Level
Input
PORTx INPUT or o
SUB-FUNC DATA INPUT ¢
ANALOG CHANNEL
ENABLE 74
ANALOG INPUT {iﬁ—

Figure 6.1 General Purpose 1/O Port
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6.2

External Interrupt I/O Port

PULL-UP
REGISTER

OPEN DRAIN
REGISTER

DATA
REGISTER

SUB-FUNC DATA OUTPUT

SUB-FUNC ENABLE

SUB-FUNC DIRECTION

DIRECTION
REGISTER

EXTERNAL

IN

PORTx INPUT or

SUB-FUNC DATA INPUT

ANALOG CHANNEL
ENABLE

ANALOG INPUT

INTERRUPT _< _‘

BZ] Level Shift (1.8V to ExtVDD)
[7] Level Shift (ExtvDD to 1.8V)

VDD
>° VbD VDD
> =D =
MUX » PAD
=1 Hi
1
MUX
—T—O
VDD
a o
CP POLARITY
r ¢——< ' REG.
TERRUPT @
ENABLE T
FLAG
CLEAR CMOS or
Schmitt Level
Input
0 \ 4 -
o_
MUX
1 Q D
CP
r 4 _DEBOUNCE
T CLK
DEBOUNCE
ENABLE
=

Figure 6.2

External Interru

pt I/O Port
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7

Electrical Characteristics

71 Absolute Maximum Ratings
Parameter Symbol Rating Unit Note
Supply Voltage VDD -0.3~+6.5 \% -
V, -0.3~VDD+0.3 \Y
Voltage on any pin with respect to VSS
Vo -0.3~VDD+0.3 \Y
lon -15 mA Maximum current output sourced by (lon per 1/O pin)
Normal Voltage Pin
dlon -80 mA Maximum current (3 low)
lo 30 mA Maximum current sunk by (lo. per I/O pin)
dloo 160 mA Maximum current (3 lov)
Total Power Dissipation Pr 400 mwW -
Storage Temperature Tste -65~+150 °C -

Table 7.1

Absolute Maximum Ratings

NOTE) Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at any other conditions beyond those
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating

conditions for extended periods may affect device reliability.

7.2 Recommended Operating Conditions
(Ta= -40°C ~ +85°C)
Parameter Symbol Conditions MIN TYP MAX Unit
fx=1, 4, 8, 16MHz HFO 20
Operating Voltage VDD fx= 256kHz LFO ' 5.5 \%
fx= 0.4 ~ 16MHz Crystal 2.7 -
. VDD=2.0~5.5V (Internal RC) o
Operating Temperature Torr VDD=2.7~5.5V (Crystal) -40 - 85 C
Table 7.2 Recommended Operating Conditions
7.3 Low Drop Out Characteristics
(Ta= -40 ~ +85°C, AVDD=2.7~5.5V, VSS=0V)
Parameter Symbol Condition MIN TYP MAX Unit
Ta=-40~85°C 2.450 2.5 2.550
LDO Output Voltage Vipo
Ta=25°C 2.470 25 2.530
Quiescent Current la AVDD=5.5V - 300 400 uA
Load Current I Dropout Voltage=0.2V - - 1 mA

Table 7.3

Low Drop Out Characteristics
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7.4 A/D Converter Characteristics
(Ta=-40°C ~ +85°C, VDD= 2.5V ~ 5.5V, VSS=0V)

Parameter Symbol Conditions MIN TYP MAX Unit
Resolution - - — 12 - bit
Integral Non-Linearity INL Analog Reference NOTE - - 5
Differential Non-Linearity DNL - - 13 LSB
Offset Error of Top EOT Voltage = 2.7V ~ 5.5V (VDD ref) - +4 +8
Offset Error of Bottom EOB ADC Clock= 2MHz (VDD ref) - 12 4
Voltage = 1.25V (LDO ref) _ +15 _
ADC Clock= 500kHz (LDO ref) -
LDO Ref. Integral Non-Linearity LDO_INL
Voltage = 2.50V (LDO ref) _ +20 _
ADC Clock= 500kHz (LDO ref) - LSB
LDO Ref. Differential Non-Linearity LDO_DNL Volt 2.5V ~ 5.5V (LDO ref) - - +3
oltage = 2.5V ~ 5. re ~
LDO Ref. Offset Error of Top LDO_EOT ADC Clock= 500kHz (LDO ref) 4 18
LDO Ref. Offset Error of Bottom LDO_EOB - +2 +3
AVREF = 3.0V ~ 5.5V 20 - -
Conversion Time tcon AVREF = 2.7V ~ 5.5V 30 - - us
AVREF = 2.4V ~ 5.5V 60 - -
Analog Input Voltage Van - VSS - VDD \Y
Analog Reference Voltage VDDREF "NOTE 2.2 _ vbDb \Y
9 9 LDOREF - - 25 -
Analog Input Leakage Current lan VDDREF=5.12V - - 2 uA
ADC O ting C t | Enable VDD=5.12V — ! 2 mA
perafing Lurren AoC Disable - - - 0.1 uA

Table 7.4 A/D Converter Characteristics

*NOTE) If the Analog reference voltage is lower than 2.7V and the ADC Clock is faster than 2MHz, ADC resolution will be degraded.
(Analog Reference = VDDREF) If the Analog reference voltage is lower than 2.5V and the ADC Clock is faster than 500kHz, ADC
resolution will be degraded. (Analog Reference = LDOREF)

When LDO Reference is used, ADC gain can be affected by LDO output variation.

7.5 Low Voltage Reset and Low Voltage Indicator Characteristics
(Ta= -40°C ~ +85°C, VDD=2.0V ~ 5.5V, VSS=0V)

Parameter Symbol Conditions MIN TYP MAX Unit
- 1.75 1.90
2.2 2.4 2.6
. Vivr The LVR can select 1.75V but LVI can select
Detection Level Viy other levels except 1.75V 2.7 2.9 3.1 \
3.6 3.9 4.2
3.9 4.2 45
Hysteresis AV - - 50 - mV
Minimum Pulse Width tuw - - 500 — us
LVR 1.75V - 1 -
LVR and LVI Current lvr VDD=5V uA
LVI except 1.75V - - 50
Table 7.5 LVR and LVI Characteristics

7.6 Power-On Reset Characteristics
(Ta=-40°C ~ +85°C, VDD=2.0V ~ 5.5V, VSS=0V)

Parameter Symbol Conditions MIN TYP MAX Unit

RESET Release Level Vpor - - 1.25 - \%

VDD Voltage Rising Time tr - 0.05 - 5.0 V/ms

POR Current lpor - - 0.1 - uA
Table 7.6 Power-on Reset Characteristics
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7.7 Internal High Frequency Oscillator Characteristics
(Ta= -40°C ~ +85°C, VDD=2.0V ~ 5.5V, VSS=0V)
Parameter Symbol Conditions MIN TYP MAX Unit
Frequency firc Vpp =2.0 ~5.5V - 32 - MHz
Ta=25C With 0.1uF - 1.5 -
Tolerance - Ta=0°Cto +50°C Bypass -2.5 - 25 %
Ta = -40°C to +85°C capacitor 3.0 - 3.0
Stabilization Time Thes - - 1 - ms
Operating Current lnro Enable - 0.4 - mA

Table 7.7

7.8

High Internal RC Oscillator Characteristics

Internal Low Frequency Oscillator Characteristics
(Ta= -40°C ~ +85°C, VDD=2.0V ~ 5.5V, VSS=0V)

Parameter Symbol Conditions MIN TYP MAX Unit

firon(Normal/IDLE) - 256 - kHz
Frequency Vpp =2.0 ~5.5V

fLros(STOP) — 168 — kHz

Tiron(Normal/IDLE) | Ta =-40°C to +85°C -10 - +10 %

— oro With 0.1uF Bypass | _ _ o
Tolerance Tiros(STOP) Ta=25°C capacitor 15 +15 %
Ta =-40°C to +85°C -20 - +20 %

Stabilization Time Tirs - - 1 - ms
Operating Current | liro Enable - 15 - UuA

Table 7.8 Ring-Oscillator Characteristics
7.9 Comparator Characteristics
(Ty=-40°C ~ +125°C, AvDD=2.2V ~ 5.5V)

Parameter Symbol Conditions MIN TYP MAX Unit
Operating Current IDD(rums) - 100 200 uA
Stop Current ISTOP rus) 12 100 nA

@Trim Comparator - +10 -
Comparator Ves @Trim Comparator + LDO Internal Ref - +25 - iy
Input Offset Voltage @Trim Comparator + AVDD Internal Ref | - +25 -

No Trim, Comparator Only - +40 -
Propagation Delay teo(terL) - 0.08 0.15 us
Hysteresis thvs HYS_EN_I="High’ (Except input offset) - +16 +20 mV
Inten_w_al V_REF_ tkup 4 - us
Stabilization Time

Table 7.9

Comparator Characteristics
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7.10 DC Characteristics
(Ta= -40°C ~ +85°C, VDD= 2.0V ~ 5.5V, VSS= 0V, fxin= 16MHz)

Parameter Symbol Conditions MIN TYP MAX Unit
Input High Voltage Vin1 PO, P1, P2 0.7vDD - VDD \Y
Input Low Voltage Vi1 PO, P1, P2 - - 0.3vVDD \Y
VDD=3.3V, lon=-4mA,
) Vo All output ports VDD-1.0 B B v
Output High Voltage VDD=5V lo=-8mA
Vorz : of ’ VDD-1.0 - - %
All output ports
VDD=3.3V, |IOL= 5mA,
Vour All output ports - - 10 v
Output Low Voltage VDD=5V 10L= 10mA
Vo|_2 : ’ bl - 1.0 V

All output ports

Input High Leakage

Current Iin All input ports - - 1 uA
I(;]Sr'“r';rl;,?w Leakage I All input ports -1 - - UuA
Pull-Up Resistor Reur X;T&‘g;;ﬁfc 25 50 100 kQ
I(EIEJCJN) Run Mode, fx=16MHz (HFO/2) - 3 6 mA
z'lf’EE)’ZLE) IDLE Mode, fx=16MHz - 0.8 16 mA
Power Supply Current I([lglaJN_LFO) Run Mode, fx=128kHz (LFO/2) - 1 25 mA
I(?'?'OP’I) STOP1 Mode, LFO Enable — 5 20 uA
I([éD'Is'OP2) STOP2 Mode, LFO Disable, LVR Disable | — 2.5 5 uA

Table 7.10 DC Characteristics

7.11 AC Characteristics
(Ta= -40°C ~ +85°C, VDD= 2.0V ~ 5.5V)

Parameter Symbol Conditions MIN TYP MAX Unit
RESETB input low width trsT Input, VDD= 5V - 500 - us
Interrupt input high, low width :'WH‘ All interrupt, VDD= 5V 125 - -

IWL
External Counter Input High, tecwh, _ ns
Low Pulse Width feowt ECn, VDD =5V 125 - -
External Counter Transition Time trec, trec ECn, VDD = 5V - - 20

Table 7.11 AC Characteristics

L tRST |
RESETB /
£ 0.2VDD
B tiwL ] L tiwH -
External
Interrupt 0.8 VDD T
+# 0.2VDD \
L tECWL N | tECWH N
— «— tFEC —> «— tREC
ECn
A
Figure 7.1 AC Timing
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7.12 USART Characteristics

(Ta= -40°C ~ +85°C, VDD=2.0V ~ 5.5V, fxin=16MHz)

Parameter Symbol MIN TYP MAX Unit
Serial port clock cycle time tsck 1800 tepu X 16 2200 ns
Output data setup to clock rising edge ts 8100 tepu x 13 - ns
Clock rising edge to input data valid ts2 - - 590 ns
Output data hold after clock rising edge th1 tepu- 50 tepu - ns
Input data hold after clock rising edge tho 0 - - ns
Serial port clock High, Low level width thicH, tLow 720 tecpu x 8 1280 ns

Table 7.12 USART Characteristics

tsck
tHiIGH tLow
N N
Figure 7.2 Waveform for USART Timing Characteristics

Shift Clock / \ ‘ \ ‘_ \ / \ / \ / \ / \ / \

Data Out \ Do >< D1 >< D2 >< D3 >< D4 >< D5 >< D6 >< D7
152! tH2—pi l—
Data In Valid >< Valid >< >< Valid >< >< Valid >< >< Valid >< >< Valid >< >< Valid >< >< Valid
Figure 7.3 Timing Waveform for the USART Module
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7.13 12C Characteristics
(Ta= -40°C ~ +85°C, VDD=2.0V ~ 5.5V)

Parameter Symbol Standard Mode High-Speed Mode Unit
MIN MAX MIN MAX

Clock frequency tscL 0 100 0 400 kHz

Clock High Pulse Width tscLH 4.0 - 0.6 -

Clock Low Pulse Width tscLe 4.7 - 1.3 -

Bus Free Time ter 4.7 - 1.3 -

Start Condition Setup Time tstsu 4.7 - 0.6 -

Start Condition Hold Time tstHo 4.0 - 0.6 - us

Stop Condition Setup Time tspsu 4.0 - 0.6 -

Stop Condition Hold Time (=) 4.0 - 0.6 -

Output Valid from Clock tvo 0 - 0 -

Data Input Hold Time tom 0 - 0 1.0

Data Input Setup Time tois 250 - 100 - ns

Table 7.13 12C Characteristics

< tscL >
tscLH  tscLL
i o i A -

€— tSTSU < > € » —> €— tDIH —>»i i€—tsPsu

SCL j f & / _J#\ ____________ / <— tSPHD
SDA \ / >< i o L

—>»i «€—tSTHD —>p <€— tDIS < »
—> €—tvD

SDA X ><
Out ]

—p <€— tvD

Figure 7.4 12C Timing
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7.14 Data Retention Voltage in Stop Mode

(Ta=-40°C ~ +85°C)

Parameter Symbol Conditions MIN TYP MAX Unit
Data retention supply voltage Vpoor - 1.8 - 5.5 \Y
. VDDR= 1.8V, (Ta= 25°C),
Data retention supply current Iobpr Stop mode — — 1 uA
Table 7.14 Data Retention Voltage in Stop Mode
Idle Mode
X (Watchdog Timer Active)
[¢—t————— Stop Mode > 4>
Normal
Operating Mode
l¢—— Data Retention ——p]
Vb 'l
T \VDDDR
Execution of
STOP Instruction
0.8VDD7L
INT Request
—P{twArT|e—
NOTE: tWAIT is the same as (the selected bit overflow of BIT) X 1/(BIT Clock)
Figure 7.5 Stop Mode Release Timing when Initiated by an Interrupt
RESET
Occurs
l Oscillation
N >t S .
Stop Mode X Stabillization Time
. 7 Normal
|¢—— Data Retention ——p Operating Mode
VDD s
\DDDR
Execution of
RESETB STOP Instruction
s /‘ 0.8VDD
0.2vD
—»{ TWAITE—
NOTE : tWAIT is the same as (4096 X 4 X 1/fx) (16.4ms @ 1MHz)
Figure 7.6 Stop Mode Release Timing when Initiated by RESETB
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7.15 Internal Flash Rom Characteristics
(Ta=-40°C ~ +85°C, VDD=2.0V ~ 5.5V, VSS= 0V)

Parameter Symbol Condition MIN TYP MAX Unit

Sector Write Time trsw - - 2.5 2.7

Sector Erase Time trse - - 2.5 2.7 ms

Code Write Protection Time tenL - - 25 2.7

Page Buffer Reset Time trer - - - 5 us

Flash Programming Frequency from - 0.4 - - MHz

Endurance of Write/Erase NFwe - - - 10,000 cycles

Table 7.15 Internal Flash Rom Characteristics
7.15.1 Internal Flash Rom Characteristics (Sector 248~255)
(Ta= 25°C, VDD=2.0V ~ 5.5V, VSS= 0V)
Parameter Symbol Condition MIN TYP MAX Unit
Sector Write Time trsw - - 2.5 2.7
Sector Erase Time trse - - 2.5 2.7 ms
Code Write Protection Time tenL - - 25 2.7
Page Buffer Reset Time trer - - - 5 us
Flash Programming Frequency from - 0.4 - - MHz
Endurance of Write/Erase NFwe - - - 50,000 cycles

Table 7.16

Internal Flash Rom Characteristics

NOTE) During a flash operation, SCLK[1:0] of SCCR must be set to “00” or “01” (HFO or Main Crystal for system

clock).
7.16 Input/ Output Capacitance
(Ta= -40°C ~ +85°C, VDD=0V)
Parameter Symbol Condition MIN TYP MAX Unit
Input Capacitance Cin f= 1MHz
Output Capacitance Cour Unmeasured pins are - - 10 pF
/O Capacitance Co connected to VSS

Table 7.17

Input / Output Capacitance
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7.17 Main Clock Oscillator Characteristics

(Ta=-40°C ~ +85°C, VDD=2.0V ~ 5.5V)

Oscillator Parameter Condition MIN TYP MAX Unit
2.0V -5.5V 0.4 - 4.2
Crystal Main oscillation frequency MHz
2.7V -5.5V 0.4 - 16.0
2.0V -5.5V 0.4 - 4.2
Ceramic Oscillator Main oscillation frequency MHz
2.7V -5.5V 0.4 - 16.0
2.0V -5.5V 0.4 - 4.2
External Clock XIN input frequency MHz
2.7V -5.5V 0.4 - 16.0
Table 7.18 Main Clock Oscillator Characteristics
‘ XIN XOouT
C1 Cc2
- =
Figure 7.7 Crystal/Ceramic Oscillator
‘ XIN XOuT
External  Open
Clock
Source
Figure 7.8 External Clock
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7.18 Main Oscillation Stabilization Characteristics
(Ta=-40°C ~ +85°C, VDD=2.0V ~ 5.5V)

Oscillator Parameter MIN TYP MAX Unit
Crystal fx > 1MHz - - 60 ms
- Oscillation stabilization occurs when VDD is equal to
Ceramic the minimum oscillator voltage range. - - 10 ms
f><|N =0.4 to 16MHz
External Clock XIN input high and low width (t, te) 42 - 1250 ns
Table 7.19 Main Oscillation Stabilization Characteristics
y 1/XIN N
< tXL L tXH
\
XIN 0.8vDD
X # 0.2VvDD
Figure 7.9 Clock Timing Measurement at XIN

7.19 Operating Voltage Range

(fx in = 0.4 to 16MHz)

16.0MHz

4.2MHz

0.4MHz

20 27 55
Supply voltage(V)

Figure 7.10 Operating Voltage Range
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7.20 Recommended Circuit and Layout

143%:14)4

This 0.1uF capacitor should be within
& 0.5cm from the VDD pin of MCU on !
the PCB layout. ~
vDD [1—2F -
(=7 01uF 0.1uF
VSSs : ;
=
VCC
- High-Current Part
A Infrared LED,
{ FND(7-Segment), }
/0 ]
0.01uF {
This 0.01uF capacitor is alternatively
for noise immunity.
X-tal
XIN 30
XOuT

VDD VCC )

The main crystal should be within 1cm from the pins of MCU on the PCB layout.

<

{

=— DC Power

Storage Power Capacitor
) should be at least 10uF.

‘The MCU power line (VDD and VSS)
should be separated from the high-
current part at a DC power node on
the PCB layout.

}

Figure 7.11

Recommended Circuit and Layout
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7.21 Typical Characteristics
These graphs and tables provided in this section are only for design guidance and are not tested or guaranteed. In
graphs or tables some data are out of specified operating range (e.g. out of specified VDD range). This is only for
information and devices are guaranteed to operate properly only within the specified range.
The data presented in this section is a statistical summary of data collected on units from different lots over a period of
time. “Typical” represents the mean of the distribution while “max” or “min” represents (mean + 30) and (mean - 30)

respectively where o is standard deviation.

4.5
< 4
£
c 35 —0—fXIN=16MHz
5 —8—|RC=16MHz
Y 3
pd
= == - —0
2.5
2.0V 2.7V 3.3V 5.5V
VDD (V)
Figure 7.12 RUN (IDD1 ) Current
13
<
E
- 129
c
2 == |RC=16MHz
3 127
Ll
—
8 125
2.0V 2.7V 3.3V 5.5V
VDD (V)
Figure 7.13 IDLE (IDD2) Current
+—
o
= 1.3
-]
O
n —~
8 g =@=_\R ON
= 08 —e—|VR OFF
[a W
o
2 03 = —() == —8
2.0V 2.7V 3.3V 5.5V
VDD (V)

Figure 7.14 STOP (IDD5) Current
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8 Memory

The A94B114 addresses two separate address memory stores: Program memory and Data memory. The logical
separation of Program and Data memory allows Data memory to be accessed by 8-bit addresses, which makes the 8-
bit CPU access the data memory more rapidly. Nevertheless, 16-bit Data memory addresses can also be generated
through the DPTR register.

A94B114 provides on-chip 8 Kbytes of the ISP type flash program memory, which can be read and written to. Internal
data memory (IRAM) is 256 bytes and it includes the stack area. External data memory (XRAM) is 256 bytes.

8.1 Program Memory

A 16-bit program counter is capable of addressing up to 64 Kbytes, but this device has just 8 Kbytes program memory
space.

Figure 8-1 shows the map of the lower part of the program memory. After reset, the CPU begins execution from location
0000H. Each interrupt is assigned a fixed location in program memory. The interrupt causes the CPU to jump to that
location, where it commences execution of the service routine. External interrupt 10, for example, is assigned to location
000BH. If external interrupt 10 is going to be used, its service routine must begin at location 000BH. If the interrupt is not
going to be used, its service location is available as general purpose program memory. If an interrupt service routine is
short enough (as is often the case in control applications), it can reside entirely within that 8 byte interval. Longer service

routines can use a jump instruction to skip over subsequent interrupt locations, if other interrupts are in use.

FFFFH

owor NN

Figure 8.1 Program Memory

NOTE)
1. 8k bytes Including Interrupt Vector Region
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8.2 Data Memory

FFH FFH
Upper 128bytes Special Function Registers
Internal RAM 128bytes
(Indirect Addressing) (Direct Addressing)
80H 80H
7FH

Lower 128bytes

Internal RAM
(Direct or Indirect
Addressing)
O00H
Figure 8.2 Data Memory Map

The internal data memory space is divided into three blocks, which are generally referred to as the lower 128 bytes,
upper 128 bytes, and SFR space.

Internal data memory addresses are always one byte wide, which implies an address space of only 256 bytes. However,
in fact the addressing modes for internal RAM can accommodate up to 384 bytes by using a simple trick. Direct
addresses higher than 7FH access one memory space and indirect addresses higher than 7FH access a different
memory space. Thus Figure 8-2 shows the upper 128 bytes and SFR space occupying the same block of addresses,
80H through FFH, although they are physically separate entities.

The lower 128 bytes of RAM are present in all 8051 devices as mapped in Figure 8-3. The lowest 32 bytes are grouped
into 4 banks of 8 registers. Program instructions call out these registers as RO through R7. Two bits in the Program
Status Word select which register bank is in use. This allows more efficient use of code space, since register instructions
are shorter than instructions that use direct addressing.

The next 16 bytes above the register banks form a block of bit-addressable memory space. The 8051 instruction set
includes a wide selection of single-bit instructions, and the 128 bits in this area can be directly addressed by these
instructions. The bit addresses in this area are 00H through 7FH.

All of the bytes in the lower 128 bytes can be accessed by either direct or indirect addressing. The upper 128 bytes RAM

can only be accessed by indirect addressing. These spaces are used for data RAM and stack.
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[ TFH s|7r|7e|7D|7C|7B[7A| 79| 78
“lrrl7el75| 7473 72|71 70
6F |6E [6D|6C|6B|6A [ 6968
. 67|66 [65|64]63[62|61]60
80 Bytes < General Purpose 5F [ 5E[5D[5C[ 5B [5A |59 | 58
Register 57|56 |55|54|53|52|51|50
g 4F [4E|4D4C|4B[4A |49 48
47146454443 ]42]41]40
3F|[3E|3D|3C|3B[3A[39]38
\ 30H 37(36(35[34(33[32[31]30
2FH 2F [2E|2D|2C|2B[2A |29 28
272625242322 2120
16 Bytes { Bit Addressable 1F[1E[1D|1C[1B[1A| 1918
(128bits)
17 (1615|1413 [12]11] 10
20H OF [0E [oD|0oC|0B|0A|09] 08
1FH . e {o7]oe|o5|04]03]02]01(00
8 Bytes { Register Bank 3
(8 Bytes)
18H
17H Register Bank 2
8 Bytes 9(8 Bytes)
10H
oFf Register Bank 1 R7
8 Bytes . (8 Bytes) =5
o7H Register Bank 0 Ej
egister ban
8 Bytes { g(s Bytes) R3
00H =5
R1
RO
Figure 8.3 Lower 128 bytes RAM

35



A94B114 ABOV Semiconductor Co., Ltd.

8.3 External Data Memory
A94B114 has 256 bytes XRAM and 32 byte XSFR. This area has no relation with RAM/FLASH. It can be read and
written to  through SFR with 8-bit unit.

20FFH

Extended

Special Function

Registers

(32 byte)
20EOH

Not Used
00OFFH

External RAM
256 Bytes
(Indirect Addressing)

0000H

Figure 8.4 XDATA Memory Area

NOTE) XSFR can be declared and used as follows.

#define CRC_CON *(volatile unsigned char xdata *) 0x20EQ
#define CRC_H *(volatile unsigned char xdata *) 0x20E3
#define CRC_L *(volatile unsigned char xdata *) 0x20E4
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8.4 SFR Map
8.4.1 SFR Map Summary
- | Reserved
M8051 compatible
00H/8H" | O01H/9H | 02H/OAH | O3H/OBH | O04H/OCH | O5H/ODH | O6H/OEH | O7H/OFH
OF8H | 12CSR 2CMR | 12CSCLLR | '2CSTLH | 12CSDAR | pepr | 12csAR | 12csART
OFOH B FEMR FECR FESR FETCR | FEARL | FEARM | FEARH
0ESH P IP1 P2 UCTRL4 | FPCR i I2CMR1 i
OEOH ACC UCTRL1 | UCTRL2 | UCTRL3 | USTAT | UBAUD | UDATA i
0D8H | OSCCR | SCCR i i i i CMPDBT i
0DOH | PSW i i i i i CMPCR | CMPTR
0C8H IE2 EIFLAG i i TICDRL | TICDRH | T1DDRL | T1DDRH
0COH IE1 i T2CRL | T2CRH | T2ADRL | T2ADRH | T2BDRL | T2BDRH
0B8H IE i TICRL | TICRH | TIADRL | T1ADRH | T1BDRL | T1BDRH
0BOH | IRQ2 i i POFSR L | POFSR H | PIFSR L | PIFSR H | P2FSR
0ASH | IRQ1 i LDOCR P2I0 P2PU P20D P2DB i
0AOH | IRQO i EO P110 P1PU P10D P1DB i
98H RSFR i ILVL POIO POPU POOD PODB -
90H P2 i TOCR toont | PR apem | APCMT abern
TOCDR ADCRL
88H P1 LVIR | IOFFSET | EIPOLO | EIPOL1 | WDTMR VVJSTTCRF/{ SYSEON.
80H PO sP DPL/ DPH/ DBTSR | BITCNT | BITCR PCON
DPL1 DPH1

Table 8.1 SFR Map Summary

NOTE) O0O0H/8H(), These registers are bit-addressable.
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8.42 SFR Map

@Reset
Address Function Symbol RW
7 6 5 4 3 2 1 0
80H PO Data Register PO R/W 0 0 0 0 0 0 0 0
81H Stack Pointer SP R/W 0 0 0 0 0 1 1 1
82H Data Pointer Register Low DPL R/W 0 0 0 0 0 0 0 0
83H Data Pointer Register High DPH R/W 0 0 0 0 0 0 0 0
82H Data Pointer Register Low 1 DPL1 R/W 0 0 0 0 0 0 0 0
83H Data Pointer Register High 1 DPH1 R/W 0 0 0 0 0 0 0 0
84H De-bounce Time Selection Register DBTSR R/W 0 0 0 0 0 0 0 0
85H Basic Interval Timer Counter Register BITCNT R 0 0 0 0 0 0 0 0
86H Basic Interval Timer Control Register BITCR R/W 0 0 0 0 0 1 0 0
87H Power Control Register PCON R/W - - - - 0 0 0 0
88H P1 Data Register P1 R/W - - 0 0 0 0 0 0
89H Low Voltage Indicator Control Register LVIR R/W 0 0 0 0 0 0 0 0
8AH Interrupt Offset Register IOFFSET w 0 0 0 0 0 0 0 0
8BH External Interrupt Polarity Register O EIPOLO R/W 0 0 0 0 0 0 0 0
8CH External Interrupt Polarity Register 1 EIPOL1 R/W 0 0 0 0 0 0 0 0
8DH Watch Dog Timer Mode Register WDTMR R/W 0 0 1 1 1 0 1 1
SEH Watch Dog Timer Data Register WTDR W 1 1 1 1 1 1 1 1
Watch Dog Timer Counter Register WTCR R 0 0 0 0 0 0 0 0
8FH System Control Access Register SYSCON_AR R/W 0 0 0 0 0 0 0 0
90H P2 Data Register P2 R/W - - - - 0 0 0 0
91H Reserved - - -
92H Timer 0 Control Register TOCR R/W 0 0 0 0 0 0 0 0
93H Timer 0 Counter Register TOCNT R 0 0 0 0 0 0 0 0
Timer 0 Data Register TODR R/W 1 1 1 1 1 1 1 1
94 Timer 0 Capture Data Register TOCDR R 0 0 0 0 0 0 0 0
95H A/D Converter Mode Register ADCM R/W 1 0 0 0 1 1 1 1
96H A/D Converter Mode 1 Register ADCM1 w 0 0 0 0 0 0 0 1
A/D Converter Data Low Register ADCRL R 0 0 0 0 0 0 0 0
97H A/D Converter Data High Register ADCRH R 0 0 0 0 0 0 0 0
98H Reset Source Flag Register RSFR R/W 1 0 0 0 0 1 0 0
99H Reserved - - -
9AH Interrupt nesting level Register ILVL R/W 0 0 0 0 0 0 0 0
9BH PO Direction Register POIO R/W 0 0 0 0 0 0 0 0
9CH PO Pull-up Resistor Selection Register POPU R/W 0 0 0 0 0 0 0 0
9DH PO Open-drain Selection Register POOD R/W 0 0 0 0 0 0 0 0
9EH PO De-bounce Time Selection Register PODB R/W 0 0 0 0 0 0 0 0
9FH Reserved - - -
AOH Interrupt Request Register 0 IRQO 0 o [o Jo Jo Jo Jo Jo Jo
A1H Reserved - - -
A2H Extended Operation Register EO R/W - - - - i e
A3H P1 Direction Register P110 R/W
A4H P1 Pull-up Resistor Selection Register P1PU R/W

Table 8.2 SFR Map
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Address Function Symbol R/W @Reset

7 6 5 4 3 2 1 0
A5H P1 Open-drain Selection Register P10D R/W 0 0 0 0 0 0 0
A6H P1 De-bounce Time Selection Register P1DB R/W 0 0 0 0 0 0 0
A7TH Reserved - - -
A8H Interrupt Request Register 1 IRQ1 0 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0
A9H Reserved - - -
AAH LDO Control Register LDOCR R/W 0 0 0 0 0 0 0 0
ABH P2 Direction Register P210 R/W 0 0 0 0 0 0 0 0
ACH P2 Pull-up Resistor Selection Register P2PU R/W 0 0 0 0 0 0 0 0
ADH P2 Open-drain Selection Register P20D R/W 0 0 0 0 0 0 0 0
AEH P2 De-bounce Time Selection Register P2DB R/W 0 0 0 0 0 0 0 0
AFH Reserved - - -
BOH Interrupt Request Register 2 IRQ2 0 0 ‘ 0 ‘ 0 I 0 I 0 ‘ 0 I 0 I 0
B1H Reserved - - -
B2H Reserved - - -
B3H PO Function Selection Low Register POFSRL R/W 0 0 0 0 0 0 0 0
B4H PO Function Selection High Register POFSRH R/W 0 0 0 0 0 0 0 0
B5H P1 Function Selection Low Register P1FSRL R/W 0 0 0 0 0 0 0 0
B6H P1 Function Selection High Register P1FSRH R/W 0 0 0 0 0 0 0 0
B7H P2 Function Selection Register P2FSR R/W 0 0 0 0 0 0 0 0
B8H Interrupt Enable Register IE R/W 0 - - 0 0 0 0 0
B9H Reserved - - -
BAH Timer 1 Control Low Register T1CRL R/W 0 0 0 0 0 0 0 0
BBH Timer 1 Control High Register T1CRH R/W 0 0 0 0 0 0
BCH Timer 1 A Data Low Register T1ADRL R/W 1 1 1 1 1 1 1 1
BDH Timer 1 A Data High Register T1ADRH R/W 1 1 1 1 1 1 1 1
BEH Timer 1 B Data Low Register T1BDRL R/W 1 1 1 1 1 1 1 1
BFH Timer 1 B Data High Register T1BDRH R/W 1 1 1 1 1 1 1 1
COH Interrupt Enable Register 1 IE1 R/W - 0 0 0 0 0 0 0
C1H Reserved - - -
C2H Timer 2 Control Low Register T2CRL R/W 0 0 0 0 0 0
C3H Timer 2 Control High Register T2CRH R/W 0 0 0 0 0 0
C4H Timer 2 A Data Low Register T2ADRL R/W 1 1 1 1 1 1 1 1
C5H Timer 2 A Data High Register T2ADRH R/W 1 1 1 1 1 1 1 1
C6H Timer 2 B Data Low Register T2BDRL R/W 1 1 1 1 1 1 1 1
C7H Timer 2 B Data High Register T2BDRH R/W 1 1 1 1 1 1 1 1
C8H Interrupt Enable Register 2 IE2 R/W - - - - 0 0 0 0
CYH External Interrupt Flag Register EIFLAG RW | - | -|-|-|-101]0 0
CAH Reserved - - -
CBH Reserved - - -
CCH Timer 1 C Data Low Register T1CDRL R/W 1 1 1 1 1 1 1 1
CDH Timer 1 C Data High Register T1CDRH R/W 1 1 1 1 1 1 1 1
CEH Timer 1 D Data Low Register T1DDRL R/W 1 1 1 1 1 1 1 1
CFH Timer 1 D Data High Register T1DDRH R/W 1 1 1 1 1 1 1 1

Table 8.3 SFR Map (Continue)
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Address Function Symbol R/W @Reset

7 6 5 4 3 2 1 0
DOH Program Status Word Register PSW R/W ojo|fo0ojo|o0|0|0}]|O
D1H Reserved - - -
D2H Reserved - - -
D3H Reserved - - -
D4H Reserved - - -
D5H Reserved - - -
D6H Comparator Control Register CMPCR R/W 0 0 0 0 0 0 0 1
D7H Comparator Trigger Control Register CMPTR R/W ojo|fo0ojo0o|0O0|0|0]|O
D8H Oscillator Control Register OSCCR R/W 0|00 O0]O 1 0|0
D9H System Clock Control Register SCCR R/W 0 1 o|o0fj0j0]|]0}|0O0
DAH Reserved - - -
DBH Reserved - - -
DCH Reserved - - -
DDH Reserved - - -
DEH Comparator De-bounce Time Register CMPDBT R/W 0 ‘ 0 ‘ 0 | 0 | 1 | 1 | 1 ‘ 1
DFH Reserved - - -
EOH Accumulator A Register ACC R/W o|jo|fo0jO0O|O0O]|0|O0]|O
E1H USART Control Register 1 UCTRL1 R/W ojo|fo0ojoO0O|O0O]|]0|0]|O
E2H USART Control Register 2 UCTRL2 R/W 0 0 0 0 0 0 0 0
E3H USART Control Register 3 UCTRL3 R/W 0 0 0 0| -1]0 0 0
E4H USART Status Register USTAT R/W 1 ojo0j0|0]|]0O]O0]|O
E5H USART Baud Rate Generation Register UBAUD R/W 1 1 1 1 1 1 1 1
E6H USART Data Register UDATA RW 0 0 0 0 0 0 0 0
E7H Reserved - - -
E8H Interrupt Priority Register IP R/W ojo|lo0jO0O|O0O]|]O0|O0]|O
E9H Interrupt Priority Register 1 1P1 R/W ojo|lo0jO0O|O0O]|]O0|O0]|O
EAH Interrupt Priority Register 2 P2 R/W 0 0 0 0 0 0 0 0
EBH USART Control Register 4 UCTRL4 R/W 0 0 0 0| -1]0 0 0
ECH USART Floating Point Counter FPCR R/W 0 0 0 0 0 0 0 0
EDH Reserved - - -
EEH | 12C Mode Register 1 I2CMR1 RW [o]o]ofofo|ofo]o
EFH Reserved - - -
FOH B Register B R/W 0 0 0 0 0 0 0 0
F1H Flash Mode Register FEMR R/W ojo|fo0jO0O|O0O]|J0O0|O0]O
F2H Flash Control Register FECR R/W 0 0 0 0 0 0 1 1
F3H Flash Status Register FESR R/W 1 0 0 0 0 0 0 0
F4H Flash Time Control Register FETCR R/W 0 0 0 0 0 0 0 0
F5H Flash Address Low Register FEARL R/W 0 0 0 0 0 0 0 0
F6H Flash Address Middle Register FEARM R/W o|jo|l0|jO0O|O0O]|0|0]|O
F7H Flash Address High Register FEARH R/W 0 0 0 0 0 0 0 0

Table 8.4 SFR Map (Continue)
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@Reset
Address Function Symbol R/W

7 6 5 4 3 2 1 0
F8H I12C Status Register I2CSR R/W 0 0 0 0 0 0 0 0
FOH I12C Mode Register I2CMR R/W 0 0 0 0 0 0 0 0
FAH I12C SCL Low Period Register [2CSCLLR R/W 0 0 1 1 1 1 1 1
FBH I2C SCL High Period Register [2CSCLHR R/W 0 0 1 1 1 1 1 1
FCH I12C SDA Hold Time Register I2CSDAHR R/W 0 0 0 0 0 0 0 1
FDH 12C Data Register 12CDR R/W 1 1 1 1 1 1 1 1
FEH I2C Slave Address Register [2CSAR RW | O0O|O0O|O|O|O|O|O]|O
FFH I2C Slave Address 1 Register I2CSAR1 R/W o|0|O0]|O 0|0 O0]|O

Table 8.5 SFR Map (Concluded)

41



A94B114 ABOV Semiconductor Co., Ltd.

8.4.3 8051 Compiler Compatible SFR

ACC (Accumulator Register) : EOH

7 6 5 4 3 2 1 0
| ACC
RW RW RW RW RW RW RW RW
Initial value : 00H
ACC Accumulator
B (B Register) : FOH
7 6 5 4 3 2 1 0
| B
RW RW RW RW RW RW RW RW
Initial value : 00H
B B Register
SP (Stack Pointer) : 81H
7 6 5 4 3 2 1 0
| SP
RW RW RW RW RW RW RW RW
Initial value : 07H
SP Stack Pointer
DPL (Data Pointer Register Low) : 82H
7 6 5 4 3 2 1 0
| DPL
RW RW RW RW RW RW RW RW
Initial value : 00H
DPL Data Pointer Low
DPH (Data Pointer Register High) : 83H
7 6 5 4 3 2 1 0
| DPH
RW RW RW RW RW RW RW RW
Initial value : 00H
DPH Data Pointer High
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PSW (Program Status Word Register) : DOH

7 6 5 4 3 2 1 0
| o Ac | F | RSt RSO ov F1 P
RW RW RW RW RW RW RW RW
Initial value : 00H

cY Carry Flag
AC Auxiliary Carry Flag
FO General Purpose User-Definable Flag
RS1 Register Bank Select bit 1
RSO Register Bank Select bit 0
ov Overflow Flag
F1 User-Definable Flag
P Parity Flag. Set/Cleared by hardware each instruction cycle to indicate an odd/even

number of ‘1’ bits in the accumulator

EO (Extended Operation Register) : A2H

7 6 5 4 3 2 1 0
- S I - - - [ o
- - - - - - - RW
Initial value : 00H
DPSEL[2:0] Select Banked Data Pointer Register

DPSELO Description

0 DPTRO

1 DPTR1

Reserved

43



A94B114 ABOV Semiconductor Co., Ltd.

9 /0 Ports

9.1 1/0 Ports

The A94B114 has four groups of I/O ports (PO ~ P2). Each port can be easily configured by software as 1/O pin, internal
pull up and open-drain pin to meet various system configurations and design requirements. Also PO, P1 and P2 include

function that can generate interrupt according to change of state of the pin.
9.2 Port Register

9.2.1 Data Register (Px)

Data Register is a bidirectional I/O port. If ports are configured as output ports, data can be written to the corresponding

bit of the Px. If ports are configured as input ports, the data can be read from the corresponding bit of the Px.
9.2.2 Direction Register (PxIO)

Each 1/O pin can be independently used as an input or an output through the PxIO register. Bits cleared in this register
will make the corresponding pin of Px to input mode. Set bits of this register will make the pin to output mode. Almost

bits are cleared by a system reset, but some bits are set by a system reset.
9.2.3 Pull-up Resistor Selection Register (PxPU)

The on-chip pull-up resistor can be connected to I/O ports individually with a pull-up resistor selection register (PxPU).
The pull-up register selection controls the pull-up resister enable/disable of each port. When the corresponding bit is 1,

the pull-up resister of the pin is enabled. When 0, the pull-up resister is disabled. All bits are cleared by a system reset.
9.2.4 Open-drain Selection Register (PxOD)

There are internally open-drain selection registers (PxOD) for PO ~ P2. The open-drain selection register controls the
open-drain enable/disable of each port. Aimost ports become push-pull by a system reset, but some ports become open-

drain by a system reset.
9.2.5 De-bounce Enable Register (PxDB)

PO[6:2], P1[3:0], P2[3:0] support debounce function. Debounce clocks of each ports are fx/4, fx/8, fx/16 and fx/32.
9.2.6 Port Function Selection Register (PxFSR)

These registers define alternative functions of ports. Please remember that these registers should be set properly for

alternative port function. A reset clears the PxFSR register to ‘00H’, which makes all pins to normal I/O ports.
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9.2.7 De-bounce Time Selection Register (DBTSR)

The de-bounce time selection register (DBTSR) select the de-bounce time of all ports and external reset.

9.2.8 Register Map

Name Address Direction Default Description

PO 80H R/W O00OH PO Data Register

POIO 9BH R/W 00H PO Direction Register

POPU 9CH R/W 00H PO Pull-up Resistor Selection Register

POOD 9DH R/W 00H PO Open-drain Selection Register

PODB 9EH R/W 00H PO De-bounce Enable Register

POFSRL B3H R/W 00H PO Function Selection Low Register

POFSRH B4H R/W 00H PO Function Selection High Register

P1 88H R/W 00H P1 Data Register

P110 A3H R/W 00H P1 Direction Register

P1PU A4H R/W 00H P1 Pull-up Resistor Selection Register

P10D A5H R/W 00H P1 Open-drain Selection Register

P1DB A6H R/W O00H P1 De-bounce Enable Register

P1FSRL B5H R/W 00H P1 Function Selection Low Register

P1FSRH B6H R/W 00H P1 Function Selection High Register

P2 90H R/W O00H P2 Data Register

P210 ABH R/W 00H P2 Direction Register

P2PU ACH R/W 00H P2 Pull-up Resistor Selection Register

P20D ADH R/W 00H P2 Open-drain Selection Register

P2DB AEH R/W O00H P2 De-bounce Enable Register

P2FSR B7H R/W O00H P2 Function Selection Register

DBTSR 84H R/W 00H De-bounce Time Selection Register
Table 9.1 Port Register Map
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9.3 POPort
9.3.1 PO Port Description

PO is 8-bit I/0 port. PO control registers consist of PO data register (P0), PO direction register (P0IO), debounce enable
register (PODB), PO pull-up resistor selection register (POPU), and PO open-drain selection register (POOD). Refer to the

port function selection registers for the PO function selection.
9.3.2 Register description for PO

PO (PO Data Register) : 80H

7 6 5 4 3 2 1 0
| P07 | P06 | P05 PO4 P03 P2 PO1 PO
RW RAW R R RW RW RW R

Initial value : 00H

PO[7:0] /O Data

POIO (PO Direction Register) : 9BH

7 6 5 4 3 2 1 0
S PO |  POSIO POA4IO PO3IO PO2I0 PO1IO PO0IO
RW RW RW RW RW RW RW RW
Initial value : 00H
POIO[7:0] PO Data I/O Direction.
0 Input
1 Output

NOTE) EINTO, EINT2, EINT11 function possible when input
POPU (PO Pull-up Resistor Selection Register) : 9CH

7 6 5 4 3 2 1 0
| pPoru | PP | PPU | POPU POSPU PO2PU PO1PU POOPU
RW RW RW RW RW RW RW RW
Initial value : OOH
POPUI[7:0] Configure Pull-up Resistor of PO Port
0 Disable
1 Enable
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POOD (P0 Open-drain Selection Register) : 9DH

7 6 5 4 3 2 1 0
| Pvob | PeoD | PsOD | PoOD POGOD P020D PO1OD POOOD
RW RW RW RW RW RW RW RW
Initial value : 0OH
POODI[7:0] Configure Open-drain of PO Port
0 Push-pull output
1 Open-drain output
PODB (P0 De-bounce Enable Register) : 9EH
7 6 5 4 3 2 1 0
| PooB | PewDB | PeDB | PMDB POSDB P02DB PO1DB POODB
RW RW RW RW RW RW RW RW
Initial value : 0OH
PODB[7:0] Configure De-bounce of PO Port
0 Disable
1 Enable

NOTE)
1. If the same level is not detected on enabled pin three or four times in a row at the sampling clock, the
signal is eliminated as noise.
2. A pulse level should be input for the duration of 3 clock or more to be actually detected as a valid edge.
The port de-bounce is automatically disabled at stop mode and recovered after stop mode release.
4. This can not work unless the system clock is HFO IRC.
( HFO : Internal High Frequency Oscillator )

w
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POFSR_L (Port 0 Function Selection Register Low) : B3H

7 6 5 4 3 2 1 0
| POFSR L7 | POFSR L6 POFSR L5 | POFSR L4 | POFSR L3 POFSR |2 POFSR L1 POFSR_LO
RW RW RW RW RW RW RW RW
Initial value : 00H
POFSR_L[7:6] P03 Function Select
POFSR_L7 POFSR_L6 Description
0 0 I/0 Port (EINT11 function possible when input)
0 1 EINT11/EC1
1 0 T10 / PWM10
1 1 AN3
POFSR_L[5:4] P02 Function Select
POFSR_L5 POFSR_L4 Description
0 0 1/0 Port (EINTO function possible when input)
0 1 EINTO
1 0 Not used
1 1 AN2
POFSR_L[3:2] P01 Function Select
POFSR_L3 POFSR_L2 Description
0 0 I/O Port
0 1 XCK
1 0 Not used
1 1 AN1
POFSR_L[1:0] P00 Function Select
POFSR_L1 POFSR_LO Description
0 0 1/0 Port
0 1 SS
1 0 Not used
1 1 ANO
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POFSR_H (Port 0 Function Selection Register High) : B4H

7 6 5 4 3 2 1 0
| POFSRH7 | POFSRH6 POFSRH5 | POFSRH4 | POFSRH3 POFSR H2 POFSR H1 POFSR HO
RW RW RW RW RAW RAW RW R

Initial value : 00H

POFSR_H[7:6] P07 Function Select
POFSR_H7 POFSR_H6 Description

0 0 I/0O Port
0 1 Not used
1 0 CMO

1 1 AN7

POFSR_HI[5:4] P06 Function Select
POFSR_H5 POFSR_H4 Description

0 0 I/O Port
0 1 Not used
1 0 CMP

1 1 ANG6

POFSR_HI[3:2] P05 Function Select
POFSR_H3 POFSR_H2 Description

0 0 1/0O Port
0 1 Not used
1 0 CMNO

1 1 AN5

POFSR_HI[1:0] P04 Function Select
POFSR_H1 POFSR_HO Description

0 0 1/0 Port (EINT2 function possible when input)
0 1 EINT2

1 0 PWM10B/CMN1

1 1 AN4

NOTE) POSFR_H[1:0] = 10’b Function requires caution. The PWM1OB function is the output, and the CMN1 Function
is the input. This feature is not compatible at the same time and should not be used at the same time. Each function
can be set using different pins. (PWM10B P04/P23, CMN P04/PQ5)
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94 P1Port
9.4.1 P1 Port Description

P1 is 6-bit /O port. P1 control registers consist of P1 data register (P1), P1 direction register (P110), debounce enable
register (P12DB), P1 pull-up resistor selection register (P1PU), and P1 open-drain selection register (P10D) . Refer to

the port function selection registers for the P1 function selection.
9.4.2 Register description for P1

P1 (P1 Data Register) : 88H

7 6 5 4 3 2 1 0
| - | - | P5 P14 P13 P12 P11 P10
- - RW RW RW RW RW RW

Initial value : 00H

P1[5:0] /O Data

P110 (P1 Direction Register) : A3H

7 6 5 4 3 2 1 0
| - - | P1s0 P40 P1310 P1210 P10 P10I0
- - RW RW RW RW RW RW
Initial value : 00H
P110[5:0] P1 Data 1/O Direction
0 Input
1 Output

NOTE) ENINT10/EINT12 function possible when input
P1PU (P1 Pull-up Resistor Selection Register) : AdH

7 6 5 4 3 2 1 0
| - | - | Py | PurU P13PU P12PU P11PU P10PU
- - RW RW RW RW RW RW
Initial value : 00H
P1PU[5:0] Configure Pull-up Resistor of P1 Port
0 Disable
1 Enable
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P10D (P1 Open-drain Selection Register) : ASH

7 6 5 4 2 1 0
| - - | pioD | PuoD P120D P110D P100D
- - RW RW RW RW RW
Initial value : 00H
P10DI[5:0] Configure Open-drain of P1 Port
0 Push-pull output
1 Open-drain output

P1DB (P1 De-bounce Enable Register) : A6H

7 6 5 4 2 1 0
| - | - | pPspB | PupB P12DB P11DB P10DB
— — RW RW RW RW RW
Initial value : 00H
P1DBJ[5:0] Configure De-bounce of P1 Port
0 Disable
1 Enable
NOTE)
1. If the same level is not detected on enabled pin three or four times in a row at the sampling clock, the
signal is eliminated as noise.
2. A pulse level should be input for the duration of 3 clock or more to be actually detected as a valid edge.
3. The port de-bounce is automatically disabled at stop mode and recovered after stop mode release.
4. This can not work unless the system clock is HFO IRC.

( HFO : Internal High Frequency Oscillator )
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P1FSR_L (Port 1 Function Selection Register Low) : B5H

7 6 5 4 3 2 1 0
| PIFSRL7 | PIFSRL6 | PIFSRL5 | PIFSRL4 | PIFSRL3 PIFSR L2 P1FSR L1 P1FSR LO
RW RW RW RW RW RW RW RW
Initial value : 00H

P1FSR_L[7:6] P13 Function Select
P1FSR_L7 P1FSR_L6 Description
0 0 I/O Port
0 1 Not used
1 0 Not used
1 1 Not used

P1FSR_L[5:4] P12 Function Select
P1FSR_L5 P1FSR_L4 Description
0 0 1/0O Port (EINT12 function possible when input)
0 1 EINT12/EC2
1 0 T20 / PWM20
1 1 Not used

P1FSR_L[3:2] P11 Function Select
P1FSR_L3 P1FSR_L2 Description
0 0 I/0 Port
0 1 Not used
1 0 T10/PWM10
1 1 Not used

P1FSR_L[1:0] P10 Function Select
P1FSR_L1 P1FSR_LO Description
0 0 I/O Port
0 1 Not used
1 0 T20 / PWM20
1 1 Not used

*NOTE)

1. Touse T1O/PWM10 as pin3(P11), set Sub-function and set it to Output High.
2. Touse T20/PWM20 as pin2(P10), set Sub-function and set it to Output Low.
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P1FSR_H (Port 1 Function Selection Register High) : B6H

7 6 5 4 3 2 1 0
| - | - | PIFSRH5 | PIFSRH4 | PIFSRH3 P1FSR H2 P1FSR H1 P1FSR HO
- - RW RW RW RW RW RW
Initial value : 00H

P1FSR_H[5:4] 12C Port Select
P1FSR_H5 P1FSR_H4 Description
0 0 Not used
0 1 Use P20, P21 for 12C
1 0 Use P14, P15 for 12C
1 1 Not used

P1FSR_H[3:2] P15 Function Select
P1FSR_H3 P1FSR_H2 Description
0 0 I/0 Port
0 1 TXD
1 0 Not used
1 1 Not used

P1FSR_H[1:0] P14 Function Select
P1FSR_H1 P1FSR_HO Description
0 0 1/0 Port (EINT10 function possible when input)
0 1 RXD
1 0 Not used
1 1 EINT10/ ECO
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9.5 P2Port

9.5.1 P2 Port Description

P2 is 4-bit I/O port. P2 control registers consist of P2 data register (P2), P2 direction register (P210), P2 pull-up resistor

selection register (P2PU) and P2 open-drain selection register (P20D). Refer to the port function selection registers for
the P2 function selection.

9.5.2 Register description for P2

P2 (P2 Data Register) : 90H

7 6 5 4 3 2 1 0
| - | - | - - P23 P2 P21 P20
- - - - RW RW RW RW
Initial value : 00H
P2[3:0] /0 Data
P2IO (P2 Direction Register) : ABH
7 6 5 4 3 2 1 0
| - | - | _ _ P230 P2I0 P2110 P20I0
- - - - RW RW RW RW
Initial value : 00H
P2I0[3:0] P2 Data 1/O Direction
0 Input
1 Output

P2PU (P2 Pull-up Resistor Selection Register) : ACH

7 6 5 4 3 2 1 0
| - - - - P23PU P22PU P21PU P20PU
- - - - RW RW RW RW
Initial value : 00H
P2PU[3:0] Configure Pull-up Resistor of P2 Port
0 Disable
1 Enable
P20D (P2 Open-drain Selection Register) : ADH
7 6 5 4 3 2 1 0
| - | = - = P230D P220D P210D P200D
- - - - RW RW RW RW
Initial value : 00H
P20DI[3:0]

Configure Open-drain of P2 Port
0

1

Push-pull output
Open-drain output
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P2DB (P2 De-bounce Enable Register) : AEH

7 6 5 4 3 2 1 0
| _ | - | - | - P23DB P22DB P21DB P20DB
- - - - RW RW RW RW
Initial value : 00H
P2DB Configure De-bounce of P2 Port
0 Disable
1 Enable

NOTE)
1. If the same level is not detected on enabled pin three or four times in a row at the sampling clock, the
signal is eliminated as noise.

2. A pulse level should be input for the duration of 3 clock or more to be actually detected as a valid edge.
The port de-bounce is automatically disabled at stop mode and recovered after stop mode release.
4. This can not work unless the system clock is HFO IRC.

( HFO : Internal High Frequency Oscillator )

w

P2FSR (Port 2 Function Selection Register) : B7H

7 6 5 4 3 2 1 0
| PFSR | PFSRe | PFSRS | PoFSR4 P2FSR3 P2FSR2 P2FSRI P2FSRO
RW RW RW RW RW RW RW RW
Initial value : 00H
P2FSR[7:6] P23 Function Select
P2FSR7 P2FSR6 Description
0 0 1/0 Port (EINT10 function possible when input)
0 1 EINT10/ ECO
1 0 TOO / PWM10B
1 1 AN9
P2FSR[5:4] P22 Function Select
P2FSR5 P2FSR4 Description
0 0 1/0 Port (EINT1 function possible when input)
0 1 EINT1
1 0 Not used
1 1 AN8
P2FSR[3:2] P21 Function Select
P2FSR3 P2FSR2 Description
0 0 I/O Port
0 1 Not used
1 0 Not used
1 1 Not used
P2FSR[1:0] P20 Function Select
P2FSR1 P2FSRO Description
0 0 I/O Port
0 1 Not used
1 0 Not used
1 1 Not used
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10
10.1

The A94B114 supports up to 16 interrupt sources. The interrupts have separate enable register bits associated with

Interrupt Controller

Overview

them, allowing software control. They can also have two levels of priority assigned to them. The non-maskable interrupt
source is always enabled with a higher priority than any other interrupt source, and is not controllable by software. The
interrupt controller has following features:

Receive the request from 16 interrupt source

2 priority levels
—  Multi Interrupt possibility

4 interrrupt nesting levels

If the requests of different priority levels are received simultaneously, the request of higher priority level is
served first.

Each interrupt source can be controlled by EA bit and each IEx bit

Interrupt latency: 3~9 machine cycles in single interrupt system

The non-maskable interrupt is always enabled. The maskable interrupts are enabled through two pair of interrupt enable
registers (IE, IE1, IE2). Each bit of IE, IE1, IE2 register individually enables/disables the corresponding interrupt source.
Overall control is provided by bit 7 of IE (EA). When EA is set to ‘0, all interrupts are disabled: when EA is set to ‘1’,
interrupts are individually enabled or disabled through the other bits of the interrupt enable registers. The EAbit is always
cleared to ‘0’ jumping to an interrupt service vector and set to ‘1’ executing the [RET]I] instruction. The A94B114 supports
a two-level priority scheme. Each maskable interrupt is individually assigned to one of four priority levels according to IP,
IP1 and IP2.

Figure 10.1 shows th the Interrupt Priority Level. Priority can be sets by writing to a bit of IP0O, IP1 and IP2 regisgter.
Each bit of IPO, IP1 and IP2 corresponds to each interrupt and desiges one of 2 priority levels of each interrupt. High

level interrupt always has higher priority than low level interrupt.

(1P) : (IP1) : (IP2)

px [0 ofoJof1JofofJ+1JofJofJofJof+rfo]ofo]

1P0.0 1P0.1 1P0.2 1P0.3 1P0.4 E IP1.0 IP1.1 1P1.2 IP1.3 1P1.4 IP1.5 IP1.6 E 1P2.0 1P2.1 1P2.2 1P2.3
Priority level 1 INT4 INT7 INT12 high

“““““““““““““““““““““““ et b e
Priority level 0 | INTO | INT1 | INT2 | INT3 INT5 | INT6 INT8 [ INTO [INT10[INT11 INT13|INT14{INT15| low

pa
high low
Figure 10.1 Interrupt Priority Level

This device support only 4 level interrupt nesting. Interrupt nesting level register (ILVL) has the current nesting level.
If current nesting level is 4 and other interrupt having higher priority occur, it might cause a malfunction.
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10.2 External Interrupt
The external interrupt on INTO, INT1, INT2, INT10, INT11 and INT12 pins receive various interrupt request depending
on the external interrupt polarity O register (EIPOLO) and external interrupt polarity 1 register (EIPOL1) as shown in
Figure 10.2. Also each external interrupt source has enable/disable bits. The external interrupt flag register (EIFLAG)

and provides the status of external interrupts.

EIPOLO

2
.8
EINT10 Pin > » INTO Interrupt
D L, R P
5 A ~
EINT11 Pin || >
o » INT1 Interrupt
, ~ L.
EINT12 Pi >
in D " > INT2 Interrupt
A

EIPOL1

2
x
EINTOPin [ | >
.
|
) A |

EINT1 Pin | | Eel
n .| _ > INT4 Interrupt —
LR

S/W Decisions

A 4

EINT2 Pin D

A 4

vy

X
R A !
RN

Figure 10.2 External Interrupt Description

NOTE) EINTO~EINT2 can be ignored if interrupts are requested at the same time. If an interrupt request is
requested and another interrupt is requested immediately before clearing (sysclk1-2), the later requested
interrupt is ignored.
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10.3 Block Diagram

IE
Comparator —{_IRQ0.0_|
e T pt T P2 ]
EIPOLO — ——
o—>p 0
EIFLAG14 :D_\o—> 0 P Hiah
EINT1 riority Hig
0 H1RQO.1 = |,

X
EIFLAG1.5 o— 1
EINT11 ~_ H 1RQ0.2 _D_°\‘ —>.
EIFLAG1.6 o—>Pp 2
EINT12 S HrQ0.3 :D\H ' 2
—
o—Pp 3
EIPOL1 —

4
ento [ H ~ HEFAco},  [1R9o4]

EINT1 [ H ™

etz [ H5 Y {EFAG2 ]

1E1

12¢ \:D_\ —>
o—p 5
6 Release
USART TX IRQ1.2 _D_\ o— b Stop/Sleep
o—>Pp 7
o—Pp 7
—
CRC IRQ1.3 _D\ —»
—* |8
o—>p
Timer 0 IRQ1.4 _D_\ — 8
o—Pp 9

o—p
—p 9
Timer 1 IRQ1.5 :D_\; —> EA
o—> 10
L — S
Timer 2 IRQ1.6
o—7p 11 1
o—>
1IE2
ADC IRQ2.0 \_D_\ —p
=, [?12
WDT IRQ2.1 o—Pp
HI 13 13
o—»
BIT IRQ2.2 :| > ~ o—Pp
°_’°_’ 14 14
LvI IRQ2.3 - ) >, Priority Low
—>_ |15 \J
o——>» 15

Figure 10.3 Block Diagram of Interrupt

NOTE)

1. The release signal for stop/idle mode may be generated by all interrupt sources which are enabled
without reference to the priority level.

2. Aninterrupt request is delayed while data are written to IE, IE1, IE2, IP, IP1, IP2 and PCON register.
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10.4 Interrupt Vector Table
The interrupt controller supports 16 interrupt sources as shown in the Table 10-1. When interrupt is served, long call

instruction (LCALL) is executed and program counter jumps to the vector address. All interrupt requests have their own

priority order.
Interrupt Source Symbol :;:Z';; pI;it Polarity Mask Vector Address
Hardware Reset RESETB - 0 Non-Maskable 0000H
Comparator Interrupt INTO IE.O 1 Maskable 0003H
External Interrupt 10 INT1 IE.1 2 Maskable 000BH
External Interrupt 11 INT2 IE.2 3 Maskable 0013H
External Interrupt 12 INT3 IE.3 4 Maskable 001BH
External Interrupt 0/1/2 INT4 IE.4 5 Maskable 0023H
12C Interrupt INT5 IE1.0 6 Maskable 002BH
USART RXx Interrupt INT6 IE1.1 7 Maskable 0033H
USART Tx Interrupt INT7 IE1.2 8 Maskable 003BH
CRC Interrupt INT8 IE1.3 9 Maskable 0043H
TO Match Interrupt INT9 IE1.4 10 Maskable 004BH
T1 Match Interrupt INT10 IE1.5 11 Maskable 0053H
T2 Match Interrupt INT11 IE1.6 12 Maskable 005BH
ADC Interrupt INT12 IE2.0 13 Maskable 0063H
WODT Interrupt INT13 IE2.1 14 Maskable 006BH
BIT Interrupt INT14 IE2.2 15 Maskable 0073H
LVI Interrupt INT15 IE2.3 16 Maskable 007BH

Table 10.1 Interrupt Vector Address Table

For maskable interrupt execution, EA bit must set ‘1’ and specific interrupt must be enabled by writing ‘1’ to associated
bit in the IEx. If an interrupt request is received, the specific interrupt request flag is set to “1’. And it remains ‘1’ until

CPU accepts interrupt. If the interrupt is served, the interrupt request flag will be cleared automatically.
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10.5 Interrupt Sequence

An interrupt request is held until the interrupt is accepted or the interrupt latch is cleared to ‘0’ by a reset or an instruction.

Interrupt acceptance always generates at last cycle of the instruction. So instead of fetching the current instruction, CPU

executes internally LCALL instruction and saves the PC at stack. For the interrupt service routine, the interrupt controller

gives the address of LIMP instruction to CPU. Since the end of the execution of current instruction, it needs 3~9 machine

cycles to go to the interrupt service routine. The interrupt service task is terminated by the interrupt return instruction

[RETI]. Once an interrupt request is generated, the following process is performed.

B @

B H BH @

IE.EA Flag €0

Program Counter low Byte
SP €« SP + 1, M(SP) « (PCL)

Program Counter high Byte
SP €« SP + 1, M(SP) <« (PCH)

Interrupt Vector Address occurrence

(Interrupt Vector Address)

A 4

ISR(Interrupt Service Routine) move, execute

Return from ISR
RETI

A 4

Program Counter high Byte recovery
(PCH) €< M(SP), SP €« SP -1

Program Counter low Byte recovery
(PCL) € M(SP), SP &« SP - 1

y

IE.EA Flag €1

v

Main Program execution

Saves PC value in order to continue

process again after executing ISR

Figure 10.4

Interrupt Sequence Flow
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10.6 Effective Timing after Controlling Interrupt Bit

Interrupt Enable Register

command

Next Instruction
Setting both EA bit and individual interrupt enable

< bit IEx makes the pending interrupt active after

] executing the next instruction.
Next Instruction

v

Figure 10.5 Effective Timing of Interrupt Enable Register

10.7 Multi Interrupt
If two requests of different priority levels are received simultaneously, the request of higher priority level is served first. If
more than one interrupt request are received, the interrupt polling sequence determines which request is served first by

hardware. However, for special features, multi-interrupt processing can be executed by software.

Main Program Service INT1ISR INTO ISR
SETB EA
Occur Occur
—_— >
INT1 Interrupt INTO Interrupt
Example) Software Multi Interrupt: RETI RETI
INT1 : MOV IE, #03H ; Enable INTO only
SETB EA ; Enable global interrupt (necessary for multi interrupt)
RETI

Figure 10.6 Effective Timing of Multi-Interrupt

Figure 10.6 shows an example of multi-interrupt processing. While INT1 is served, INTO which has higher priority than
INT1 is occurred. Then INTO is served immediately and then the remain part of INT1 service routine is executed. If the

priority level of INTO is same or lower than INT1, INTO will be served after the INT1 service has completed.

An interrupt service routine may be only interrupted by an interrupt of higher priority and, if two interrupts of different
priority occur at the same time, the higher level interrupt will be served first. An interrupt cannot be interrupted by another
interrupt of the same or a lower priority level. If two interrupts of the same priority level occur simultaneously, the service

order for those interrupts is determined by the scan order.
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10.8 Interrupt Enable Accept Timing
Max. 4 Machine Cycle —»<—— 4 Machine Cycle —
I S
1SY
Interrupt T
- N
goe.s Interrupt Y Y~
Active Latched Interrupt Processing Interrupt Routine
: LCALL & LJMP
Figure 10.7 Interrupt Response Timing Diagram
10.9 Interrupt Service Routine Address
Basic Interval Timer Basic Interval Timer
Vector Table Address Service Routine Address
/‘—‘~\\§___ /‘—‘-\§___
0073H 02H 0125H OEH
0074H 01H 0126H 2EH
0075H 25H
/\_
/\_
Figure 10.8 Correspondence between Vector Table Address and the Entry Address of ISR

10.10 Saving/Restore General-Purpose Registers

INTxx : PUSH
PUSH
PUSH
PUSH

PUSH

PSW
DPL
DPH
B

ACC

Main Task

Interrupt

Service Task

Interrupt Processing:

POP ACC

Saving

Register

Restoring

POP
POP
POP
POP
RETI

: |
DPH
DPL
PSW

|

Register

Figure 10.9 Saving/Restore Process Diagram and Sample Source
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10.11 Interrupt Timing

Interrupt sampled here
CLP2 CLP1 \ CLP2 C1P1 C1P2 C2P1 C2P2
i

A y 'Y A Y A
SCLK

INT_SRC

INTR_ACK

LAST_CYC

INTR_LCALL |

INT_VEC X 8-Bit interrupt Vector >

PROGA X {8'h00, INT_VEC} >

Figure 10.10  Timing Chart of Interrupt Acceptance and Interrupt Return Instruction

Interrupt sources are sampled at the last cycle of a command. When sampling interrupt source, it is decieded to low 8-

bit of interrupt vector. CM8051-S core makes interrupt acknowleadge at first cycle of command, executes long call to
jump interrupt routine as INT_VEC.

NOTE) command cycle CLPx: L=Last cycle, 1=1st cycle or 15t phase, 2=2" cycle or 2" phase
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10.12 Interrupt Register Overview
10.12.1 Interrupt Enable Register (IE, IE1, IE2)

Interrupt enable register consists of global interrupt control bit (EA) and peripheral interrupt control bits. Total 16

peripherals are able to control interrupt.

10.12.2 Interrupt Priority Register (IP, IP1, IP2)

The 15 interrupts can decide 2 levels interrupt priority using interrupt priority register. Level 1 is the high priority, while
level 0 is the lowest priority. After a reset IP, IP1 and IP2 are cleared to ‘O0H’. At that initialization, low interrupt number
has a higher priority than high interrupt number. If decided the priority, low interrupt number has a higher priority than

high interrupt number in the same level.

10.12.3 Interrupt Request Register (IRQO, IRQ1, IRQ2)
Interrupt requeset register is set by ‘Peripherals’(H/W) when some event is occurred. The interrupt function is called

when both interrupt enable and request bits are set.

NOTE) In polling mode using IRQ, if there is another interrupt request after reading the IRQ and before writing
it, the second requested IRQ may be cleared.

10.12.4 Interrupt Offset Register (IOFFSET)
Interrupt Offset changing is possible using IOFFSET register.

10.12.5 Interrupt Nesting level Register (ILVL)

Interrupt nesting level register has current interupt nesting level.

10.12.6 External Interrupt Flag Register (EIFLAG)

The external interrupt flag register (EIFLAG) is set to ‘1’ when the external interruptO, 1 and 2 generating condition is
satisfied. The external interrupt 0, 1, 2 share the same interrupt vector address and can check the interrupt source

through the EIFLAG register. The flag can be cleared by writing ‘0’ to it.

10.12.7 External Interrupt Polarity Register (EIPOLO, EIPOL1)
The external interrupt polarity O high/low register (EIPOLOQ), external interrupt polarity 1 register (EIPOL1) determines
which type of rising/falling/both edge interrupt. Initially, default value is no interrupt at any edge.
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10.12.8 Register Map

Name Address Direction Default Description

IE B8H R/W 00H Interrupt Enable Register

IE1 COH R/W O00OH Interrupt Enable Register 1

IE2 C8H R/W 00H Interrupt Enable Register 2

IP E8H R/W 00H Interrupt Priority Register

IP1 E9H R/W 00H Interrupt Priority Register 1

1P2 EAH R/W 00H Interrupt Priority Register 2

IRQ AOH R/W 00H Interrupt Request Register

IRQ1 A8H R/W 00H Interrupt Request Register 1

IRQ2 BOH R/W 00H Interrupt Request Register 2

IOFFSET 8AH R/W 00H Interrupt Offset Register

ILVL 9AH R/W 00H Interrupt Level Register

EIFLAG C9H R/W 00H External Interrupt Flag Register

EIPOLO 8BH R/W 00H External Interrupt Polarity O Register

EIPOL1 8CH R/W 00H External Interrupt Polarity 1 Register
Table 10.2 Interrupt Register Map
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10.12.9 Interrupt Register Description

The interrupt register is used for controlling interrupt functions. Also it has external interrupt control registers. The

interrupt register consists of interrupt enable register (IE), interrupt enable register 1 (IE1) and interrupt enable register

2 (IE2). For external interrupt, it consists external interrupt polarity O register (EIPOLO) and external interrupt polarity 1

register (EIPOL1) .

IE (Interrupt Enable Register) : B8H

7 6 5 4 3 2 1 0
| EA - - INT4E INT3E INT2E INT1E INTOE
RW - - RW RW RW RW RW
Initial value : 00H
EA Enable or Disable All Interrupt bits
0 All Interrupt disable
1 All Interrupt enable
INT4E Enable or Disable External Interrupt 0/1/2 (EINTO/EINT1/EINT2)
0 Disable
1 Enable
INT3E Enable or Disable External Interrupt 12 (EINT12)
0 Disable
1 Enable
INT2E Enable or Disable External Interrupt 11(EINT11)
0 Disable
1 Enable
INT1E Enable or Disable External Interrupt 10(EINT10)
0 Disable
1 Enable
INTOE Enable or Disable Comparator Interrupt
0 Disable
1 Enable
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IE1 (Interrupt Enable Register 1): COH

7 (] 5 4 3 2 1 0
| - INT11E INT10E INTOE INT8E INT7E INTGE INT5E
- RW RW RW RW RW RW RW
Initial value: 00H
INT11E Enable or Disable Timer2 Interrupt
0 Disable
1 Enable
INT10E Enable or Disable Timer1 Interrupt
0 Disable
1 Enable
INTOE Enable or Disable Timer O Interrupt
0 Disable
1 Enable
INTSE Enable or Disable CRC Interrupt
0 Disable
1 Enable
INT7E Enable or Disable USART Tx Interrupt
0 Disable
1 Enable
INT6E Enable or Disable USART RXx Interrupt
0 Disable
1 Enable
INTSE Enable or Disable 12C Interrupt
0 Disable
1 Enable

IE2 (Interrupt Enable Register 2) : C8H

7 6 5 4 3 2 1 0
| — - - - INT15E INT14E INT13E INT12E
- - - - RW RW RW RW
Initial value : 00H
INT15E Enable or Disable LVI Interrupt
0 Disable
1 Enable
INT14E Enable or Disable BIT Interrupt
0 Disable
1 Enable
INT13E Enable or Disable WDT Interrupt
0 Disable
1 Enable
INT12E Enable or Disable ADC Interrupt
0 Disable
1 Enable
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IP (Interrupt Priority Register) : E8H

7 6 5 4 3 2 1 0
| - - | - P4 P3 P2 IP1 IPO
- - - RW RW RW RW RW

Initial value : 00H

IP4 Select EINTO/1/2 Interrupt Priority
0 Level O
1 Level 1
IP3 Select EINT12 Interrupt Priority
0 Level O
1 Level 1
IP2 Select EINT11 Interrupt Priority
0 Level O
1 Level 1
IP1 Select EINT10 Interrupt Priority
0 Level 0
1 Level 1
IPO Select Comparator Interrupt Priority
0 Level O
1 Level 1
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IP1 (Interrupt Priority Register 1) : E9H

7 6 5 4 3 2 1 0
| - P16 P15 P14 P13 P12 P11 P10
- RW RW RW RW RW RW RW
Initial value : 00H
IP16 Select Timer2 Interrupt Priority
0 Level O
1 Level 1
IP15 Select Timer1 Interrupt Priority
0 Level 0
1 Level 1
IP14 Select TimerQ Interrupt Priority
0 Level 0
1 Level 1
IP13 Select CRC Interrupt Priority
0 Level O
1 Level 1
P12 Select USART Tx Interrupt Priority
0 Level 0
1 Level 1
P11 Select USART Rx Interrupt Priority
0 Level O
1 Level 1
IP10 Select 12C Interrupt Priority

0 Level 0
1 Level 1

IP2 (Interrupt Priority Register 2) : EAH

7 6 5 4 3 2 1 0
| - - - - P23 P2 P21 P20
- - - - RW RW RW RW
Initial value : 00H
P23 Select LVI Interrupt Priority
0 Level O
1 Level 1
P22 Select BIT Interrupt Priority
0 Level 0
1 Level 1
P21 Select WDT Interrupt Priority
0 Level O
1 Level 1
IP20 Select ADC Interrupt Priority

0 Level O
1 Level 1
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IRQ (Interrupt Request Register) : AOH

7 6 5 4 3 2 1 0
| _ _ | — IRQ4 IRQ3 IRQ2 IRQ1 IRQO
_ _ _ RW RW RW RW RW

Initial value : 00H

IRQ4 If EINTO/1/2 interrupt occurs, the flag is set ‘1’
Flag is cleared when ISR occurs or by writing ‘0’ to bit.

0 EINTO/1/2 Interrupt doesn’t occur
1 EINTO/1/2 Interrupt occur

IRQ3 If EINT12 interrupt occurs, the flag is set ‘1’
Flag is cleared when ISR occurs or by writing ‘0’ to bit.

0 EINT12 Interrupt doesn’t occur
1 EINT12 Interrupt occur

IRQ2 If EINT11 interrupt occurs, the flag is set ‘1’
Flag is cleared when ISR occurs or by writing ‘0’ to bit.

0 EINT11 Interrupt doesn’t occur
1 EINT11 Interrupt occur

IRQ1 If EINT10 interrupt occurs, the flag is set ‘1’
Flag is cleared when ISR occurs or by writing ‘0’ to bit.

0 EINT10 Interrupt doesn’t occur
1 EINT10 Interrupt occur

IRQO If Comparator interrupt occurs, the flag is set ‘1’
Flag is cleared when ISR occurs or by writing ‘0’ to bit.

0 Comparator Interrupt doesn’t occur
1 Comparator Interrupt occur
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IRQ1 (Interrupt Request Register 1) : ASH

7 6 5 4 3 2 1 0
| - Ra6 | Ras | RawM RQ13 RQ12 IRQ11 IRQ10
- RW RW RW RW RW RW RW
Initial value : 00H
IRQ16 If Timer2 interrupt occurs, the flag is set ‘1’
Flag is cleared when ISR occurs or by writing ‘0’ to bit.
0 Timer2 Interrupt doesn’t occur
1 Timer2 Interrupt occur
IRQ15 If Timer1 interrupt occurs, the flag is set ‘1’
Flag is cleared when ISR occurs or by writing ‘0’ to bit.
0 Timer1 Interrupt doesn’t occur
1 Timer1 Interrupt occur
IRQ14 If TimerO interrupt occurs, the flag is set ‘1’
Flag is cleared when ISR occurs or by writing ‘0’ to bit.
0 Timer0 Interrupt doesn’t occur
1 Timer0 Interrupt occur
IRQ13 If CRC interrupt occurs, the flag is set ‘1’
Flag is cleared when ISR occurs or by writing ‘0’ to bit.
0 CRC Interrupt doesn’t occur
1 CRC Interrupt occur
IRQ12 If USART Tx interrupt occurs, the flag is set ‘1’
Flag is cleared when ISR occurs or by writing ‘0’ to bit.
0 USART Tx Interrupt doesn’t occur
1 USART Tx Interrupt occur
IRQ11 If USART Rx interrupt occurs, the flag is set ‘1’
Flag is cleared when ISR occurs or by writing ‘0’ to bit.
0 USART Rx Interrupt doesn’t occur
1 USART Rx Interrupt occur
IRQ10 If I2C interrupt occurs, the flag is set ‘1’
Flag is cleared when ISR occurs or by writing ‘0’ to bit.
0 I12C Interrupt doesn’t occur
1 I12C Interrupt occur
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IRQ2 (Interrupt Request Register 2) : BOH

7 6 5 4 3 2 1 0
| - - | - | - IRQ23 IRQ22 IRQ21 IRQ20
- - - - RW RW RW RW
Initial value : 00H
IRQ23 If LVI interrupt occurs, the flag is set ‘1’
Flag is cleared when ISR occurs or by writing ‘0’ to bit.
0 LVI Interrupt doesn’t occur
1 LVI Interrupt occur
IRQ22 If BIT interrupt occurs, the flag is set ‘1’
Flag is cleared when ISR occurs or by writing ‘0’ to bit.
0 BIT Interrupt doesn’t occur
1 BIT Interrupt occur
IRQ21 If WDT interrupt occurs, the flag is set ‘1’
Flag is cleared when ISR occurs or by writing ‘0’ to bit.
0 WDT Interrupt doesn’t occur
1 WDT Interrupt occur
IRQ20 If ADC interrupt occurs, the flag is set ‘1’
Flag is cleared when ISR occurs or by writing ‘0’ to bit.
0 ADC Interrupt doesn’t occur
1 ADC Interrupt occur
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IOFFSET (Interrupt Offset Register) : 8AH

7 6 5 4 3 2 1 0
| IOFFSET7 | IOFFSET6 | IOFFSET5 | IOFFSET4 IOFFSET3 IOFFSET2 IOFFSET1 IOFFSETO
RW RW RW RW RW RW RW RW

Initial value : 00H

IOFFSET[7:0] Interrupt Offset Value
Interrupt Vector Address = 256*INT_OFFSET
Interrupt offset changing is possible when only the SYSCON_AR value is 5AH.

So. User must set it with 5Ah before changing interrupt offset value and make sure
set it with 00h after changing interrupt offset.

ILVL (Interrupt Level Register) : 9AH

7 6 5 4 3 2 1 0
| - - | - - - VL2 ILVLA ILVLO
_ _ _ _ _ R R R

Initial value : 00H

ILVL[7:0] Interrupt Level Value
Interrupt level is saved when using multi-interrupt.
It has a value of 4level from OH to 4H.

EIFLAG (External Interrupt Flag Register) : CO9H

7 6 5 4 3 2 1 0
| - | = = | - - EIFLAG2 EIFLAG1 EIFLAGO
- - = - - RW RW RW

Initial value : 00H

EIFLAG2 When an External Interrupt 2 is occurred, the flag becomes “1°.

The flag is clear only by writing ‘0’ to the bit. The flag should clear by software. Writing
“1” has no effect.

0 External Interrupt 2 not occurred
1 External Interrupt 2 occurred
EIFLAG1 When an External Interrupt 1 is occurred, the flag becomes “1°.

The flag is clear only by writing ‘0’ to the bit. The flag should clear by software. Writing
“1” has no effect.

0 External Interrupt 1 not occurred
1 External Interrupt 1 occurred
EIFLAGO When an External Interrupt 0 is occurred, the flag becomes “1°.

The flag is clear only by writing ‘0’ to the bit. The flag should clear by software. Writing
“1” has no effect.

0 External Interrupt O not occurred
1 External Interrupt O occurred

NOTE) EINTO~EINT2 can be ignored if interrupts are requested at the same time. If an interrupt request is
requested and another interrupt is requested immediately before clearing (sysclk1-2), the later requested
interrupt is ignored.
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EIPOLO (External Interrupt Polarity High Register): 8BH

7 6 5 3 2 1 0
| - | - | Epos | EPOLX | EPOLG3 EIPOLO2 EIPOLOT EIPOLOD
- - RW RW RW RW RW
Initial value: 00H
EIPOLO[5:4] External interrupt (EINT12) polarity selection
EIPOLO[5:4] Description
0 0 No interrupt at any edge
0 1 Interrupt on rising edge
1 0 Interrupt on falling edge
1 1 Interrupt on both of rising and falling edge
EIPOLO[3:2] External interrupt (EINT11) polarity selection
EIPOLO[3:2] Description
0 0 No interrupt at any edge
0 1 Interrupt on rising edge
1 0 Interrupt on falling edge
1 1 Interrupt on both of rising and falling edge
EIPOLO[1:0] External interrupt (EINT10) polarity selection

EIPOLO[1:2]
0 0
0 1
1 0
1 1

Description

No interrupt at any edge

Interrupt on rising edge

Interrupt on falling edge

Interrupt on both of rising and falling edge

EIPOL1 (External Interrupt Polarity Register 1): 8CH

7 6 5 3 2 1 0
| - | - EPoLts | EPOL4 | EPOL13 EIPOL12 EIPOL11 EIPOL10
- - RW RW RW RW RW
Initial value: 00H

EIPOL1[5:4] External interrupt (EINT2) polarity selection
EIPOL1[5:4] Description
0 0 No interrupt at any edge
0 1 Interrupt on rising edge
1 0 Interrupt on falling edge
1 1 Interrupt on both of rising and falling edge

EIPOL1[3:2] External interrupt (EINT1) polarity selection
EIPOL1[3:2] Description
0 0 No interrupt at any edge
0 1 Interrupt on rising edge
1 0 Interrupt on falling edge
1 1 Interrupt on both of rising and falling edge

EIPOL1[1:0] External interrupt (EINTO) polarity selection
EIPOL1[1:2] Description
0 0 No interrupt at any edge
0 1 Interrupt on rising edge
1 0 Interrupt on falling edge
1 1 Interrupt on both of rising and falling edge
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11  Peripheral Hardware

11.1 Clock Generator
11.1.1 Overview

As shown in Figure 11.1, the clock generator produces the basic clock pulses which provide the system clock to be
supplied to the CPU and the peripheral hardware. It contains main-frequency clock oscillator. The main clock operation
can be easily obtained by attaching a crystal between the XIN and XOUT pin, respectively.

The main clock can be also obtained from the external oscillator. In this case, it is necessary to put the external clock
signal into the XIN pin and open the XOUT pin. The default system clock is 32MHz INT-RC Oscillator and the default

division rate is two. In order to stabilize system internally, it is used 32MHz INT-RC oscillator on POR.

— Calibrated Internal RC Oscillator (HFO) : 32MHz
* INT-RC OSC/2 (16 MHz, Default system clock)
+ INT-RC OSC/2 (8 MHz)
* INT-RC OSC/4 (4 MHz)
* INT-RC OSC/16 (1 MHz)
— Main Crystal Oscillator (0.4~16 MHz)
— Internal Ring Oscillator (LFO) : 256 kHz

11.1.2 Block Diagram

XIN Main OSC fXIN \

A4

XOouT
STOP Mode
XCLKEN
» SCLK (fx)
TIMER1 )
TIMER2 HFOS[2:0] (Core, System, Peripheral)
A 3
BITCK][1:0] BCK[2:0]
12 ,, 2 &3
1/4 ) MUX
Internal RC OSC o l fHFO 1/16
(32MHz) > DIVIL1/8  fMUX = 1287 BIT BIT
» d lock
116 >f DIV [1/1008 | mux [ 2051 gip [ Overfow

STOP Mode jj_f 114096
HFOEN LFOS[2:0]
3
112

A 4

) 1/4 wDT
Internal Ring OSC MUX fLFO' clock

DIV
(256kHz) 18 MUX{——-» WDT

STOP Mode 1/16
LFOSTEN s .
LFOEN SCLK_SEL[1:0] /é

WDT_CLK_SEL[1:0]

A4

A

VYV VYN

Figure 11.1 Clock Generator Block Diagram
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11.1.3 Register Map

Name Address Direction Default Description

SCCR DO9H R/W 40H System and Clock Control Register

OSCCR D8H R/W 04H Oscillator Control Register

SYSCON_AR 8FH R/W 00H System control access authorization register.
Table 11.1 Clock Generator Register Map

11.1.4 Clock Generator Register Description

The clock generator register uses clock control for system operation. The clock generation consists of System and clock

control register and oscillator control register.

11.1.5 Register Description for Clock Generator

SCCR (System and Clock Control Register) : D9H

7 6 5 4 3 2 1 0
| - | PwkTME2 | PWKTIME! | PWKTIMEO - | LFosEN | soik SCLKO
_ RW RW RW - RW RW RW

FWKTIME[2:0]

LFOSTEN

SCLK [1:0]

Initial value : 40H

Select stop release time for fast wakeup (fx=16MHz)
Release time varies depending on the system clock.

FWKTIEM[2:0] Description

_ A A A O O O o

0

- O O =~ A O

1

128us

256us

512us

4ms

8ms (Default)
16ms

32ms

64ms

- O -~ O -~ O -~ O

Internal Ring OSC (LFO) enable at STOP mode.
Disable at STOP mode.

Enable at STOP mode.

System Clock Selection Bit

SCLK1 SCLKO Description

0
1

0
0
1
1

0

1
0
1

INT RC OSC (furo) for system clock
External Main OSC (fxin) for system clock
INT Ring OSC (firo) for system clock

Not used
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OSCCR (Oscillator Control Register) : D8H

7 6 5 4 3 2 1 0
| wost | oo | HOst | HFOSO | - HFOEN XCLKEN LFOEN
RW RW RW RW - RW RW RW
Initial value : 04H
LFOS[1:0] Internal Ring OSC (LFO) Post-divider Selection
LFOS1 LFOSO Description
0 0 fLro/ 2 (128kHz - Default)
0 1 fLro/ 4 (64kHz)
1 0 firo/ 8 (32kHz)
1 1 fLro/ 16 (16kHz)
HFOS[1:0] Internal RC OSC (HFO) Post-divider Selection
HFOS1 HFOSO Description
0 0 furo/ 2 (16MHz - Default)
0 1 furo/ 4 (8MHZz)
1 0 firo/ 8 (4MHz)
1 1 furo/ 16 (1MHz)
HFOEN Control the Operation of the Internal RC Oscillator (HFO)
0 Disable operation of INT-RC OSC
1 Enable operation of INT-RC OSC
XCLKE Control the Operation of the External Main Oscillator
0 Disable operation of Crystal
1 Enable operation of Crystal
LFOEN Control the Operation of the Internal Ring Oscillator (LFO)
0 Disable operation of INT-Ring OSC
1 Enable operation of INT-Rring OSC

SYSCON_AR (System control access authorization register) : 8FH

7 6 5 4 3 2 1 0
BT7 | BIT6 BIT5 B4 | B3 | B2 BIT1 BITO
RW RW RW RW RW RW RW RW

Initial value : 00H

The following registers can be written only when authorized.
The registers are SCCR, OSCCR, IOFFSET. These register changing are possible when only SYSCON_AR value is
5AH. So, User must set it with 5AH before changing value and make sure set it with 00h after changing value.
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11.2 Basic Interval Timer
11.2.1 Overview

The A94B114 has one 8-bit basic interval timer that is free-run and can’t stop. Block diagram is shown in Figure 11.2. In

addition, the basic interval timer generates the time base for watchdog timer counting. It also provides a basic interval

timer interrupt.

The A94B114 has these basic interval timer (BIT) features:
— As timer function, timer interrupt occurrence

NOTE) Since BIT Clock uses system clock, even if LFO (256kHz) is used as system clock, it can not be used in STOP
Mode

11.2.2 Block Diagram

BCK[2:0]
i3
selected bit
8-Bit Up Counter overflow To interrupt
BIT Clock ———p»| BITCNT IRQ2.2 —p block
clear
clear INT_ACK
RESET n
BCLR WDT
Figure 11.2 Basic Interval Timer Block Diagram

11.2.3 Register Map

Name Address Direction Default Description

BITCNT 85H R 00H Basic Interval Timer Counter Register

BITCR 86H R/W 04H Basic Interval Timer Control Register

Table 11.2 Basic Interval Timer Register Map
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11.2.4 Basic Interval Timer Register Description

The basic interval timer register consists of basic interval timer counter register (BITCNT) and basic interval timer control
register (BITCR). If BCLR bit is set to ‘1, BITCNT becomes ‘0’ and then counts up. After 1 machine cycle, BCLR bit is

cleared to ‘0’ automatically.
11.2.5 Register Description for Basic Interval Timer

BITCNT (Basic Interval Timer Counter Register) : 8CH

7 6 5 4 3 2 1 0
| BTONT7 | BTONTE | BTONTS | BTCNT4 | BITCNT3 BITCNT2 BITCNT BITCNTO
R R R R R R R R
Initial value : 00H
BITCNT[7:0] BIT Counter
BITCR (Basic Interval Timer Control Register) : 8BH
7 6 5 4 3 2 1 0
| BmR | BTkt | BTokKo | - BCLR BCK2 BCK1 BCKO
RW RW RW - RW RW RW RW
Initial value : 04H
BITIFR When BIT Interrupt occurs, this bit becomes ‘1’. For clearing bit, write ‘0’ to this bit or
auto clear by INT_ACK signal. Writing “1” has no effect.
0 BIT interrupt no generation
1 BIT interrupt generation
BITCK[1:0] Select BIT clock source
BITCK1 BITCKO Description
0 0 fx / 4096
0 1 fx /1024
1 0 fx /128
1 1 fx/16
BCLR If this bit is written to ‘1’, BIT Counter is cleared to ‘0’
0 Free Running
1 Clear Counter
BCK][2:0] Select BIT overflow period

BCK2 BCK1 BCKO Description

Bit 0 overflow (BIT Clock * 2)

Bit 1 overflow (BIT Clock * 4)

Bit 2 overflow (BIT Clock * 8)

Bit 3 overflow (BIT Clock * 16)

Bit 4 overflow (BIT Clock * 32) (Default)
Bit 5 overflow (BIT Clock * 64)

Bit 6 overflow (BIT Clock * 128)

Bit 7 overflow (BIT Clock * 256)

. A A A O 0O o o
A A 00 A A O o
- O -~ O -~ O -~ O
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11.3 Watch Dog Timer

11.3.1 Overview

The watchdog timer rapidly detects the CPU malfunction such as endless looping caused by noise or something like

that, and resumes the CPU to the normal state. The watchdog timer signal for malfunction detection can be used as

either a CPU reset or an interrupt request. When the watchdog timer is not being used for malfunction detection, it can

be used as a timer to generate an interrupt at fixed intervals. It is possible to use free running 8-bit timer mode or watch
dog timer mode as setting WDT_RESET_EN bit. If WDT_CLR is written to “1’, WDT counter value is cleared and counts

up. After 1 machine cycle, this bit is cleared to ‘0’ automatically. The watchdog timer consists of 8-bit binary counter and

the watchdog timer data register. When the value of 8-bit binary counter is equal to the 8 bits of WDTR, the interrupt

request flag is generated. This can be used as Watchdog timer interrupt or reset of CPU in accordance with the bit
WDT_RESET_EN.

The clock source of the watchdog timer selects one of the system clock, ring oscillator, and bit overflow. The interval of

watchdog timer interrupt is decided by WDT_CLK_DIV and WDTR set value. The equation can be described as

11.3.2 Block Diagram

WDT_TIME[s] =

WDT_CLK_DIV x (WDTR value + 1)

fxor fLFO or fBIT

NOTE1) LFO Clock is different between Normal / IDLE mode and Stop mode.
NOTE2) LFO Clock is 256kHz for Normal / IDLE mode and 168kHz for Stop Mode. (Typical)

Default
16MHz

?

256kHz

Default
122Hz

/u

WDTEN

5

{WDT_CLK_SEL[1:0],
WDT_CLK_DIV[2:0]}

WDT Clock
—>

—

-

WDTCR

—>

clear
4_

/N

To RESET

Circuit
—>

WDTR

WDT_CLR

To interrupt block

Tclear

INT_ACK
WDT_REST_EN

WDTMR

Figure 11.3

Watch Dog Timer Block Diagram
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11.3.3 WDT Interrupt Timing Waveform

WDT_CNT

0 1 2 3 X0 1 2 3 T 0 1 2
WDT_CLR occurJA counter clear

WDTR

n 3

WDT_flag

e WDTR € 0000_0011b

H Match Detect

WDT_RESETB

RESET

Figure 11.4

11.3.4 Register Map

Watch Dog Timer Interrupt Timing Waveform

Name Address Direction Default Description

WDTMR 8DH R/W 3BH Watch Dog Timer Control Register

WDTR 8EH W FFH Watch Dog Timer Data Register

WDTCR 8EH R 00H Watch Dog Timer Counter Register
Table 11.3 Watch Dog Timer Register Map

11.3.5 Watch Dog Timer Register Description

The watch dog timer register consists of watch dog timer counter register (WDTCR), watch dog timer data register
(WDTR) and watch dog timer control register (WDTCR).
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11.3.6 Register Description for Watch Dog Timer

WDTMR (Watch Dog Timer Control Register) : 8DH

7 6 5 4 3 2 1 0
WDT_S_K_SE WDT_E(:I)_K_SE WDT_C;LK_DN WDT_C1:LK_DN WDT_CIO_K_DN WDT CIR WDT_’I;\IIESET_ WDT_EN
RW RW RW RW RW RW RW RW
Initial value : 3BH
WDT_CLK_SEL[1:0] WDT Clock Source Selection
CLK_SEL1 CLK_SELO Description
0 0 Divide HFO clock (fx : Default 16MHz)
0 1 LFO clock (fLro : 256kHz)
1 0 BIT overflow (fair : 122Hz)
1 1 Not used
WDT_CLK_DIV[2:0] WDT Clock Source Selection
fwot : WDT Clock Source set by WDT_CLK_SEL[1:0]
CLK_DIV2 CLK _DIV1 CLK_DIVO Description
0 0 0 fwot / 2
0 0 1 fwot / 4
0 1 0 fwor / 8
0 1 1 fwor / 16
1 0 0 fwot / 256
1 0 1 fwor / 512
1 1 0 fwot / 1024
1 1 1 fwot / 2048
WDT_CLR Clear WDT Counter
0 Free Run
1 Clear WDT Counter (auto clear after 1 cycle)
WDT_RESET_EN WDT Reset Enable bit
0 Disable
1 Enable
WDT_EN WDT Enable bit
0 Disable
1 Enable
WDTCR (Watch Dog Timer Counter Register: Read Case) : 8EH
7 6 5 4 3 2 1 0
| worcrR7 | wotcRe | WDTCRS WDTCR4 | WDTCR3 WDTCR2 WDTCRI WDTCRO
R R R R R R R R
Initial value : 00H
WDTCR[7:0] WDT Counter
WDTR (Watch Dog Timer Data Register: Write Case) : 8EH
7 6 5 4 3 2 1 0
| WDTR7 WDTR6 WDTR5 WDTR4 | WDTR3 WDTR2 WDTR1 WDTRO
w wW W w w w W W
Initial value : FFH
WDTRJ[7:0] Set a period

WDT Interrupt Interval =
WDT_CLK_DIV x (WDTDR Value+1) / (WDT Clock Source Period)

NOTE) To guarantee proper operation, the data should be greater than 01H.
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1.4 Timer0
11.4.1 Overview

The 8-bit timer 0 consists of multiplexer, timer 0 counter register, timer 0 data register, timer 0 capture data register and
timer O control register (TOCNT, TODR, TOCDR, TOCR).

It has three operating modes:
—  8-bit timer/counter mode
—  8-bit PWM output mode

—  8-bit capture mode

The timer/counter 0 can be clocked by an internal or an external clock source (ECO). The clock source is selected by
clock selection logic which is controlled by the clock selection bits (TOCK][2:0]).

— TIMER 0 clock source: fx/2, 4, 8, 32, 128, 512, 2048 and ECO

In the capture mode, by EINT10, the data is captured into input capture data register (TOCDR). In timer/counter mode,
whenever counter value is equal to TODR, TOO port toggles. Also the timer 0 outputs PWM waveform through PWMOO
port in the PWM mode.

TOEN TOMS[1:0] TOCK[2:0] Timer 0

1 00 XXX 8 Bit Timer/Counter Mode
1 01 XXX 8 Bit PWM Mode

1 1X XXX 8 Bit Capture Mode

Table 11.4 Timer 0 Operating Modes
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11.4.2 8-bit Timer/Counter Mode

The 8-bit timer/counter mode is selected by control register as shown in Figure 11.5.

The 8-bit timer have counter and data register. The counter register is increased by internal. Timer 0 can use the input
clock with one of 2, 4, 8, 32, 128, 512 and 2048 prescaler division rates (TOCK[2:0]). When the value of TOCNT and
TODR is identical in timer 0, a match signal is generated and the interrupt of Timer O occurs. TOCNT value is
automatically cleared by match signal. It can be also cleared by software (TOCC).

The external clock (ECO) counts up the time at the rising edge. If the ECO is selected as a clock source by TOCK[2:0],
ECO port should be set to the input port by P2FSR[7:6].

ADDRESS : 92H
TOCR | TOEN | TOPE |TOMS1 |TOMSO | TOCK2 | TOCK1 | TOCKO| TOCC | INITIAL VALUE: 0000_0000B
1 X 0 0 X X X X
ECO
p—1X2 4 Clear Match signal
r fx/4
2 ToCC
e 8-bit Timer 0 Counter
ol fx/8 > U
x—p | ¢ B2 X ‘ TOCNT(8Bit) INT_ACK
elx L_fx/128 » lCIear
o | fx/512 » T Match
| fx/2048 TOEN | To interrupt
|1 ety :t[>—> MUX RQ14 — TOM
Comparator
3
2
TOCK[2:0 TODR(8Bit)
0l TOMS[1:0] TOPE
8-bit Timer 0 Data Register
= o "] Too/PWMOO
Figure 11.5 8-bit Timer/Counter Mode for Timer 0
A Match with TODR
TOCNT n
Value n-1
n-2 Count Pulse
/ Period
Up- 6 Pcp
5 —
4
3
2
1
0 -
|<— Interrupt Period —»‘ TIME
\ / A
Timer 0
(TOIFR)
Interrupt Occur Occur Occur
Interrupt Interrupt Interrupt

Figure 11.6 8-bit Timer/Counter 0 Example
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11.4.3 8-bit PWM Mode

The timer 0 has a high speed PWM (Pulse Width Modulation) function. In PWM mode, TOO/PWMOO pin outputs up to
8-bit resolution PWM output. This pin should be configured as a PWM output by setting the TOO/PWMO0O function by
P2FSR[7:6] to '10’. In the 8-bit timer/counter mode, a match signal is generated when the counter value is identical to
the value of TODR. When the value of TOCNT and TODR is identical in timer 0, a match signal is generated and the
interrupt of timer 0 occurs. In PWM mode, the match signal does not clear the counter. Instead, it runs continuously,
overflowing at “FFH”, and then continues incrementing from “00H”. The timer O overflow interrupt is generated whenever

a counter overflow occurs. TOCNT value is cleared by software (TOCC) bit.

ADDRESS : 92H

TocR | ToeN | Tope | Tomst | Tomso | Tocka | Tocki | Tocko | Tocc | AR o2 000 00008

1 b 0 1 X X X X

ECO

2, Clear Match signal
i’ T0CC
x/8_,,
x/32_,, — o TOCNT(8Bit) INT_ACK
fx/128 —

l Clear
/512 ,,

Match i
x/2048 TOEN To interrupt
XS0 :{[>—> MUX IRQ14 —— L

Comparator

8-bit Timer 0 Counter

xc=

fx ——p

- ® —0 0O »w ® =~ T

3

2

TOCK([2:0] TODR(8Bit) ToMS[10] TOPE

8-bit Timer 0 Data Register

o o TOO/PWMOO
1 L]

Figure 11.7 8-bit PWM Mode for Timer 0
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PWM Mode(TOMS = 01b)

Set TOEN

v

Timer 0
clock

JEiEREREREEE

TOCNT XX 00H

01H >< 02H >< ~~~~~~ X 4AH

TODR

TO Overflow
Interrupt

1. TODR = 4AH

TOPWM

TO Match
Interrupt

2. TODR = 00H

TOPWM

TO Match
Interrupt

3. TODR = FFH

TOPWM

TO Match
Interrupt

Figure 11.8

PWM Output Waveforms in PWM Mode for Timer 0
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11.4.4 8-bit Capture Mode

The timer 0 capture mode is set by TOMS[1:0] as “1x’. The clock source can use the internal/external clock. Basically,

it has the same function as the 8-bit timer/counter mode and the interrupt occurs when TOCNT is equal to TODR. TOCNT

value is automatically cleared by match signal and it can be also cleared by software (TOCC).

This timer interrupt in capture mode is very useful when the pulse width of captured signal is wider than the maximum

period of timer.

The capture result is loaded into TOCDR. In the timer O capture mode, timer 0 output (TOO) waveform is not available.

According to EIPOLO registers setting, the external interrupt EINT10 function is chosen. Of course, the EINT10 pin must

be set to an input port.

TOCDR and TODR are in the same address. In the capture mode, reading operation reads TOCDR, not TODR and writing

operation will update TODR.

TOCR | TOEN | TOPE |TOMS1 |TOMSO | TOCK2 | TOCK1 | TOCKO | TOCC |

ADDRESS : 92H
INITIAL VALUE: 0000_0000B

1 X 1

| fx/8
L fx/32

x/128 »

xc=Z

x —»

-0 —0 0 ®wo-=~T

TOCK[2:0]

EIPOLO[1:0]

{-
X
EINT10 [} W
i :
TOMS([1:0]

| Clear
L_fx/512 » T
| fx/2048 > TOEN

X X X X

8-bit Timer 0 Counter

TOCNT(8Bit)

Comparator

TODR(8Bit)

8-bit Timer 0 Data Register

R

TOCDR(8Bit)

Match .
:t[>—> MUX — | RQ14 —p 'll)'lt’lxl:r;terrupt

X

Clear Match signal

TOCC

INT_ACK

l Clear

2

TOMS[1:0]

INT_ACK

l Clear

- RQ1 | > 'll)'l(z)(l:rllterrupt

Figure 11.9 8-bit Capture Mode for Timer 0
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n
TOCNT Value
n-
n Count Pulse Period
/ Pcp
Up-count ¢ —>| |<—
/ -
4
3
2
1
0
TIME
Ext. EINT10 PIN |_
Interrupt [ I '|
Request — -
(FLAG10) Interrupt Interval Period
Figure 11.10 Input Capture Mode Operation for Timer 0
FFy FFy
XXn
TOCNT
YYu
OOH OOH 0 H 0 H ooH
Interrupt
Request —| —|
(TOIFR)
Ext. EINT10 PIN
Interrupt -| 1
Request
(FLAG10) D Interrupt Interval Period = FF4+01u+FFu +01a+YYu+01n -

Figure 11.11 Express Timer Overflow in Capture Mode
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11.4.5 Block Diagram

Eco
(o |tz
fxia
; ;/8 M 8-bit Timer 0 Counter
u
x — | o [tz o x — o TOCNT (8Bit) %TOCC INT_ACK
Match signal
T fx/128 » T lmear
fx/512 Clear
e L TOEN Match To interrupt
v |[_fxi2048 MUX IRQ1.4 > block
. Comparator
3 To other } 2
i block
TOCK[2:0] TODR (8Bi) o romsol
8-bit Timer 0 Data Register
EIPOLO[1:0] [] ToorPwmMoO
i ‘ ¥
P TOCDR (8Bit) TOPE
EINT10 [ }—» ;_1 INT_ACK
22 lCIear
TOMS[1:0] Toint "
- o interrup!
> IRQT |
Figure 11.12  8-bit Timer 0 Block Diagram
11.4.6 Register Map
Name Address Direction Default Description
TOCR 92H R/W O00H Timer 0 Control Register
TOCNT 93H R 00H Timer 0 Counter Register
TODR 94H R/W FFH Timer 0 Data Register
TOCDR 94H R 00H Timer 0 Capture Data Register
Table 11.5 Timer 0 Register Map

11.4.7 Timer/Counter 0 Register Description

The timer/counter O register consists of timer O counter register (TOCNT), timer O data register (TODR), timer O capture

data register (TOCDR), and timer O control register (TOCR).
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11.4.8 Register Description for Timer/Counter 0

TOCR (Timer 0 Control Register) : 92H

7 6 5 4 3 2 1 0
| TOEN TOPE |  TOMSt TOMSO TOCK2 TOCK1 TOCKO TOCC
RW RW RW RW RW RW RW RW
Initial value : 00H
TOEN Control Timer 0
0 Timer 0 disable
1 Timer 0 enable
TOPE Port output Control TimerQ
0 Port output disable
1 Port output enable
TOMSI[1:0] Control Timer 0 Operation Mode
TOMS1 TOMSO Description
0 0 Timer/counter mode (TOO: toggle at match)
0 1 PWM mode (The overflow interrupt can occur)
1 X Capture mode (The match interrupt can occur)
TOCK][2:0] Select Timer 0 clock source. fx is a system clock frequency
TOCK2 TOCK1 TOCKO Description
0 0 0 fx/2
0 0 1 fx/4
0 1 0 x/8
0 1 1 fx/32
1 0 0 fx/128
1 0 1 fx/512
1 1 0 fx/2048
1 1 1 External clock (ECO)
TOCC Clear timer 0 Counter
0 No effect
1 Clear the Timer 0 counter (When write, automatically cleared “0” after being

cleared counter)
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TOCNT (Timer 0 Counter Register) : 93H

7 6 5 4 3 2 1 0
TOCNT7 TOCNT6 TOCNT5 TOCNT4 TOCNT3 TOCNT2 TOCNT1 TOCNTO
| | | |
R R R R R R R R

Initial value : 00H

TOCNT[7:0] TO Counter
TODR (Timer 0 Data Register) : 94H

7 6 5 4 3 2 1 0
| Torr | TooRe | TODRS TODR4 TODR3 TODR2 TODR1 TODRO
RW RW RW RW RW RW RW RW

Initial value : FFH

TODR[7:0] TO Data
TOCDR (Timer 0 Capture Data Register: Read Case, Capture mode only) : 94H

7 6 5 4 3 2 1 0
| Tcorr | Tocore | TocORS TOCDR4 TOCDR3 | TOCDR2 TOCDR1 TOCDRO
R R R R R R R R

Initial value : 00H

TOCDRJ[7:0] TO Capture Data
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11.5 Timer1
11.5.1 Overview

The 16-bit timer 1 consists of multiplexer, timer 1 A data register high/low, timer 1 B data register high/low, timer1 C data
register high/low timer1 D data register high/low and timer 1 control register high/low (T1ADRH, T1ADRL, T1BDRH,
T1BDRL, T1CRH, T1CRL, T1DRH, T1DRL).

It has four operating modes:
— 16-bit timer/counter mode
— 16-bit capture mode
— 16-bit PPG output mode (one-shot mode)
— 16-bit PPG output mode (repeat mode)

The timer/counter 1 can be clocked by an internal or an external clock source (EC1). The clock source is selected by
clock selection logic which is controlled by the clock selection bits (T1CK[2:0]).
— TIMER 1 clock source: fx/1, 2, 4, 8, 64, 2048, HFO and EC1

In the capture mode, by EINT11, the data is captured into input capture data register (T1BDRH/T1BDRL). Timer 1
outputs the comparison result between counter and data register through T10 port in timer/counter mode. Also Timer 1
outputs PWM wave form through PWM10 port in the PPG mode.

T1EN P1FSRL[4:3] TIMS[1:0] T1CK[2:0] Timer 1

1 01 00 XXX 16 Bit Timer/Counter Mode

1 00 01 XXX 16 Bit Capture Mode

1 01 10 XXX 16 Bit PPG Mode(one-shot mode)
1 01 11 XXX 16 Bit PPG Mode(repeat mode)

Table 11.6 Timer 1 Operating Modes
11.5.2 16-bit Timer/Counter Mode

The 16-bit timer/counter mode is selected by control register as shown in Figure 11.13.

The 16-bit timer have counter and data register. The counter register is increased by internal or external clock input.
Timer 1 can use the input clock with one of 1, 2, 4, 8, 64, 2048 and Internal High Frequency Oscillator (HFO) prescaler
division rates (T1CKJ[2:0]). When the value of TICNTH, T1CNTL and the value of TIADRH, T1ADRL are identical in
Timer 1 respectively, a match signal is generated and the interrupt of Timer 1 occurs. The TICNTH, T1ICNTL value is

automatically cleared by match signal. It can be also cleared by software (T1CC).

The external clock (EC1) counts up the timer at the rising edge. If the EC1 is selected as a clock source by T1CK[2:0],
EC1 port should be set to the input port by POFSR_L[7:6] to ‘01"

92



A94B114 ABOV Semiconductor Co., Ltd.

T1CRH | TIEN |T1BEN | TIMS |T1MSO| - | - | T1PE | TiCC | ﬁxﬁ%iﬁj\ﬁ::oooo_oooos

1 X 0 0 - - X X

TICRL | TICK2 | T1CK1 | TICKO | T1IFR |T1BPOL| TIPOL | T1ECE |T1CNTR| ﬁ\ﬁﬁifﬁfﬁgoooo_oooos

X X X X X X X X

16-bit A Data Register

T1ADRH/T1ADRL
Reload ~~ [—— AMatch
T1CC
ECE T1CK[2:0] — T1EN
INT_ACK
¢ 3 | Buffer Register A | 7
lCIear
Edge
EC1[}—» > A Match To interrupt
Detect
etector — T1EN — IRQ1.5 [—p °
r X1y ¢ Comparator
(: Z/i ’ M — 16-bit Counter R |¢ Clear ?1'\(/%0'1
fx >l e T U TACNTH/TICNTL N\ TEN
a > x
| —fXL64—> Pulse —o 1 T10
e | fx/2048 > Generator
2
HFO > T1PE

T1MS[1:0] T1POL

Figure 11.13 16-bit Timer/Counter Mode for Timer 1

Match with TIADRH/L

A
TICNTH/L .
Value T
n- Count Pulse Period
/ Pcp
Up-count 6 _>| |<_
/ 5
4
3
2
1
0 »
,1— Interrupt Period —>| TIME
= Pcp x (n+1)
A 4 A
Timer 1
Interrupt Occur Occur Occur
Interrupt Interrupt Interrupt

Figure 11.14 16-bit Timer/Counter 1 Example
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11.5.3 16-bit Capture Mode

The 16-bit timer 1 capture mode is set by T1IMS[1:0] as ‘01’. The clock source can use the internal/external clock.

Basically, it has the same function as the 16-bit timer/counter mode and the interrupt occurs when TICNTH/T1CNTL is
equal to TMADRH/T1ADRL. The T1CNTH, T1CNTL values are automatically cleared by match signal. It can be also

cleared by software (T1CC).

This timer interrupt in capture mode is very useful when the pulse width of captured signal is wider than the maximum

period of timer.
The capture result is loaded into TIBDRH/T1BDRL.

According to EIPOLO registers setting, the external interrupt EINT11 function is chosen. Of course, the EINT11 pin must

be set as an input port.

TICRH | T1EN |T1BEN | TIMS1 |T1MSO| - | - | T1PE | TiCC | ADDRESS:BBH
INITIAL VALUE : 0000_00008
1 X 0 1 - - X X
TicRL | TicK2 [ T1cki [ T1cko | THIFR [TBPOL| T1POL | TIECE [T1CNTR| ADDRESS:BAH
INITIAL VALUE : 0000_0000B
X X X X X X X X
16-bit A Data Register
T1ADRH/T1ADRL
Reload /7— A Match
T1CC
N —— TIEN
T1CK([2:0]
T1ECE INT_ACK
¢ 3 | Buffer Register A |
lCIear
Edge
> > i
EC1 Detector :t A Match IRQ15 _>To interrupt
B x/1 T1EN block
r X2 ¢ Comparator
: M Clear A Match
Ry 7R — 16-bit Counter R 4—<ET1CC
c
fx g, 7 H v | T1CNTH/T1CNTL TIEN
(L Mi’ Clear
¢ | x/2048
HFO >
EIPOLO[3:2]
e
16-bit B Data Register
EINT11 T1BDRH/T1BDRL INT_ACK
% |
2 lCear
TIMS[1:0] To interrunt
> RQ2 0 RETP
Figure 11.15 16-bit Capture Mode for Timer 1
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A TIEDRH/L Loxd N
n

T1CNTH/L
Value n-
n- Count Pulse Period
/ Pcp
Up-count 6 —>| |<—
/ 5
4
3
2
1
0 »
TIMEV
Ext. EINT11 PIN I_
Interrupt ] N —|
Request - >
(FLAG11) Interrupt Interval Period

Figure 11.16 Input Capture Mode Operation for Timer 1

FFFFy FFFFy
XXu
T1CNTH/L
YYu
OOH OOH 0 H 0 H ooH
Interrupt
Request —| —|
(T1IFR)
Ext. EINT11 PIN
Interrupt —| |
Request > >
(FLAG11) Interrupt Interval Period = FFFFu+01n+FFFFy +01u+YYu+01n

Figure 11.17  Express Timer Overflow in Capture Mode
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11.5.4 16-bit PPG Mode

The timer 1 has a PPG (Programmable Pulse Generation) function. In PPG mode, T10/PWM10 pin outputs up to 16-
bit resolution PWM output. This pin should be configured as a PWM output by setting P1IFSRL_L[3:2] or POFSRL_L][7:6]
to “10". The period of the PWM output is determined by the TIADRH/T1ADRL. And the duty of the PWM output is
determined by the T1IBDRH/T1BDRL.

T1CRH | T1EN |T1BEN | TIMST |T1MSO| - | - | T1PE | TiCC | ADDRESS:BBH
INITIAL VALUE : 0000_0000B

1 X 1 1 - - X X

TICRL | TICK2 | TICK1 | TICKO | TIIFR |T1BPOL| T1POL | T1ECE |T1CNTR| ADDRESS:BAH
INITIAL VALUE : 0000_0000B

X X X X X X X X

16-bit A Data Register
T1ADRH/T1ADRL

Reload ~— f——— AMatch
T1CC
\A— T1EN

HECE T1CK[2:0] .
INT_ACK
¢ 3 | Buffer Register A | 7
iCIear
Edge
EC1 [} » A Match To interrupt
Detector ? T1EN :t IRQ1.5 _>block
r Ty ¢ Comparator
2, 77— AMateh
2 fx/4 — o 16-bit Counter R |« Clear T1CC
‘ — | M TACNTH/TICNTL NG W
x———— > ¢ | s p| U
a X
|ty B Match Pulse — T1o/
(re fx/2048 ,, Generator * PWM10
— Comparator $ 2 T T1PE
>
HFO g Buffer Register B | TAMS[1:0] T1POL

Reload /7— A Match
T1CC
\A— T1EN

16-bit B Data Register
T1BDRH/T1BDRL

NOTE) The T1EN is automatically cleared to logic “0” after one pulse is generated at a PPG one-shot mode.

Figure 11.18 16-bit PPG Mode for Timer 1
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Repeat Mode(T1MS = 11b) and "Start Hi

Clear and Start

Set T1IEN

Timer 1 clock :

Counter X

h"(T1POL = 0b).

T1ADRH/L M

T1 Interrupt

.

1. TIBDRH/L(5) < TIADRH/L

PWM10

2. TIBDRH/L >= T1ADRH/L

PWM10

B Match

A Match

3. TIBDRHIL = "0000H"

PWM10

Low Lev:el

A Match

A Match

One-shot Mode(T1MS = 10b) and "Start High"(T1POL = 0b).

Clear and Start

Set T1IEN

Timer 1 clock

Counter X M-1 0

TIADRHL M A

T1 Interrupt /K H

1. TIBDRH/L(5) < TIADRHIL \

PWM10 B Match A Match

2. TIBDRHI/L >= T1ADRH/L \'

PWM10 A Match

3. TIBDRHIL = "0000H"

PWMIO | Le\jel A Match
Figure 11.19 16-bit PPG Mode Timming chart for Timer 1
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11.5.5 16-bit Complementary PWM mode (Dead Time)
The timer 1 has a Complementary PWM function. The complementary PWM output function operates when T1BEN is
set. In PPG mode, PWM10/PWM10B pin outputs up to 16-bit resolution complementary PWM output. This pin should
be configured as a PWM output by setting PIFSRL_L[3:2] or POFSRL_L[7:6] to “10°.

The period of the PWM output is determined by the TTADRH/T1ADRL. And the duty of the PWM output is determined
by the TIBDRH/T1BDRL. The delay (dead time) of the complementary pwm output is determined by T1CDRH /
T1CDRL. And the duty of the complementary pwm output is determined by T1DDRH / T1DDRL.

T1CRH | TIEN |T1BEN | TIMS1 |T1MSO| - | - | TIPE | TiCC | ﬁ\ﬁﬁifiifg::oooo_oooos

1 1 1 1 - - 1 X

TACRL | TICK2 | T1CK1 | TICKO | T1IFR |T1BPOL| T1POL | T1ECE |T1CNTR| ﬁxﬁ%iﬁ/ﬁf@g:oooo_omm

X X X X X X X X
16-bit A Data Register 16-bit D Data Register
T1ADRH/T1ADRL T1DDRH/T1DDRL
Reload ; ReloadY
| Buffer Register A | | Buffer Register D |
INT_ACK
='|: D Match lCIear
Edge .
Eci[l Detector T1En P A Match To interrupt
P
- R VA ¢ Comparator
: 2y M 16-bit Counter R R 16-bit Counter
&« . | fx/4 U T1CNTH/T1CNTL TZCNTH/TZCNT
' Dol I T v
; fxi6a_, p : [: B Match ] Pwmi0
r Comparator
2
HFO: »
A
3
Pulse
C Match
Generator L] pwm108
T1CK[2:0]
| Buffer Register B | | Buffer Register C | T1MS[1:0] TIBPOL T1BEN
A Match—v\ * )\
Tice Reload Reload
TEN——AF " L|A L|A

16-bit B Data Register 16-bit C Data Register
T1BDRH/T1BDRL T1CDRH/T1CDRL

NOTE) The T1EN is automatically cleared to logic “0” after one pulse is generated at a PPG one-shot mode.

Figure 11.20 16-bit Complementary PWM Mode for Timer 1
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Repeat Mode(T1MS = 11b) and "Start High"(T1POL = 0b).
Clear and Start

Set T1IEN

Timer 1 clock

T1_Counter

TZ_Counter

T1ADRH/L M

T1 Interrupt

|
1. TIBDRH/L(5) < TTADRH/L, TICDRH/L(2), TIDDRH/L(5),

1
]
PWM10 1 B Match A Match
|
| | ] |
| | | |
| C Match L |
T1BPOL E 0b | | CMatch
PWM10B I t D Match I
| | l
| \‘ | | < | ] \‘ |
| | | | | |
: T1CDR* T1: Clock : T1DDR* T1:Clock T‘fICDR “T1 Clolbk
| !
T1BPOL E 1b ! |
PWM10B | i |
| | | |
| | | | |
: T1CDR * T1I Clock : T1DDR * T1 Clock T1CDR * T1 Clock
| |
I | | I J< >
i€ 5"{, | 1 nd 4
| 1%t PERIOD | | 2" PERIOD
| | | |
| | | |
1 1 '
1. TIBDRH/L(5) < TIADRH/L, TICDRH/L(2), TIDDRHIL(5), - one shot mode :
| |
PWM10 : :
| | |
: | |
C Match [
T1BPOL = 0b
PWM10B . D Match |
— Q! ,
| |
: T1CDR * T1 Clock T1DDR * T1,Clock |
| |
T1BPOL = 1b |
PWM10B : :
| |
|
| T1CDR * T1 Clock T1DDR * T1 Clock :
|
€ :l
1! PERIOD

Figure 11.21 16-bit Complementary PWM Mode Timming chart for Timer 1
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11.5.6 Block Diagram

| 16-bit A Data Register

16-bit D Data Register |

T1ADRH/T1ADRL T1DDRH/T1DDRL
Reload ; ReloadY
| Buffer Register A | | Buffer Register D |
INT_ACK
=i: D Match lclear
Edge »! atcl i
EC1 |—> p——" ,'\ A Match _‘gﬁ)ér‘\(terrupt
l: 1y ¢ Comparator
T1ECE e —leLp - -
. s Ay T11g;\1thHC/T1ctNTL R R TéscmS/OTuznéer\JrT
X———» Z x/8 u
| ix/64 | X
1x/2048 b B Match
o [oiz0sn >
Comparator
HFO >
VA »
3 »[__C Match G:n“e'f:mr ] PwWM10B
T1CK[2:0] I’
| Buffer Register B | | Buffer Register C | TIMS[1:0] T1BPOL TIBEN
A “TA?‘CCS—_Y\ Reload * Reload )\
e T T
| 16-bit B Data Register | | 16-bit C Data Register |
T1BDRH/T1BDRL T1CDRH/T1CDRL
EIPOLO[3:2] T_/\]_
2
T1CNTR —I_,
EINT11 D—>|§—< i>_ INT_ACK
h Clear
TIMS[1:0] To interrupt
> IRQ.2 block
Figure 11.22 16-bit Timer 1 Block Diagram
11.5.7 Register Map
Name Address Direction Default Description
T1CRL BAH R/W 00H Timer 1 Control Low Register
T1CRH BBH R/W 00H Timer 1 Control High Register
T1ADRL BCH R/W FFH Timer 1 A Data Low Register
T1ADRH BDH R/W FFH Timer 1 A Data High Register
T1BDRL BEH R/W FFH Timer 1 B Data Low Register
T1BDRH BFH R/W FFH Timer 1 B Data High Register
T1CDRL CCH R/W FFH Timer 1 C Data Low Register
T1CDRH CDH R/W FFH Timer 1 C Data High Register
T1DDRL CEH R/W FFH Timer 1 D Data Low Register
T1DDRH CFH R/W FFH Timer 1 D Data High Register
Table 11.7 Timer 1 Register Map
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11.5.8 Timer/Counter 1 Register Description

The timer/counter 1 register consists of timer 1 A data high register (T1ADRH), timer 1 A data low register (T1ADRL),
timer 1 B data high register (T1BDRH), timer 1 B data low register (T1BDRL), timer 1 C data high register (T1CDRH),
timer 1 C data low register (T1CDRL), timer 1 D data high register (T1DDRH), timer 1 D data log register (T1DDRL),
timer 1 control high register (T1CRH) and timer 1 control low register (T1CRL).

11.5.9 Register Description for Timer/Counter 1

T1ADRH (Timer 1 A data High Register) : BDH

7 6 5 4 3 2 1 0
| T1ADRH7 | T1ADRH6 T1ADRH5 | T1ADRH4 T1ADRH3 T1ADRH2 T1ADRH1 T1ADRHO
R/W R/W RW R/W RW R/W R/W R/W

Initial value : FFH
T1ADRH([7:0] T1 A Data High Byte
T1ADRL (Timer 1 A Data Low Register) : BCH

7 6 5 4 3 2 1 0
| T1ADRL7 | T1ADRL6 T1ADRLS | T1ADRL4 T1ADRL3 T1ADRL2 T1ADRL1 T1ADRLO
R/W R/W RW R/W RW R/W R/W R/W

Initial value : FFH

T1ADRL[7:0] T1 A Data Low Byte
NOTE) Do not write “0000H” in the T1TADRH/T1ADRL register when PPG mode

T1BDRH (Timer 1 B Data High Register) : BFH

7 6 5 4 3 2 1 0
| T1BDRH7 | T1BDRH6 T1BDRH5 | T1BDRH4 T1BDRH3 T1BDRH2 T1BDRH1 T1BDRHO
R/W R/W RW R/W RW R/W R/W R/W

Initial value : FFH
T1BDRHI[7:0] T1 B Data High Byte
T1BDRL (Timer 1 B Data Low Register) : BEH

7 6 5 4 3 2 1 0
| T1BDRL7 | T1BDRL6 T1BDRL5 | T1BDRL4 T1BDRL3 T1BDRL2 T1BDRL1 T1BDRLO
R/W R/W RW R/W RW R/W R/W R/W

Initial value : FFH

T1BDRL][7:0] T1 B Data Low Byte
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T1CDRH (Timer 1 C data High Register) : CDH

7 (] 5 4 3 2 1 0
| T1CDRH7 | T1CDRH6 | T1CDRH5 | T1CDRH4 T1CDRH3 T1CDRH2 T1CDRH1 T1CDRHO
R/W R/W R/W R/W R/W R/W R/W R/W
Initial value : FFH
T1CDRH[7:0] T1 C Data High Byte
T1CDRL (Timer 1 C Data Low Register) : CCH
7 6 5 4 3 2 1 0
| T1CDRL7 | T1CDRL6 | T1CDRL5 | T1CDRL4 T1CDRL3 T1CDRL2 T1CDRLA1 T1CDRLO
R/W R/W R/W R/W R/W R/W R/W R/W
Initial value : FFH
T1CDRL[7:0] T1 C Data Low Byte
T1DDRH (Timer 1 D Data High Register) : CFH
7 6 5 4 3 2 1 0
| T1DDRH7 | T1DDRHG6 | T1DDRHS5 | T1DDRH4 T1DDRH3 T1DDRH2 T1DDRH1 T1DDRHO
R/W R/W R/W R/W R/W R/W R/W R/W
Initial value : FFH
T1DDRH[7:0] T1 D Data High Byte
T1DDRL (Timer 1 D Data Low Register) : CEH
7 6 5 4 3 2 1 0
| T1DDRL7 | T1DDRL6 | T1DDRL5 | T1DDRL4 T1DDRL3 T1DDRL2 T1DDRLA T1DDRLO
R/W R/W R/W R/W R/W R/W R/W R/W
Initial value : FFH
T1DDRL[7:0] T1 D Data Low Byte
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T1CRH (Timer 1 Control High Register) : BBH

7 6 5 4 2 1 0
| T™EN | TIBEN TIMST | TIMSO - T1PE TICC
RW R/W R/W RW - R/W RW
Initial value : 00H
T1EN Control Timer 1
0 Timer 1 disable
1 Timer 1 enable (Counter clear and start)
T1BEN Control Complementary PWM
0 Complementary PWM disable
1 Complementary PWM enable
T1MS[1:0] Control Timer 1 Operation Mode
T1MS1 T1MSO Description
0 0 Timer/counter mode (T10: toggle at A match)
0 1 Capture mode (The A match interrupt can occur)
1 0 PPG one-shot mode (PWM10)
1 1 PPG repeat mode (PWM10)
T1PE Control Timer 1 port output
0 Timer 1 output disable
1 Timer 1 output enable
T1CC Clear Timer 1 Counter
0 No effect
1 Clear the Timer 1 counter (When write, automatically

cleared “0” after being cleared counter)

*NOTE) To use T10/PWM10 as pin3(P11), set Sub-function and set it to Output High.
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T1CRL (Timer 1 Control Low Register) : BAH

7 6 5 4 3 2 1 0
| Ticke | Tickt | TiIcKO | TIFR T1BPOL TIPOL TIECE TICNTR
R/W R/W R/W R/W R/W RW RW RW
Initial value : 00H
T1CKJ[2:0] Select Timer 1 clock source. fx is main system clock frequency
T1CK2 T1CK1 T1CKO Description
0 0 0 fx /2048
0 0 1 fx / 64
0 1 0 fx/8
0 1 1 fx/4
1 0 0 fx/2
1 0 1 fx/1
1 1 0 HFO Direct (32MHz)
1 1 1 External clock (EC1)
T1IFR When T1 Interrupt occurs, this bit becomes ‘1’. For clearing bit, write ‘0’ to this bit or
auto clear by INT_ACK signal. Writing “1” has no effect.
0 T1 Interrupt no generation
1 T1 Interrupt generation
T1BPOL PWM10B Polarity Selection
0 Start High (PWM1OB is low level at disable)
1 Start Low (PWM10B is high level at disable)
T1POL T10/PWM10 Polarity Selection
0 Start High (T10/PWM10 is low level at disable)
1 Start Low (T10/PWM10 is high level at disable)
T1ECE Timer 1 External Clock Edge Selection
0 External clock falling edge
1 External clock rising edge
T1CNTR Timer 1 Counter Read Control
0 No effect
1 Load the counter value to the B data register (When write, automatically

cleared “0” after being loaded)
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11.6 Timer2
11.6.1 Overview

The 16-bit timer 2 consists of multiplexer, timer 2 A data high/low register, timer 2 B data high/low register and timer 2
control high/low register (T2ZADRH, T2ADRL, T2BDRH, T2BDRL, T2CRH, T2CRL).

It has four operating modes:
—  16-bit timer/counter mode
— 16-bit capture mode
— 16-bit PPG output mode (one-shot mode)
— 16-bit PPG output mode (repeat mode)

The timer/counter 2 can be clocked by an internal or an external clock source (EC2). The clock source is selected by
clock selection logic which is controlled by the clock selection bits (T2CK[2:0]).
— TIMER 2 clock source: fx/1, 2, 4, 8, 64, 2048, HFO and EC2

In the capture mode, by EINT12, the data is captured into input capture data register (T2BDRH/T2BDRL). In
timer/counter mode, whenever counter value is equal to T2ADRH/L, T20 port toggles. Also the timer 2 outputs PWM
wave form to PWM20O port in the PPG mode.

T2EN P1FSRLI[6:5] T2MS[1:0] T2CK[2:0] Timer 2

1 01 00 XXX 16 Bit Timer/Counter Mode

1 00 01 XXX 16 Bit Capture Mode

1 01 10 XXX 16 Bit PPG Mode(one-shot mode)
1 01 11 XXX 16 Bit PPG Mode(repeat mode)

Table 11.8 Timer 2 Operating Modes
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11.6.2 16-bit Timer/Counter Mode

The 16-bit timer/counter mode is selected by control register as shown in Figure 11.23.

The 16-bit timer have counter and data register. The counter register is increased by internal or timer 1 A match clock

input. Timer 2 can use the input clock with one of 1, 2, 4, 8, 64, 2048 and Internal High Frequency Oscillator (HFO)
prescaler division rates(T2CK][2:0]). When the values of T2ZCNTH/T2CNTL and T2ADRH/T2ADRL are identical in timer

2, a match signal is generated and the interrupt of Timer 2 occurs. The T2CNTH/T2CNTL values are automatically

cleared by match signal. It can be also cleared by software (T2CC).

The external clock (EC2) counts up the timer at the rising edge. If the EC2 is seledted as a clock source by T1CK[2:0],
EC2 port should be set to the input port by PIFSR_L[5:4] to ‘01".

T2crH | T2EN | - |Tewsti[Tamso[ - | - | 72Pe [ T2cc | ADDRESS:C3H
INITIAL VALUE : 0000_0000B

1 - 0 0 - - X X

T2cRL | T2cK2 | T2ck1 | T2cko | T2IFR | | T2poL | T2ECE [T20NTR| ADDRESS:C2H
INITIAL VALUE : 0000_0000B
X X X X X X X
16-bit A Data Register
T2ADRH/T2ADRL
Reload /7— A Match
T2CC
T2CK(2:0] ~— &—INT TAz(l:EI:l
T2ECE 3 | Buffer Register A | 1
Clear
Ec2[ }— ﬁ :t A Match IRQ16 To interrupt
= T2EN : > block
r _;M ¢ Comparator
fx/2 » A Match
z fx/4 M — o 16-bit Counter R Clear T2cC
fx—| c dlt | T2CNTHIT2CNTL ToEN
x/8 >

& o4 X

| xRty Pulse

e | fx/2048 Generator —L] 120

o 042048
HFO > } 2 T

T2MS[1:0] T2POL

Figure 11.23 16-bit Timer/Counter Mode for Timer 2

106



A94B114

ABOV Semiconductor Co., Ltd.

y Match with T2ADRH/L
T2CNTH/L .
\alua
Count Pulse Period
/ Pcp
Up-count 6 —>| |<—
/ 5
4
3
2
1
0 »
,4— Interrupt Period TIME
= Pcp x (n+1)
A | A
Timer 2
(T2IFR)
Interrupt Occur Occur Occur
Interrupt Interrupt Interrupt
Figure 11.24  16-bit Timer/Counter 2 Example
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11.6.3 16-bit Capture Mode

The timer 2 capture mode is set by T2MS[1:0] as ‘01’. The clock source can use the internal clock. Basically, it has the
same function as the 16-bit timer/counter mode and the interrupt occurs when T2CNTH/T2CNTL is equal to
T2ADRH/T2ADRL. T2CNTH/T2CNTL values are automatically cleared by match signal and it can be also cleared by
software (T2CC).

This timer interrupt in capture mode is very useful when the pulse width of captured signal is wider than the maximum
period of timer.

The capture result is loaded into T2BDRH/T2BDRL. In the timer 2 capture mode, timer 2 output(T20) waveform is not
available.

According to EIPOLO registers setting, the external interrupt EINT12 function is chosen. Of course, the EINT12 pin must

be set to an input port.

T2CRH | T2EN | - |T2MS1 |T2MSO| - | - | T2PE | T2CC | ﬁl??lif%/il.cjg-oooo 00008
1 - 0 1 - - X X T

T2CRL | T2cK2 | T2CK1 | T2CKO | T2IFR | - | T2POL | T2ECE |T20NTR| ﬁ\ﬁ%if%ﬁf&; 4000 00008
X X X X - X X X T

16-bit A Data Register

T2ADRH/T2ADRL
Reload /7— A Match
T2CC
T2ECS T2CK[2:0] ~\——T2EN
INT_ACK
3 | Buffer Register A T
¢ lCIear
Edge
ECZD—P E—— A Match To interrupt
Detector P
5 T2EN > P IRQTE =00k
P Xy ¢ Comparator
fx/2 A Match
: X > M —o 16-bit Counter Clear T2CC
o oAU T2CNTH/T2CNTL T2EN
a fx/8 » | X L
| /64 Clear
? fx/2048 >
HFO »
EIPOLO[5:4]

T2CNTR
’ 16-bit B Data Register
EINT12 [ }—> - T2BDRH/T2BDRL INT_ACK
2 lCIear

IRQ.3

T2MS[1:0]

To interrupt
block

v

Figure 11.25  16-bit Capture Mode for Timer 2
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A T2BDRH/L Load N
T2CNTH/L o

\alua n-
n- Count Pulse Period
/ Pcp
Up-count 6 —>| |<—
/ 5
4
3
2
1
2 »
TIMEV
Ext. EINT12 PIN I_
Interrupt ] B —|
Request < >
(FLAG12) Interrupt Interval Period

Figure 11.26 Input Capture Mode Operation for Timer 2

FFFFy FFFFy
XXu
T2CNTH/L
YYu
OOH OOH 0 H 0 H ooH
Interrupt ‘| "|
Request
(T2IFR)
Ext. EINT12 PIN
Interrupt -| I
Request
(FLAG12) D Interrupt Interval Period = FFFFu+014+FFFFy +014+YYu+01n -

Figure 11.27  Express Timer Overflow in Capture Mode
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11.6.4 16-bit PPG Mode

The timer 2 has a PPG (Programmable Pulse Generation) function. In PPG mode, the T20/PWM20 pin outputs up to
16-bit resolution PWM output. This pin should be configured as a PWM output by set PIFSR_L[5:4] or P1IFSR_L[1:0]
to “10". The period of the PWM output is determined by the T2ADRH/T2ADRL. And the duty of the PWM output is
determined by the T2BDRH/T2BDRL.

T2CRH | T2EN | - |T2MS1 | T2MSO| - | - | T2PE | T2CC | ADDRESS:C3H
INITIAL VALUE : 0000_0000B

1 - 1 1 - - 1 X

T2CRL | T2CK2 | T20K1 | T2CK0 | T2IFR |
X X X X N X X X

| T2PoL | T2ECE [T20NTR| ADDRESS:C2H
INITIAL VALUE : 0000_0000B

16-bit A Data Register
T2ADRH/T2ADRL

Reload /7— A Match
T2cC
T2CK[2:0] N \—T2EN

T2ECS , INT_ACK
¢ 3 | Buffer Register A | l
Clear
Edge
I—P EEEE— ;
EC2 Detector :t A Match T2ER To interrupt
P ] T2EN > block
; fx/1 > ¢ Comparator
fx/2 A Match
A uromdl’ p— 16-bit Counter R |22 TocC
o o | o F2E—>| T2CNTH/T2CNTL T2EN
a fx/8 » | x
| | fxi64 B Match Pulse T20/
e | 2048 :t[>—> Generator PWM20
e
— Comparator 9
HFO > .
Buffer Register B | T2MS[1:0] T2POL T2PE

Reload ~— F}——— A Match
T2CC
\\A— T2EN

16-bit B Data Register
T2BDRH/T2BDRL

NOTE) The T2EN is automatically cleared to logic “0” after one pulse is generated at a PPG one-shot mode.
Figure 11.28 16-bit PPG Mode for Timer 2
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Repeat Mode(T2MS = 11b) and "Start High"(T2POL = 0b).
Clear and Start

Set T2EN

e onoonno0t x:jju Deoat

/
/

T2ADRH/L M

T2 Interrupt _‘

1. T2BDRH/L(5) < T2ADRH/L

PWM20 B Match A Match

2. T2BDRH/L >= T2ADRH/L

PWM20 A Match

3. T2BDRH/L = "0000H"

PWM20 A Match

Low Level

One-shot Mode(T2MS = 10b) and "Start High"(T2POL = 0b).
Clear and Start

Set T2EN —¢

Timer 2 clock

X(HXXXXXXX _____ X““X °

T2ADRH/L M

T2 Interrupt / K H

1. T2BDRH/L(5) < T2ADRH/L

PWM20 B Match A Match
2. T2BDRH/L >= T2ADRH/L l
PWM20 A Match

3. T2BDRH/L = "0000H"

PWM20 A Match

Low Level

Figure 11.29 16-bit PPG Mode Timming chart for Timer 2
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11.6.5 Block Diagram

16-bit A Data Register
T2ADRH/T2ADRL
A Match
J7 Reload [ Toce
N\ TN
T2CK[2:0] —>ch)$her
T2ECS . INT_ACK
3 | Buffer Register A |
¢ lCIear
Ed
Ec2[ }— Dete%for ’ AMatch | To interrupt
S —3 »| IRQ16 b
r 1y Comparator
2 —— A Match
z /4 M 16-bit Counter R | Clear > TZCaCC
. >l o T’ g T2CNTH/T2CNTL N\ oEN
a
|| xEd _ cea? > Puse T20/
e | /2048 :: l>m> Generator L] PWM20
.
HFO > Comparator }2 T T
EIPOL1[5:4] | Buffer Register B | T2MS[1:0] T2POL T2PE
2 /7— A Match
i T2CNTR Reload T2cC
= SN\ TN
EINT12[}—» — .
;':_ 16-bit B Data Register INT_ACK
% ) T2BDRH/T2BDRL lCIear
T2MS[1:0] To interrupt
> RQ3 —»,
Figure 11.30 16-bit Timer 2 Block Diagram
11.6.6 Register Map
Name Address Direction Default Description
T2CRL C2H R/W 00H Timer 2 Control Low Register
T2CRH C3H R/W 00H Timer 2 Control High Register
T2ADRL C4H R/W FFH Timer 2 A Data Low Register
T2ADRH C5H R/W FFH Timer 2 A Data High Register
T2BDRL C6H R/W FFH Timer 2 B Data Low Register
T2BDRH C7H R/W FFH Timer 2 B Data High Register
Table 11.9 Timer 2 Register Map
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11.6.7 Timer/Counter 2 Register Description

The timer/counter 2 register consists of timer 2 A data high register (T2ADRH), timer 2 A data low register (T2ADRL),
timer 2 B data high register (T2BDRH), timer 2 B data low register (T2BDRL), timer 2 control high register (T2CRH) and
timer 2 control low register (T2CRL).

11.6.8 Register Description for Timer/Counter 2

T2ADRH (Timer 2 A data High Register) : C5H

7 6 5 4 3 2 1 0
| T2ADRH7 | T2ADRH6 | T2ADRH5 | T2ADRH4 T2ADRH3 T2ADRH2 T2ADRH1 T2ADRHO
R/W RW R/W R/W R/W R/W R/W R/W

Initial value : FFH
T2ADRH]J[7:0] T2 A Data High Byte

T2ADRL (Timer 2 A Data Low Register) : C4H

7 6 5 4 3 2 1 0
| T2ADRL7 | T2ADRL6 | T2ADRLS | T2ADRL4 T2ADRL3 T2ADRL2 T2ADRL1 T2ADRLO
R/W RW R/W RW R/W RW RW RW

Initial value : FFH

T2ADRL[7:0] T2 A Data Low Byte

NOTE) Do not write “0000H” in the T2ADRH/T2ADRL register
when PPG mode.

T2BDRH (Timer 2 B Data High Register) : C7TH

7 6 5 4 3 2 1 0
| T2BDRH7 | T2BDRH6 | T2BDRH5 | T2BDRH4 T2BDRH3 T2BDRH2 T2BDRH1 T2BDRHO
R/W RW R/W RW R/W RW RW RW

Initial value : FFH

T2BDRHI[7:0] T2 B Data High Byte
T2BDRL (Timer 2 B Data Low Register) : C6H

7 6 5 4 3 2 1 0
| T2BDRL7 | T2BDRL6 | T2BDRLS | T2BDRL4 T2BDRL3 T2BDRL2 T2BDRL1 T2BDRLO
R/W RW R/W R/W R/W RW R/W R/W

Initial value : FFH

T2BDRL[7:0] T2 B Data Low
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T2CRH (Timer 2 Control High Register) : C3H

7 6 5 4 2 1 0
BRE - T2Ms1 | T2vs0 - T2PE T2CC
RW - R/W RW - R/W RW
Initial value : 00H
T2EN Control Timer 2
0 Timer 2 disable
1 Timer 2 enable (Counter clear and start)
T2MS[1:0] Control Timer 2 Operation Mode
T2MS1 T2MSO Description
0 0 Timer/counter mode (T20: toggle at A match)
0 1 Capture mode (The A match interrupt can occur)
1 0 PPG one-shot mode (PWM20)
1 1 PPG repeat mode (PWM20)
T2PE Control Timer 2 port output
0 Timer 2 output disable
1 Timer 2 output enable
T2CC Clear Timer 2 Counter
0 No effect
1 Clear the Timer 2 counter (When write, automatically

cleared “0” after being cleared counter)

*NOTE) To use T20/PWM20 as pin2(P10), set Sub-function and set it to Output Low.
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T2CRL (Timer 2 Control Low Register) : C2H

7 6 5 4 3 2 1 0
| Teck2 | T2ck1t | T2cKo | T2FR - T2POL T2ECE T2CNTR
R/W R/W R/W R/W - RW R/W RW
Initial value : 00H
T2CKJ[2:0] Select Timer 2 clock source. fx is main system clock frequency
T2CK2 T2CK1 T2CKO Description
0 0 0 x/2048
0 0 1 fx/64
0 1 0 x/8
0 1 1 fx/4
1 0 0 fx/2
1 0 1 x/1
1 1 0 HFO Direct (32MHz)
1 1 1 External clock (EC1)
T2IFR When T2 Match Interrupt occurs, this bit becomes ‘1’. For clearing bit, write ‘0’ to this bit
or auto clear by INT_ACK signal. Writing “1” has no effect.
0 T2 interrupt no generation
1 T2 interrupt generation
T2POL T20/PWM20 Polarity Selection
0 Start High (T20/PWM20 is low level at disable)
1 Start Low (T20/PWM20 is high level at disable)
T2ECE Timer 2 External Clock Edge Selection
0 External clock falling edge
1 External clock rising edge
T2CNTR Timer 2 Counter Read Control
0 No effect
1 Load the counter value to the B data register (When write, automatically

cleared “0” after being loaded)

115



A94B114 ABOV Semiconductor Co., Ltd.

11.7 12-bit A/D Converter
11.7.1 Overview

The analog-to-digital converter (A/D) allows conversion of an analog input signal to a corresponding 12-bit digital value.
The A/D module has tenth analog inputs. The output of the multiplex is the input into the converter, which generates the
result via successive approximation. The A/D module has four registers which are the control register ADCM (A/D
Converter Mode Register), ADCM1 (A/D Converter Mode Register 1) and A/D result register ADCHR (A/D Converter
Result High Register) and ADCLR (A/D Converter Result Low Register). It is selected for the corresponding channel to
be converted by setting ADSEL[3:0]. To executing A/D conversion, ADST bit sets to “1°. The register ADCHR and ADCLR
contains the results of the A/D conversion. When the conversion is completed, the result is loaded into the ADCHR and
ADCLR, the A/D conversion status bit AFLAG is set to ‘1, and the A/D interrupt is set. For processing A/D conversion,
AFLAG bit is read as ‘0. If using STBY (power down) bit, the ADC is disabled. After STBY bit is reset (ADC power
enable) and it is restarted, during some cycle, ADC conversion value may have an inaccurate value.

Also internal timer, external generating event, comparator and the timer can start ADC. At this time, interrupt enable of

trigger sources is not required. If only the interrupt generation condition of each trigger source is satisfied, start adc.

ADC Conversion Time = ADCLK * 60 cycles

The A/D converter needs at least 20 ps for conversion time. So you must set the conversion time more than 20 ps.

If the ADC conversion time is set short, the resolution is degraded.

11.7.2 Block Diagram

Pre

SoLK — " | +16

12-bit A/D Converter Data Register

ARAI

ADCRH[7:0] ADCRL[7:4]
bit 4bit,
, (8bit) (4bit) ADST or EXTRG
ADC Input -
Channel MUX CKSEL[1:0] ADCLK [974]
—
AIN9 9 T
AIN8 8
o Successive
> essiv ADC
) . Approximation Interrupt
Circuit P
Comparator
AIN2 2
AIN1 1
AINO 0
T
ADSEL[3:0] ADST or Trigger
AVDD ——— |

A

Resistor Ladder
oo > Circut

Mux

LDO
2.5V

LDOEN REFSEL

Figure 11.31 ADC Block Diagram
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Analog o ANO ~ AN9
Input

0~1000pF

Figure 11.32  A/D Analog Input Pin Connecting Capacitor

11.7.3 ADC Operation

Align bit set "0"

ADCO11 | ADCO10 | ADCO9 | ADCO8 | ADCO7 | ADCO6 | ADCO5 | ADCO4 | ADCO3 | ADCO2 | ADCO1 | ADCOO

v A v v A v v v v A v v
ADCRH7 | ADCRH6 | ADCRH5 | ADCRH4 | ADCRH3 | ADCRH2 | ADCRH1 | ADCRHO | ADCRL7 | ADCRL6 | ADCRL5 | ADCRL4
J N J

hd hd
ADCRH[7:0] ADCRL[7:4]
ADCRL[3:0] bit are "0"

Align bit set "1"

ADCO11 | ADCO10 | ADCO9 | ADCO8 | ADCO7 | ADCO6 | ADCO5 | ADCO4 | ADCO3 | ADCO2 | ADCO1 | ADCOO

v A v v A v v v v A v v
ADCRH3 | ADCRH2 | ADCRH1 | ADCRHO | ADCRL7 | ADCRL6 | ADCRL5 | ADCRL4 | ADCRL3 | ADCRL2 | ADCRL1 | ADCRLO
J

hd hd
ADCRH[3:0] ADCRL[7:0]
ADCRH[7:4] bit are "0"

Figure 11.33  ADC Operation for Align bit
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SET ADCM1 Select ADC Clock & Data Align bit.

ADC enable & Select AN Input Channel.

Converting START Start ADC Conversion. (ADST=1 or External Trigger Matching)

A

If Conversion is completed, AFLG is set “1” and ADC interrupt is

AFLAG = 1? occurred.

READ ADCRH/L After Conversion is completed, read ADCRH and ADCRL.

N e e e

y
[ ADC END ]

Figure 11.34  Converter Operation Flow
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11.7.4 Register Map

Name Address Direction Default Description

ADCM 95H R/W 8FH A/D Converter Mode Register

ADCM1 96H R/W 01H A/D Converter Mode 1 Register

ADCRL 96H R xxH A/D Converter Result Low Register

ADCRH 97H R xxH A/D Converter Result High Register
Table 11.10  Register Map

11.7.5 Register Description for ADC

The ADC Register consists of A/D Converter Mode Register (ADCM), A/D Converter Result High Register (ADCRH),
A/D Converter Result Low Register (ADCRL), A/D Converter Mode 1 Register (ADCM1)..

NOTE) When STBY bit is set to ‘1’, ADCM1 is read.
If ADC enables, it is possible only to write ADCM1. When reading, ADCRL is read.
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ADCM (A/D Converter Mode Register) : 95H

7 6 5 4 3 2 1 0
| smy | ADST | REFSEL | AFAG | ADSE3 | ADSE2 | ADSEL ADSELO
RW RW RW R RW RW RW RW
Initial value : 8FH
STBY Control operation of A/D standby (power down)
0 ADC module enable
1 ADC module disable (power down)
ADST Control A/D Conversion stop/start.
0 ADC Conversion Stop
1 ADC Conversion Start
REFSEL A/D Converter reference selection
0 Internal Reference (VDD)
1 Internal LDO Reference (Vipbo = 2.5V)
AFLAG A/D Converter operation state
0 During A/D Conversion
1 A/D Conversion finished

ADSEL[3:0] A/D Converter input selection
ADSEL3  ADSEL2 ADSEL1 ADSELO Description

0 0 0 0 Channel0(ANO)
0 0 0 1 Channel1(AN1)
0 0 1 0 Channel2(AN2)
0 0 1 1 Channel3(AN3)
0 1 0 0 Channel4(AN4)
0 1 0 1 Channel5(AN5)
0 1 1 0 Channel6(ANG)
0 1 1 1 Channel7(AN7)
1 0 0 0 Channel8(AN8)
1 0 0 1 Channel9(AN9)
1 0 1 0 reserved
1 0 1 1 reserved
1 1 0 0 reserved
1 1 0 1 reserved
1 1 1 0 reserved
1 1 1 1 reserved

NOTE)

1. When using ports as ADC input port, set corresponding PxFSRH, PxFSRL register to ADC input mode in order to open
analog input switch and to prevent digital input.
2. LDO: Low Drop Out
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ADCM1 (A/D Converter Mode Register) : 96H

7 6 5 4 3 2 1 0
| Bare | TSR TSEL1 | TSEW AMUXEN ALIGN CKSEL1 CKSELO
RW RW RW RW RW RW RW RW
Initial value : 01H
EXTRG A/D external Trigger
0 External Trigger disable
1 External Trigger enable
TSEL[2:0] A/D Trigger Source selection

NOTE)

TSEL2 TSEL1

TSELO  Description

0 0 0 Ext. Interrupt 10 (P23)

0 0 1 Ext. Interrupt 11 (P03)

0 1 0 Ext. Interrupt 12 (P12)

0 1 1 -

1 0 0 TimerO interrupt

1 0 1 Timer1 interrupt

1 1 0 Timer2 interrupt
AMUXEN A/D analog input mux enable

0 AIN[15:0] channel disable(Floating)

1 AIN[15:0] channel enable
ALIGN A/D Converter data align selection.

0 MSB align (ADCRHI[7:0], ADCRL[7:4])

1 LSB align (ADCRH[3:0], ADCRL][7:0])
CKSEL[1:0] A/D Converter Clock selection

CKSEL1 CKSELO ADC Clock

0 0 fx/4

0 1 fx/8

1 0 fx/16

1 1 fx/32

fx : system clock
ADC clock should use below 3MHz
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ADCRH (A/D Converter Result High Register) : 97H

7 6 5 4 3 2 1 0
ADDM11 ADDM10 ADDMO ADDM8 ADDM7 ADDM6 ADDM5 ADD\V4
ADDL11 ADDL10 ADDL9 ADDL8
R R R R R R R R
Initial value : xxH
ADDM[11:4] MSB align, A/D Converter High result (8-bit), default
ADDL[11:8] LSB align, A/D Converter High result (4-bit)
ADCRL (A/D Converter Result Low Register) : 96H
7 6 5 4 3 2 1 0
ADDM3 ADDM2 ADDM1 ADDMO
ADDL7 ADDL6 ADDL5 ADDL4 ADDL3 ADDL2 ADDLA1 ADDLO
R R R R R R R R
Initial value : xxH
ADDM[3:0] MSB align, A/D Converter Low result (4-bit), default
ADDL[7:0] LSB align, A/D Converter Low result (8-bit)
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11.8 Comparator

11.8.1 Overview

The A9B114 contains analog comparators which can be easily used to compare the external input voltage with internally

reference or externally reference voltage. ADC and Comparator have the same input. When the comparator input

voltage is larger than the reference voltage comparator output status is ‘1’ and interrupt flag is generated. The

Comparator interrupt flag is assigned to one interrupt vector. Comparator output debounce clock and length can be set.

The internal reference of the comparator is the resistor distribution method. When AVDD is selected, the reference value

is 5V. At this time, 1.6V and 2.2V can be selected as the internal reference voltage of the comparator. If AVDD is below

5V, the internal reference value is reduced at a constant rate. However, when Low Drop Out(LDO) is selected, 1.6V and

2.2V are normally selected as 2.5V reference.

11.8.2 Block Diagram

LDOEN

LDO
2.5V

AVDD

cMNo(Pos) [ —»

cMN1(Pod) [_F—]

cmpros) ||

CMPREFEN—P

Internal
Reference

CMPPWRSEL

CMNS

CMPREFS[1:0]

COMPEN

+

e

CMPHY SEN

fx
LFO
(256kHz)

CMP_DB_CLK_SEL

Timer1
PWM
Complementary [—» Output

output Control

4

Interrupt
¢—{ Rao > B0

—»[ | cmo(Po7)

CMPOUT

Debounce
CMP_DB_EN

Figure 11.35

Comparator Block Diagram

11.8.3 Register map

Name Address Direction Default Description
CMPCR D6H R/W 01H Comparator Control Register
CMPTR D7H R/W 00H Comparator Option Register
CMPDBT DEH R/W OFH Comparator Output de-bounce time Register
LDOCR AAH R/W 00H LDO Control Register
Table 11.11  Register Map
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11.8.4 Register Description for Comparator

CMPCR (Comparator Control Register) : D6H

7 6 5 4 3 2 1 0
| CMPEN | CMPPWRSEL CMPREFST1 | CMPREFSO CMPREFEN CMNS CMPOF CMPF
RW RW RW RW RW RW RW R
Initial value : 01H
CMPEN Comparator block operation control
0 Comparator disable
1 Comparator enable
CMPPWRSEL Comparator reference power selection
0 LDO 2.5V
1 AVDD
CMPREFS[1:0] Comparator reference selection
CMPREFS1 CMPREFSO0 Description
0 0 Internal 1.6V
0 1 External PIN (P06)
1 0 Internal 2.2V
1 1 External PIN (P06)
CMPREFEN Comparator internal reference control
0 Internal reference disable
1 Internal reference enable
CMNS Comparator input pin selection
0 CMN1 (P04)
1 CMNO (P05)
CMPOF Comparator output selection
0 Output ‘H when CMP > CMN and Output ‘L’ when CMP < CMN
1 Output ‘H when CMP < CMN and Output ‘L’ when CMP > CMN
CMPF Comparator output flag
0 Output ‘L’
1 Output ‘H’
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CMPTR (Comparator Option Register) : D7H

7 6 5 4 3 2 1 0
| CMPHYSEN | cvP.DB EN - | CMP DB CLK SEL | CMPEDGE1 | CMPEDGED | CMPPWMC1 | CMPPWMCD
RW RW - RW RW RW RW RW
Initial value : 00H
CMPHYSEN Comparator block hysteresis operation control
0 Comparator hysteresis disable
1 Comparator hysteresis enable
CMP_DB_EN Comparator output de-bounce control
0 Output de-bounce disable
1 Output de-bounce enable
CMP_DB_CLK_SEL  Comparator output de-bounce clock source
0 fx (16MHz)
1 LFO (256kHz)
CMPEDGE[1:0] Comparator interrupt trigger selection
CMPEDGE1 CMPEDGEO Description
0 0 Reserve
0 1 Rising edge trigger
1 0 Falling edge trigger
1 1 Both edge trigger
CMPPWMCI[1:0] Timer1 PWM output Control by comparator
CMPPWMC1 CMPPWMCO Description
0 0 Not controlled

0 1 PWM stop when comparator out ‘H’
1 0 PWM stop when CMP > CMN
1 1 PWM stop when CMP < CMN
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CMPDBT (Comparator De-bounce Time Register) : DEH

7 6 5 4 3 2 1 0
| - | - | - | - | owPDBT3 | CWPDBT2 | CMPDBT CMPDBTO
- - - - RW RW RW RW
Initial value : OFH
CMPDBTI[3:0] Comparator output de-bounce time

LDOCR (LDO Control Register) : AAH

Select comparator output de-bounce length
De-bounce length = CMPDBT x 2 x 1/fdbcik2

7 6 5 4 3 2 1 0
| - | - | - - - - DSCHGEN LDOEN
- - - - - - RW RW
Initial value : 00H
DSCHGEN LDO by pass mode
0 Disable
1 Enable
LDOEN LDO control
0 LDO disable
1 LDO enable
Note) LDO operating mode
DSCHGEN_I LDOEN Description
0 0 LDO disable
0 1 Normal mode
LDO output 2.5V
1 0 Bypass mode
LDO output is bypass to AVDD
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11.9 USART

11.9.1 Overview

The Universal Synchronous and Asynchronous serial Receiver and Transmitter (USART) is a highly flexible serial

communication device. The main features are listed below.

- Full Duplex Operation (Independent Serial Receive and Transmit Registers)
- Asynchronous or Synchronous Operation

- Master or Slave Clocked Synchronous and SPI Operation

- Supports all four SPI Modes of Operation (Mode 0, 1, 2, 3)

- LSB First or MSB First Data Transfer @SPI mode

- High Resolution Baud Rate Generator

- Supports Serial Frames with 5,6,7,8, or 9 Data bits and 1 or 2 Stop bits

- Odd or Even Parity Generation and Parity Check Supported by Hardware

- Data OverRun Detection

- Framing Error Detection

- Digital Low Pass Filter

- Three Separate Interrupts on TX Complete, TX Data Register Empty and RX Complete

- Double Speed Asynchronous Communication Mode

USART has three main parts of Clock Generator, Transmitter and Receiver. The Clock Generation logic consists of
synchronization logic for external clock input used by synchronous or SPI slave operation, and the baud rate generator
for asynchronous or master (synchronous or SPI) operation. The Transmitter consists of a single write buffer, a serial
shift register, parity generator and control logic for handling different serial frame formats. The write buffer allows a
continuous transfer of data without any delay between frames. The receiver is the most complex part of the USART
module due to its clock and data recovery units. The recovery unit is used for asynchronous data reception. In addition
to the recovery unit, the Receiver includes a parity checker, a shift register, a two level receive FIFO (UDATA) and control
logic. The Receiver supports the same frame formats as the Transmitter and can detect Frame Error, Data OverRun

and Parity Errors.
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11.9.2 Block Diagram
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Figure 11.36 USART Block Diagram
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11.9.3 Clock Generation
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XCK - 2
M
U rxclk
X
Figure 11.37  Clock Generation Block Diagram

The Clock generation logic generates the base clock for the Transmitter and Receiver. The USART supports four modes

of clock operation and those are Normal Asynchronous, Double Speed Asynchronous, Master Synchronous and Slave
Synchronous. The clock generation scheme for Master SPI and Slave SPI mode is the same as Master Synchronous
and Slave Synchronous operation mode. The UMSELn bit in UCTRL1 register selects between asynchronous and
synchronous operation. Asynchronous Double Speed mode is controlled by the U2X bit in the UCTRL2 register. The
MASTER bit in UCTRL2 register controls whether the clock source is internal (Master mode, output port) or external
(Slave mode, input port). The XCK pin is only active when the USART operates in Synchronous or SPI mode.

Table below contains equations for calculating the baud rate (in bps).

Operating Mode Equation for Calculating Baud Rate

A h N | Mode (U2X=0 Baud Rate = [SCLK
synchronous Normal Mode ( =0) aud Rate = T6(UBAUDX + 1)

A h Double Speed Mode (U2X=1 Baud Rate = [CLK
synchronous Double Speed Mode (U2X=1) aud Rate = 8(UBAUDx + 1)

Synchron SPI Master Mod Baud Rate = SCLK
ynchronous or aster Mode aud Rate = 2(UBAUDx + 1)

Table 11.12

Equations for Calculating Baud Rate Register Setting
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11.9.4 External Clock (XCK)

External clocking is used by the synchronous or SPI slave modes of operation.

External clock input from the XCK pin is sampled by a synchronization logic to remove meta-stability. The output from
the synchronization logic must then pass through an edge detector before it can be used by the Transmitter and Receiver.
This process introduces a two CPU clock period delay and the maximum frequency of the external XCK pin is limited

by the following equation.

fSCLK
fXCK = 7

Where fXCK is the frequency of XCK and fSCLK is the frequency of main system clock (SCLK).

11.9.5 Synchronous mode Operation

When synchronous or SPI mode is used, the XCK pin will be used as either clock input (slave) or clock output (master).
The dependency between the clock edges and data sampling or data change is the same. The basic principle is that
data input on RXD (MISO in SPI mode) pin is sampled at the opposite XCK clock edge of the edge in the data output
on TXD (MOSI in SPI mode) pin is changed.

The UCPOL bit in UCTRLA1 register selects which XCK clock edge is used for data sampling and which is used for data
change. As shown in the figure below, when UCPOL is zero the data will be changed at XCK rising edge and sampled

at XCK falling edge.

UCPOL =1
XCK
TXD/RXD X \ X X x
A
Sample
UCPOL=0
XCK
TXD/RXD X \ X X x
A
Sample

Figure 11.38  Synchronous Mode XCKn Timing
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11.9.6 Data format

A serial frame is defined to be one character of data bits with synchronization bits (start and stop bits), and optionally a
parity bit for error checking.
The USART supports all 30 combinations of the following as valid frame formats.

- 1 start bit

-5, 6, 7, 8 or 9 data bits

- no, even or odd parity bit

-1 or 2 stop bits

A frame starts with the start bit followed by the least significant data bit (LSB). Then the next data bits, up to a total of
nine, are succeeding, ending with the most significant bit (MSB). If enabled the parity bit is inserted after the data bits,
before the stop bits. A high to low transition on data pin is considered as start bit. When a complete frame is transmitted,
it can be directly followed by a new frame, or the communication line can be set to an idle state. The idle means high

state of data pin. The next figure shows the possible combinations of the frame formats. Bits inside brackets are optional.

» 1 data frame >

idle | St Do | b1 | b2 | p3 | p4 | (D51 | [D6] | D71 | [D8] - Sp1 I[szl Idle / St

Character bits =~ —ouw ]

T

Figure 11.39  frame format

1 data frame consists of the following bits

« ldle No communication on communication line (TxD/RxD)
« St Start bit (Low)

* Dn Data bits (0~8)

*  Parity bit ------------ Even parity, Odd parity, No parity

«  Stop bit(s) ---------- 1 bit or 2 bits

The frame format used by the USART is set by the USIZE[2:0], UPM[1:0] and USBS bits in UCTRL1 register. The

Transmitter and Receiver use the same setting.
11.9.7 Parity bit

The parity bit is calculated by doing an exclusive-or of all the data bits. If odd parity is used, the result of the exclusive-

or is inverted. The parity bit is located between St + bits and first stop bit of a serial frame.

Peven=Dn-17...AD3"D2~D12Do"0
Podd =Dn1*...AD32D22D1*Do"1
Peven : Parity bit using even parity
Podd : Parity bit using odd parity

Dn : Data bit n of the character
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11.9.8 USART Transmitter

The USART Transmitter is enabled by setting the TXE bit in UCTRL1 register. When the Transmitter is enabled, the
normal port operation of the TXD pin is overridden by the serial output pin of USART. The baud-rate, operation mode
and frame format must be setup once before doing any transmissions. If synchronous or SPI operation is used, the clock
on the XCK pin will be overridden and used as transmission clock. If USART operates in SPI mode, SS pin is used as
SS input pin in slave mode or can be configured as SS output pin in master mode. This can be done by setting SPISS
bit in UCTRLS3 register.

11.9.8.1 Sending Tx data

Adata transmission is initiated by loading the transmit buffer (UDATA register I/O location) with the data to be transmitted.
The data written in transmit buffer is moved to the shift register when the shift register is ready to send a new frame. The
shift register is loaded with the new data if it is in idle state or immediately after the last stop bit of the previous frame is
transmitted. When the shift register is loaded with new data, it will transfer one complete frame at the settings of control
registers. If the 9-bit characters are used in asynchronous or synchronous operation mode (USIZE[2:0]=7), the ninth bit
must be written to the TX8 bit in UCTRLS register before loading transmit buffer (UDATA register).

11.9.8.2 Transmitter flag and interrupt

The USART Transmitter has 2 flags which indicate its state. One is USART Data Register Empty (UDRE) and the other

is Transmit Complete (TXC). Both flags can be used as interrupt sources.

UDRE flag indicates whether the transmit buffer is ready to be loaded with new data. This bit is set when the transmit
buffer is empty and cleared when the transmit buffer contains transmittion data which has not yet been moved into the

shift register. And also this flag can be cleared by writing ‘0’ to this bit position. Writing ‘1’ to this bit position is not valid.

When the Data Register Empty Interrupt Enable (UDRIE) bitin UCTRL2 register is set and the Global Interrupt is enabled,
USART Data Register Empty Interrupt is generated while UDRE flag is set.

The Transmit Complete (TXC) flag bit is set when the entire frame in the transmit shift register has been shifted out and
there are no more data in the transmit buffer. The TXC flag is automatically cleared when the Transmit Complete Interrupt
service routine is executed, or it can be cleared by writing ‘0’ to TXC bit in USTAT register.

When the Transmit Complete Interrupt Enable (TXCIE) bit in UCTRL2 register is set and the Global Interrupt is enabled,
USART Transmit Complete Interrupt is generated while TXC flag is set.

11.9.8.3 Parity Generator

The Parity Generator calculates the parity bit for the sending serial frame data. When parity bit is enabled (UPM[1]=1),

the transmitter control logic inserts the parity bit between the bits and the first stop bit of the sending frame.
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11.9.84 Disabling Transmitter

Disabling the Transmitter by clearing the TXE bit will not become effective until ongoing transmission is completed.

When the Transmitter is disabled, the TXD pin is used as normal General Purpose 1/0O (GPIO) or primary function pin.

11.9.9 USART Receiver

The USART Receiver is enabled by setting the RXE bit in the UCTRL1 register. When the Receiver is enabled, the
normal pin operation of the RXD pin is overridden by the USART as the serial input pin of the Receiver. The baud-rate,
mode of operation and frame format must be set before serial reception. If synchronous or SPI operation is used, the
clock on the XCK pin will be used as transfer clock. If USART operates in SPI mode, SS pin is used as SS input pin in
slave mode or can be configured as SS output pin in master mode. This can be done by setting SPISS bit in UCTRL3

register.
11.9.9.1 Receiving Rx data

When USART is in synchronous or asynchronous operation mode, the Receiver starts data reception when it detects a
valid start bit (LOW) on RXD pin. Each bit after start bit is sampled at pre-defined baud-rate (asynchronous) or sampling
edge of XCK (synchronous), and shifted into the receive shift register until the first stop bit of a frame is received. Even
if there’s 2nd stop bit in the frame, the 2nd stop bit is ignored by the Receiver. That is, receiving the first stop bit means
that a complete serial frame is present in the receiver shift register and contents of the shift register are to be moved into

the receive buffer. The receive buffer is read by reading the UDATA register.

If 9-bit characters are used (USIZE[2:0] = 7), the ninth bit is stored in the RX8 bit position in the UCTRL3 register. The
9th bit must be read from the RX8 bit before reading the low 8 bits from the UDATA register. Likewise, the error flags FE,
DOR, PE must be read before reading the data from UDATA register. This is because the error flags are stored in the

same FIFO position of the receive buffer.
11.9.9.2 Receiver flag and interrupt
The USART Receiver has one flag that indicates the Receiver state.

The Receive Complete (RXC) flag indicates whether there are unread data present in the receive buffer. This flag is set
when there are unread data in the receive buffer and cleared when the receive buffer is empty. If the Receiver is disabled
(RXE=0), the receiver buffer is flushed and the RXC flag is cleared.

When the Receive Complete Interrupt Enable (RXCIE) bit in the UCTRL2 register is set and Global Interrupt is enabled,
the USART Receiver Complete Interrupt is generated while RXC flag is set.

The USART Receiver has three error flags which are Frame Error (FE), Data OverRun (DOR) and Parity Error (PE).
These error flags can be read from the USTAT register. As data received are stored in the 2-level receive buffer, these
error flags are also stored in the same position of receive buffer. So, before reading received data from UDATA register,

read the USTAT register first which contains error flags.
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The Frame Error (FE) flag indicates the state of the first stop bit. The FE flag is set when the stop bit was correctly
detected as “1”, and the FE flag is cleared when the stop bit was incorrect, ie detected as “0”. This flag can be used for

detecting out-of-sync conditions between data frames.

The Data OverRun (DOR) flag indicates data loss due to a receive buffer full condition. ADOR occurs when the receive
buffer is full, and another new data is present in the receive shift register which are to be stored into the receive buffer.

After the DOR flag is set, all the incoming data are lost. To prevent data loss or clear this flag, read the receive buffer.

The Parity Error (PE) flag indicates that the frame in the receive buffer had a Parity Error when received. If Parity Check
function is not enabled (UPM[1]=0), the PE bit is always read “0”.

NOTE) The error flags related to receive operation are not used when USART is in SPI mode.
11.9.9.3 Parity Checker

If Parity bit is enabled (UPM[1]=1), the Parity Checker calculates the parity of the data bits in incoming frame and

compares the result with the parity bit from the received serial frame.
11.9.94 Disabling Receiver

In contrast to Transmitter, disabling the Receiver by clearing RXE bit makes the Receiver inactive immediately. When
the Receiver is disabled the Receiver flushes the receive buffer and the remaining data in the buffer is all reset. The

RXD pin is not overridden the function of USART, so RXD pin becomes normal GPIO or primary function pin.
11.9.9.5 Asynchronous Data Reception

To receive asynchronous data frame, the USART includes a clock and data recovery unit. The Clock Recovery logic is
used for synchronizing the internally generated baud-rate clock to the incoming asynchronous serial frame on the RXD
pin.

The Data recovery logic samples incoming bits and low pass filters them, and this removes the noise of RXD pin.

The next figure illustrates the sampling process of the start bit of an incoming frame. The sampling rate is 16 times the
baud-rate for normal mode, and 8 times the baud rate for Double Speed mode (U2X=1). The horizontal arrows show
the synchronization variation due to the asynchronous sampling process. Note that larger time variation is shown when

using the Double Speed mode.

\ START /
RxD IDLE BITO

- =t O R O O A O A O AR O
0o o 1 2 3 4 5 6 7 |8|9]10]11 12 13 14 15 16 1 2 3
e bt [ A N
0 1 2 3 ] =1 [ 7 8 1 2

Figure 11.40  Start bit Sampling
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When the Receiver is enabled (RXE=1), the clock recovery logic tries to find a high to low transition on the RXD line, the
start bit condition. After detecting high to low transition on RXD line, the clock recovery logic uses samples 8,9, and 10
for Normal mode, and samples 4, 5, and 6 for Double Speed mode to decide if a valid start bit is received. If more than
2 samples have logical low level, it is considered that a valid start bit is detected and the internally generated clock is
synchronized to the incoming data frame. And the data recovery can begin. The synchronization process is repeated for
each start bit.

As described above, when the Receiver clock is synchronized to the start bit, the data recovery can begin. Data recovery
process is almost similar to the clock recovery process. The data recovery logic samples 16 times for each incoming
bits for Normal mode and 8 times for Double Speed mode. And uses sample 8, 9, and 10 to decide data value for Normal
mode, samples 4, 5, and 6 for Double Speed mode. If more than 2 samples have low levels, the received bit is
considered to a logic 0 and more than 2 samples have high levels, the received bit is considered to a logic 1. The data
recovery process is then repeated until a complete frame is received including the first stop bit. The decided bit value is
stored in the receive shift register in order. Note that the Receiver only uses the first stop bit of a frame. Internally, after

receiving the first stop bit, the Receiver is in idle state and waiting to find start bit.

RxD ><
Sample 4,{ T
(U2X = 0)
Sample ?
(u2x=1)

1

Prrttt
[ 8 | o [10| 11 12 13 14 15 16
% bt

X
T
T

Figure 11.41 Sampling of Data and Parity bit

The process for detecting stop bit is like clock and data recovery process. That is, if 2 or more samples of 3 center values
have high level, correct stop bit is detected, else a Frame Error flag is set. After deciding first stop bit whether a valid
stop bit is received or not, the Receiver enters into idle state and monitors the RXD line to check a valid high to low
transition is detected (start bit detection).

RxD STOP 1 ’ 3 A
X / @ (8) @
o R N N A f
(U2X =0)

1 2 3 4 5 6 7|89t 12 13
SRR I I s i
(U2X=1)
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Figure 11.42  Stop bit Sampling and Next Start bit Sampling
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11.9.10 SPI Mode

The USART can be set to operate in industrial standard SPI compliant mode. The SPI mode has the following features.

- Full duplex, three-wire synchronous data transfer

- Master or Slave operation
- Supports all four SPI modes of operation (mode0, 1, 2, and 3)
- Selectable LSB first or MSB first data transfer

- Double buffered transmit and receive

- Programmable transmit bit rate

When SPI mode is enabled (UMSEL[1:0]=3), the Slave Select (SS) pin becomes active low input in slave mode

operation, or can be output in master mode operation if SPISS bit is set.

Note that during SPI mode of operation, the pin RXD is renamed as MISO and TXD is renamed as MOSI for compatibility

to other SPI devices.

11.9.10.1

SPI Clock formats and timing

To accommodate a wide variety of synchronous serial peripherals from different manufacturers, the USART has a clock
polarity bit (UCPOL) and a clock phase control bit (UCPHA) to select one of four clock formats for data transfers. UCPOL
selectively insert an inverter in series with the clock. UCPHA selects one of two different clock phase relationships
between the clock and data. Note that UCPHA and UCPOL bits in UCTRL1 register have different meanings according

to the UMSEL[1:0] bits which decides the operating mode of USART.

Table below shows four combinations of UCPOL and UCPHA for SPI mode 0, 1, 2, and 3.

SPI Mode UCPOL UCPHA Leading Edge Trailing Edge

0 0 0 Sample (Rising) Setup (Falling)

1 0 1 Setup (Rising) Sample (Falling)

2 1 0 Sample (Falling) Setup (Rising)

3 1 1 Setup (Falling) Sample (Rising)
Table 11.13  CPOL Functionality
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Figure 11.43  SPI Clock Formats when UCPHA=0

When UCPHA=0, the slave begins to drive its MISO output with the first data bit value when SS goes to active low. The
first XCK edge causes both the master and the slave to sample the data bit value on their MISO and MOSI inputs,
respectively. At the second XCK edge, the USART shifts the second data bit value out to the MOSI and MISO outputs
of the master and slave, respectively. Unlike the case of UCPHA=1, when UCPHA=0, the slave’s SS input must go to
its inactive high level between transfers. This is because the slave can prepare the first data bit when it detects falling

edge of SS input.
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Figure 11.44  SPI Clock Formats when UCPHA=1
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When UCPHA=1, the slave begins to drive its MISO output when SS goes active low, but the data is not defined until
the first XCK edge. The first XCK edge shifts the first bit of data from the shifter onto the MOSI output of the master and
the MISO output of the slave. The next XCK edge causes both the master and slave to sample the data bit value on
their MISO and MOSI inputs, respectively. At the third XCK edge, the USART shifts the second data bit value out to the
MOSI and MISO output of the master and slave respectively. When UCPHA=1, the slave’s SS input is not required to

go to its inactive high level between transfers.

Because the SPI logic reuses the USART resources, SPI mode of operation is similar to that of synchronous or

asynchronous operation. An SPI transfer is initiated by checking for the USART Data Register Empty flag (UDRE=1)

and then writing a byte of data to the UDATA Register. In master mode of operation, even if transmission is not enabled

(TXE=0), writing data to the UDATA register is necessary because the clock XCK is generated from transmitter block.

11.9.11 Register Map

Name Address Direction Default Description

UCTRLA1 E1H R/W 00H USART Control 1 Register

UCTRL2 E2H R/W 00H USART Control 2 Register

UCTRL3 E3H R/W 00H USART Control 3 Register

UCTRL4 EBH R/W 00H USART Control 4 Register

USTAT E4H R 80H USART Status Register

UBAUD E5H R/W FFH USART Baud Rate Generation Register

UDATA E6H R/W 00H USART Data Register

FPCR ECH R/W 00H USART Floating Point Counter Register
Table 11.14  USART Register Map

11.9.12 USART Register Description

USART module consists of USART Control 1 Register (UCTRL1), USART Control 2 Register (UCTRL2), USART
Control 3 Register (UCTRL3), USART Control 4 Register (UCTRL4), USART Floaint Point Counter (FPCR), USART
Status Register (USTAT), USART Data Register (UDATA), and USART Baud Rate Generation Register (UBAUD).
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11.9.13 Register Description for USART

UCTRL1 (USART Control 1 Register) E1H

7 6 5 4 3 2 1 0
USIZE1 USIZEOD
UMSEL1 UMSELO UPMI1 UPMO USIZE2 UDORD UCPHA UCPOL
RW RW RW RW RW RW RW RW

Initial value : 00n

UMSEL[1:0] Selects operation mode of USART
UMSEL1 UMSELO Operating Mode

0 0 Asynchronous Mode (Normal Uart)
0 1 Synchronous Mode (Synchronous Uart)
1 0 Reserved
1 1 SPI Mode
UPMI[1:0] Selects Parity Generation and Check methods
UPM1 UPMO Parity mode
0 0 No Parity
0 1 Reserved
1 0 Even Parity
1 1 Odd Parity
USIZE[2:0] When in asynchronous or synchronous mode of operation, selects the length of data bits
in frame.
USIZE2 USIZE1 USIZEO Data length
0 0 0 5-bit
0 0 1 6-bit
0 1 0 7-bit
0 1 1 8-bit
1 0 0 Reserved
1 0 1 Reserved
1 1 0 Reserved
1 1 1 9-bit
UDORD This bit is in the same bit position with USIZE1. In SPI mode, when set to one the MSB

of the data byte is transmitted first. When set to zero the LSB of the data byte is
transmitted first.

0 LSB First
1 MSB First
UCPOL Selects polarity of XCK in synchronous or SPI mode

0 TXD change @Rising Edge, RXD change @Falling Edge
1 TXD change @ Falling Edge, RXD change @ Rising Edge

UCPHA This bit is in the same bit position with USIZEO. In SPI mode, along with UCPOL bit,
selects one of two clock formats for different kinds of synchronous serial peripherals.
Leading edge means first XCK edge and trailing edge means 2™ or last clock edge of

XCKin one XCK pulse. And Sample means detecting of incoming receive bit, Setup
means preparing transmit data.

UCPOL UCPHA Leading Edge Trailing Edge

0 0 Sample (Rising) Setup (Falling)
0 1 Setup (Rising) Sample (Falling)
1 0 Sample (Falling) Setup (Rising)

1 1 Setup (Falling) Sample (Rising)

139



A94B114 ABOV Semiconductor Co., Ltd.

UCTRL2 (USART Control 2 Register) E2H

7 6 5 4 3 2 1 0
| WRE | T™CE | RCE | WAEE ™ RXE USARTEN U2x
RW RW RW RW RW RW RW RW
Initial value : 00H
UDRIE Interrupt enable bit for USART Data Register Empty.
0 Interrupt from UDRE is inhibited (use polling)
1 When UDRE is set, request an interrupt
TXCIE Interrupt enable bit for Transmit Complete.
0 Interrupt from TXC is inhibited (use polling)
1 When TXC is set, request an interrupt
RXCIE Interrupt enable bit for Receive Complete
0 Interrupt from RXC is inhibited (use polling)
1 When RXC is set, request an interrupt
WAKEIE Interrupt enable bit for Asynchronous Wake in STOP mode. When device is in stop
mode, if RXD goes to LOW level an interrupt can be requested to wake-up system.
0 Interrupt from Wake is inhibited
1 When WAKE is set, request an interrupt
TXE Enables the transmitter unit.
0 Transmitter is disabled
1 Transmitter is enabled
RXE Enables the receiver unit.
0 Receiver is disabled
1 Receiver is enabled
USARTEN Activate USART module by supplying clock.
0 USART is disabled (clock is halted)
1 USART is enabled
u2Xx This bit only has effect for the asynchronous operation and selects receiver sampling
rate.
0 Normal asynchronous operation
1 Double Speed asynchronous operation
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UCTRL3 (USART Control 3 Register) E3H

7 6 5 4 3 2 1 0
| MASTER | oops | Disxek | sPiss - USBS ™8 RX8
RW RW RW RW - RW RW RW
Initial value : 00H
MASTER Selects master or slave in SPI or Synchronous mode operation and controls the
direction of XCK pin.
0 Slave mode operation and XCK is input pin.
1 Master mode operation and XCK is output pin
LOOPS Controls the Loop Back mode of USART, for test mode
0 Normal operation
1 Loop Back mode
DISXCK In Synchronous mode of operation, selects the waveform of XCK output.
0 XCK is free-running while USART is enabled in synchronous master mode.
1 XCK is active while any frame is on transferring.
SPISS Controls the functionality of SS pin in master SPI mode.
0 SS pin is normal GPIO or other primary function
1 SS output to other slave device
USBS Selects the length of stop bit in Asynchronous or Synchronous mode of operation.
0 1 Stop bit
1 2 Stop bit
TX8 The ninth bit of data frame in Asynchronous or Synchronous mode of operation. Write
this bit first before loading the UDATA register.
0 MSB (9" bit) to be transmitted is ‘0’
1 MSB (9" bit) to be transmitted is ‘1’
RX8 The ninth bit of data frame in Asynchronous or Synchronous mode of operation. Read
this bit first before reading the receive buffer.
0 MSB (9 bit) received is ‘0’
1 MSB (9t bit) received is ‘1’

UCTRL4 (USART Control 4 Register) EBH

7 6 5 4 3 2 1 0
| - | - | - | - - FPCREN AOVSSEL AOVSEN
- - - - - RW RW RW
Initial value : 00H
FPCREN Enable baud rate compensation
0 Disable
1 Enable
AOVSEN Enable additional oversampling rates selection
0 Disable
1 Enable
AOVSSEL Select additional oversampling rates
0 Select X13
1 Select X4
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USTAT (USART Status Register) E4H

7 6 5 4 3 2 1 0
| wre | ™ | R WAKE SOFIRST | DOR | FE PE
RW RW RW RW RW R R R
Initial value : 80n
UDRE The UDRE flag indicates if the transmit buffer (UDATA) is ready to be loaded with new

data. If UDRE is ‘1’, it means the transmit buffer is empty and can hold one or two new
data. This flag can generate an UDRE interrupt. Writing ‘0’ to this bit position will clear
UDRE flag.

0 Transmit buffer is not empty.
1 Transmit buffer is empty.

TXC This flag is set when the entire frame in the transmit shift register has been shifted out
and there is no new data currently present in the transmit buffer. This flag is
automatically cleared when the interrupt service routine of a TXC interrupt is executed. It
is also cleared by writing ‘0’ to this bit position. This flag can generate a TXC interrupt.

0 Transmission is ongoing.
1 Transmit buffer is empty and the data in transmit shift register are shifted out
completely.

RXC This flag is set when there are unread data in the receive buffer and cleared when all
the data in the receive buffer are read. The RXC flag can be used to generate a RXC
interrupt.

0 There is no data unread in the receive buffer
1 There are more than 1 data in the receive buffer
WAKE This flag is set when the RX pin is detected low while the CPU is in stop mode. This flag

can be used to generate a WAKE interrupt. This bit is set only when in asynchronous
mode of operation. NOTE

0 No WAKE interrupt is generated.
1 WAKE interrupt is generated.
SOFTRST This is an internal reset and only has effect on USART. Writing ‘1’ to this bit initializes
the internal logic of USART and is auto cleared.
0 No operation
1 Reset USART
DOR This bit is set if a Data OverRun occurs. While this bit is set, the incoming data frame is
ignored. This flag is valid until the receive buffer is read.
0 No Data OverRun
1 Data OverRun detected
FE This bit is set if the first stop bit of next character in the receive buffer is detected as ‘0’.
This bit is valid until the receive buffer is read.
0 No Frame Error
1 Frame Error detected
PE This bit is set if the next character in the receive buffer has a Parity Error when received
while Parity Checking is enabled. This bit is valid until the receive buffer is read.
0 No Parity Error
1 Parity Error detected

NOTE) When the WAKE function of USART is used as a release source from STOP mode, it is required to clear this bit in the RX
interrupt service routine. Else the device will not wake-up from STOP mode again by the change of RX pin.
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UBAUD (USART Baud-Rate Generation Register) ESH

7 6 5 4 3 2 1 0
| usaur | uBAUDS | uBAUDS | UBAUD4 | UBAUDS URAUD2 UBAUD1 URAUDO
R RW RW RAW RW RW RW RW

Initial value : FFH

UBAUD [7:0] The value in this register is used to generate internal baud rate in asynchronous mode
or to generate XCK clock in synchronous or SPI mode. To prevent malfunction, do not
write ‘0’ in asynchronous mode, and do not write ‘0’ or ‘1’ in synchronous or SPI mode.

UDATA (USART Data Register) E6H

7 6 5 4 3 2 1 0
| UDATA7 | UDATAG | UDATAS UDATA4 UDATA3 UDATA2 UDATA1 UDATAO
RW RW RW RW RW RW RW RW

Initial value : 00H

UDATA [7:0] The USART Transmit Buffer and Receive Buffer share the same I/0 address with this
DATA register. The Transmit Data Buffer is the destination for data written to the
UDATA register. Reading the UDATA register returns the contents of the Receive
Buffer.
Write this register only when the UDRE flag is set. In SPI or synchronous master mode,
write this register even if TX is not enabled to generate clock, XCK.

FPCR (USART Floating Point Register) ECH

7 6 5 4 3 2 1 0
| forr | FPoRS FPCR5 | FPCR4 FPCR3 FPCR2 FPCR1 FPCRO
RW RW RW RW RW RW RW RW

Initial value : 00H

FPCR [7:0] USART Floating Point Counter
8-bit floating point counter

NOTE) BAUD RATE compensation can be used in the following ways:
Example1) Condition : sysclk = 16MHz, Baud rate = 9600 bps, Asynchronous Normal Mode (U2X = 0)
Baud rate = sysclk / 16 x (UBAUD + 1)

Calculated UBAUD = (1000000 / Target Baud rate) — 1 = 103.17, Error rate = 0.17 = UBAUD =104
UCTRL4 = 0x04, Enable baudrate Compensation
Calculated FPCR = (UBAUD - Calculated UBAUD ) x 256 = (104 — 103.17) x 256 = 212.48 = FPCR =213

Example2) Condition : sysclk = 16MHz, Baud rate = 115,200 bps, Asynchronous Normal Mode (U2X = 0)
Baud rate = sysclk / 16 x (UBAUD + 1)

Calculated UBAUD = (1000000 / Target Baud rate) — 1 = 7.68, Error rate = 0.68 = UBAUD =8
UCTRL4 = 0x04, Enable baudrate Compensation
Calculated FPCR = (UBAUD - Calculated UBAUD ) x 256 = (8 — 7.68) x 256 = 81.92 = FPCR = 82
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11.9.14 Baud Rate setting (example)

fOSC=1.00MHz fOSC=1.8432MHz f0SC=2.00MHz
BR‘;‘:: U2X=0 U2X=1 U2X=0 U2X=1 U2X=0 U2X=1
UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR
2400 25 0.2% 51 0.2% 47 0.0% 95 0.0% 51 0.2% 103 0.2%
4800 12 0.2% 25 0.2% 23 0.0% 47 0.0% 25 0.2% 51 0.2%
9600 6 7.0% 12 0.2% 11 0.0% 23 0.0% 12 0.2% 25 0.2%
14.4K 3 8.5% 8 3.5% 7 0.0% 15 0.0% 8 3.5% 16 2.1%
19.2K 2 8.5% 6 7.0% 5 0.0% 11 0.0% 6 7.0% 12 0.2%
28.8K 1 8.5% 3 8.5% 3 0.0% 7 0.0% 3 8.5% 8 35%
38.4K 1 -18.6% 2 8.5% 2 0.0% 5 0.0% 2 8.5% 6 7.0%
57.6K - - 1 8.5% 1 25.0% 3 0.0% 1 8.5% 3 8.5%
76.8K - - 1 18.6% 1 0.0% 2 0.0% 1 -18.6% 2 8.5%
115.2K - - - - - - 1 0.0% - - 1 8.5%
230.4K - - - - - - - - - - - -
fOSC=3.6864MHz fOSC=4.00MHz fOSC=7.3728MHz
BRE;‘:;’ U2X=0 U2X=1 U2X=0 U2X=1 U2X=0 U2X=1
UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR
2400 95 0.0% 191 0.0% 103 0.2% 207 0.2% 191 0.0% - -
4800 a7 0.0% 95 0.0% 51 0.2% 103 0.2% 95 0.0% 191 0.0%
9600 23 0.0% 47 0.0% 25 0.2% 51 0.2% 47 0.0% 95 0.0%
14.4K 15 0.0% 31 0.0% 16 2.1% 34 0.8% 31 0.0% 63 0.0%
19.2K 1 0.0% 23 0.0% 12 0.2% 25 0.2% 23 0.0% 47 0.0%
288K 7 0.0% 15 0.0% 8 3.5% 16 2.1% 15 0.0% 31 0.0%
38.4K 5 0.0% 1 0.0% 6 7.0% 12 0.2% 11 0.0% 23 0.0%
57.6K 3 0.0% 7 0.0% 3 8.5% 8 3.5% 7 0.0% 15 0.0%
76.8K 2 0.0% 5 0.0% 2 8.5% 6 7.0% 5 0.0% 1 0.0%
115.2K 1 0.0% 3 0.0% 1 8.5% 3 8.5% 3 0.0% 7 0.0%
230.4K - - 1 0.0% - - 1 8.5% 1 0.0% 3 0.0%
250K - - 1 7.8% - - 1 0.0% 1 7.8% 3 7.8%
0.5M N - N - - - - - - - 1 7.8%
fOSC=8.00MHz fOSC=11.0592MHz fOSC=14.7456MHz
BRZ‘:: U2X=0 U2X=1 U2X=0 U2X=1 U2X=0 U2X=1
UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR
2400 207 0.2% - - - - - - - - - -
4800 103 0.2% 207 0.2% 143 0.0% - - 191 0.0% - -
9600 51 0.2% 103 0.2% 71 0.0% 143 0.0% 95 0.0% 191 0.0%
14.4K 34 0.8% 68 0.6% 47 0.0% 95 0.0% 63 0.0% 127 0.0%
19.2K 25 0.2% 51 0.2% 35 0.0% 71 0.0% 47 0.0% 95 0.0%
28.8K 16 2.1% 34 0.8% 23 0.0% 47 0.0% 31 0.0% 63 0.0%
38.4K 12 0.2% 25 0.2% 17 0.0% 35 0.0% 23 0.0% 47 0.0%
576K 8 3.5% 16 2.1% 11 0.0% 23 0.0% 15 0.0% 31 0.0%
76.8K 6 7.0% 12 0.2% 8 0.0% 17 0.0% 11 0.0% 23 0.0%
115.2K 3 8.5% 8 3.5% 5 0.0% 11 0.0% 7 0.0% 15 0.0%
230.4K 1 8.5% 3 8.5% 2 0.0% 5 0.0% 3 0.0% 7 0.0%
250K 1 0.0% 3 0.0% 2 7.8% 5 7.8% 3 7.8% 6 5.3%
0.5M - - 1 0.0% - - 2 7.8% 1 7.8% 3 7.8%
M - - - - - - - - - - 1 7.8%
Table 11.15 Examples of UBAUD Settings for Commonly Used Oscillator Frequencies
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11.9.15 0% Error Baud Rate
This USART system supports the floating point counter logic for the 0% error of baud rate. By using the 8bits floating

point counter logic, the cumulative error to below the decimal point can be removed.

The floating point counter value is defined by baud rate error. In the baud rate formula, BAUD is presented the integer
count value. For example, If you want to use the 57600 baud rate (fXIN = 16MHz), integer count value must be 16.36
value (BAUD+1 = 16000000/(16x57600) = 17.36). Here, the accurate BAUD value is 16.36. To realize 0% error of baud

rate, floating point counter value must be 164 ((17-16.36) x 256 = 164) and BAUD value must be 17. Namely you have

to write the 164(decimal number) in USART_FPCR and 17(decimal number) in USART_BAUD.

Integer count value

A
o

TXD clock 0% Error

——>
Baud rate

generator

Integer count value - 1 > 1

8bit Max floating point

count value
|_,>—
I—V

8bit floating point

counter

Figure 11.45 0% Error Baud Rate Block Diagram
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11.10 12C
11.10.1 Overview

The 12C is one of industrial standard serial communication protocols, and which uses 2 bus lines Serial Data Line (SDA)
and Serial Clock Line (SCL) to exchange data. Because both SDA and SCL lines are open-drain output, each line needs

pull-up resistor. The features are as shown below.

- Compatible with 12C bus standard
- Multi-master operation

- Up to 400kHz data transfer speed
- 7-bit address

- Support two slave addresses

- Both master and slave operation

- Bus busy detection

11.10.2 Block Diagram
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Figure 11.46 12C Block Diagram
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11.10.3 12C bit Transfer

The data on the SDA line must be stable during HIGH period of the clock, SCL. The HIGH or LOW state of the data line
can only change when the clock signal on the SCL line is LOW. The exceptions are START(S), repeated START(Sr)

and STOP(P) condition where data line changes when clock line is high.

/ X : \
SCL /7

Data line Stable:
Data valid
except S, Sr, P

Change of Data
allowed

Figure 11.47  Bit Transfer on the 12C-Bus

11.10.4 Start / Repeated Start / Stop

One master can issue a START (S) condition to notice other devices connected to the SCL, SDA lines that it will use the

bus. A STOP (P) condition is generated by the master to release the bus lines so that other devices can use it.
A high to low transition on the SDA line while SCL is high defines a START (S) condition.
Alow to high transition on the SDA line while SCL is high defines a STOP (P) condition.

START and STOP conditions are always generated by the master. The bus is considered to be busy after START
condition. The bus is considered to be free again after STOP condition, ie, the bus is busy between START and STOP
condition. If a repeated START condition (Sr) is generated instead of STOP condition, the bus stays busy. So, the START

and repeated START conditions are functionally identical.

on 1\ X i X
T\ [T,

START Condition STOP Condition

SCL

Figure 11.48  START and STOP Condition
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11.10.5 Data Transfer

Every byte put on the SDA line must be 8-bit long. The number of bytes that can be transmitted per transfer is unlimited.
Each byte has to be followed by an acknowledge bit. Data is transferred with the most significant bit (MSB) first. If a
slave can’t receive or transmit another complete byte of data until it has performed some other function, it can hold the
clock line SCL LOW to force the master into a wait state. Data transfer then continues when the slave is ready for another
byte of data and releases clock line SCL.

P
son T\ XY /XX
MSB Acknowledgement Acknowledgement Sr
Signal form Slave Signal form Slave
Byte Complete, Clock line held low while
Interrupt within Device interrupts are served.
1 9 1 9
SCL S \_/—\_} Q_/_\—/ Sr
or ACK ACK or
Sr P
START or Repeated STOP or Repeated
START Condition START Condition

Figure 11.49  STOP or Repeated START Condition

11.10.6 Acknowledge

The acknowledge related clock pulse is generated by the master. The transmitter releases the SDA line (HIGH) during
the acknowledge clock pulse. The receiver must pull down the SDA line during the acknowledge clock pulse so that it
remains stable LOW during the HIGH period of this clock pulse. When a slave is addressed by a master (Address
Packet), and if it is unable to receive or transmit because it's performing some real time function, the data line must be
left HIGH by the slave. And also, when a slave addressed by a master is unable to receive more data bits, the slave
receiver must release the SDA line (Data Packet). The master can then generate either a STOP condition to abort the

transfer, or a repeated START condition to start a new transfer.

If a master receiver is involved in a transfer, it must signal the end of data to the slave transmitter by not generating an
acknowledge on the last byte that was clocked out of the slave. The slave transmitter must release the data line to allow
the master to generate a STOP or repeated START condition.

— R
By ?I'?;angnzlftr:‘ej: X X N J x

AYY

Data Output ¢
By Receiver \_/

SCL From MASTER /1\_/2\ /?\_/?\_
L Clock pulse for ACK

Figure 11.50  Acknowledge on the 12C-Bus
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11.10.7 Synchronization / Arbitration

Clock synchronization is performed by using the wired-AND connection of 12C interfaces to the SCL line. This means
that a HIGH to LOW transition on the SCL line will cause the devices concerned to start counting off their LOW period
and it will hold the SCL line in that state until the clock HIGH state is reached. However the LOW to HIGH transition of
this clock may not change the state of the SCL line if another clock is still within its LOW period. In this way, a
synchronized SCL clock is generated with its LOW period determined by the device with the longest clock LOW period,
and its HIGH period determined by the one with the shortest clock HIGH period.

A master may start a transfer only if the bus is free. Two or more masters may generate a START condition. Arbitration
takes place on the SDA line, while the SCL line is at the HIGH level, in such a way that the master which transmits a
HIGH level, while another master is transmitting a LOW level will switch off its DATA output state because the level on
the bus doesn’t correspond to its own level. Arbitration continues for many bits until a winning master gets the ownership

of 12C bus. Its first stage is comparison of the address bits.

Wait High Start High
Counting Counting

Fast Device
SCLOUT

High Counter
Reset

Slow Device Y
SCLOUT \4—\—'
\

il

SCL \

Figure 11.51 Clock Synchronization during Arbitration Procedure

Arbitration Process Device 1 loses Device1 outputs
not adapted Arbitration High
Device1
DataOut \ / \ /

Device2

DataOut \_ J \ /_ _\—/_
SDA on BUS ——\— _/—\ /——\—/—

SCL on BUS / \ / \ \ \ / \

Figure 11.52  Arbitration Procedure of Two Masters
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11.10.8 Operation

The 12C is byte-oriented and interrupt based. Interrupts are issued after all bus events except for a transmission of a
START condition. Because the I12C is interrupt based, the application software is free to execute other operations during
a 12C byte transfer.

Note that when a I12C interrupt is generated, IIF flag in I2CMR register is set, it is cleared by writing an arbitrary value to
I2CSR. When 12C interrupt occurs, the SCL line is hold LOW until writing any value to I2CSR. When the IIF flag is set,
the I2CSR contains a value indicating the current state of the 12C bus. According to the value in I2CSR, software can

decide what to do next.

I12C can operate in 4 modes by configuring master/slave, transmitter/receiver. The operating mode is configured by a

winning master. A more detailed explanation follows below.
11.10.8.1 Master Transmitter
To operate 12C in master transmitter, follow the recommended steps below.

1. Enable 12C by setting IICEN bit in I2CMR. This provides main clock to the peripheral.

2. Load SLA+W into the I2CDR where SLA is address of slave device and W is transfer direction from the viewpoint
of the master. For master transmitter, W is ‘0’. Note that I2CDR is used for both address and data.

3. Configure baud rate by writing desired value to both I2CSCLLR and I2CSCLHR for the Low and High period of
SCL line.

4., Configure the I2CSDAHR to decide when SDA changes value from falling edge of SCL. If SDA should change in
the middle of SCL LOW period, load half the value of I2CSCLLR to the I2CSDAHR.

5. Set the START bit in I2CMR. This transmits a START condition. And also configure how to handle interrupt and
ACK signal. When the START bit is set, 8-bit data in I2CDR is transmitted out according to the baud-rate.

6. This is ACK signal processing stage for address packet transmitted by master. When 7-bit address and 1-bit
transfer direction is transmitted to target slave device, the master can know whether the slave acknowledged or
not in the 9th high period of SCL. If the master gains bus mastership, 12C generates GCALL interrupt regardless
of the reception of ACK from the slave device. When 12C loses bus mastership during arbitration process, the
MLOST bit in I2CSR is set, and 12C waits in idle state or can be operate as an addressed slave. To operate as a
slave when the MLSOT bit in I2CSR is set, the ACKEN bit in I2CMR must be set and the received 7-bit address
must equal to the SLA bits in I2CSAR. In this case 12C operates as a slave transmitter or a slave receiver (go to
appropriate section). In this stage, 12C holds the SCL LOW. This is because to decide whether 12C continues
serial transfer or stops communication. The following steps continue assuming that 1I2C does not lose mastership

during first data transfer.
I2C (Master) can choose one of the following cases regardless of the reception of ACK signal from slave.

1) Master receives ACK signal from slave, so continues data transfer because slave can receive more data from
master. In this case, load data to transmit to I2CDR.

2) Master stops data transfer even if it receives ACK signal from slave. In this case, set the STOP bit in 2CMR.

3) Master transmits repeated START condition with not checking ACK signal. In this case, load SLA+R/W into
the I2CDR and set START bit in I2CMR.
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After doing one of the actions above, write arbitrary value to I2CSR to release SCL line. In case of 1), move to
step 7. In case of 2), move to step 9 to handle STOP interrupt. In case of 3), move to step 6 after transmitting the
data in I2CDR and if transfer direction bit is ‘1’ go to master receiver section.

1-byte of data is being transmitted. During data transfer, bus arbitration continues.

This is ACK signal processing stage for data packet transmitted by master. 12C holds the SCL as Low. When 12C
loses bus mastership while transmitting data arbitrating other masters, the MLOST bit in I2CSR is set. If then, 12C
waits in idle state. When the data in I2CDR is transmitted completely, 12C generates TEND interrupt.

I2C can choose one of the following cases regardless of the reception of ACK signal from slave.

1) Master continues receiving data from slave. To do this, set ACKEN bit in I2CMR to ACKnowledge and the
next data to be received.

2) Master wants to terminate data transfer when it receives next data by not generating ACK signal. This can be
done by clearing ACKEN bit in 2CMR.

3) Because no ACK signal is detected, master terminates data transfer. In this case, set the STOP bit in I2CMR.

4) No ACK signal is detected, and master transmits repeated START condition. In this case, load SLA+R/W into
the I2CDR and set the START bit in I2CMR.

After doing one of the actions above, write arbitrary value to I2CSR to release SCL line. In case of 1), move to
step 7. In case of 2), move to step 9 to handle STOP interrupt. In case of 3), move to step 6 after transmitting the
data in I2CDR, and if transfer direction bit is ‘1’ go to master receiver section.

9. This is the final step for master transmitter function of 12C, handling STOP interrupt. The STOP bit indicates that
data transfer between master and slave is over. To clear I2CSR, write arbitrary value to I2CSR. After this, 12C

enters idle state.
11.10.8.2 Master Receiver
To operate 12C in master receiver, follow the recommended steps below.

1. Enable 12C by setting IICEN bit in I2CMR. This provides main clock to the peripheral.

2. Load SLA+R into the I2CDR where SLA is address of slave device and R is transfer direction from the viewpoint
of the master. For master receiver, R is ‘1’. Note that I2CDR is used for both address and data.

3. Configure baud rate by writing desired value to both I2CSCLLR and I2CSCLHR for the Low and High period of
SCL line.

4. Configure the I2CSDAHR to decide when SDA changes value from falling edge of SCL. If SDA should change in
the middle of SCL LOW period, load half the value of I2CSCLLR to the I2CSDAHR.

5. Set the START bit in I2CMR. This transmits a START condition. And also configure how to handle interrupt and
ACK signal. When the START bit is set, 8-bit data in I2CDR is transmitted out according to the baud-rate.

6. This is ACK signal processing stage for address packet transmitted by master. When 7-bit address and 1-bit
transfer direction is transmitted to target slave device, the master can know whether the slave acknowledged or
not in the 9th high period of SCL. If the master gains bus mastership, 12C generates GCALL interrupt regardless
of the reception of ACK from the slave device. When 12C loses bus mastership during arbitration process, the
MLOST bit in I2CSR is set, and 12C waits in idle state or can be operate as an addressed slave. To operate as a
slave when the MLSOT bit in I2CSR is set, the ACKEN bit in 2CMR must be set and the received 7-bit address

must equal to the SLA bits in I2CSAR. In this case 12C operates as a slave transmitter or a slave receiver (go to
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appropriate section). In this stage, 12C holds the SCL LOW. This is because to decide whether 12C continues
serial transfer or stops communication. The following steps continue assuming that 1I2C does not lose mastership

during first data transfer.
I2C (Master) can choose one of the following cases according to the reception of ACK signal from slave.

1) Master receives ACK signal from slave, so continues data transfer because slave can prepare and transmit
more data to master. Configure ACKEN bit in I2CMR to decide whether 12C ACKnowledges the next data to
be received or not.

2) Master stops data transfer because it receives no ACK signal from slave. In this case, set the STOP bit in
I2CMR.

3) Master transmits repeated START condition due to no ACK signal from slave. In this case, load SLA+R/W
into the I2CDR and set START bit in [2CMR.

After doing one of the actions above, write arbitrary value to I2CSR to release SCL line. In case of 1), move to
step 7. In case of 2), move to step 9 to handle STOP interrupt. In case of 3), move to step 6 after transmitting the
data in I2CDR and if transfer direction bit is ‘0’ go to master transmitter section.

1-byte of data is being received.

This is ACK signal processing stage for data packet transmitted by slave. I12C holds the SCL LOW. When 1-byte

of data is received completely, 12C generates TEND interrupt.
I2C can choose one of the following cases according to the RXACK flag in I2CSR.

4) Master continues receiving data from slave. To do this, set ACKEN bit in I2CMR to ACKnowledge and the
next data to be received.

5) Master wants to terminate data transfer when it receives next data by not generating ACK signal. This can be
done by clearing ACKEN bit in I2CMR.

6) Because no ACK signal is detected, master terminates data transfer. In this case, set the STOP bit in I2CMR.

7) No ACK signal is detected, and master transmits repeated START condition. In this case, load SLA+R/W into
the I2CDR and set the START bit in I2CMR.

After doing one of the actions above, write arbitrary value to I2CSR to release SCL line. In case of 1) and 2), move
to step 7. In case of 3), move to step 9 to handle STOP interrupt. In case of 4), move to step 6 after transmitting

the data in I2CDR, and if transfer direction bit is ‘0’ go to master transmitter section.

9. This is the final step for master receiver function of 12C, handling STOP interrupt. The STOP bit indicates that data
transfer between master and slave is over. To clear I2CSR, write arbitrary value to I2CSR. After this, I12C enters

idle state.
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11.10.8.3 Slave Transmitter
To operate 12C in slave transmitter, follow the recommended steps below.

1. If the main operating clock (SCLK) of the system is slower than that of SCL, load value 0x00 into I2CSDAHR to
make SDA change within one system clock period from the falling edge of SCL. Note that the hold time of SDA is
calculated by SDAH x period of SCLK where SDAH is multiple of number of SCLK coming from I2CSDAHR.
When the hold time of SDA is longer than the period of SCLK, 12C (slave) cannot transmit serial data properly.
Enable 12C by setting IICEN bit and INTEN bit in I2CMR. This provides main clock to the peripheral.

When a START condition is detected, 12C receives one byte of data and compares it with SLA bits in I2CSAR. If
the GCALLEN bit in I2CSAR is enabled, 12C compares the received data with value 0x00, the general call address.

4, If the received address does not equal to SLA bits in I2CSAR, 12C enters idle state ie, waits for another START
condition. Else if the address equals to SLA bits and the ACKEN bit is enabled, I12C generates SSEL interrupt and
the SCL line is held LOW. Note that even if the address equals to SLA bits, when the ACKEN bit is disabled, 12C
enters idle state. When SSEL interrupt occurs, load transmit data to I2CDR and write arbitrary value to I2CSR to
release SCL line.
1-byte of data is being transmitted.

In this step, 12C generates TEND interrupt and holds the SCL line as Low regardless of the reception of ACK

signal from master. Slave can select one of the following cases.

1) No ACK signal is detected and 12C waits STOP or repeated START condition.
2) ACK signal from master is detected. Load data to transmit into I2CDR.

After doing one of the actions above, write arbitrary value to I2CSR to release SCL line. In case of 1) move to step
7 to terminate communication. In case of 2) move to step 5. In either case, a repeated START condition can be

detected. For that case, move step 4.

7. This is the final step for slave transmitter function of 12C, handling STOP interrupt. The STOP bit indicates that
data transfer between master and slave is over. To clear I2CSR, write arbitrary value to I2CSR. After this, 12C

enters idle state.
11.10.8.4 Slave Receiver
To operate 12C in slave receiver, follow the recommended steps below.

1. If the main operating clock (SCLK) of the system is slower than that of SCL, load value 0x00 into I2CSDAHR to
make SDA change within one system clock period from the falling edge of SCL. Note that the hold time of SDA is
calculated by SDAH x period of SCLK where SDAH is multiple of number of SCLK coming from 12CSDAHR.
When the hold time of SDA is longer than the period of SCLK, 12C (slave) cannot transmit serial data properly.
Enable 12C by setting IICEN bit and INTEN bit in I2CMR. This provides main clock to the peripheral.

3. When a START condition is detected, 12C receives one byte of data and compares it with SLA bits in I2CSAR. If
the GCALLEN bit in I2CSAR is enabled, 12C compares the received data with value 0x00, the general call address.

4, If the received address does not equal to SLA bits in I2CSAR, 12C enters idle state ie, waits for another START
condition. Else if the address equals to SLA bits and the ACKEN bit is enabled, I12C generates SSEL interrupt and
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the SCL line is held LOW. Note that even if the address equals to SLA bits, when the ACKEN bit is disabled, 12C
enters idle state. When SSEL interrupt occurs and I12C is ready to receive data, write arbitrary value to I2CSR to
release SCL line.

1-byte of data is being received.

In this step, I12C generates TEND interrupt and holds the SCL line LOW regardless of the reception of ACK signal

from master. Slave can select one of the following cases.

1) No ACK signal is detected (ACKEN=0) and 12C waits STOP or repeated START condition.

2) ACK signalis detected (ACKEN=1) and I12C can continue to receive data from master.

After doing one of the actions above, write arbitrary value to I2CSR to release SCL line. In case of 1) move to step
7 to terminate communication. In case of 2) move to step 5. In either case, a repeated START condition can be

detected. For that case, move step 4.

This is the final step for slave receiver function of I12C, handling STOP interrupt. The STOP bit indicates that data
transfer between master and slave is over. To clear I2CSR, write arbitrary value to I2CSR. After this, I12C enters

idle state.

11.10.9 Register Map

Name Address Dir Default Description
12CSR F8H R 00H 12C Status Register 0
I2CMR FOH R/W 00H 12C Mode Control Register
12CMR1 EEH R/W 00H 12C Mode Control Register 1
I2CSCLLR FAH R/W 3FH SCL Low Period Register
I2CSCLHR FBH R/W 3FH SCL High Period Register
I2CSDAHR FCH R/W 01H SDA Hold Time Register
12CDRO FDH R/W FFH 12C Data Register
12CSAR FEH R/W 00H 12C Slave Address 0 Register
I2CSAR1 FFH R/W 00H 12C Slave Address 1 Register
Table 11.16  12C Register Map
11.10.10 12C Register Description

12C Registers are composed of I2C Mode Control Register (I2CMR), I2C Mode Control Register 1 (ICMR1), 12C Status
Register (I2CSR), SCL Low Period Register (I2CSCLLR), SCL High Period Register (I2CSCLHR), SDA Hold Time
Register (I2CSDAHR), I12C Data Register (I2CDR), I12C Slave Address 0 Register (I2CSAR1) and 12C Slave Address 1
Register (I2CSAR1).
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11.10.11 Register Description for 12C

I2CMR (I2C Mode Control Register) : FO9H

7 6 5 4 3 2 1 0
| IF | mceN | RESET | INTEN ACKEN MASTER STOP START
RW RW RW RW RW R RW RW
Initial value : 00H
IF This is interrupt flag bit.
0 No interrupt is generated or interrupt is cleared
1 An interrupt is generated
IICEN Enable I2C  Function Block (by providing clock)
0 I2C is inactive
1 I°C is active
RESET Initialize internal registers of 12C.
0 No operation
1 Initialize I2C, auto cleared
INTEN Enable interrupt generation of I12C.
0 Disable interrupt, operates in polling mode
1 Enable interrupt
ACKEN Controls ACK signal generation at ninth SCL period.

NOTE) ACK signal is output (SDA=0) for the following 3 cases.
When received address packet equals to SLA bits in 2CSAR
When received address packet equals to value 0x00 with GCALL

enabled

When I2C operates as a receiver (master or slave)

0 No ACK signal is generated (SDA=1)

1 ACK signal is generated (SDA=0)
MASTER Represent operating mode of I12C

0 I2C is in slave mode

1 I2C is in master mode
STOP When I2C is master, generates STOP condition.

0 No operation

1 STOP condition is to be generated
START When I2C is master, generates START condition.

0 No operation

1 START or repeated START condition is to be generated

I2CMR1 (12C Mode Control Register 1) : EEH

7 6 5 4 3 2 1 0
| - | - | - | - - - - DIS_SDAH
Initial value : 00H
DIS_SDAH Disable SDA hold time
0 Enable SDA hold time
1 Disable SDA hold time
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I2CSR (I>C Status Register) : F8H

7 6 5 4 3 2 1 0
| ocaL | TEND | sTOP SSEL MLOST BUSY TMODE RXACK |
R R R R R R R R
Initial value : 00H
GCALL This bit has different meaning depending on whether 12C is master or slave. NOTE 1)
When I2C is a master, this bit represents whether it received AACK (Address ACK) from
slave.
When 12C is a slave, this bit is used to indicate general call.
0 No AACK is received (Master mode)
1 AACK is received (Master mode)
0 Received address is not general call address (Slave mode)
1 General call address is detected (Slave mode)
TEND This bit is set when 1-Byte of data is transferred completely. NOTE 1)
0 1 byte of data is not completely transferred
1 1 byte of data is completely transferred
STOP This bit is set when STOP condition is detected. NOTE 1)
0 No STOP condition is detected
1 STOP condition is detected
SSEL This bit is set when I12C is addressed by other master. NOTE 1)
0 I2C is not selected as slave
1 I2C is addressed by other master and acts as a slave
MLOST This bit represents the result of bus arbitration in master mode. NOTE 1)
0 I2C maintains bus mastership
1 I2C has lost bus mastership during arbitration process
BUSY This bit reflects bus status.
0 I2C bus is idle, so any master can issue a START condition
1 12C bus is busy
TMODE This bit is used to indicate whether 12C is transmitter or receiver.
0 I2C is a receiver
1 I2C is a transmitter
RXACK This bit shows the state of ACK signal.
0 No ACK is received
1 ACK is generated at ninth SCL period

NOTE 1) These bits can be source of interrupt.

When an I2C interrupt occurs except for STOP interrupt, the SCL line is hold LOW. To release SCL, write arbitrary value
to I2CSR. When I2CSR is written, the TEND, STOP, SSEL, LOST, RXACK bits are cleared.
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I2CSCLLR (SCL Low Period Register) : FAH

7 6 5 4 3 2 1 0
SCLLY SCLL6 SCLL5 SCLL4 SCLL3 SCLL2 SCLLA1 SCLLO
| | | |
RW RW RW RW RW RW RW RW

Initial value : 3FH

SCLL[7:0] This register defines the LOW period of SCL when 12C operates in master mode. The
base clock is SCLK, the system clock, and the period is calculated by the formula :
tscik X (4 x SCLL + 1) where tscik is the period of SCLK.

I2CSCLHR (SCL High Period Register) : FBH

7 6 5 4 3 2 1 0
| sor | soHe | soHs | scu SCLH3 SCLH? SCLH1 SCLHO
RW R RW R R R RW R

Initial value : 3FH

SCLHI7:0] This register defines the HIGH period of SCL when 12C operates in master mode. The
base clock is SCLK, the system clock, and the period is calculated by the formula :
tsclk X (4 x SCLH + 3) where tscikis the period of SCLK.

So, the operating frequency of I2C in master mode (fI2C) is calculated by the following equation.
1

fl2Cc =
tSCLK X (4 (SCLL + SCLH) + 4)

I2CSDAHR (SDA Hold Time Register) : FCH

7 6 5 4 3 2 1 0
spAH? | spae | soas | soaw SDAH3 SDAH2 SDAH1 SDAHO
RW RW RW RW RW RW RW RW

Initial value : 01H

SDAH[7:0] This register is used to control SDA output timing from the falling edge of SCL. Note
that SDA is changed after tsc.k X SDAH. In master mode, load half the value of SCLL
to this register to make SDA change in the middle of SCL. In slave mode, configure this
register regarding the frequency of SCL from master. The SDA is changed after tscik X%
(SDAH + 1). So, to insure normal operation in slave mode, the value tsc.k x (SDAH +
1) must be smaller than the period of SCL.

I2CDR (I>C Data Register) : FDH

7 6 5 4 3 2 1 0
| co7 | co6 | ICD5 ICD4 ICD3 ICD2 ICD1 ICDO
RW RW RW RW RW RW RW RW

Initial value : FFH

ICDI[7:0] When I2C is configured as a transmitter, load this register with data to be transmitted.
When I2C is a receiver, the received data is stored into this register.
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I2CSARO (I2C Slave Address Register 0) : FEH

7 6 5 4 2 1 0
| sa | sm | s | s SLA2 SLA1 GCALLEN
RW RW RW RW RW RW RW
Initial value : 00H

SLA[7:1] These bits configure the slave address of this 12C module when I2C operates in slave
mode.

GCALLEN This bit decides whether I2C allows general call address or not when I2C operates in
slave mode.
0 Ignore general call address
1 Allow general call address

I2CSAR1 (I12C Slave Address Register 1) : FFH

7 6 5 4 2 1 0
| s | s stas | s SLA2 SLA1 GCALLEN
RW RW RW RW RW RW RW
Initial value : 00H

SLA[7:1] These bits configure the slave address of this 12C module when I2C operates in slave
mode.

GCALLEN This bit decides whether I12C allows general call address or not when 12C operates in
slave mode.
0 Ignore general call address
1 Allow general call address
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11.11 CRC

11.11.1 Overview
Using the CRC, it can be monitor the memory of the specified area. This is a one-time operation, and reset is required
for continuous operation. In CRC MNT mode, when the CRC read is finished, CRC_FLAG occurs. In CRC validate
mode, if the CRC validate fail after the CRC reading is finished, CRC_FLAG occurs. CRC_FAIL indicates the status of
validate results when the CRC read is finished. If the CRC_FLAG is generated and the interrupt is enabled, interrupt
service routine is served. CRC-FLAG is not cleared by hardware. CRC-TYPE 0~3 are not supported. Validate is done
by comparing the CRC_MNT register and the CRC register value. CRC are not automatically initialized, you need to
calculate a new CRC after CRC_H,CRC_L Clear.

CRC TYPE CRC mode Input Condition of CRC_FLAG Condition of CRC reset
CRC_TYPE =4 MNT FLASH After CRC reading Validate fail
CRC_TYPE=5 MNT IXRAM After CRC reading Validate fail
CRC_TYPE =6 Validate FLASH After CRC reading & Validate fail Validate fail
CRC_TYPE =7 validate IXRAM After CRC reading & Validate fail Validate fail

Table 11.17 CRC mode
11.11.2 Block Diagram

<FLAGH >

ADDR_MNT
ADDR_MNT_STARTh— ————— — ADDR_MNT_END
ADDR_MNT_ENDj- — — — — — —
CRC CRC_TYPE[]

calculator

CRC Interrupt

ADDR_MNT_STARTf———————

CRC_TYPE[2:0]

INT_EN

ADDR_MNT_END|-——————+

CRC_MNT
<IXRAM >

Figure 11.53  CRC block diagram

11.11.3 Register Map

Name Address Direction Default Description

CRC_CON 20EOH R/W 00H CRC Control Register

CRC_H 20E3H R/W 00H CRC High Register

CRC_L 20E4H R/W 00H CRC Low Register

CRC_MNT_H 20E5H R/W 00H CRC Monitor High Register
CRC_MNT_L 20E6H R/W 00H CRC Monitor Low Register
CRC_ADDR_START_M 20EBH R/W 00H CRC Start Address Middle Register
CRC_ADDR_START_L 20ECH R/W 00H CRC Start Address Low Register
CRC_ADDR_END_M 20EDH R/W 00H CRC End Address Middle Register
CRC_ADDR_END L 20EEH R/W 00H CRC End Address Low Register

Table 11.18 CRC Register Map

159



A94B114 ABOV Semiconductor Co., Ltd.

11.11.4 CRC Register description

CRC_CON (CRC Control Register) : 20EOH

7 6 5 4 3 2 1 0
| CRCFAG | CRCINTEN | - | CrRCEN CRC FAL | CRC TYPER] | CRC TYPE{] | CRC TYPER] |
RW RW - RW RW RW RW RW
Initial value : OOH
CRC_FLAG CRC flag. The flag is cleared only by writing a ‘0’ to the bit. So, the flag should be

cleared by software. Writing “1” has no effect.
*When go to interrupt service routine, CRC_FLAG is not cleared.

0 CRC flag not occur

1 CRC flag occur
CRC_INTEN Enable CRC interrupt

0 CRC interrupt disable

1 CRC interrupt enable
CRC_EN Enable CRC operation, it is cleared automatically after the CRC reading is finished

0 CRC disable

1 CRC enable
CRC_FAIL Status of CRC validate.

0 Validate pass

1 Validate fail

CRC_TYPE[2:0] Select the CRC input data type.

0xx Not used

100 Specified flash data

101 Specified IXRAM data
For XRAM data CRC, add 256 to the corresponding address.
(Physical Address : IRAM (0~0xFF), XRAM (0x100~0x1FF)

110 Specified flash data, validate CRC value

111 Specified IXRAM data, validate CRC value
For XRAM data CRC, add 256 to the corresponding address.
(Physical Address : IRAM (0~0xFF), XRAM (0x100~0x1FF)

CRC_H (CRC High Register) : 20E3H

7 6 5 4 3 2 1 0
| croms | coram | cRom3 | cRoma | croml | CRogl | CRCPl | CRepl |
RW R RW RW R R RW R

Initial value : O0H
CRC_L (CRC Low Register) : 20E4H

7 6 5 4 3 2 1 0
| cRom | cropl | cro | crowl | oro | cRom | croml | cRop |
RW RW RW RW RW RW RW RW

Initial value : O0OH
CRC[15:0] CRC result

CRC_MNT_H (CRC Monitor High Register) : 20E5H
7 6 5 4 3 2 1 0
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| cRc MNI5) | CRC MNTI4] | CRC MNTH3] | CRC MNTIMZ] | CRC M1 | CRC MNTIHO] | CRC MNTE] | CRC MNTH |

RW

RW

RW

RW

CRC_MNT_L (CRC Monitor Low Register) : 20E6H

RW

RW

RW

RwW
Initial value : 00H

7 6 5 4 3 2 1 0
| CRCMNT | CRCMNTE | CRCMNTH | CRC MNTHl | CRC MNTBl | CRC MNTRZ] | CRC MNTH] | CRC MNTO] |
RW RW RW RW RW RW RW RW
Initial value : 00H
CRC_MNTI[15:0] CRC compare register, when performing a validate
CRC_ADDR_START_M (CRC Start Address Middle Register) : 20EBH
7 6 5 4 3 2 1 0
CRC ADDR | CRC ADDR | CRC ADDR | CRC ADDR | CRC ADDR | CRC ADDR | CRC ADDR | CRC ADDR_
START19] START[14] START[13] START[12] START[11] START[0] START[] START[8]
RW RW RW RW RW RW RW RW
Initial value : 00H
CRC_ADDR_START_L (CRC Start Address Low Register) : 20ECH
7 6 5 4 3 2 1 0
CRC ADDR_ | CRC ADDR_ | CRC ADDR_ | CRC ADDR_ | CRC ADDR | CRC ADDR | CRC ADDR | CRC ADDR_
START[] START] STARTE] STARTH] START[3] STARTZ] START[] START[]
RW RW RW RW RW RW RW RW
Initial value : 00H
CRC_ADDR_START[16:0] CRC start address
CRC_ADDR_END_M (CRC End Address Middle Register) : 20EDH
7 6 5 4 3 2 1 0
CRC ADDR_ | CRC ADDR | CRC ADDR | CRC ADDR | CRC ADDR | CRC ADDR | CRC ADDR | CRC ADDR_
ENDI[15] END[14] END[13] END[12] END[11] END[10] ENDP] ENDB]
RW RW RW RW RW RW RW RW
Initial value : 00H
CRC_ADDR_END_L (CRC End Address Low Register) : 20EEH
7 6 5 4 3 2 1 0
CRC ADDR_ | CRC ADDR | CRC ADDR_ | CRC ADDR_ | CRC ADDR | CRC ADDR | CRC ADDR | CRC ADDR._
END[7] END[g] END[] ENDH4] ENDP3| ENDPZ] ENDI1] END[]
RW RW RW RW RW RW RW RW
Initial value : 00H
CRC_ADDR_ENDI16:0] CRC end address
NOTE) CRC Polynomial

f(x) = 1+xA7+xM0+xM1+xM5+xM6
CRC16, Polynomial representations Normal : 0x8C81
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12 Power Down Operation

12.1 Overview

The A94B114 has two power-down modes to minimize the power consumption of the device. In power down mode,

power consumption is reduced considerably. The device provides two kinds of power saving functions, IDLE and STOP

mode. In two modes, program is stopped.

12.2 Peripheral Operation in IDLE/STOP Mode

Peripheral IDLE Mode STOP Mode

CPU ALL CPU Operation are Disable ALL CPU Operation are Disable
RAM Retain Retain

Basic Interval Timer Operates Continuously Stop

Watch Dog Timer

Operates Continuously

Stop (Can be operated with Ring OSC)

Halted (Only when the Event Counter Mode is Enabled, Timer

Timer0~2 Operates Continuously operates Normally)

ADC Operates Continuously Stop

Comparator Operates Continuously Stop (Can be operated with Ring OSC)
USART Operates Continuously Stop

12C Operates Continuously Stop

Internal RC OSC (16MHz)

Oscillation

Stop when the system clock (fx) is fIRC

Internal Ring OSC (256kHz)

Can be operated with setting value

Can be operated with setting value

Main OSC (0.4~12MHz) Oscillation Stop when fx = fXIN
I/0 Port Retain Retain
Control Register Retain Retain
Address Data Bus Retain Retain

Release Method

By RESET, all Interrupts

By RESET, Timer Interrupt(EC), External Interrupt,
12C Interrupt, Comparator Interrupt, USART by RX, WDT, LVI

Table 12.1

Peripheral Operation during Power Down Mode
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12.3 IDLE Mode

The power control register is set to ‘01h’ to enter the IDLE Mode. In this mode, the internal oscillation circuits remain
active. Oscillation continues and peripherals are operated normally but CPU stops. It is released by reset or interrupt.
To be released by interrupt, interrupt should be enabled before IDLE mode. If using reset, because the device becomes

initialized state, the registers have reset value.

ose VUUUUUUUUVLVLULL - UUUULVIUUUUULL

External
Interrupt

%

\A

N T

IDLE Mode Release Timing by External Interrupt

Figure 12.1
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12.4 STOP Mode

The power control register is set to ‘03H’ to enter the STOP Mode. In the stop mode, the selected oscillator, system clock
and peripheral clock is stopped, but watch timer can be continued to operate with sub clock. With the clock frozen, all
functions are stopped, but the on-chip RAM and control registers are held. For example, If the internal RC oscillator (firc)
is selected for the system clock and the sub clock (fsus) is oscillated, the internal RC oscillator stops oscillation and the
sub clock is continuously oscillated in stop mode. At that time, the watch timer can be operated with the sub clock.

The source for exit from STOP mode is hardware reset and interrupts. The reset re-defines all the control registers.
When exit from STOP mode, enough oscillation stabilization time is required to normal operation. Figure 12.2 shows the
timing diagram. When released from STOP mode, the Basic interval timer is activated on wake-up. Therefore, before
STOP instruction, user must be set its relevant prescale divide ratio to have long enough time. This guarantees that

oscillator has started and stabilized.

ese TUUUUUUUL ,  _—WUUUUUL - JUVTUUUL
eruouns TUIUUUUL UUUL

b)Y

[(4
External Release
Interrupt
configure
option
CFG Read 3 T

(

STOP command Oscillation stabilization time = 8ms
P @ 16MHz system clock

Nornal Operation >< STOP MODE >< Stand-by Mode >Qornal Operation

Figure 12.2 STOP Mode Release Timing by External Interrupt
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12.5 Release Operation of STOP Mode

After STOP mode is released, the operation begins according to content of related interrupt register just before STOP
mode start (Figure 12.3). If the global interrupt Enable Flag (IE.EA) is set to "1°, the STOP mode is released by the
interrupt which each interrupt enable flag = "1" and the CPU jumps to the relevant interrupt service routine. Even if the

IE.EA bit is cleared to ‘0’, the STOP mode is released by the interrupt of which the interrupt enable flag is set to ‘1°.

SET PCON([7:0]
SET IEx.b

STOP Mode <

\

Interrupt Request

Corresponding Interrupt N
Enable Bit(IE, IE1, IE2, IE3)

STOP Mode

Release

Y

Interrupt Service

Routine

Next Instruction

Figure 12.3 STOP Mode Release Flow
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12.6 Register Map
Name Address Direction Default Description
PCON 87H R/W 00H Power Control Register
Table 12.2 Power Down Operation Register Map

12.7 Power Down Operation Register Description

The power down operation register consists of the power control register (PCON).

12.8 Register Description for Power Down Operation
PCON (Power Control Register): 87H

7 6 5 4 3 2 1 0
| _ | _ | _ | _ | Poons | Poone PCONT PCONO
_ _ _ _ R RAW RW R

Initial value: 00H

PCONTI7:0] Power Control
01H IDLE mode enable
03H STOP mode enable

Other Values Normal operation

NOTE)

1. To enter IDLE mode, PCON must be set to ‘01H’.

2. To enter STOP mode, PCON must be set to ‘03H’.

3. The PCON register is automatically cleared by a release signal in STOP/IDLE mode.

4. Three or more NOP instructions must immediately follow the instruction that make the device enter

STOP/IDLE mode. Refer to the following examples.
Ex1) MOV  PCON, #01H ; IDLE mode Ex2) MOV  PCON, #03H ; STOP mode

NOP NOP
NOP NOP
NOP NOP
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13 RESET

13.1 Overview

The following is the hardware setting value.

On Chip Hardware Initial Value

Program Counter (PC) 0000h

Accumulator 00h

Stack Pointer (SP) 07h

Peripheral Clock On

Control Register Refer to the Peripheral Registers

Table 13.1 Reset State

13.2 Reset Source

The A94B114 has four types of reset sources. The following is the reset sources.
— External RESETB
— Power ON RESET (POR)
— WDT Overflow Reset (In the case of WDTEN ="1")
— Low Voltage Reset (In the case of LVREN =0 )

13.3 Block Diagram

RESET Noise
Canceller

Ext RESET
Disable by FUSE

PORRST

WDT RST

) RESETB

WDT RSTEN

LVRRST

LVROFF

&5%56?

Figure 13.1

RESET Block Diagram
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13.4 RESET Noise Canceller

The Figure 13.2 is the noise canceller diagram for noise cancellation of RESET. It has the noise cancellation value of

about 2us(@Vop=5V) to the low input of system reset.

t < Trne t < Tenc

t> T;ZNC | t >-TRNC : t > Trne

Figure 13.2 Reset noise canceller timer diagram

13.5 Power on RESET

When rising device power, the POR (Power On Reset) has a function to reset the device. If POR is used, it executes
the device RESET function instead of the RESET IC or the RESET circuits. And the external RESET PIN is able to use

as normal I/O pin.

VPOR =1.25V (Typ)

VDD T

nPOR
(Intemal Signal)

Intemal RESETb

< »l

Oscillation Stabilization time

Oscillation

Figure 13.3 Internal RESET Release Timing On Power-Up
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Counting for configure option read start after RESET is released
|
VDD ﬂ/
|
|
Intemal NnPOR J
|
Intemal Counter o @@ n@e © /
for RESET release \
|
| 6.4ms~9.6ms (8ms+-20%)
Intemal RESETb I @ 16Mhz system clock (HFO) ‘|
[ »|
|
|
| 6.4ms~9.6ms (8ms+-20%)
Configure Read I @ 16MHz system clock(HFO) _
| |
|
I i
Program Counter : \ 0000 >< 0001 >< 0002
Figure 13.4 Configuration Timing when Power-on
@ :\/DD Input
A ® @ :Internal 0SC
Configure option Read ————————————————————————————————j
& Reset Release |
|
|
|
|
|
|
|
|
|
|
|
|
|
| |
| |
| | -
N — — =
@ ® ®
Figure 13.5 Boot Process WaveForm
Process Description Remarks
@ -No Operation
- 1st POR level Detection
- Internal OSC (32MHz) ON -about 1.07V ~ 1.55V
- Delay section (=8ms)
® - VDD input voltage must rise over than flash operating voltage for -Slew Rate >= 0.05V/ms
Configure option read
- Configure option read point ) . . " .
@ - Reset Release section -Configure Value is determined by Writing Option
® -Normal operation

Table 13.2 Boot Process Description
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13.6 External RESETB Input
The External RESETB is the input to a Schmitt trigger. If RESETB pin is held with low for at least 10us over within the
operating voltage range and stable oscillation, it is applied and the internal state is initialized. Its debounce clock is only
Internal High Frequency Oscillator (HFO) IRC. So do not turn off the HFO IRC to use it. After reset state becomes ‘1’, it
needs the stabilization time with 16ms and after the stable state, the internal RESET becomes ‘1’. The Reset process

step needs 5 oscillator clocks. And the program execution starts at the vector address stored at address 0000H.

External RESETb |
LVI RESETb
LVD RESETb
WDT RESETb
Intemal Counter ..“@e @
for RESET release

|
| 6.4ms~9.6ms
@ 16MHz system clock(HFO) |

>

—

Intemal RESETb I

6.4ms~9.6ms

Configure Read :@ 16MHz system cIock(HFO)=I

\i

\ 0000 X 0001 X 0002

Program Counter

Figure 13.6 Timing Diagram after RESET

PRESCALER COUNT START

VDD

OSC START TIMING

Figure 13.7 Oscillator generating waveform example

NOTE)

1. As shown Figure 13.7, the stable generating time is not included in the start-up time.
2.  The RESETB pin has a Pull-up register by hardware
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13.7 Low Voltage Reset and Low Voltage Indicator Processor
The A94B114 has an On-chip Low Voltage Rest (LVR) and On-chip Low Voltage Indicator circuit (LVI) for monitoring the

VDD level during operation by comparing it to a fixed trigger level. The LVR terriger level is 1.75V and it is enabled by
default. The LVR can be disable by register setting. The trigger level for the LVI can be selected by LVIS[2:0] bit to be

2.4V,2.9V, 3.9V, 4.2V. In the STOP mode, this will contribute significantly to the total current consumption. So to minimize

the current consumption, LVR is set to off by software. LVI is not operation in STOP mode.

External VDD
l LVI_DB
Disable —
2.4V — Low Voltage \t
2.8V — Indicator 1
o LV
3.8V — (LvI) o " Interrupt
42v L4 D a
. De-bounce Clock cP
LVILS[2:0] (HFO IRC Only)
Interrupt
LVROFF External VDD
STOP_SYSB J,
Low Voltage
Reset
(LVR) » LVRRF
Figure 13.8 Block Diagram of LVR and LVI
13.8 Register Map
Name Address Direction Default Description
RSFR 98H R/W 84H Reset Flag Register
LVIR 89H R/W 00H Low Voltage Indicator Control Register
DBTSR 84H R/W 00H De-bounce Time Selection Register
Table 13.3 Reset Operation Register Map

13.9 Reset Operation Register Description

The reset control register consists of the reset flag register (RSFR), low voltage indicator control register (LVIR) and de-

bounce time selection register (DBTSR).
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13.10 Register Description for Reset Operation
RSFR (Reset Flag Register) : 98H

7 6 5 4 3 2 1 0
| PpoRF | BARF | woRF | oOoDRF | - LVRF - -
RW RW RW RW RW RW - -
Initial value : 84H
PORF Power-On Reset flag bit. The bit reset by writing ‘0’ to this bit.
0 No detection
1 Detection
EXTRF External Reset (RESETB) flag bit. The bit is reset by writing ‘0’ to this bit or by Power-
On Reset.
0 No detection
1 Detection
WDTRF Watch Dog Reset flag bit. The bit reset by writing ‘0’ to this bit or by Power-On Reset.
0 No detection
1 Detection
OCDRF On-chip debugger reset flag bit. The bit reset by writing ‘0’ to this bit or by Power-On
Reset.
0 No detection
1 Detection
LVRF Low Voltage Reset flag bit. The bit reset by writing ‘0’ to this bit.
0 No detection
1 Detection
NOTE)
1. When the Power-On Reset occurs, the PORF bit is only set to “1”, EXTRF, WDTRF, OCDREF bits are all
cleared to “0”.

2. When a reset except the POR occurs, the corresponding flag bit is only set to “1”, the other flag bits are
kept in the previous values.
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LVIR (Low Voltage Indicator Control Register) : 89H

7 6 5 4 3 2 1 0
| LVROFF LVIINT ON lMDB | - - LVILS2 LVILST LVILSO
RW RW RW - - RW RW RW
Initial value : 00H
LVROFF LVR ON/OFF selection
0 LVR ON
1 LVR OFF
LVI_INT_ON LVI Interrupt selection
0 Interrupt
1 Do not select.
LVI_DB LVI Reset de-bounce control
0 Disable
1 Enable ( 4us De-bounce, HFO IRC only)
LVILS[2:0] LVI level Voltage
LVILS2 LVILS1 LVILSO Description
0 0 0 LVI disable
0 0 1 2.4V
0 1 0 2.9V
0 1 1 3.9v
1 0 0 4.2V
1 0 1 Not used
1 1 0 Not used
1 1 1 Not used
DBTSR (De-bounce Time Selection Register) : 84H
7 6 5 4 3 2 1 0
| - | - - | - RDB1 RDBO PDBH PDBO
- - - - RW RW RW RW
Initial value : 00H
RDBJ[1:0] External Reset De-bounce selection register
RDB1 RDBO Description
0 0 10us
0 1 20us
1 0 40us
1 1 80us
PDB[1:0] Port De-bounce selection register
PDB1 PDBO Description
0 0 1.2us
0 1 2.5us
1 0 5us
1 1 10us

NOTE) If RESETB pin is held with low for at least 10us over within the operating voltage range and stable oscillation, it is applied
and the internal state is initialized. Its de-bounce clock is only HFO IRC. So do not turn off the HFO IRC to use it.
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14 On-chip Debug System

14.1 Overview
14.1.1 Description

A94B114 can use On-chip debug(OCD). On-chip debug system (OCD) of A94B114 can be used for programming the
non-volatile memories and on-chip debugging. Detail descriptions for programming via the OCD interface can be found
in the following chapter.

Figure 14.1 shows a block diagram of the OCD interface and the On-chip Debug system.

14.1.2 Feature

— Two-wire external interface: 1-wire serial clock input, 1-wire bi-directional serial data bus
— Debugger Access to:

*  All Internal Peripheral Units

* Internal data RAM

*  Program Counter

*  Flash and Data EEPROM Memories
— Extensive On-chip Debug Support for Break Conditions, Including

*  Break Instruction

*  Single Step Break

*  Program Memory Break Points on Single Address

*  Programming of Flash, EEPROM, Fuses, and Lock Bits through the two-wire Interface
— Operating frequency

*  Supports the maximum frequency of the target MCU

Target MCU internal circuit
Format converter

LU DBG
UsB K n DSCL BDC Control
<_>:\ = DSDA
L CPU DBGRegister

Address bus

| | | internal data bus

Code memory
D a— - SRAM Data memory Peripheral
- Flash

- EEPROM

User I/0

Figure 14.1 Block Diagram of On-Chip Debug System
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14.2 Two-Pin External Interface
14.2.1 Basic Transmission Packet

*  10-bit packet transmission using two-pin interface.

*  1-packet consists of 8-bit data, 1-bit parity and 1-bit acknowledge.

»  Parity is even of ‘1’ for 8-bit data in transmitter.

* Receiver generates acknowledge bit as ‘0’ when transmission for 8-bit data and its parity has no error.

*  When transmitter has no acknowledge(Acknowledge bit is ‘1’ at tenth clock), error process is executed in
transmitter.

*  When acknowledge error is generated, host PC makes stop condition and transmits command which has error
again.

+  Background debugger command is composed of a bundle of packet.

«  Start condition and stop condition notify the start and the stop of background debugger command respectively.

St Do | D1 D2 | D3 | D4 | D5 | D | D7 F A,

L 4

Do | D1 D2 | D3 | D4 | B2 | DB | D7 F A, Sp

Figure 14.2 10-bit Transmission Packet
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14.2.2 Packet Transmission Timing

14.2.2.1 Data Transfer

DSDA

A XN

Acknowledgement Acknowledgement
Signal from receiver Signal from receiver

A XN /i

DSCL
st \__/i\ S\ [\ s
START Ak STOP
Figure 14.3 Data Transfer on the Twin Bus

14.2.2.2 Bit Transfer

DSDA /(

DSCL

Data line stable data valid
except Start and Stop

e s o
= g I B

]
Change of data allowed :
|

Figure 14.4 Bit Transfer on the Serial Bus
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14.2.2.3

Start and Stop Condition

DSCL ! ;
| St \ / \ /i sp
START Condition STOP Condition
Figure 14.5 Start and Stop Condition
14.2.2.4 Acknowledge Bit

Data output

By transmitter \ /( X T

Data output

4

no acknowledge

By receiver \ /
acknowledge
DSCL from
master
1 2 e 9 ?
Clock pulse for acknowledgement
Figure 14.6 Acknowledge on the Serial Bus

Acknowledge bit
transmission

Host PC /
DSCL OUT .

Minimum ¢
500ns

<« ! wait HGH

’
.

Acknowledge bit
trgn smission

Target Device Start wait
DSCL OUT

Maximum 5Tscw

DSCL

Minimum 1Tscw i
for next byte :

“4— |nternal Operation

Figure 14.7

Clock Synchronization during Wait Procedure
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14.2.3 Connection of Transmission

Two-pin interface connection uses open-drain(wire-AND bidirectional I/O).

? VDD

pull-up Rp Rp
resistors
DSDA(Debugger Serial Data Line)
O o
DSCL(Debugger Serial Clock Line) l

Host Machine(Master) Target Device(Slave)

Current source for DSCL to fast 0 to 1 transition in high speed mode

Figure 14.8 Connection of Transmission
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15 Memory Programming

15.1 Overview
15.1.1 Description

A94B114 has flash memory to which a program can be written, erased, and overwritten while mounted on the board.
This device support the self program/erase mode in user soft mode in sram-jump.
Serial ISP mode is supported.

15.1.2 Features

*  Flash Size : 8 Kbytes

*  Single power supply program and erase

*  Command interface for fast program and erase operation

*  Upto 10,000 program/erase cycles at typical voltage and temperature for flash memory

»  Security feature

15.2 Flash Control and status register

Registers to control Flash are Mode Register (FEMR), Control Register (FECR), Status Register (FESR), Time Control
Register (FETCR), Address Low Register (FEARL), Address Middle Register (FEARM) and address High Register

(FEARH). They are mapped to SFR area and can be accessed only in programming mode.

15.2.1 Register Map

Name Address Dir Default Description

FEMR F1H R/W 00H Flash Mode Register

FECR F2H R/W 03H Flash Control Register
FESR F3H R/W 80H Flash Status Register
FETCR F4H R/W 00H Flash Time Control Register
FEARL F5H R/W O00H Flash Address Low Register
FEARM F6H R/W O00H Flash Address Middle Register
FEARH F7H R/W O00H Flash Address High Register
ENTRY_O 10D8H (XRAM) R/W 00H OxAA

ENTRY_1 10DAH (XRAM) R/W 00H 0x55

ENTRY_2 10DDH (XRAM) R/W 00H O0xA5

PAGE_BUF 10EOH ~ 10FFH R/W 00H Flash Data Buffer

Table 15.1 Register MAP
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15.2.2 Register Description for Flash

FEMR (Flash Mode Register) : F1H

7 6 5 4 3 2 1 0
| FE | - | Poum ERASE PBUFF OTPE VFY FEEN
RW - RW RW RW RW RW RW
Initial value : 00H
FSEL Select flash memory.
0 Deselect flash memory
1 Select flash memory
PGM Enable program or program verify mode with VFY
0 Disable program or program verify mode
1 Enable program or program verify mode
ERASE Enable erase or erase verify mode with VFY
0 Disable erase or erase verify mode
1 Enable erase or erase verify mode
PBUFF Select page buffer
0 Deselect page buffer
1 Select page buffer
OTPE Select OTP area instead of program memory
0 Deselect OTP area
1 Select OTP area
VFY Set program or erase verify mode with PGM or ERASE

Program Verify: PGM=1, VFY=1
Erase Verify: ERASE=1, VFY=1

FEEN Enable program and erase of Flash. When inactive, it is possible to read
as normal mode

0 Disable program and erase
1 Enable program and erase
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FECR (Flash Control Register) : F2H

7 6 5 4 3 2 1 0
| AEF - EXIT1 EXITO WRITE READ nFERST nPBRST
RW - RW RW RW RW RW RW
Initial value : 03H
AEF Enable flash bulk erase mode
0 Disable bulk erase mode of Flash memory
1 Enable bulk erase mode of Flash memory
EXIT[1:0] Exit from program mode. It is cleared automatically after 1 clock
EXIT1 EXITO Description
0 0 Don’t exit from program mode
0 1 Don’t exit from program mode
1 0 Don’t exit from program mode
1 1 Exit from program mode
WRITE Start to program or erase of Flash. It is cleared automatically after 1 clock
0 No operation
1 Start to program or erase of Flash
READ Start auto-verify of Flash. It is cleared automatically after 1 clock
0 No operation
1 Start auto-verify of Flash
nFERST Reset Flash control logic. It is cleared automatically after 1 clock
0 No operation
1 Reset Flash control logic.
nPBRST Reset page buffer with PBUFF. It is cleared automatically after 1 clock

PBUFF nPBRST Description
0 0 Page buffer reset
1 0 Write checksum reset

WRITE and READ bits can be used in program, erase and verify mode with FEAR registers. Read or writes for memory

cell or page buffer uses read and write enable signals from memory controller. Indirect address mode with FEAR is only

allowed to program, erase and verify
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FESR (Flash Status Register) : F3H

7 6 5 4 3 2 1 0
| Pevsy | VFrcoop | - - ROMINT WMODE EMODE VMODE
R RW R R RW R R R
Initial value : 80H
PEVBSY Operation status flag. It is clear automatically when operation starts.
Operations are program, erase or verification
0 Busy (Operation processing)
1 Complete Operation
VFYGOOD Auto-verification result flag.
0 Auto-verification fails
1 Auto-verification successes
ROMINT Flash interrupt request flag. Auto-cleared when program/erase/verify
starts. Active in program/erase/verify completion
0 Not interrupt request.
1 Interrupt request.
WMODE Write mode flag
EMODE Erase mode flag
VMODE Verify mode flag

FEARL (Flash address low Register) : F5H

7 6 5 4 3 2 1 0
| a7 | ms | mR5 | A4 ARL3 ARL2 ARL1 ARLO
w w w W w w W W
Initial value : OOH
ARL[7:0] Flash address low

FEARM (Flash address middle Register) : F6H

7 6 5 4 3 2 1 0
| aww | ARw ARG | ARWM ARVB ARV AR ARMO
W W W W W W W W

Initial value : 00H

ARM[7:0] Flash address middle

FEARH (Flash address high Register) : F7H

7 6 5 4 3 2 1 0
| &7 | AR | AR5 | ARM ARH3 ARH? ARH1 ARHO
W W W W W W W W

Initial value : OOH
ARHI[7:0] Flash address high

FEAR registers are used for program, erase and auto-verify. In program and erase mode, it is page address and ignored
the same least significant bits as the number of bits of page address. In auto-verify mode, address increases
automatically by one.

FEARSs are write-only register. Reading these registers returns 24-bit checksum result
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FETCR (Flash Time control Register) : F4H

7 6 5 4 3 2 1 0
| 1R | ToRE | TORS | TCR4 TCR3 TCR2 TCRI TCRO
RW RW RW RW RW RW RW RW

Initial value : 00H

TCR[7:0] Flash Time control

Program and erase time is controlled by setting FETCR register. Program and erase timer uses 10-bit counter. It
increases by internal RC oscillator clock frequency (HFO IRC). It is cleared when program or erase starts. Timer stops
when 10-bit counter is same to FETCR. PEVBSY is cleared when program, erase or verify starts and set when program,

erase or verify stops.
Max program/erase time : (255+1) * 2 * (31.25ns * 256) = 4.096ms
In the case of 10% of error rate of counter source clock, program or erase time is  3.6~4.5ms

* * Program/erase time calculation
for page write or erase, Tpe = (TCON+1) * 2 * (31.25ns * 256 )
for bulk erase, The = (TCON+1) * 4 * (31.25ns * 256)

Min Typ Max Unit
program/erase Time 2.4 25 2.6 ms
Bulk erase Time - 5.0 - ms

Table 15.2 Program/erase Time

X Recommended program/erase time (FETCR = AOh)
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15.3 Memory map
15.3.1 Flash Memory Map

Program memory uses 8-Kbyte of Flash memory. It is read by byte and written by page. One page is 32-byte

FFFFh
P
R
0
G
R pgm/ers/vfy
A
M l Flash
F MUX
R | o[ 1FFFh
u
N
T
E 8 Kbytes
R
0000h

Figure 15.1 Flash Memory Map

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PAGE ADDRESS WORD ADDRESS

Program Memory

OxFF Page 255 > OX1F

Page 254

0x00

Page 1

Page 0 * Page buffer size: 32Bytes

0x000

Figure 15.2 Address configuration of Flash memory
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15.4 Serial In-System Program Mode

Serial in-system program uses the interface of debugger which uses two wires. Refer to chapter 14 in details about

debugger.
15.4.1 Flash operation

Configuration (This Configuration is just used for follow description)

7 6 5 4 3 2 1 0
- | FEMRM] &[1] | FEMRE] &[1] - | - | FEVMRZ | FECRE | FECRM |
- ERASESVFY  PGMBVFY - - OTPE AEE AEF

Master Reset

v

Y Page Buffer Reset
L

v

Page Buffer Load(0X00H)

Page Buffer Reset

_________ , v

! Page Buffer Load

\ 4

In the case of OTP
OTPEflagSet | |  heemmmme e =

! In the case of OTP
__________ OTPE flag Set

Erase i
1
__________ ;
A 4
Erase Latency(500us) \ 4
Program
A 4
Page Buffer Reset \ 4

Pgm Latency(500us)

A 4 +

Configuration Reg. setting

Page Buffer Reset

A 4
Cell Read \ 4

Configuration Reg. setting

A 4
Cell Read

Configuration Reg. Clear @

Figure 15.3 The sequence of page program and erase of Flash memory
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| Master Reset |

v

Page Buffer Reset |

v

| Page Buffer Load |

v

Configuration Reg.<0> Set

v

| Erase |

v

| Erase Latency(500us) |

v

| Page Buffer Reset |

v

Configuration Reg.<0> clear
Reg.<6:5> setting

A\ 4
| Cell Read |

T

Figure 15.4 The sequence of bulk erase of Flash memory

15.4.1.1 Flash Read

Step 1. Enter OCD(=ISP) mode.

Step 2. Set ENBDM bit of BCR.

Step 3. Enable debug and Request debug mode.
Step 4. Read data from Flash.

15.4.1.2 Enable program mode

Step 1. Enter OCD(=ISP) mode."
Step 2. Set ENBDM bit of BCR.
Step 3. Enable debug and Request debug mode.
Step 4. Enter program/erase mode entry sequence.?
(1) Write OxAA to 0x10D8 (XRAM).
(2) Write 0x55 to Ox10DA (XRAM).
(3) Write 0xA5 to Ox10DD (XRAM).

1 Refer to how to enter ISP mode..

2 Command sequence to activate Flash write/erase mode. It is composed of sequentially writing data of Flash memory.
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15.4.1.3 Flash write mode

Step 1. Enable program mode.

Step 2. Reset page buffer. FEMR: 1000_0001 FECR:0000_0010
Step 3. Select page buffer. FEMR:1000_1001

Step 4. Write data to page buffer.(Address automatically increases by twin.)
Step 5. Set write mode. FEMR:1010_0001

Step 6. Set page address. FEARH:FEARM:FEARL=20’hx_xxxx
Step 7. Set FETCR.

Step 8. Start program. FECR:0000_1011

Step 9. Insert one NOP operation

Step 10. Read FESR until PEVBSY is 1.

Step 11. Repeat step2 to step 8 until all pages are written.

15.4.1.4 Flash page erase mode

Step 1. Enable program mode.

Step 2. Reset page buffer. FEMR: 1000_0001 FECR:0000_0010
Step 3. Select page buffer. FEMR:1000_1001

Step 4. Write ‘h00 to page buffer. (Data value is not important.)
Step 5. Set erase mode. FEMR:1001_0001

Step 6. Set page address. FEARH:FEARM:FEARL=20’hx_xxxx
Step 7. Set FETCR.

Step 8. Start erase. FECR:0000_1011

Step 9. Insert one NOP operation

Step 10. Read FESR until PEVBSY is 1.

Step 11. Repeat step2 to step 8 until all pages are erased.
15.4.1.5 Flash bulk erase mode

Step 1. Enable program mode.
Step 2. Reset page buffer. FEMR: 1000_0001 FECR:0000_0010
Step 3. Select page buffer. FEMR:1000_1001
Step 4. Write ‘h00 to page buffer. (Data value is not important.)
Step 5. Set erase mode. FEMR:1001_0001.
(Only main cell area is erased. For bulk erase including OTP area, select OTP area.(set FEMR to 1000_1101.)
Step 6. Set FETCR
Step 7. Start bulk erase. FECR:1000_1011
Step 8. Insert one NOP operation
Step 9. Read FESR until PEVBSY is 1.
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15.4.1.6 Flash OTP area read mode

Step 1. Enter OCD(=ISP) mode.

Step 2. Set ENBDM bit of BCR.

Step 3. Enable debug and Request debug mode.
Step 4. Select OTP area. FEMR:1000_0101
Step 5. Read data from Flash.

15.4.1.7 Flash OTP area write mode

Step 1. Enable program mode.

Step 2. Reset page buffer. FEMR: 1000_0001 FECR:0000_0010

Step 3. Select page buffer. FEMR:1000_1001

Step 4. Write data to page buffer.(Address automatically increases by twin.)
Step 5. Set write mode and select OTP area. FEMR:1010_0101

Step 6. Set page address. FEARH:FEARM:FEARL=20’hx_xxxx

Step 7. Set FETCR.

Step 8. Start program. FECR:0000_1011

Step 9. Insert one NOP operation

Step 10. Read FESR until PEVBSY is 1.

15.4.1.8 Flash OTP area erase mode

Step 1. Enable program mode.

Step 2. Reset page buffer. FEMR: 1000_0001 FECR:0000_0010
Step 3. Select page buffer. FEMR:1000_1001

Step 4. Write ‘h00 to page buffer. (Data value is not important.)
Step 5. Set erase mode and select OTP area. FEMR:1001_0101
Step 6. Set page address. FEARH:FEARM:FEARL=20'hx_xxxx
Step 7. Set FETCR.

Step 8. Start erase. FECR:0000_1011

Step 9. Insert one NOP operation

Step 10. Read FESR until PEVBSY is 1.

15.4.1.9 Flash program verify mode

Step 1. Enable program mode.
Step 2. Set program verify mode. FEMR:1010_0011
Step 3. Read data from Flash.
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15.4.1.10 OTP program verify mode

Step 1. Enable program mode.
Step 2. Set program verify mode. FEMR:1010_0111
Step 3. Read data from Flash.

15.4.1.11 Flash erase verify mode

Step 1. Enable program mode.
Step 2. Set erase verify mode. FEMR:1001_0011
Step 3. Read data from Flash.

15.4.1.12 Flash page buffer read

Step 1. Enable program mode.
Step 2. Select page buffer. FEMR:1000_1001
Step 3. Read data from Flash.

15.4.2 Summary of Flash Program/Erase Mode

Operation mode Description
Flash read Read cell by byte.
Flash write Write cell by page.
E Flash page erase Erase cell by page.
A Flash bulk erase Erase the whole cells.
a Flash program verify Read cell in verify mode after programming.
Flash erase verify Read cell in verify mode after erase.
Flash page buffer load Load data to page buffer.

Table 15.3 Operation Mode
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15.5 Mode entrance method of ISP mode

TARGET MODE DSDA DSCL DSDA
OCD(ISP) ‘hC ‘hC ‘hC
Release from worst 1.7V
Power on reset J Low period required during more 10us

RESET \
DSCL | I_I_U:>m |
DSDA |_|_|_|—|:>J_|— | |:>J_|_|_|

RESET_SYSB

Figure 15.5 ISP mode
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15.6 SRAM-Jump Program mode

In this device SRAM-jump program is used to self programing in user mode. When writing the flash data memory, cpu

should operate in sram not flash. SRAM address 0x00 is assigned to program address 0x8000. Refer to the following

example.
main() void write _page buffer()
{

//'1. Flash mode entry with movx instruction
*(unsigned char xdata *)0x10D8 = 0xAA;
*(unsigned char xdata *)0x10DA = 0x55;
*(unsigned char xdata *)0x10DD = 0xAS;

FETCR = 0x9D; //2.5ms PGM time

FEMR =0x81; // 3. Reset page buffer
FECR = 0x02;

write_page buffer(); // 4. Write page buffer
do flash at sram(); // 5. Write flash
FECR = 0x33; // 6. Flash mode exit

Return ;

void do_flash at sram src()
{
FEMR = 0xA1l; //
FECR = 0x0B; // Enable program

while( I(FESR & 0x80) );

FEMR = 0;
}

void do_flash _at sram()
{
#pragma asm
mov dptr,#do_flash at sram_src
mov r0,#0x30
mov r1,#0x13
do_flash at sram loop:
clra
movc a,@a+dptr
mov @r0,a
inc dptr
inc 10
djnz rl,do_flash_at sram_loop
ljmp 0x8030
#pragma endasm

}

#pragma asm
mov dptr,#write_page buffer src
mov r0,#0x30
mov r2,#0x12 ;sram
write_page buffer loop:
clra
movc a,@a+dptr
mov @r0,a
inc dptr
inc 10
djnz 12,write_page buffer loop
ljmp 0x8030 ; jump sram region
#pragma endasm

}

void write page buffer src()

{
FEMR = 0x81;

#pragma asm
mov r0,#32
mov dptr,#0x10EQ ; page buffer address
write_page_buffer src loop:
mov a, @rl // write data is written in the SRAM
// previosly and r1 has the address
movx @dptr,a
inc rl
inc dptr
djnz r0,write_page buffer src loop
#pragma endasm

FEMR = 0;
}

Figure 15.6 Code example of flash write by SRAM-jump mode

191




A94B114

ABOV Semiconductor Co., Ltd.

main

'
'

Flash mode entry

'

Set PGM time

'

FLASH MEMORY

SRAM MEMORY

(code size : 0x13)

Reset page buffer

write_page_buffer_src()

'

write_page_buffer_src()

y
function call .
. write_page_buffer()
(write_page_buffer()) jump 0x8030

L

L

(code size : 0x14)

do_flash_at_sram_src()

do_flash_at_sram_src()

.v '
function call do_flash_at_sram()
(do_flash_at_sram()) jump 0x8030

L

l

Flash mode exit

'

The A94B114 uses the following method to prevent malfunction during Flash write
operation. Instead of the code memory, the execution code is copied to the SRAM to
perform the flash write operation. When SRAM code is executed, the startaddress is
0x8000 and this address is used to jump to IRAMO0x00 address. In this diagram, the
Write_page_buffer_src () function is the code for the Flash write operation, which
indicates that function is copied to the SRAM and the corresponding part is executed.

Figure 15.7 Memory diagram and flow of flash write by SRAM-jump mode
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16 Configure Option

16.1 Configure Option Control
FUSE_CFGO0 (Pseudo-Configure Data)

7 6 5 4 3 2 1 0
| RSTEN | - | XxoEeNA | XENA - LOCKVA LOCKHL LOCKF
R - R R - R R R
Initial value : 00H
RSTEN Select RESETB pin
0 Disable RESETB pin (default)
1 Enable RESETB pin
XOENA Enable Main OSC output
0 Disable
1 Enable
XIENA Enable Main OSC input
0 Disable
1 Enable
LCKVA Vector Area(00~FF) Protection selection
0 Enable protection
(Not erasable by instruction)
1 Disable protection
(Erasable by instruction)
LOCKHL Code Write Protection
0 Enable protection
1 Disable protection
LOCKF Code Read Protection
0 Disable protection
1 Enable protection

FUSE_CFG1 (Pseudo-Configure Data)

7 6 5 4 3 2 1 0
- | - | - | - PASEL PASS2 PASS1 PASSO
- - - - R R R R
Initial value : 00H
PASEL Specific Area Write Protection Selection

0 Enable protection

(Not erasable by instruction)

1 Disable protection

(Erasable by instruction)

PASS[2:0]
the set address area.

0 0 0100H ~ 1BFFH
1 0100H ~ 1DFFH
0 0100H ~1EFFH
1

0
0
1
1 0100H ~ 1F7FH

0
0
0

—

0100H ~ 17FFH
0100H ~ OFFFH
0100H ~ 07FFH

N
- A O
o

When PASEL is 0 (Enable protection), Code write protection is possible in
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17 APPENDIX

17.1 Instruction Table
Instructions are either 1, 2 or 3 bytes long as listed in the ‘Bytes’ column below.
Each instruction takes either 1, 2, 3, 4 or 5 machine cycles to execute as listed in the following table. 1 machine cycle

comprises 1 system clock cycles.

ARITHMETIC

Mnemonic Description Bytes Clocks Hex code
ADD A,Rn Add register to A 1 2 28-2F
ADD A,dir Add direct byte to A 2 3 25
ADD A,@Ri Add indirect memory to A 1 3 26-27
ADD A #data Add immediate to A 2 2 24
ADDC A,Rn Add register to A with carry 1 2 38-3F
ADDC A,dir Add direct byte to A with carry 2 3 35
ADDC A,@Ri Add indirect memory to A with carry 1 3 36-37
ADDC A #data Add immediate to A with carry 2 2 34
SUBB A,Rn Subtract register from A with borrow 1 2 98-9F
SUBB A,dir Subtract direct byte from A with borrow 2 3 95
SUBB A,@Ri Subtract indirect memory from A with borrow 1 3 96-97
SUBB A #data Subtract immediate from A with borrow 2 2 94
INCA Increment A 1 1 04
INC Rn Increment register 1 2 08-0F
INC dir Increment direct byte 2 3 05
INC @Ri Increment indirect memory 1 3 06-07
DECA Decrement A 1 1 14
DEC Rn Decrement register 1 2 18-1F
DEC dir Decrement direct byte 2 3 15
DEC @Ri Decrement indirect memory 1 3 16-17
INC DPTR Increment data pointer 1 1 A3
MUL AB Multiply A by B 1 8 A4
DIV AB Divide Aby B 1 8 84
DAANOTE! Decimal Adjust A 4 4 b4
LOGICAL

Mnemonic Description Bytes Clocks Hex code
ANL A,Rn AND register to A 1 2 58-5F
ANL A,dir AND direct byte to A 2 3 55
ANL A @Ri AND indirect memory to A 1 3 56-57
ANL A #data AND immediate to A 2 2 54
ANL dir,A AND A to direct byte 2 3 52
ANL dir,#data AND immediate to direct byte 3 3 53
ORLA,Rn OR register to A 1 2 48-4F
ORL A,dir OR direct byte to A 2 3 45
ORLA,@Ri OR indirect memory to A 1 3 46-47
ORL A #data OR immediate to A 2 2 44
ORL dir,A OR A to direct byte 2 3 42
ORL dir,#data OR immediate to direct byte 3 3 43
XRLA,Rn Exclusive-OR register to A 1 2 68-6F
XRLA,dir Exclusive-OR direct byte to A 2 3 65
XRLA, @Ri Exclusive-OR indirect memory to A 1 3 66-67
XRL A #data Exclusive-OR immediate to A 2 2 64
XRL dir,A Exclusive-OR A to direct byte 2 3 62
XRL dir,#data Exclusive-OR immediate to direct byte 3 3 63
CLRA Clear A 1 1 E4
CPLA Complement A 1 1 F4
SWAP A Swap Nibbles of A 1 1 C4
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RLA Rotate A left 1 1 23
RLC A Rotate A left through carry 1 1 33
RRA Rotate A right 1 1 03
RRC A Rotate A right through carry 1 1 13
DATA TRANSFER

Mnemonic Description Bytes Clocks Hex code
MOV ARn Move register to A 1 2 E8-EF
MOV A.dir Move direct byte to A 2 3 ES
MOV A,@Ri Move indirect memory to A 1 3 E6-E7
MOV A #data Move immediate to A 2 2 74
MOV Rn,A Move A to register 1 2 F8-FF
MOV Rn,dir Move direct byte to register 2 3 A8-AF
MOV Rn,#data Move immediate to register 2 2 78-7F
MOV dir,A Move A to direct byte 2 2 F5
MOV dir,Rn Move register to direct byte 2 2 88-8F
MOV dir,dir Move direct byte to direct byte 3 3 85
MOV dir,@Ri Move indirect memory to direct byte 2 3 86-87
MOV dir,#data Move immediate to direct byte 3 3 75
MOV @Ri,A Move A to indirect memory 1 2 F6-F7
MOV @Ri,dir Move direct byte to indirect memory 2 3 AB-A7
MOV @Ri,#data Move immediate to indirect memory 2 3 76-77
MOV DPTR #data Move immediate to data pointer 3 3 90
MOVC A,@A+DPTR Move code byte relative DPTR to A 1 2 93
MOVC A,@A+PC Move code byte relative PC to A 1 2 83
MOVXA,@Ri Move external data(A8) to A 1 2 E2-E3
MOVXA,@DPTR Move external data(A16) to A 1 2 EO
MOVX @Ri,A Move A to external data(A8) 1 1 F2-F3
MOVX @DPTR,A Move A to external data(A16) 1 1 FO
PUSH dir Push direct byte onto stack (except PUSH SP)NOTE! 2 3 Co
POP dir Pop direct byte from stack (except POP SP)NOTE! 2 3 DO
XCHA,Rn Exchange A and register 1 2 C8-CF
XCH A,dir Exchange A and direct byte 2 4 C5
XCHA,@Ri Exchange A and indirect memory 1 3 C6-C7
XCHD A,@Ri Exchange A and indirect memory nibble 1 3 D6-D7
BOOLEAN

Mnemonic Description Bytes Clocks Hex code
CLRC Clear carry 1 1 C3
CLR bit Clear direct bit 2 3 C2
SETBC Set carry 1 1 D3
SETB bit Set direct bit 2 3 D2
CPLC Complement carry 1 1 B3
CPL bit Complement direct bit 2 3 B2
ANL C,bit AND direct bit to carry 2 3 82
ANL C,/bit AND direct bit inverse to carry 2 3 BO
ORL C,bit OR direct bit to carry 2 3 72
ORL C,/bit OR direct bit inverse to carry 2 3 A0
MOV C,bit Move direct bit to carry 2 3 A2
MOV bit,C Move carry to direct bit 2 3 92
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BRANCHING

Mnemonic Description Bytes Clocks Hex code
ACALL addr 11 Absolute jump to subroutine 2 4 11—-F1
LCALL addr 16 Long jump to subroutine 3 2 12
RET Return from subroutine 1 4 22
RETI Return from interrupt 1 4 32
AJMP addr 11 Absolute jump unconditional 2 3 01—E1
LJMP addr 16 Long jump unconditional 3 4 02
SJMP rel Short jump (relative address) 2 3 80

JC rel Jump on carry =1 2 3 40
JNC rel Jump on carry =0 2 3 50

JB bit,rel Jump on direct bit = 1 3 5 20
JNB bit,rel Jump on direct bit = 0 3 5 30
JBC bit,rel Jump on direct bit = 1 and clear 3 5 10
JMP @A+DPTR Jump indirect relative DPTR 1 2 73

JZ rel Jump on accumulator = 0 2 3 60
JNZ rel Jump on accumulator #0 2 3 70
CJNE A dir,rel Compare A,direct jne relative 3 5 B5
CJUNE A #d,rel Compare A,immediate jne relative 3 4 B4
CJNE Rn,#d,rel Compare register, immediate jne relative 3 4 B8-BF
CJINE @Ri,#d,rel Compare indirect, immediate jne relative 3 5 B6-B7
DJNZ Rnrel Decrement register, jnz relative 2 4 D8-DF
DJNZ dirrel Decrement direct byte, jnz relative 3 5 D5
MISCELLANEOUS

Mnemonic Description Bytes Clocks Hex code
NOP No operation 1 1 00

In the above table, an entry such as E8-EF indicates a continuous block of hex opcodes used for 8 different registers,
the register numbers of which are defined by the lowest three bits of the corresponding code. Non-continuous blocks of
codes, shown as 11—F1 (for example), are used for absolute jumps and calls, with the top 3 bits of the code being used
to store the top three bits of the destination address.

The CJINE instructions use the abbreviation #d for immediate data; other instructions use #data.

NOTE1) PUSH SP, POP SP, and DA instruction behave differently from 8051 operations.
The use of this instruction only occurs when using the assembly language, and its use is very limited. Refer
to "ERRATA_ABOV_94 CPU(CM8051) Incompatible Instruction™ for more details.

17.2 Package relation

A94B114FR (20-Pin)

A94B114FD (20-Pin)

A94B114AE (13-Pin)

Pin count 20 16

Max 1/0 18 14

Difference AN8, AN9,

(removed functions on - EINT1, EINT10
standard A94B114) ECO, TOO, PWM10B
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