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Introduction

This user’s manual targets application developers who use A96T418 for their specific needs. It provides
complete information of how to use A96T418 device. Standard functions and blocks including
corresponding register information of A96T418 are introduced in each chapter, while instruction set is

in Appendix.

A96T418 is based on M8051 core, and provides standard features of 8051 such as 8-bit ALU, PC, 8-
bit registers, timers and counters, serial data communication, PSW, DPTR, SP, 8-bit data bus and 2x16-
bit address bus, and 8/11/16-bit operations.

In addition, A96T418 incorporates following features to offer highly flexible and cost effective solutions:

*  32Kbytes of FLASH, 256bytes of IRAM, and 1792bytes of XRAM

* Basic interval timer, watchdog timer, and 16-bit timer/counter

*  16-bit PPG output, I12C, and 12-bit ADC

e  20-Channel Self Capacitive Touch Sensing, 8COM / 16SEG LED Driver
e On-chip POR, LVR

e On-chip oscillator and clock circuitry.

As a field proven best seller, A96T418 introduces rich features such as excellent noise immunity, code

optimization, cost effectiveness, and so on.

Reference document
* A96T418 programming tools and manuals released by ABOV: They are available at ABOV

website, www.abovsemi.com.

e SDK-51 User’s guide (System Design Kit) released by Intel in 1982: It contains all of

components of a single-board computer based on Intel’s 8051 single-chip microcomputer

* Information on Mentor Graphics 8051 microcontroller: The technical document is provided at

Mentor® website: https://www.mentor.com/products/ip/peripheral/microcontroller/

Global Top Smart MCU Innovator
www.abovsemi.com
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1. Description A96T418 User’'s manual

1 Description

The A96T418 is an advanced CMOS 8-bit microcontroller with 32Kbytes of FLASH. This is powerful microcontroller

which provides a highly flexible and cost effective solution to many embedded control applications.
1.1 Device overview

In this section, features of A96T418 and peripheral counts are introduced.

Table 1. A96T418 Device Features and Peripheral Counts

Peripherals Description
Core CPU 8-bit CISC core (M8051, 2 clocks per cycle)
Interrupt Up to 23 peripheral interrupts supported.

«  EINTOto 7, EINT8, EINT10, EINT11, EINT12 (5)
«  Timer (0/1/2/3/4/5) (6)

. WDT (1)
. BIT(1)
< WT(1)

«  USARTRx/Tx (2)
«  USI 1-ch. *Rx/Tx/I12C (3)

*  Touch (1)
e LED(1)
« ADC (1)
o LVI(1)
Memory ROM (FLASH) *  32Kbytes FLASH with self-read and write capability
capacity *  In-system programming (ISP)

. Endurance: 10,000 times

IRAM 256Bytes
XRAM 1792Bytes
Programmable pulse generation . Pulse generation (by T1/T2/T3/T4/T5)

«  8-bit PWM (by TO)
«  16-bit PPG (by T1/T2/T3/T4/T5)

Buzzer 8-bit x 1-ch
Minimum instruction execution time 125ns (@ 16MHz, NOP Instruction)
Power down mode e STOP1 mode
e STOP2 mode
. IDLE mode
General Purpose 1/0 (GPIO) . Normal I/O : 26 ports

. High sink current port : 8 ports (P2[7:0])
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Table 1. A96T418 Device Features and Peripheral Counts (continued)

1. Description

Peripherals

Description

Reset Power on reset

Power on reset : 1.2V

Low voltage reset

15 levels detect
1.61/1.77/1.88/2.00/2.13/2.28/2.46/2.68/2.81/3.06/
3.21/3.56/3.73/3.91/4.25V

Low voltage indicator

level detect: 1.88~4.25V with 13 Levels

Watch Timer (WT)

14-bit x 1-ch
3.91ms/0.25s/0.5s/1s/1min interval at 32.768KHz

Timer/counter

Basic interval timer (BIT) 8-bit x 1-ch.
Watch Dog Timer (WDT) 8-bit x 1-ch.
8-bit x 1-ch (Timer 0)

16-bit x 5-ch (Timer 1/2/3/4/5)

Communication uUsSlI

function

USART + SPI + 12C
8-bit USART x 1-ch, 8-bit SPI x 1-ch and 12C x 1-ch

USART

USART + SPI
8-bit USART x 1-ch and 8-bit SPI x 1-ch
Receiver timer out (RTO)

0% error baud rate

12-bit A/D converter

8 Input channels

20-Ch Self Capacitive Touch Switch

Fast Initial Self-Calibration

Key detection mode : Single/Multi-mode
CS Immunity : 10V

16-bit Sensing Resolutions

Support Touch Key Int. Wakeup at Power down

LED Driver

8COM (160mA) / 16SEG (13.61mA)

Constant Current Segment (3 level)

Oscillator type

2, 4, 8, 16MHz (internal RC oscillator)
32.768kHz Crystal for sub clock

Internal RC oscillator

HSIRC 16MHz +3.0% (TA=-40~ +85°C)
LSIRC 128kHz +20% (TA= -40~ +85°C)

Operating voltage and frequency

2.0V~ 5.5V @ 16MHz
2.7V~ 5.5V ( Touch, ADC, LED Diriver)

Operating temperature

-40°C to +85°C

Package

28 SOP
24 SOP
20 SOP
Pb-free packages

\BO\
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1. Description

1.2

Block Diagram

A96T418 User’s manual

In this section, A96T418 devices and peripheral are described in a block diagram.

CORE
M8051

Flash
32KB

XRAM
1792B

IRAM
256B

General purpose I/O
25 ports normal 1/0

ISP
In-system programming

Watchdog timer
1 channel, 8-bit
128kHz, internal RC OSC

Power control
Power on reset
Low voltage reset
Low voltage indicator

Power down mode

Basic interval timer
1 channel, 8-bit

Clock generator
16MHz, Internal RC OSC
128kHz Internal WDT OSC

32.768kHz, Crystal OSC

Timer / Counter
1 channel, 8-bit
5 channels, 16-bit

LED Driver
8 COM/ 16 SEG

PWM
1-ch 8-bit (T0)
5-ch 16-bit (TL/T2/T3/T4/T5)

Buzzer
1 channel, 8-bit

ADC
8 Input channels, 12-bit

USART
2 channels, 8-bit

SPI
2 channels, 8-bit

Touch Switch
20 channels

12C
1 channels, 8-bit

16

Figure 1. Block diagram of A96T418

\BO\

SEMICONDUCTOR



A96T418 User's manual 2. Pinouts and pin description

2 Pinouts and pin description
Pinouts and pin descriptions of A96T418 device are introduce in the following sections.

2.1 Pinouts

VDD [] 1 v 28 [ P30/CAPN
vss [] 2 27 [ P31/SEG14/RXD1/MISO1/EINT8/CS17
P27/SXIN/COM7(SEG7)/TOO/PWMO00/CS16 [ 3 26 ] POO/RESETB/SEG13/TXD1/MOSI1/CS18
P26/SXOUT/COM6(SEGB)/EINT10/CS15 [ 4 25 [] PO1/DSDA/RXDO/MISO0/SCLO/EC3
P25/COM5(SE GS)/EINT11/EC0/CS14 [ 5 24 [ P02/DSCL/TXD0O/MOSIO/SDAO/T30/PWM30
P24/COM4(SEG4)/CS13 [ 6 A96T418GD 23 [ P03/BUZ0/SEG12/SCKO/EINTO/AN7/AVREF/ICS19
P23/COM3(SEG3)/EC1/CS12 [ 7 (28-SOP) 22 [ PO04/SEG11/SSO/EINT1/ANO/CSO
P22/COM2(SEG2)/CS11 [] 8 21 [ PO5/SEG10/EINT2/T30/PWM30/AN1/CS1
P21/COM1(SEG1) [ 9 20 [ PO6/SEGY/EINT3/EC3/TA0/PWMA4O/AN2/CS2
P20/COMO(SE GQ). 10 19 [_] PO7/SEGS/EINT4/T50/PWM50/AN3/CS3
P17/(TXD1)/(MOSI1)/CS10 [ 11 18 [] P10/SEG15/AN4/CS4/(RXDO)/(MISOO0)/(SCLO)
P16/(RXD1)/(MISO1)/CS9 [ 12 17 1 P11/EINT5/T10/PWM10/ANS/CS5/(TXD0)/(MOSI0)/(SDAO)
P15/ScK1/Ccs8 [ 13 16 [] P12/EINT12/T20/PWM20/ANG/CS6
P14/SS1/CcS7T [C[] 14 15 [] P13

NOTES:
1. The programmer (E-PGM+, E-Gang4/6) uses P0[2:1] pin as DSCL, DSDA.

Figure 2. A96T418 28SOP pin assignment (Without VDDLED)
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2. Pinouts and pin description

A96T418 User’s manual

VDD

P27/SXIN/COM7(SE G7)/TOO/PWMOO/CS16
P26/SXOUT/COM6(SE G6)/EINT10/CS15
P25/COM5(SE G5)/EINT11/EC0/CS14
P24/COMA(SE G4)/CS13
P23/COM3(SEG3)/EC1/CS12
P22/COM2(SE G2)/CS11

P21/COM1(SEGL1)

P20/COMO(SE GO)
P17/(TXD1)/(MOSI1)/CS10
P16/(RXD1)/(MISO1)/CS9

NOTES:

—

VsSS []

A0000000nnn

© 00 N o g B~ W N -

R =
N B O

C

Uoiiuuoooogt

A96T418LD
(24-SOP)

P30/CAPN
P31/SEG14/RXD1/TXD1/MISO1/EINT8/CS17
POO/RESETB/SEG13/TXD1/MOSI1/CS18
P01/DSDA/RXDO/MISO0/SCLO/EC3
P02/DSCL/TXD0/MOSI0/SDAO/T30/PWM30
P03/BUZ0/SEG11/SCKO/EINTO/AN7/AVREF/CS19
P04/SEG11/SSO/EINT1/ANO/CSO

PO5/SE G10/EINT2/T30/PWM30/AN1/CS1

P06/SE G9/EINT3/EC3/T40/PWM40/AN2/CS2
PO7/SEG8/EINT4/T5O/PWM50/AN3/CS3

P10/SE G15/AN4/CS4/(RXD0)/(MISO0)/(SCLO)
P11/EINT5/T10/PWM10/ANS5/CS5/(TXD0)/(MOSI0)/(SDAQ

1. The programmer (E-PGM+, E-Gang4/6) uses P0[2:1] pin as DSCL, DSDA.

2. The P12-P15 pins should be selected as a push-pull output or an input with pull-up resistor by software control.

Figure 3. A96T418 24SOP pin assignment (Without VDDLED)

18

\BO\

SEMICONDUCTOR



A96T418 User's manual

2. Pinouts and pin description

vDD [

vss [
P27/SXIN/COM7(SEG7)/TOO/PWMO00/CS16 ]
P26/SXOUT/COM6(SEG6)/EINT10/CS15 [
P25/COMS5(SEG5)/EINT11/EC0/CS14 [
P24/COMA(SEG4)/CS13 [
P23/COM3(SEG3)/ECL/CS12 [
P22/COM2(SEG2)/CS11 [

P21/COM1(SEG1) [

P20/COMO(SEG0) [

© 00 N O O B~ W DN -

=
o

C

UUUDOUUUUD

A96T418FD
(20-SOP)

20
19
18

=
-

15
14
13
12
11

NOTES:

P30/CAPN
P31/SEG14/RXD1/TXD1/MISO1/EINT8/CS17
POO/RESETB/SEG13/TXD1/MOSI1/CS18
P01/DSDA/RXDO/MISO0/SCLO/EC3
P02/DSCL/TXD0O/MOSI0/SDAO/T30/PWM30
P03/BUZ0/SEG11/SCKO/EINTO/AN7/AVREF/CS19
P04/SEG11/SSO/EINT1/ANO/CSO
PO5/SEG10/EINT2/T30/PWM30/AN1/CS1
PO6/SEGO/EINT3/EC3/T40/PWMA40O/AN2/CS2
PO7/SEGS/EINT4/T50/PWM50/AN3/CS3

1. The programmer (E-PGM+, E-Gang4/6) uses P0[2:1] pin as DSCL, DSDA.
2. The P10-P17 pins should be selected as a push-pull output or an input with pull-up resistor by software control.

Figure 4. A96T418 20SOP pin assignment (Without VDDLED)
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2. Pinouts and pin description

Figure 1

2.2

Pin Description

A96T418 User’s manual

Table 2. Normal Pin Description

PIN
/0 | Function @RESET | Shared with

Name
POO Port PO RESETB/SEG13/TXD1/MOSI1/CS18
PO1 8-Bit I/O Port DSDA/RXDO/MISO0/SCLO/EC3

Can be set in input or output
P02 mode in 1-bit units DSCL/TXD0/MOSI0/SDAO/T30/PWM30
P03 Vo Internal pull-up register can be Input BUZO0/SEG12/SCKO/EINTO/AN7/AVREF/CS19
P04 used via software when this SEG11/SSO/EINTI/ANO/CSO

port is used as input port
P05 Open Drain enable register can SEG10/EINT2/T30/PWM30/AN1/CS1
P06 be used via software when this SEGY/EINT3/EC3/T40/PWM40O/AN2/CS2
P07 portis used as output port SEGS/EINT4/TSO/PWM50/AN3/CS3
P10 Port P1 SEG15/AN4/CS4/(RXDO0)/(MISO0)/(SCLO)

8-Bit I/0 Port
P11 Can be set in input or output EINT5/T10/PWM10/AN5/CS5/(TXDO0)/(MOSIO)/(SDAO)
P12 mode in 1-bit units EINT12/T20/PWM20/AN6/CS6

Internal pull-up register can be
P13 used via software when this
P14 /0 port is used as input port Input SS1/CS7

Open Drain enable register can
P15 be used via software when this SCK1/CS8

port is used as output port.
P16 The P12 — P15 are not in the (RXD1)/(MISO1)/CS9

24-pin package.
P17 The P10 — P17 are not in the (TXD1)/(MOSI1)/CS10

20-pin package.
P20 Port P2 COMO(SEGO0)
P21 8-Bit I/0 Port COM1(SEG1)

Can be set in input or output
P22 mode in 1-bit units COM2(SEG2)/CS11
P23 Internal pull-up register can be COMS3(SEGB)/EC1/CS12

I/0 ; ; Input

P24 used via software when this | '"P COM4(SEG4)/CS13

port is used as input port
P25 Open Drain enable register can COMS5(SEG5)/EINT11/EC0/CS14
P26 be used via software when this SXOUT/COM6(SEGB6)/EINT10/CS15

ti d tput t.

P27 portis used as output por SXIN/COM7(SEG7)/TOO/PWMOO/CS16

20
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A96T418 User's manual 2. Pinouts and pin description

Table 2. Normal Pin Description (continued)

PIN
I/0 | Function @RESET Shared with
Name
Port P3
2-Bit /0 Port
Can be set in input or
P30 /0 output mode in 1-bit units Input CAPN

Internal pull-up register
can be used via software
when this port is used as
input port

Open Drain  enable
register can be used via
software when this port is
P31 used as output port. SEG14/RXD1/MISO1/EINT8/CS17
The P31 is not in the
package with VDDLED

pin.
EINTO | 1/O . . P0O3/BUZ0/SEG12/SCKO/AN7/AVREF/CS19
External interrupt inputs Input
EINT1 P04/SEG11/SS0/ANO/CSO
External interrupt input
EINT2 | 1/O and Timer 3 capture input Input PO5/SEG10/T30/PWM30/AN1/CS1
External interrupt input
EINT3 | 1/O and Timer 4 capture input Input PO6/SEG9/EC3/T40/PWM40/AN2/CS2
External interrupt input
EINT4 | 1/O and Timer 5 capture input Input PO7/SEG8/T50/PWM50/AN3/CS3
External interrupt input
EINTS | 1/O and Timer 1 capture input Input P11/T10/PWM10O/AN5/CS5/(TXD0)/(MOSIO0)/(SDAO)
EINT8 | I/O | External Interrupt input Input P31/SEG14/RXD1/MISO1/CS17
EINT10 | /O | External interrupt input Input P26/SXOUT/COM6(SEG6)/CS15
EINT11 | /O | External interrupt input Input P25/COM5(SEGS5)/EC0/CS14
EINT12 | 1fo | EXternal interrupt input | P12/T20/PWM20/ANG/CS6
and Timer 2 capture input
TOO I/O | Timer O interval output Input P27/SXIN/COM7(SEG7)/PWM00O/CS16
T10 I/O | Timer 1 interval output Input P11/EINT5/PWM10O/AN5/CS5/(TXDO0)/(MOSI0)/(SDAO)
T20 I/O | Timer 2 interval output Input P12/EINT12/PWM20/AN6/CS6

\BO\ 21
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2. Pinouts and pin description

A96T418 User’s manual

Table 2. Normal Pin Description (continued)

PIN _ @RESE _
/O | Function Shared with
Name T
. . P02/DSCL/TXDO/MOSIO/SDAO/PWM3O
T30 VO | Timer 3 interval output Input P05/ SEG10/EINT2/PWM30/ANL/CS1
T40 I/O | Timer 4 interval output Input PO6/SEG9/EINT3/EC3/PWM40/AN2/CS2
T50 I/O | Timer 5 interval output Input PO7/SEG8/EINT4/PWM50/AN3/CS3
PWMOO | /O | Timer 0 PWM output Input P27/SXIN/TOO/COM7/CS16
PWM1O | /O | Timer 1 PWM output Input P11/EINT5/T1O/AN5/CS5/(TXD0)/(MOSIO)/(SDAO)
PWM20 | /O | Timer 2 PWM output Input P12/EINT12/T20/AN6/CS6
. P02/DSCL/TXDO/MOSIO/SDAO/T30
PWMS3O | /O | Timer 3 PWM output Input P05/ SEGL0/EINT2/T30/ANL/CS1
PWM4O | /O | Timer 4 PWM output Input PO6/SEGO/EINT3/EC3/TA0/AN2/CS2
PWM50 | I/O | Timer 5 PWM output Input PO7/SEGS/EINT4/T50/AN3/CS3
ECO I/O | Timer O event count input Input P25/COM5(SEGS5)/EINT11/CS14
EC1 I/O | Timer 1 event count input Input P23/COM3(SEG3)/CS12
. . PO1/DSDA/RXDO/MISO0/SCLO
EC3 VO | Timer 3 event count input Input PO6/SEGY/EINT3/TA0/PWMAO/AN2/CS2
BUZO I/0 Buzzer signal output Input PO3/SEG12/SCKO/AN7/EINTO/AVREF/CS19
SCKO /0 | Serial O clock input/output Input PO3/BUZ0/SEG12/AN7/EINTO/AVREF/CS19
SCK1 I/O | Serial 1 clock input/output Input P15/CS8
MOSIO 1o SPI 0 master output, slave Inout P02/DSCL/TXD0O/SDAO/T30/PWM30O
input P P11/EINT5/T1O/PWM10/AN5S/CS5/(TXDO)/(SDAO)
SPI 1 master output, slave POO/RESETB/SEG13/TXD1/CS18
MOSIL 1 VO jnput Input P17/(TXD1)/CS10
SPI 0 master input, slave P01/DSDA/RXDO/SCLO/EC3
MISO0 | 1/0 ’ Input
output npu P10/SEG15/AN4/CS4/(RXD0)/(SCLO)
SPI 1 master input, slave P16/(RXD1)/CS9
MISOL 11O | Ghtput Input P31/SEG14/RXD1/EINT8/CS17
SS0 yo | SP! 0 slave selectinput (Slave |\, , P04/SEG11/SSO/EINTL/ANO/CSO
mode only)
Ss1 /0 SPI 1 slave select input (Slave Input P14/CS7
mode only)
P02/DSCL/MOSIO/SDAO/T30/PWM30
XD | ART |
0 /O | UART O data output nput P11/EINTS/TLO/PWM1O/ANS/CS5/(MOSI0)/(SDAO)
POO/RESETB/SEG13/MOSI1/CS18
TXD1 110 UART 1 data output Input P17/(MOSI1)/CS10
. P01/DSDA/MISO0/SCLO/EC3
RXD | ART |
0 /O | UART 0 data input nput P10/SEG15/AN4/CS4/(MISO0)/(SCLO)
RXD1 /O | UART 1 data input Input P16/(MISO1)/CS9

P31/SEG14/MISO1/EINT8/CS17

22
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Table 2. Normal Pin Description (continued)

PIN /0O | Function @RESET Shared with
Name
SCLO I/O | 12C 0 clock input/output Input E23;2:2%‘7;53@23?%&%?/(MISOO)
P02/DSCL/TXDO/MOSIO/T30/PWM30
SDAO | /O | 12C 0 data inputioutput | Input P11;Eﬁ\ITS//T10/I/3WMsl()//AN5//C85/(TXDO)/(MOSIO)
AVREF | 110 \;A/O ﬁagg”"e”e’ reference | |t P03/BUZ0/SEG12/SCKO/AN7/EINTO/CS19
ANO PO4/SEG11/SSO/EINT1/CS0
AN1 PO5/SEG10/EINT2/T30/PWM30/CS1
AN2 PO6/SEGO/EINT3/EC3/T40/PWM4O/CS?2
AN3 /o | AID comverter analog | |, PO7/SEGS/EINT4/T50/PWM50/CS3
AN4 input channels P10/SEG15/CS4/(RXDO0)/(MISO0)/(SCLO)
AN5 P11/EINT5/T10/PWM1O/CS5/(TXD0)/(MOSIO)/(SDAO)
ANG P12/EINT12/T20/PWM20/CS6
AN7 P03/BUZ0/SEG12/SCKO/AVREF/EINTO/CS19
COMO P20/(SEGO)
COM1 P21/(SEG1)
COM2 P22/(SEG2)/CS11
COM3 P23/(SEG3)EC1/CS12
LED COM ports Input
COM4 P24/(SEG4)/CS13
COMS5 P25/(SEG5)/EINT11/EC0/CS14
COM6 P26/(SEG6)/SXOUT/EINT10/CS15
COM7 P27/(SEG7)SXIN/TOD/PWMOO/CS16
SEGO P20/(COMO)
SEG1 P21/(COM1)
SEG2 P22/(COM2)/CS11
SEG3 P23/(COM3)EC1/CS12
SEG4 P24/(COM4)/CS13
SEG5 P25/(COMS)/EINT11/ECO/CS14
SEG6 P26/(COMS6)/SXOUT/EINT10/CS15
SEG7 | 1/0 | LED SEG ports Input P27/(COM7)SXIN/TOD/PWMOO/CS16
SEGS PO7/EINT4/TSO/PWM50/AN3/CS3
SEG9 POG/EINT3/EC3/T40/PWM40O/AN2/CS2
SEG10 POS/EINT2/T30/PWM30/AN1/CS1
SEG11 P04/SSO/EINT1/ANO/CSO
SEG12 P03/BUZ0/SCKO/EINTO/AN7/AVREF/CS19
SEG13 POO/RESETB/TXD1/MOSI1/CS18
SEG14 P31/RXD1/MISO1/EINTS8/CS17
CAPN I/O | Modulation CAP Input P30

\BO\ 23
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Table 2. Normal Pin Description (continued)

PIN
/0 | Function @RESET | Shared with
Name
CSO0 P04/SEG11/SSO/EINT1/ANO
CS1 PO5/SEG10/EINT2/T30/PWM30O/AN1
CS2 PO6/SEG9/EINT3/EC3/T40/PWM40/AN2
CS3 PO7/SEGS8/EINT4/T50/PWM50/AN3
Cs4 P10/SEG15/AN4/(RXD0)/(MISO0)/(SCLO)
CS5 P11/EINT5/T10/PWM10/AN5/(TXDO0)/(MOSIO0)/(SDAO)
CS6 P12/EINT12/T20/PWM20/AN6
CS7 P14/SS1
Cs8 P15/SCK1
CSs9 . P16/(RXD1)/(MISO1)
/0 | Touch Switch Inputs Input
CS10 P17/(TXD1)/(MOSI1)
Cs11 P22/COM2(SEG2)
CS12 P23/COM3(SEG3)/EC1
CS13 P24/COM4(SEGA4)
Cs14 P25/COM5(SEGS5)/EINT11/ECO
CS15 P26/SXOUT/COM6(SEGBG)/EINT10
CS16 P27/SXIN/COM7(SEG7)/TOO/PWMOO
CS17 P31/SEG14/RXD1/MISO1/EINT8
CS18 POO/RESETB/SEG13/TXD1/MOSI1
CS19 P03/BUZ0/SEG12/SCKO/EINTO/AN7/AVREF
System reset pin with a
pull-up resistor when it
RESETB | I/O |is selected as the | Input POO/SEG13/TXD1/MOSI1/CS18
RESETB by
CONFIGURE OPTION
DSDA yo | In-system programming |\ PO1/RXDO/MISO0/SCLO/EC3
data input/output
DSCL yo | In-system programming |\ P02/TXDO/MOSIO/SDAO/T30/PWM30
clock input
SXIN 1/0 | Sub oscillator pins Input P27/TOO/PWMOO/COM7(SEG7)/CS16
SXOUT P26/COM6(SEGG6)/EINT10/CS15
VDD, - Power input pins - -
VSS putp
VDDLED | — Power input pin for LED | — -

24
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NOTES:
The P12—-P15 are not in the 24-pin package.

The P10—P17 are not in the 20-pin package.
The POO/RESETB pin is configured as one of the PO0 and RESETB pin by the “CONFIGURE OPTION.”

If the PO1/EC3/MISO0/RXD0/SCLO/DSDA and P02/T30/PWM30/MOSI0/TXD0/SDAO/DSCL pins are
connected to the programmer during power-on reset, the pins are automatically configured as In-system
programming pins.

5. The PO1/EC3/MISO0/RXD0/SCLO/DSDA and P02/T30/PWM30/MOSI0/TXD0/SDAO/DSCL pins are configured
as inputs with internal pull-up resistor only during the reset or power-on reset.

6. The POO/RESETB/SEG13/TXD1/MOSI1/CS18, P27/T0O/PWM0OO/COM7/CS16/SXIN, and
P26/COMBG/EINT10/CS15/SXOUT pins are configured as a function pin by software control.

Ao nN PR
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3. Port Structures A96T418 User’s manual

3 Port Structures

3.1 General Purpose I/0 Port

- Level Shift (1.8V to ExtVDD)

‘ Level Shift (ExtvDD to 1.8V)

PULL-UP
REGISTER |

OPEN DRAIN

REGISTER |
DATA —0:>c

REGISTER 0
MUX )

SUB-FUNC DATA OUTPUT 1

J )0—-—|
—— SUB-FUNC ENABLE — /\

VDD VDD

DIRECTION
REGISTER *—0
MUX

SUB-FUNC DIRECTION 1

R(400Q)

PORTx INPUT

—(

3 1 Q D Schmitt Level
Input
SUB-FUNC cpll_DEBOUNCE
DATA INPUT ; CLK
DEBOUNCE
ENABLE

ANALOG CHANNEL
ENABLE

ANALOG INPUT

I
I
I
I
I
I
I
I
I
I
I
l
I
| CMOS or
I
I
I
I
I
I
I
I
I
|
I
I
I
|

Figure 5. General Purpose /O Port
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3.2 SEGI/O Port

- Level Shift (1.8V to ExtVDD)

‘ Level Shift (ExtVDD to 1.8V)

PULL-UP

REGISTER

|

|

|

1

T

|

|

|

SEGOUT |
1 |

SEGDIMMO0~2 MUX |
REGISTER 0 I
|

|

SEG SEL |

|

|

|

|

|

|

|

|

|

|

|

Y

Z i

SEGOUT  +—— |
SEGDIMM3-5
REGISTER
’ SEG SEL

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

B |

DATA . /\ |
REGISTER I

MoX i | PAD| |

SUB-FUNC DATA OUTPUT 1 | [

|

—— SUB-FUNC ENABLE — j > | 4 /\ |

|

DIRECTION = L I

REGISTER 0 I

MUX

SUB-FUNC DIRECTION 1 :

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

ANALOG CHANNEL
ENABLE

ANALOG INPUT

OPEN DRAIN VDD VDD VDD
REGISTER
I
I
I
I
: R(400Q)
PORTx INPUT '
I
MUX |
= |
I
0 —<C [—
MUX l CMOS or
1 Q D | Schmitt Level
| Input
SUB-FUNC <ol _DEBOUNCE
DATA INPUT ‘ CLK '
DEBOUNCE I
ENABLE |
I
I
I
I
|
I
I
l

Figure 6. SEG 1/O Port
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3.3 COM & SEG I/O Port

A96T418

User’s manual

PULL-UP
REGISTER

SEGOUT

SEGDIMMO0-~2
REGISTER

SEGOUT

| !

L
V};'

SEGDIMM3~5
REGISTER

- Level Shift (1.8V to ExtVDD)

‘ Level Shift (ExtvDD to 1.8V)

A 9

SEG SEL

OPEN DRAIN
REGISTER

DATA 0
REGISTER
MUX
SUB-FUNC DATA OUTPUT——1

— SUB-FUNC ENABLE

DIRECTION

REGISTER o
MUX
SUB-FUNC DIRECTION —1

comMouT

H
z

PAD

I
| EXTERNAL
- INTERRUPT
|
| INTERRUP
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Figure 7. COM & SEG I/O Port
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4 Memory organization

The A96T418 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.

A96T418 provides on-chip 32Kbytes of the ISP type flash program memory, which can be read and written to.
Internal data memory (IRAM) is 256bytes and it includes the stack area. External data memory (XRAM) is 1792bytes.

4.1 Program Memory

A 16-bit program counter is capable of addressing up to 64Kbytes, but this device has just 32Kbytes program

memory space.

Figure 8 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 3, for example, is
assigned to location 001BH. If external interrupt 3 is going to be used, its service routine must begin at location
001BH. 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 8bytes interval. Longer service routines can use a jump instruction to skip over subsequent interrupt

locations, if other interrupts are in use.
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FFFFHF — — — — — — — — — — — — — 7

I |

| |

I |

I I

I I

I I

I I

I I

| |

| |

I |

I |

I |

I |

I |

I |

| |

I |

I |

I |
7FFFH

Program Memory Areas
32Kbytes
. 003FH
Configuration Area '
Interrupt Vector Areas 64bytes 5

0000H * 0000H

Figure 8. Program Memory

NOTES:
1. 32Kbytes Including Interrupt Vector Region
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4.2 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)
OOH

Figure 9. Data Memory Map

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

upper 128bytes, and SFR space.

Internal data memory addresses are always one byte wide, which implies an address space of only 256bytes.
However, in fact, the addressing modes for internal RAM can accommodate up to 384bytes 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 9 shows the upper 128bytes and SFR space occupying the same block of

addresses, 80H through FFH, although they are physically separate entities.

The lower 128bytes of RAM are present in all 8051 devices as mapped in Figure 10. The lowest 32bytes 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 16bytes 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 128bytes can be accessed by either direct or indirect addressing. The upper 128bytes

RAM can only be accessed by indirect addressing. These spaces are used for data RAM and stack.
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( TFH [7FT7E]7D]7CT7B]7A] 79 78
77|76 |75 74|73 | 72| 71|70
6F [6E [6D | 6C |6B | 6A [ 69 | 68
. 67|66 |65|64|63[62]61]60
General Purpose 5F [5E [5D |5C [5B | 5A | 59 | 58
80bytes < Register 5756 55|54 |53|52]|51]50
g 4AF [4E |4aD|4c 4B |4A| 49 | 48
47 (46 (45|44 |43 |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
2726|2524 (23(22]21]20
16bytes Bit Addressable 1F[1E[1D|1C|1B|1A[ 1918
(128bits) 1716|1514 [13[12|11 |10
20H OF [OE [OD|[0C|0OB|0A |09 |08
8bytes ol Register Bank 3 .. |07]06]05]04103]02]01)00
181 (8bytes)
17H
Register Bank 2
8bytes { LoH (8bytes)
OFH Register Bank 1 R7
8bytes { - (8bytes) 5
O7H Register Bank 0 Ei
8bytes { g(8bytes) =3
OOH =
R1
RO

Figure 10. Lower 128bytes RAM
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4.3 External Data Memory

A96T418 has 1792bytes XRAM and XSFR. This area has no relation with RAM/FLASH. It can be read and written
to through SFR with 8-bit unit.

107FH
Extended
Special Function Registers
128bytes
(Indirect Addressing)
1000H
Not used
06FFH
External RAM
1792bytes
(Indirect Addressing)
0000H

Figure 11. XDATA Memory Area
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44  SFRMap

441 SFR Map Summary

Table 3. SFR Map Summary

A96T418 User’s manual

- | Reserved

M8051 compatible

00H/8H™ 01H/9H 02H/0AH 03H/0BH 04H/0CH 05H/0DH 06H/OEH 07H/OFH
OF8H | IP1 - - - UBAUD UDATA - -
OFOH | B - - - - - - -
OE8H | RSTFR - - - - - P3FSR -
OEOH | ACC USIOST1 USIOST2 usIoBD USIOSDHR | USIODR USIOSCLR | USIOSCHR
OD8H | LVRCR USIOCR1 USIOCR2 USIOCR3 USIOCR4 USIOSAR PODB P123DB
ODOH | PSW - POFSRL POFSRH P1FSRL P1FSRH P2FSRL P2FSRH
0C8H | OSCCR - - UCTRL1 UCTRL2 UCTRL3 - USTAT
0COH | EIFLAGO P3I10 T2CRL T2CRH T2ADRL T2ADRH T2BDRL T2BDRH
0B8H | IP P210 T1CRL T1CRH T1ADRL T1ADRH T1BDRL T1BDRH

TODR/
0BOH | - P110 TOCR TOCNT - - -
TOCDR
0A8H | IE IE1 IE2 IE3 POPU P1PU P2PU P3PU
O0AOH | - POIO EO - EIPOLOL EIPOLOH EIFLAG1 EIPOLA1
98H P3 - - - ADCCRL ADCCRH ADCDRL ADCDRH
90H P2 POOD P10D P20D - - WTCR BUZCR
WTDR/ WDTDR/
88H P1 SCCR BITCR BITCNT WDTCR BUZDR
WTCNT WDTCNT
80H PO SP DPL DPH DPLA1 DPH1 LVICR PCON
NOTES:

1. O0O0H/8H, These registers are bit-addressable.

34

\BO\

SEMICONDUCTOR




A96T418 User's manual

1078H

1070H

1068H

1060H

1058H

1050H

1048H

1040H

1038H

1030H

1028H

1020H

1018H

1010H

1008H

1000H

Table 4. XSFR Map Summary

. Memory organization

00H/8H™ 01H/9H 02H/0AH 03H/0BH 04H/0CH 05H/0DH 06H/0EH 07H/OFH
FEARH FEARM FEARL FEDR FETR - - -
FEMR FECR FESR FETCR FEARM1 FEARLA1 - -
UCTRL4 FPCR RTOCH RTOCL - - - -
T5CRH T5CRL T5ADRH TS5ADRL T5BDRH T5BDRL - -
T4CRH T4CRL T4ADRH T4ADRL T4BDRH T4BDRL - -
T3CRH T3CRL T3ADRH T3ADRL T3BDRH T3BDRL - -

\BO\
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4.4.2 SFRMap

Table 5. SFR Map

@Reset

Address | Function Symbol R/W
7 |6 |5 |4 |3 |2 (1 |0
80H PO Data Register PO RwW |0 (O O |O |O O |O |O
81H Stack Pointer SP R/W 0O [0 |O |O |O 1 1 1
82H Data Pointer Register Low DPL R/W o |0 |0 |O |O |O |O |O
83H Data Pointer Register High DPH R/W 0o |0 |0 |O |O |O |O |O
84H Data Pointer Register Low 1 DPLA1 R/W o |0 |0 |O |O O (O |O
85H Data Pointer Register High 1 DPHA1 R/W o |0 |0 |O |O |O |O |O
86H Low Voltage Indicator Control Register LVICR R/W - |- 0|0 |0 O |O |O
87H Power Control Register PCON R/W O |- |- |- 10 |O |O |O
88H P1 Data Register P1 RwW |0 (O O |O |O (O |O |O
Watch Timer Data Register WTDR w 0 1 1 1 1 1 1 1
891 Watch Timer Counter Register WTCNT R - |0 |0 |O |O |O |O |O
8AH System and Clock Control Register SCCR R/W - |- |- |- 1- |- 0 |0
8BH Basic Interval Timer Control Register BITCR R/W 0 1 0 |0 |O 1 0 1
8CH Basic Interval Timer Counter Register BITCNT R o |0 |0 |O |O |O |O |O
8DH Watch Dog Timer Control Register WDTCR R/W 0O |0 |0 |- |- |- 0 |0
Watch Dog Timer Data Register WDTDR w 1 1 1 1 1 1 1 1
8EH Watch Dog Timer Counter Register WDTCNT R o |0 |0 |O |O |O |O |O
8FH BUZZER Data Register BUZDR R/W 1 1 1 1 1 1 1 1
90H P2 Data Register P2 R/W o |0 |0 |O |O |O (O |O
91H PO Open-drain Selection Register POOD R/W o |0 |0 |O |O |O |O |O
92H P1 Open-drain Selection Register P10D R/W o |0 |0 |O |O |O |O |O
93H P2 Open-drain Selection Register P20D R/W o |0 |0 |O |O |O O |O
94H Reserved - - - |- 1=-1-1-1-1- |-
95H Reserved - - - - 1=-1-1-1-1- |-
96H Watch Timer Control Register WTCR R/W O |- |- 1]0 |O |O |O |O
97H BUZZER Control Register BUZCR R/W - |- 1-1]1-1]1- 10 (0 |0
98H P3 Data Register P3 R/W - |- 1= |- 1- |- 0 |0
99H Reserved - - - |- 1-1-1-1-1- |-
9AH Reserved - - - |- |- 1=-1-1-1- |-
9BH Reserved - - - |- 1-1-1-1-1- |-
9CH A/D Converter Control Low Register ADCCRL R/W 0|0 |0 |0 |- 0O |0 |O
9DH A/D Converter Control High Register ADCCRH R/W 0O |0 |O |O |O |O |O 1
9EH A/D Converter Data Low Register ADCDRL R o |0 |0 |O |O O (O |O
9FH A/D Converter Data High Register ADCDRH R o |0 |0 |O |O |O |O |O
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Table 5. SFR Map (Continued)

@Reset

Address | Function Symbol R/W
7 |16 |5 (4 |3 |2 |1 |0
AOH Reserved - - - == 1-1-1-1- |-
A1H PO Direction Register POIO R/W 0 0 0 0 0 0 0 0
A2H Extended Operation Register EO R/W - |- /- 10 |- |10 |0 |O
A3H Reserved - - - |- == |- |- |- |-
A4H External Interrupt Polarity O Low Register EIPOLOL R/W 0O (0 |0 |O |O |O |O |O
A5H External Interrupt Polarity 0 High Register EIPOLOH R/W - |- /- 1/-10 |0 |0 |O
A6H External Interrupt Flag 1 Register EIFLAG1 R/W 0 0 - - 0 0 0 0
A7TH External Interrupt Polarity 1 Register EIPOL1 R/W 0O (0 |0 |O |O |O |O |O
A8H Interrupt Enable Register IE R/W 0 |- 0 |0 |O |O |O |O
A9H Interrupt Enable Register 1 IE1 R/W - |/- 10 |0 |0 |O |- |O
AAH Interrupt Enable Register 2 IE2 R/W - |- 0 |0 |O |O |O |O
ABH Interrupt Enable Register 3 IE3 R/W - |- 0 |0 |O |O |O |O
ACH PO Pull-up Resistor Selection Register POPU R/W 0 |0 0 0 |0 |0 |O |O
ADH P1 Pull-up Resistor Selection Register P1PU R/W 0 (0 0 |0 |O |O |O |O
AEH P2 Pull-up Resistor Selection Register P2PU R/W 0O (0 |0 |O |O |O |O |O
AFH P3 Pull-up Resistor Selection Register P3PU R/W - |- |- 1- |- |- 0 |0
BOH Reserved - - - == 1-1-1-1- |-
B1H P1 Direction Register P110 R/W 0O (0 |0 |O |O |O |O |O
B2H Timer 0 Control Register TOCR R/W 0O (- |0 |O |O |O |O |O
B3H Timer 0 Counter Register TOCNT R 0O (0 |0 |O |O |O |O |O
B4H Timer 0 Data Register TODR R/W 1 1 1 1 1 1 1 1
Timer 0 Capture Data Register TOCDR R 0O (0 |0 |O |O |O |O |O
BSH Reserved - - - |- == 1- |- |- |-
B6H Reserved - - - |- == 1- |- |- |-
B7H Reserved - - - - |=-1-1-1-1- |-
B8H Interrupt Priority Register IP R/W - |- 0O |0 |O |O |O |O
BO9H P2 Direction Register P210 R/W 0 0O |0 |O |O |O |O
BAH Timer 1 Control Low Register T1CRL R/W 0 0O |0 |- |0 |O |O
BBH Timer 1 Counter High Register T1CRH R/W O (- |0 |O |- |- |=-10
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
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Table 5. SFR Map (Continued)

@Reset
Address | Function Symbol R/W

7 |6 3 12 |1 |0
COH External Interrupt Flag 0 Register EIFLAGO R/W - |- 10 1|0 0
C1H P3 Direction Register P3IO R/W - |- 1-1-1- |- 0
C2H Timer 2 Control Low Register T2CRL R/W o (0 (0 (O |- |0 |- 1|0
C3H Timer 2 Control High Register T2CRH R/W O (- (0 (O |- |- |- 10
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 Oscillator Control Register OSCCR R/W 0 [0 |1 0 (1 0O |- |0
C9H Reserved - - - - 1=-1-1-1-1-1-
CAH Reserved - - - = 1=-1=-1-1-1-1-
CBH USART Control Register 1 UCTRL1 R/W 0 |0 |[O |O O |O |O |O
CCH USART Control Register 2 UCTRL2 R/W 0 |0 |O |O O |O |O |O
CDH USART Control Register 3 UCTRL3 R/W 0 |0 |O |O |- |O |O |O
CEH Reserved - - - - 1=-1-1-1-1-1-
CFH USART Status Register USTAT R/W 1 /10 |0 |0 |O |O |O (O
DOH Program Status Word Register PSW R/W o (0 (0O (O |O |O |O |O
D1H Reserved - - - - - - - - - -
D2H PO Function Selection Low Register POFSRL R/W 0 (0 (O (O |O 0 (0 |O
D3H PO Function Selection High Register POFSRH R/W 0O (0 (O (O |O |O |0 |O
D4H P1 Function Selection Low Register P1FSRL R/W 0 (0 (O (O |O 0 (0 |O
D5H P1 Function Selection High Register P1FSRH R/W 0O (0 (O (O |O |O |0 |O
D6H P2 Function Selection Low Register P2FSRL R/W 0 (0 (O (O |O 0 (0 |O
D7H P2 Function Selection High Register P2FSRH R/W 0 (0 (O (O |O 0 (0 |O
D8H Low Voltage Reset Control Register LVRCR R/W - |- 1- 10 (0 |0 |O |O
D9H USIO Control Register 1 USIOCR1 R/W 0 |0 |O |O O |O |O |O
DAH USIO Control Register 2 USIOCR2 R/W 0 |0 |O |O O |O |O |O
DBH USIO Control Register 3 USIOCR3 R/W 0 |0 |O |O O |O |O |O
DCH USIO Control Register 4 USIOCR4 R/W 0O |- |0 O O |O |O |O
DDH USIO Slave Address Register USIOSAR R/W 0O |0 (0O |O |O 0O |0 |O
DEH PO De-bounce Enable Register PODB R/W 0 (0 |- 0 (0 0 (0 |O
DFH P1/P2/P3 De-bounce Enable Register P123DB R/W - |- 1- 10 (0 |0 |O |O
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Table 5. SFR Map (Continued)

@Reset
Address | Function Symbol R/W

7 |6 |5 (4 |3 |2 |1 0
EOH Accumulator Register ACC R/W 0o |0 |0 |O |O |O (O |O
E1H USIO Status Register 1 USIOST1 R/W 110 (0O |O (O O O |O
E2H USIO Status Register 2 uUSIoST2 R 0|0 |O |O |O |O O |O
E3H USIO Baud Rate Generation Register usSIoBD R/W 1 1 1 1 1 1 1 1
E4H USIO SDA Hold Time Register USIOSHDR R/W o |0 |0 |O |O |0 |O 1
E5H USIO Data Register USIODR RwW (0 (0O |O |O |O |O |O |O
E6H USIO SCL Low Period Register USIOSCLR RwW |0 [0 |1 1 1 1 1 1
E7H USIO SCL High Period Register USIOSCHR |RW |0 [0 |1 1 1 1 1 1
E8H Reset Flag Register RSTFR R/W 1 X 0O |0 |x |- |- |-
E9H Reserved - - - = = == 1= 1= |=
EAH Reserved - - — == == 1= 1= 1=
EBH Reserved - - — == == 1= 1= 1=
ECH Reserved - - - = = == 1= 1= |=
EDH Reserved - - — == == 1= 1= 1=
EEH P3 Function Selection Register P3FSR R/W - |- |- |- 0 0 0 0
EFH Reserved - - — == == 1= 1= 1=
FOH B Register B R/W 0 |0 0 |0 0 0 0 0
F1H Reserved - - - = = == 1= 1= 1=
F2H Reserved - - — == == 1= 1= 1=
F3H Reserved - - - = = = |=]= 1= |=
F4H Reserved - - — = = == 1= 1= 1=
F5H Reserved - - - = = = |=]= 1= |=
F6H Reserved - - — = = == 1= 1= 1=
F7H Reserved - - — = = == 1= 1= 1=
F8H Interrupt Priority Register 1 IP1 R/W - |- 10 |0 (O |O |O |O
FOH Reserved - - — = = == 1= 1= 1=
FAH Reserved - - - == == 1= 1= 1=
FBH Reserved - - — = = == 1= 1= 1=
FCH USART Baud Rate Generation Register UBAUD R/W 1 1 1 1 1 1 1 1
FDH USART Data Register UDATA R/W o |0 |0 |O |O |O (O |O
FEH Reserved - - — = = 1= |= 1= 1= 1=
FFH Reserved - - - |- |- |- - | = - | =
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Table 6. XSFR Map

@Reset
Address | Function Symbol R/W

7 |6 (5 (4 |3 (2 (1 |0
1000H Timer 3 Control High Register T3CRH R/W 0 |- 0 o |- |- |- 0
1001H Timer 3 Control Low Register T3CRL R/W 0 0 0 0 |- 0 |0 |O
1002H Timer 3 A Data High Register T3ADRH R/W 1 1 1 1 1 1 1 1
1003H Timer 3 A Data Low Register T3ADRL R/W 1 1 1 1 1 1 1 1
1004H Timer 3 B Data High Register T3BDRH R/W 1 1 1 1 1 1 1 1
1005H Timer 3 B Data Low Register T3BDRL R/W 1 1 1 1 1 1 1 1
1006H Reserved - - - |- - |- |- |- |- |-
1007H Reserved - - - |- 1=-1-1-1-1- |-
1008H Timer 4 Control High Register T4CRH R/W o |- (0 O |- |- |-160
1009H Timer 4 Control Low Register T4CRL R/W o |0 (O O |- |O |- 10O
100AH Timer 4 A Data High Register T4ADRH R/W 1 1 1 1 1 1 1 1
100BH Timer 4 A Data Low Register T4ADRL R/W 1 1 1 1 1 1 1 1
100CH Timer 4 B Data High Register T4BDRH R/W 1 1 1 1 1 1 1 1
100DH Timer 4 B Data Low Register T4BDRL R/W 1 1 1 1 1 1 1 1
100EH Reserved - - - |- 1=-1-1-1-1- |-
100FH Reserved - - - |- - |- |- 1- |- |-
1010H Timer 5 Control High Register T5CRH R/W 0 |- 0 o |- |- |- 0
1011H Timer 5 Control Low Register T5CRL R/W o |0 (0 (O |- |O |- |O
1012H Timer 5 A Data High Register T5ADRH R/W 1 1 1 1 1 1 1 1
1013H Timer 5 A Data Low Register T5ADRL R/W 1 1 1 1 1 1 1 1
1014H Timer 5 B Data High Register T5BDRH R/W 1 1 1 1 1 1 1 1
1015H Timer 5 B Data Low Register T5BDRL R/W 1 1 1 1 1 1 1 1
1016H Reserved - - - |- - |- |- 1- |- |-
1017H Reserved - - - |- 1=-1-1-1-1- |-
1018H USART Control Register 4 UCTRL4 R/W - |- |- 10 |0 |O |O |O
1019H USART Floating Point Counter FPCR R/W 0 |0 (O |O |O |O |O (O
101AH Receiver Time Out Counter High Register RTOCH R 0 0 0 0 0 |0 |0 |O
101BH Receiver Time Out Counter Low Register RTOCL R 0O |0 O O |O |O |O |O
101CH Reserved - - - |- 1=-1-1-1-1- |-
101DH Reserved - - - |- - |- |- 1- |- |-
101EH Reserved - - - |- - |- |- 1- |- |-
101FH Reserved - - - |- - |- |- |- |- |-
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Table 6. XSFR Map (Continued)

4. Memory organization

. @Reset

Address | Function Symbol R/W

7 |6 4 (3 (2 (1 |0
1020H | Flash Mode Register FEMR RW 1o |- o [o|o |o o
1021H | Flash Control Register FECR RW 1o |- 0o (o [0 [1 |1
1022H | Flash Status Register FESR RW |4 | _ ~lo|o |o |o
1023H | Flash Time Control Register FETCR RW 1o |o o |o|o |o o
1024H | Flash Address Middle Register 1 FEARM1 RW 1o |o 0o |o|o |0 |0
1025H Flash Address Low Register 1 FEARL1 RW 0 0 0 0 0 0 0
1026H Reserved - - - - - - - - _
1027H Reserved - - - - - | = - |- |-
1028H | Flash Address High Register FEARH RW 1o |o o o |o |o o
1029H | Flash Address Middle Register FEARM RW 1o |o o |o|o |o o
102AH Flash Address Low Register FEARL RW 0 0 0 |0 0 0 0
102BH Flash Data Register FEDR - - - - - - - -
102CH Flash Test Register FETR R/W 0 |0 0O |0 |O |O |O
102DH Reserved - - - - - - - - _
102EH Reserved - - - - - | = - |- |-
102FH Reserved - - - - - - - - _
1030H Reserved - - - - - = = | = |=
1031H Reserved - - - - - - - - _
1032H Reserved - - - - - - - - _
1033H Reserved - - - - - = = | = |=
1034H Reserved - - - - - - - - _
1035H Reserved - - - - - = = | = |=
1036H Reserved - - - - - - - - _
1037H Reserved - - - - - = = | = |=
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4.4.3 Compiler Compatible SFR

ACC (Accumulator Register): EOH

A96T418 User’s manual

7 6 5 4 2 1 0
| ACC
RW RW RW RW RW RW RW
Initial value: OOH
ACC Accumulator
B (B Register): FOH
7 6 5 4 3 1 0
| B
RW RW RW RW RW RW RW
Initial value: O0OH
B B Register
SP (Stack Pointer): 81H
7 6 5 4 2 1 0
| P
RW RW RW RW RW RW RW
Initial value: 07H
SP Stack Pointer
DPL (Data Pointer Register Low): 82H
7 6 5 4 2 1 0
| DPL
RW RW RW RW RW RW RW
Initial value: O0OH
DPL Data Pointer Low
DPH (Data Pointer Register High): 83H
7 6 5 4 2 1 0
| DPH
RW RW RW RW RW RW RW
Initial value: O0OH
DPH Data Pointer High
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DPL1 (Data Pointer Register Low 1): 84H

7 6 5 4 3 2 1 0
| DPL1

RW RW RW RW RW RW RW RW
Initial value: O0H

DPL1 Data Pointer Low 1
DPH1 (Data Pointer Register High 1): 85H

7 6 5 4 3 2 1 0
| DPHL

RW RW RW RW RW RW RW RW
Initial value: O0H

DPH1 Data Pointer High 1
PSW (Program Status Word Register): DOH

7 6 5 4 3 2 1 0
| o | A~ | R | &R RSO ov F1 P
RW RW RW RW RW RW RW RW
Initial value: O0OH

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
(0)Y] 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
| - | - | - | mePEN | - | opse2 | orsE1 DPSELO
- - - RW - RW RW RW
Initial value: 00H
TRAP_EN Select the Instruction (Keep always ‘0’).
0 Select MOVC @(DPTR++), A
1 Select Software TRAP Instruction

DPSEL[2:0] Select Banked Data Pointer Register
DPSEL2 DPSEL1 SPSELO Description

0 0 0 DPTRO
0 0 1 DPTR1
Reserved
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5 1/0 Ports

5.1 1/0 Ports

The A96T418 has four groups of 1/0 ports (PO ~ P3). 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 includes

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

5.2 Port Register
5.2.1 Data Register (Px)

Data Register is a bidirectional 1/0 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.

5.2.2 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.
5.2.3  Pull-up Resistor Selection Register (PxPU)

The on-chip pull-up resistor can be connected to 1/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.
5.2.4 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. Almost ports become push-pull by a system reset, but some ports

become open-drain by a system reset.
5.2.5 De-bounce Enable Register (PxDB)

PO[7:3], P1[2:1], P2[6:5] and P31 support debounce function. Debounce clocks of each ports are fx/1, fx/4, and
fx/4096.
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5.2.6  Port Function Selection Register (PxFSR)

5. 1/0 Ports

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 1/O ports.

5.2.7 Register Map

Table 7. Port Register Map

Name Address Direction Default Description

PO 80H R/W 00H PO Data Register

POIO A1H R/W 00H PO Direction Register

POPU ACH R/W 00H PO Pull-up Resistor Selection Register
POOD 91H R/W 00H PO Open-drain Selection Register
PODB DEH R/W 00H PO De-bounce Enable Register
POFSRH D3H R/W 00H PO Function Selection High Register
POFSRL D2H R/W 00H PO Function Selection Low Register
P1 88H R/W 00H P1 Data Register

P110 B1H R/W 00H P1 Direction Register

P1PU ADH R/W 00H P1 Pull-up Resistor Selection Register
P10D 92H R/W 00H P1 Open-drain Selection Register
P123DB DFH R/W 00H P1/P2/P3 De-bounce Enable Register
P1FSRH D5H R/W 00H P1 Function Selection High Register
P1FSRL D4H R/W 00H P1 Function Selection Low Register
P2 90H R/W 00H P2 Data Register

P210 B9H R/W 00H P2 Direction Register

P2PU AEH R/W 00H P2 Pull-up Resistor Selection Register
P20D 93H R/W 00H P2 Open-drain Selection Register
P2FSRH D7H R/W 00H P2 Function Selection High Register
P2FSRL D6H R/W 00H P2 Function Selection Low Register
P3 98H R/W 00H P3 Data Register

P310 C1H R/W 00H P3 Direction Register

P3PU AFH R/W 00H P3 Pull-up Resistor Selection Register
P3FSR EEH R/W 00H P3 Function Selection Register

\BO\

SEMICONDUCTOR

45



5. 1/0 Ports A96T418 User’s manual

5.3 PO Port
5.3.1 PO Port Description

PO is 8-bit I/O port. PO control registers consist of PO data register (P0), PO direction register (P0IO), de-bounce
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.

5.3.2 Register Description for PO

PO (PO Data Register): 80H

7 6 5 4 3 2 1 0
| Pz | Ps | P PO4 P03 P02 POL PO
RW RW R RW RW RW RW R

Initial value: OOH

PO[7:0] I/O Data

POIO (PO Direction Register): A1H

7 6 5 4 3 2 1 0
| pPmo | Peo | pPeo | Puo PO3IO P02I0 POLIO PO0IO
RW RW RW RW RW RW RW RW
Initial value: OOH
POIO[7:0] PO Data I/O Direction.
0 Input
1 Output
NOTES:

1. EC3(P06) possible when POFSRH[5:4] = ‘01’

POPU (PO Pull-up Resistor Selection Register): ACH

7 6 5 4 3 2 1 0
| Py | PosU PSPU | PO4PU PO3PU PO2PU POLPU 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): 91H

5. 1/0 Ports

7 6 5 4 3 2 1 0
| Porop | PosoD PSOD |  Po4oD POSOD P020D POLOD POOOD
RW RW RW RW RW RW RW RW
Initial value: OOH
POODI[7:0] Configure Open-drain of PO Port
0 Push-pull output
1 Open-drain output

PODB (P0 De-bounce Enable Register): DEH

7 6 5 4 3 2 1 0
| oeoxt | DpBoko | - | PomB POGDB POSDB PO4DB POSDB
RW RW - RW RW RW RW RW

DBCLK[1:0] Configure De-bounce Clock of Port
DBCLK1 DBCLKO Description

0 0 fx/1
0 1 fx/4
1 0 fx/4096
1 1 LSIRC (128KHz)
PO7DB Configure De-bounce of PO7 Port
0 Disable
1 Enable
P0O6DB Configure De-bounce of P06 Port
0 Disable
1 Enable
PO5DB Configure De-bounce of PO5 Port
0 Disable
1 Enable
P0O4DB Configure De-bounce of PO4Port
0 Disable
1 Enable
PO3DB Configure De-bounce of P03 Port
0 Disable
1 Enable

NOTES:

Initial value: OOH

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. Anpulse level should be input for the duration of 3 clocks 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.
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POFSRH (Port 0 Function Selection High Register): D3H

7 6 5 4 3 2 1 0
| PoFsRH7 | PorsRH6 | POFSRHE | POFSRH4 | POFSRB POFSRH2 POFSRHL POFSRHO
RW RW R RW RW RW RW RW

Initial value: OOH

POFSRHI[7:6] P07 Function Select
POFSRH7 POFSRH6 Description

0 0 I/O Port (EINT4 function possible when input)
0 1 Reserved

1 0 AN3 Function

1 1 PWM50O/T50 Function

POFSRHI[5:4] P06 Function Select
POFSRH5 POFSRH4 Description

0 0 I/O Port (EINT3 function possible when input)
0 1 EC3 Function

1 0 AN2 Function

1 1 PWM40/T40 Function

POFSRHI[3:2] P05 Function Select
POFSRH3 POFSRH2 Description

0 0 I/O Port (EINT2 function possible when input)
0 1 Reserved

1 0 AN1 Function

1 1 PWM3O/T30 Function

POFSRHI[1:0] P04 Function Select
POFSRH1 POFSRHO Description

0 0 I/0 Port (EINT1 function possible when input)
0 1 Reserved

1 0 ANO Function

1 1 SSO0 Function
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POFSRL (Port 0 Function Selection Low Register): D2H

5. 1/0 Ports

7 6 5 4 3 2 1 0
| PorsR7 | PoFSR6 | PoFsRs | POFSR4 | POFSRL3 POFSRL2 POFSRLL POFSRLO
RW RW RW RW RW RW RW RW
Initial value: 00H

POFSRL][7:6] P03 Function Select
POFSRL7 POFSRL6 Description
0 0 1/0 Port (EINTO function possible when input)
0 1 BUZO0 Function
1 0 AN7/AVREF Function
1 1 SCKO Function

POFSRL[5:4] P02 Function Select
POFSRL5 POFSRL4 Description
0 0 1/0 Port
0 1 Reserved
1 0 Reserved
1 1 TXDO/MOSIO/SDAO Function

POFSRL[3:2] P01 Function Select
POFSRL3 POFSRL2 Description
0 0 1/0 Port (EC3 function possible when input)
0 1 T30/PWM3O0 Function(P02 Output)
1 0 Reserved
1 1 RXDO/MISOO0/SCLO Function

POFSRL[1:0] P00 Function Select
POFSRL1 POFSRLO Description
0 0 1/0 Port
0 1 Reserved
1 0 Reserved
1 1 TXD1/MOSI1 Function

NOTES:

1. EINTO ~ 4 function possible when input
2. Both TXDO0 and RXDO function should be selected even for TXDO only function at P02
3.  T30/PWM3O0 Function(P02 Output) should be set at P01 Function Select position.
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5.4 P1 Port

5.4.1 P1 Port Description

P1 is 8-bit I/0 port. P1 control registers consist of P1 data register (P1), P1 direction register (P110), debounce
enble register (P123DB), 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.

5.4.2 Register description for P1

P1 (P1 Data Register): 88H

7 6 5 4 3 2 1 0
| P17 | P16 | P15 P14 P13 P12 P11 P10
RW RW RW RW RW RW RW RW

Initial value: O0H

P1[7:0] I/O Data

P1I0 (P1 Direction Register): B1H

7 6 5 4 3 2 1 0
| Pmo | pPeo | PO P1410 P130 P12I0 P1110 P10I0
RW RW RW RW RW RW RW RW
Initial value: OOH
P110[7:0] P1 Data I/O Direction
0 Input
1 Output

P1PU (P1 Pull-up Resistor Selection Register): ADH

7 6 5 4 3 2 1 0
| pPru | Peru | Psru | Puru P13PU P12PU P11PU P10PU
RW RW RAW RW RW RW RW RW
Initial value: O0H
P1PU[7:0] Configure Pull-up Resistor of P1 Port
0 Disable
1 Enable
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P10D (P1 Open-drain Selection Register): 92H

5. 1/0 Ports

NOTES:

7 6 5 4 3 2 1 0
| Pwop | oD PISOD |  PuoD P130D P120D P110D P100D
RW RW RW RW RW RW RW RW
Initial value: 00H
P10ODI[7:0] Configure Open-drain of P1 Port
0 Push-pull output
1 Open-drain output
P123DB (P1/P2/P3 De-bounce Enable Register): DFH
7 6 5 4 3 2 1 0
| - - - | PaoB | PodB P25DB P12DB P11DB
- - - RW RW RW RW RW
Initial value: OOH
P31DB Configure De-bounce of P31 Port
0 Disable
1 Enable
P26DB Configure De-bounce of P26 Port
0 Disable
1 Enable
P25DB Configure De-bounce of P25 Port
0 Disable
1 Enable
P12DB Configure De-bounce of P12 Port
0 Disable
1 Enable
P11DB Configure De-bounce of P11 Port
0 Disable
1 Enable

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. Anpulse level should be input for the duration of 3 clocks 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. Refer to the port 0 de-bounce enable register (PODB) for the de-bounce clock of port 1, port 2 and port 3.
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P1FSRH (Port 1 Function Selection High Register): D5H

7 6 5 4 3 2 1 0
| PwrsR7 | PiFsRH6 | PIFSRHE | PIFSRH4 | PIFSReB PIFSRH2 PIFSRHL PIFSRHO
RW RW R RW RW RW RW RW

Initial value: O0H

P1FSRHI[7:6] P17 Function Select
P1FSRH7 P1FSRH6 Description

0 0 1/0 Port

0 1 Reserved

1 0 Reserved

1 1 TXD1/MOSI1 Function

P1FSRHI[5:4] P16 Function Select
P1FSRH5 P1FSRH4 Description

0 0 1/0 Port

0 1 Reserved

1 0 Reserved

1 1 RXD1/MISO1 Function

P1FSRHI[3:2] P15 Function Select
P1FSRH3 P1FSRH2 Description

0 0 1/0 Port

0 1 Reserved

1 0 Reserved

1 1 SCK1 Function

P1FSRH[1:0] P14 Function Select
P1FSRH1 P1FSRHO Description

0 0 1/0 Port

0 1 Reserved

1 0 Reserved

1 1 SS1 Function
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P1FSRL (Port 1 Function Selection Low Register): D4H

5. 1/0 Ports

7 6 5 4 3 2 1 0
| PirsR7 | PirsR6 | PiFrsRs | PIFSR4 | PIFSR3 PIFSRL2 PIFSRLL PIFSRLO
RW RW RW RW RW RW RW RW
Initial value: 00H
P1FSRL[7:6] P13 Function Select
P1FSRL7 P1FSRL6 Description
0 0 I/O Port
0 1 Reserved
1 0 Reserved
1 1 Reserved
P1FSRL[5:4] P12 Function Select
P1FSRL5 P1FSRL4 Description
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P1FSRL[3:2]

P1FSRL[1:0]

0 0
0 1
1 0
1 1

P11 Function Select
P1FSRL3 PI1FSRL2

0 0

0 1

1 0

1 1

P10 Function Select
P1FSRL1 PI1FSRLO
0 0

0 1

1 0

1 1

I/0 Port (EINT12 function possible when input)

Reserved
ANG6 Function
T20/PWM20 Function

Description

I/O Port (EINT5 function possible when input)

T10/PWM10 Function
ANS5 Function
TXDO/MOSI0/SDAO Function

Description

I/O Port

Reserved

AN4 Function
RXDO/MISO0/SCLO Function
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5.5 P2 Port

5.5.1 P2 Port Description

P2 is 8-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.

5.5.2 Register Description for P2

P2 (P2 Data Register): 90H

7 6 5 4 3 2 1 0
| P2 | P | P P24 P23 P2 P21 P20
RW RW R RW RW RW RW RW

Initial value: O0H

P2[7:0] I/O Data

P210 (P2 Direction Register): BOH

7 6 5 4 3 2 1 0
| pmo | Peo | Pxo P24i0 P230 P20 P21I0 P200
RW RW RAW RW RW RW RW RAW
Initial value: O0H
P210[7:0] P2 Data /O Direction
0 Input
1 Output
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P2PU (P2 Pull-up Resistor Selection Register): AEH

7 6 5 4 3 2 1 0
| pru | Peru | Psru | PR P23PU P22PU P21PU P20PU
RW RW RW RW RW RW RW RW
Initial value: OOH
P2PUI[7:0] Configure Pull-up Resistor of P2 Port
0 Disable
1 Enable

P20D (P2 Open-drain Selection Register): 93H

7 6 5 4 3 2 1 0
| pProp | pPwoo | Pxop | PaoD P230D P220D P210D P200D
RW RW RW RW RW RW RW RW
Initial value: OOH
P20D[7:0] Configure Open-drain of P2 Port
0 Push-pull output
1 Open-drain output

P2FSRH (Port 2 Function Selection High Register): D7H

7 6 5 4 3 2 1 0
| PoFSRH7 | P2FSRH6 | PFSRHS | PoFSRHA | PoFSRB P2FSRH2 P2FSRHL P2FSRHO
RW RW R RW RW RW RW RW

Initial value: O0H

P2FSRH([7:6] P27 Function Select
P2FSRH7 P2FSRH6 Description

0 0 1/0 Port

0 1 SXIN Function

1 0 TOO/PWMOO Function
1 1 Reserved

P2FSRHI[5:4] P26 Function Select
P2FSRH5 P2FSRH4 Description

0 0 1/0 Port (EINT10 function possible when input)
0 1 SXOUT Function

1 0 Reserved

1 1 Reserved

P2FSRH[3:2] P25 Function Select
P2FSRH3 P2FSRH2 Description

0 0 1/0 Port (EINT11 function possible when input)
0 1 ECO Function

1 0 Reserved

1 1 Reserved

P2FSRH[1:0] P24 Function Select
P2FSRH1 P2FSRHO Description
0 0 1/0O Port
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0 1 Reserved
1 0 Reserved
1 1 Reserved

P2FSRL (Port 2 Function Selection Low Register): D6H

7 6 5 4 3 2 1 0
| PorsR7 | PoFSRs PFSRLS | P2FSRL4 | P2FSRI3 P2FSRL2 P2FSRLL P2FSRLO
RW RW RW RW RW RW RW RIW

Initial value: O0H

P2FSRL[7:6] P23 Function Select
P2FSRL7 P2FSRL6 Description

0 0 I/O Port

0 1 EC1 Function
1 0 Reserved

1 1 Reserved

P2FSRL[5:4] P22 Function Select
P2FSRL5 P2FSRL4 Description

0 0 I/O Port

0 1 Reserved
1 0 Reserved
1 1 Reserved

P2FSRL[3:2] P21 Function Select
P2FSRL3 P2FSRL2 Description

0 0 I/O Port

0 1 Reserved
1 0 Reserved
1 1 Reserved

P2FSRL[1:0] P20 Function Select
P2FSRL3 P2FSRL2 Description

0 0 I/O Port

0 1 Reserved
1 0 Reserved
1 1 Reserved
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5.6 P3 Port

5.6.1 P3 Port Description

P3 is 2-bit I/O port. P3 control registers consist of P3 data register (P3), P3 direction register (P310) and P3 pull-up

resistor selection register (P3PU). Refer to the port function selection registers for the P3 function selection.

5.6.2 Register Description for P3

P3 (P3 Data Register): 98H

7 6 5 4 3 2 1 0
| ) | . | . 3 - - P31 P30
- 5 = - RW RW

Initial value: O0H

P3[1:0] I/O Data

P310 (P3 Direction Register): C1H

7 6 5 4 3 2 1 0
| - | - | - - - - P31I0 P00
Initial value: OOH
P3IO[1:0] P3 Data I/O Direction
0 Input
1 Output

P3PU (P3 Pull-up Resistor Selection Register): AFH

7 6 5 4 3 2 1 0
| - | - | - | - - - P31PU P30PU
Initial value: OOH
P3PUI[1:0] Configure Pull-up Resistor of P3 Port
0 Disable
1 Enable
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P3FSR (Port 3 Function Selection Register): EEH

7 6 5 4 3 2 1 0
| - | - | - | - P3FSR3 P3FSR2 P3FSR1 P3FSRO
Initial value: O0OH

P3FSR[3:2] P31 Function Select
P3FSR3 P3FSR2  Description
0 0 1/0 Port (EINT8 function possible when input)
0 1 Reserved
1 0 Reserved
1 1 RXD1/MISO1 Function

P3FSR[1:0] P30 Function Select
P3FSR1 P3FSRO  Description
0 0 1/0 Port
0 1 Reserved
1 0 Reserved
1 1 Reserved
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6 Interrupt Controller

6.1 Overview

The A96T418 supports up to 23 interrupt sources. The interrupts have separate enable register bits associated with
them, allowing software control. They can also have four 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 23 interrupt source
e group priority

e 4 priority levels

e Multi Interrupt possibility

* 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 four pair of interrupt
enable registers (IE, IE1, IE2, and IE3). Each bit of IE, IE1, IE2, IE3 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 EA bit is always cleared to ‘0’ jumping to an interrupt service vector and set to ‘1’
executing the [RETI] instruction. The A96T418 supports a four-level priority scheme. Each maskable interrupt is

individually assigned to one of four priority levels according to IP and IP1.

Default interrupt mode is level-trigger mode basically, but if needed, it is possible to change to edge-trigger mode.
Table 8 shows the Interrupt Group Priority Level that is available for sharing interrupt priority. Priority of a group is
set by two bits of interrupt priority registers (one bit from IP, another one from IP1). Interrupt service routine serves
higher priority interrupt first. If two requests of different priority levels are received simultaneously, the request of

higher priority level is served prior to the lower one.
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Table 8. Interrupt Group Priority Level
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Interrupt Highest Lowest
Group >
0 (Bit0) Interrupt O Interrupt 6 Interrupt 12 Interrupt 18 Highest
1 (Bitl) Interrupt 1 Interrupt 7 Interrupt 13 Interrupt 19
2 (Bit2) Interrupt 2 Interrupt 8 Interrupt 14 Interrupt 20
3 (Bit3) Interrupt 3 Interrupt 9 Interrupt 15 Interrupt 21
4 (Bit4) Interrupt 4 Interrupt 10 Interrupt 16 Interrupt 22
5 (Bit5) Interrupt 5 Interrupt 11 Interrupt 17

Interrupt 23 v Lowest
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6.2 External Interrupt

The external interrupt on INTO, INT1, INT5, INT6 and INT11 receive various interrupt request depending on the
external interrupt polarity 0 high/low register (EIPOLOH/L) and external interrupt polarity 1 register (EIPOL1) as
shown in Figure 12. Also each external interrupt source has enable/disable bits. The External interrupt flag O register

(EIFLAGO) and external interrupt flag 1 register 1 (EIFLAG1) provides the status of external interrupts.

5.8
EINT8 Pin [ |—— ~_ FLAGS INT6 Interrupt
2 I\
X
EINT10 Pin [ ] 'Y FLAG10 INTO Interrupt
> | /\
x
EINT11Pin [ ] > FLAG11 INT1 Interrupt
2 |\
. f
EINT12 Pin [ ] ~ FLAG12 INT11 Interrupt
F I\
| EIPOL1 |
EINTOPin [ |——»
—>»

EINTLPin [ H—®»
2 L
EINT2Pin [ ] >
) 2 ’
EINT3Pin [ ]
2 INTS Interrupt
EINT4 Pin D
2
EINTS Pin [ ] >
2

EIPOLOH, EIPOLOL

Figure 12. External Interrupt Description
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6.3 Block Diagram
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A96T418 User's manual 6. Interrupt Controller

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. An interrupt request is delayed while data are written to IE, IE1, IE2, IE3, IP, IP1, and PCON register.

6.4 Interrupt Vector Table

The interrupt controller supports 23 interrupt sources as shown in the Table 9. 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.

Table 9. Interrupt Vector Address Table

Interrupt Source Symbol Interrupt Polarity Mask Vector Address
Enable Bit
Hardware Reset RESETB - 0 Non-Maskable 0000H
External Interrupt 10 INTO IE.O 1 Maskable 0003H
External Interrupt 11 INT1 IEA 2 Maskable 000BH
LED Interrupt INT2 IE.2 3 Maskable 0013H
Touch Interrupt INT3 IE.3 4 Maskable 001BH
Reserved INT4 IE.4 5 Maskable 0023H
External Interrupt 0 - 5 INT5 IE.5 6 Maskable 002BH
External Interrupt 8 INT6 IE1.0 7 Maskable 0033H
USART1 TX Interrupt INT7 IE1.1 8 Maskable 003BH
USIO 12C Interrupt INT8 IE1.2 9 Maskable 0043H
USIO RX Interrupt INT9 IE1.3 10 Maskable 004BH
USIO TX Interrupt INT10 IE1.4 11 Maskable 0053H
External Interrupt 12 INT11 IE1.5 12 Maskable 005BH
TO Overflow Interrupt INT12 IE2.0 13 Maskable 0063H
TO Match Interrupt INT13 IE2.1 14 Maskable 006BH
T1 Match Interrupt INT14 IE2.2 15 Maskable 0073H
T2 Match Interrupt INT15 IE2.3 16 Maskable 007BH
T3 Match Interrupt INT16 IE2.4 17 Maskable 0083H
T4/T5 Match Interrupt INT17 IE2.5 18 Maskable 008BH
ADC Interrupt INT18 IE3.0 19 Maskable 0093H
USART1 RX Interrupt INT19 IE3.1 20 Maskable 009BH
WT Interrupt INT20 IE3.2 21 Maskable 00A3H
WDT Interrupt INT21 IE3.3 22 Maskable 00ABH
BIT Interrupt INT22 IE3.4 23 Maskable 00B3H
LVI Interrupt INT23 IE3.5 24 Maskable 00BBH

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
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remains ‘1’ until CPU accepts interrupt. If the interrupt is served, the interrupt request flag will be cleared

automatically.
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6.5 Interrupt Sequence

An interrupt request is held until the interrupt is accepted or the interrupt latch is cleared to ‘0O’ 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.

n IE.EA Flag <0
N
Program Counter low Byte
SP & SP +1
¢ Saves PC value in order to

. continue process again after
Program Counter high Byte P 9

SP ¢ SP + 1
M(SP) & (PCH) J

=

Interrupt Vector Address occurrence

[~ |

(Interrupt Vector Address)

ISR(Interrupt Service Routine) move,

o |

execute

Return from ISR
RETI

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

E A

\ 4
Program Counter low Byte recovery

(PCL) <« M(SP). SP < SP - 1

y

H IE.EA Flag €1
v
Main Program execution

Figure 14. Interrupt Sequence Flow
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6. Interrupt Controller

6.6 Effective Timing after Controlling Interrupt Bit

Case a) Control Interrupt Enable Register (IE, IE1, IE2, IE3)

A96T418 User’s manual

Interrupt Enable Register

nd

<

4

Next Instruction

Next Instruction

v

After executing IE set/clear, enable register
is effective.

Figure 15. Effective Timing of Interrupt Enable Register

Case b) Interrupt flag Register

Interrupt Flag Register

Next Instruction

After executing next instruction, interrupt

>
l

Next Instruction

v

flag result is effective.

Figure 16. Effective Timing of Interrupt Flag Register
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6.7 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
INT1ISR
INTO ISR
Set EA
Occur q
INT1 Interrupt Occur
INTO Interrupt
RETI
RETI

Figure 17. Effective Timing of Multi-Interrupt

Figure 17 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 ofthe 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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6.8 Interrupt Enable Accept Timing

Max. 4 Machine Cycle —»{<«—— 4 Machine Cycle —»|

......................... IT - )

Sy

Interrupt

-
goes Interrupt ~ ~N
Latched Interrupt Processing Interrupt Routine

1 AALL 01 AN

Figure 18. Interrupt Response Timing Diagram

6.9 Interrupt Service Routine Address

Basic Interval Timer Basic Interval Timer
00B3H 02H 01254 OEH
00B4H 01H :> 0126H 2EH
00B5SH 25H

/\__
/\_

Figure 19. Correspondence between Vector Table Address and the Entry Address of ISR

6.10 Saving/Restore General-Purpose Registers

INTxx : PUSH PSW
PUSH DPL
PUSH DPH
PUSH B
PUSH ACC |

Main Task
Interrupt

[ DRt PR G

| >

Interrupt Processing:

Restoring

[ Y

4—
POP ACC | |
POP B
POP DPH
POP DPL
POP PSW

Figure 20. Saving/Restore Process Diagram and Sample Source
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6.11  Interrupt Timing

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

A 3 A

SCLK

INT_SRC

INTR_ACK

LAST_CYC

INTR_LCALL |

INT_VEC X 8-bit interrupt Vector >

PROGA X {8’00, INT_VEC} >

Figure 21. Timing Chart of Interrupt Acceptance and Interrupt Return Instruction

Interrupt sources are sampled at the last cycle of a command. If an interrupt source is detected the lower 8-bit of
interrupt vector (INT_VEC) is decided. M8051W core makes interrupt acknowledge at the first cycle of a command,

and executes long call to jump to interrupt service routine.

NOTES:
1. command cycle CLPx: L=Last cycle, 1=15t cycle or 1%t phase, 2=2" cycle or 2" phase

6.12 Interrupt Register Overview

6.12.1 Interrupt Enable Register (IE, IE1, IE2, IE3)

Interrupt enable register consists of global interrupt control bit (EA) and peripheral interrupt control bits. Total 23

peripherals are able to control interrupt.

6.12.2 Interrupt Priority Register (IP, IP1)

\BO\

SEMICONDUCTOR 69



6. Interrupt Controller A96T418 User’'s manual

The 23 interrupts are divided into 6 groups which have each 4 interrupt sources. A group can be assigned 4 levels
interrupt priority using interrupt priority register. Level 3 is the highest priority, while level 0 is the lowest priority.
After a reset IP and IP1 are cleared to ‘O0H’. If interrupts have the same priority level, lower number interrupt is

served first.

6.12.3 External Interrupt Flag Register (EIFLAGO, EIFLAG1)

The external interrupt flag O register (EIFLAGO) and external interrupt flag 1 register (EIFLAG1) are set to ‘1’ when
the external interrupt generating condition is satisfied. The flag is cleared when the interrupt service routine is

executed. Alternatively, the flag can be cleared by writing ‘0’ to it.

6.12.4 External Interrupt Polarity Register (EIPOLOL, EIPOLOH, EIPOL1)

The external interrupt polarityO high/low register (EIPOLOH/L) and external interrupt polarity1 register (EIPOL1)

determines which type of rising/falling/both edge interrupt. Initially, default value is no interrupt at any edge.

6.12.5 Register Map

Table 10. Interrupt Register Map

Name Address Direction Default Description

IE A8H R/W 00H Interrupt Enable Register

IE1 A9H R/W O0H Interrupt Enable Register 1

IE2 AAH R/W 00H Interrupt Enable Register 2

IE3 ABH R/W OO0H Interrupt Enable Register 3

IP B8H R/W OO0H Interrupt Priority Register

IP1 F8H R/W 00H Interrupt Priority Register 1

EIFLAGO COH R/W OO0H External Interrupt Flag O Register
EIPOLOL A4H R/W 00H External Interrupt Polarity O Low Register
EIPOLOH A5H R/W OO0H External Interrupt Polarity 0 High Register
EIFLAG1 A6H R/W 00H External Interrupt Flag 1 Register
EIPOL1 A7TH R/W OO0H External Interrupt Polarity 1 Register

6.12.6 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), interrupt enable register
2 (IE2) and interrupt enable register 3 (IE3). For external interrupt, it consists of external interrupt flag 0
register(EIFLAGO), external interrupt polarity 0O high/low register (EIPOLOH/L), external interrupt flag 1 register
(EIFLAG1) and external interrupt polarity 1 register(EIPOL1).
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6.12.7 Register Description for Interrupt

IE (Interrupt Enable Register): ASH

6. Interrupt Controller
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0 Disable
1 Enable

7 6 4 3 2 0
| EA - INTAE INT3E INT2E INTOE
RW - RW RW RW RW
Initial value: O0OH
EA Enable or Disable All Interrupt bits
0 All Interrupt disable
1 All Interrupt enable
INT5E Enable or Disable External Interrupt 0 ~ 5 (EINTO ~ EINT5)
0 Disable
1 Enable
INT4E Reserved
0 Disable
1 Enable
INT3E Enable or Disable Touch Interrupt
0 Disable
1 Enable
INT2E Enable or Disable LED Interrupt
0 Disable
1 Enable
INT1E Enable or Disable External Interrupt 11 (EINT11)
0 Disable
1 Enable
INTOE Enable or Disable External Interrupt 10 (EINT10)
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IE1 (Interrupt Enable Register 1): A9H

7 6 5 4 3 2 1 0
| - | - | nmuEe INT10E NeE | wNmeE | NTE INTGE
- - RW RW RW RW RW RW
Initial value: OOH
INT11E Enable or Disable External Interrupt 12 (EINT12)
0 Disable
1 Enable
INT10E Enable or Disable USIO TX Interrupt
0 Disable
1 Enable
INT9E Enable or Disable USIO RX Interrupt
0 Disable
1 Enable
INT8E Enable or Disable USIO I2C Interrupt
0 Disable
1 Enable
INT7E Enable or Disable USART1 TX Interrupt
0 Disable
1 Enable
INT6E Enable or Disable External Interrupt 8 (EINT8)
0 Disable
1 Enable
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IE2 (Interrupt Enable Register 2): AAH

7 6 5 4 3 2 1 0
| — | - | nmzE INT16E INTL5E INT14E INTL3E INTL2E
- - RW RW RW RW RW RW
Initial value: 00H
INT17E Enable or Disable Timer 4/5 Match Interrupt
0 Disable
1 Enable
INT16E Enable or Disable Timer 3 Match Interrupt
0 Disable
1 Enable
INT15E Enable or Disable Timer 2 Match Interrupt
0 Disable
1 Enable
INT14E Enable or Disable Timer 1 Match Interrupt
0 Disable
1 Enable
INT13E Enable or Disable Timer 0 Match Interrupt
0 Disable
1 Enable
INT12E Enable or Disable Timer 0 Overflow Interrupt
0 Disable
1 Enable

IE3 (Interrupt Enable Register 3): ABH

7 6 5 4 3 2 1 0
| - | - | N INT22E INT21E INT20E INTL9E INTL8E
- - RW RW RW RW RW RW
Initial value: 00H
INT23E Enable or Disable LVI Interrupt
0 Disable
1 Enable
INT22E Enable or Disable BIT Interrupt
0 Disable
1 Enable
INT21E Enable or Disable WDT Interrupt
0 Disable
1 Enable
INT20E Enable or Disable WT Interrupt
0 Disable
1 Enable
INT19E Enable or Disable USART1 RX Interrupt
0 Disable
1 Enable
INT18E Enable or Disable ADC Interrupt
0 Disable

\BO\ 73

SEMICONDUCTOR



6. Interrupt Controller A96T418 User’'s manual

1 Enable

IP (Interrupt Priority Register): B8H

7 6 5 4 3 2 1 0
| _ _ | IP5 P4 P3 P2 P1 IPO

- - RW RW RW RW RW RW

Initial value: OOH

IP1 (Interrupt Priority Register 1): F8H

7 6 5 4 3 2 1 0
| - | - | P55 | P14 P13 P12 P11 IP10

- - RAW RW RW RW RW RW

Initial value: O0H

IP[5:0], IP1[5:0] Select Interrupt Group Priority
IP1x IPx Description

0 0 level O (lowest)
0 1 level 1

1 0 level 2

1 1 level 3 (highest)
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EIFLAGO (External Interrupt Flag0 Register): COH

7 6 5 4 3 2 1 0
- - | Rras | A= FLAG3 FLAG2 FLAGL FLAGD
- - RW RW RW RW RW RW
Initial value: OOH
EIFLAGO[5:0] When an External Interrupt 0-5 is occurred, the flag becomes ‘1’.The flag is cleared
only by writing ‘0’ to the bit. So, the flag should be cleared by software.
0 External Interrupt O ~ 5 not occurred
1 External Interrupt 0 ~ 5 occurred

EIPOLOH (External Interrupt Polarity 0 High Register): A5SH

7 6 5 4 3 2 1 0
- | - | POL5 POL4
- - - - RW RW RW RW
Initial value: O0OH

EIPOLOH[3:0] External interrupt (EINTS5, EINT4) polarity selection

POLN[1:0] 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

Wheren=4 and 5

EIPOLOL (External Interrupt Polarity 0 Low Register): A4H

7 6 5 4 3 2 1 0
POL3 | POL2 | POL1 | POLO
RW RW RW RW RW RW RW RW
Initial value: 00H
EIPOLO[7:0] External interrupt (EINTO, EINT1, EINT2, EINT3) polarity selection
POLN[1:0] 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

Wheren =0, 1,2 and 3
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EIFLAG1 (External Interrupt Flag 1 Register): A6H

7 6 5 4 3 2 1 0
TOOVR |  TORR - | - FLAGL2 FLAGLL FLAGIO FLAGS
RW RW - - RW RW RW RW
Initial value: O0OH

TOOVIFR When TO overflow interrupt occurs, this bit becomes ‘1°. For clearing bit, write'0’ to
this bit or automatically clear by INT_ACK signal. Writing “1” has no effect.
0 TO overflow Interrupt no generation
1 TO overflow Interrupt generation

TOIFR When TO interrupt occurs, this bit becomes ‘1°. For clearing bit, write ‘0’ to this bit or
automatically clear by INT_ACK signal. Writing “1” has no effect.
0 TO Interrupt no generation
1 TO Interrupt generation

EIFLAG1[3:0] When an External Interrupt (EINT8, EINT10-EINT12) is occurred, the flag becomes
‘1. The flag is cleared by writing ‘0’ to the bit or automatically cleared by INT_ACK
signal. Writing “1” has no effect.

0 External Interrupt not occurred
1 External Interrupt occurred

EIPOL1 (External Interrupt Polarity 1 Register): A7TH

7 6 5 4 3 2 1 0
| POL12 | POL11 | POL10 | POLS
RW RW RW RW RW RW RW RW
Initial value: OOH
EIPOL1[7:2] External interrupt (EINT8, EINT10,EINT11,EINT12) polarity selection
POLN[1:0] 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

Where n =8, 10, 11 and 12
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7 Clock Generator

7.1 Overview

As shown in Figure 22, 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 sub-frequency clock oscillator. The sub clock operation
can be easily obtained by attaching a crystal between the SXIN and SXOUT pin. The sub clock can be also obtained
from the external oscillator. In this case, it is necessary to put the external clock signal into the SXIN pin and open
the SXOUT pin. The default system clock is 1MHz INT-RC Oscillator. In order to stabilize system internally, it is
used 128kHz LOW INT-RC oscillator on POR.
- Calibrated High Internal RC Oscillator (fhsirc =16MHz)

* HSIRC OSC (16MHz, Default system clock)

* HSIRC OSC/2 (8MHz)

* HSIRC OSC/4 (4MHz)

* HSIRC OSC/8 (2MHz)

*« HSIRC OSC/16 (1MHz)

* HSIRC OSC/32 (0.5MHz)
- SubCrystal Oscillator (32.768kHz)

- Internal LSIRC Oscillator (128kHz)
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7.2 Block Diagram

IRC S[2:0]
3 fx | System N
o "| Clock Gen. SCLK
> (Core, System,
L ul # Cil'xk 4 Peripheral)
HIRC OSC 11:185 < ] i
(16MHz) T ':‘ X "
1;’64 » Stabilization Time
> Gen eration
— BITCK[2:0]
STOP Mode BIT
HSIRCE 13 overflow WDT clodc
' BIT clock
sxin [ £x/4096 > _L,
Sub 0SC LI DA%, BIT —
sxout [ :x/1224 EI
x/
BIT ov erflow /8
o ; LSIRC/32 | x
LIRC OSC T
SCLK[10]
(128kHz) WDTCK
Temp. »
Sensor(1MHz) —
Figure 22. Clock Generator Block Diagram
7.3 Register Map
Table 11. Clock Generator Register Map
Name Address Direction Default Description
SCCR 8AH R/W 00H System and Clock Control Register
OSCCR C8H R/W 28H Oscillator Control Register

7.4 Clock Generator Register Description

The clock generatorregister uses clock control for system operation. The clock generation consists of System and
clock control register and oscillator control register.
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7.5 Register Description for Clock Generator

SCCR (System and Clock Control Register): 8AH

7 6 5 4 3 2 1 0
| - | - | - | - - - SCLKL SCLKO
- - - - - - RW RW
Initial value: 00H
SCLK [1:0] System Clock Selection Bit
SCLK1  SCLKO Description
0 0 Internal 16MHz RC OSC (fusirc) for system clock
0 1 Reserved
1 0 External Sub OSC (fsus) for system clock
1 1 Internal 128kHz RC OSC (fisirc) for system clock
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OSCCR (Oscillator Control Register): C8H

7 6 5 4 3 2 1 0
| mRee | isrce | RrRoes2 | Rest | Reso | HSReE - SCLKE
RW RW RW RW RW RW - RW
Initial value: 28H
TIRCE Control the Operation of the Touch (16MHz) Internal RC Oscillator
0 Disable operation of TIRC OSC
1 Enable operation of TIRC OSC
LSIRCE Control the Operation of the Low Frequency (128kHz) internal RC Oscillator at Stop mode
0 Disable operation of LSIRC OSC
1 Enable operation of LSIRC OSC
IRCS[2:0] Internal RC Oscillator Post-divider Selection
IRCS2 IRCS1 IRCSO Description
0 0 0 fusire /32 (0.5MHz)
0 0 1 fusirc /16 (1MHZz)
0 1 0 fusire /8 (2MHZz)
0 1 1 fusirc /4 (4MH2z)
1 0 0 fusire /2 (8MH2z)
1 0 1 fusirc (L6MHZ)
1 1 0 Test only
Other Values reserved
HSIRCE Control the Operation of the High Frequency (16MHz) Internal RC Oscillator
0 Enable operation of HSIRC OSC
1 Disable operation of HSIRC OSC
SCLKE Control the Operation of the External Sub Oscillator
0 Disable operation of SX-TAL
1 Enable operation of SX-TAL
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8

8.1

The A96T418 has one 8-bit basic interval timer that is free-run and can’t stop. Block diagram is shown in Figure 23.

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

Basic Interval Timer

Overview

interval timer interrupt (BITIFR).

The A96T418 has these basic interval timer (BIT) features:

8.2

e During Power On, BIT gives a stable clock generation time
* On exiting Stop mode, BIT gives a stable clock generation time

e As timer function, timer interrupt occurrence

Block Diagram

8. Basic Interval Timer

Fsys Divide — BITR (8-bit COUNT)

Temperature Sr. —»
T _|—>| BIT Out Generator |—> BIT_OUT (WDT clock source)

BITCK[2:0]

BIT Interrupt Generator |—>BIT Interrupt Flag
BIT_CLK (4KHz) ——pp ]

% BCK[2:0] = 001b

BIT_CLK

BIT_Int_Flag 1 1 1 1 1
BIT_Out I ] | | | | | | | | -

Figure 23. Basic Interval Timer Block Diagram
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8.3 Register Map
Table 12. Basic Interval Timer Register Map
Name Address Direction Default Description
BITCNT 8CH R O00H Basic Interval Timer Counter Register
BITCR 8BH R/W 45H Basic Interval Timer Control Register
8.4 Basic Interval Timer Register Description

The basicinterval 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.
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8.5 Register Description for Basic Interval Timer

BITCNT (Basic Interval Timer Counter Register): 8CH

7 6 5 4 3 2 1 0
| BTON7 | BUONTS | BTONTS | BTONTA | BITCNT3 BITCNT2 BITCNTL BITCNTO
R R R R R R R R

Initial value: O0H

BITCNT[7:0] BIT Counter
BITCR (Basic Interval Timer Control Register): 8BH

7 6 5 4 3 2 1 0
| B8R | BT BTCKL | BITCKO BCLR BCK2 BCK1 BCKO
RW RW RW RW RW RW RW RW
Initial value: 45H
BITIFR When BIT Interrupt occurs, this bit becomes ‘1’. For clearing bit, write ‘0’ to this bit or signal.
Writing “1” has no auto clear by INT_ACK effect.
0 BIT interrupt no generation
1 BIT interrupt generation
BITCK[2:0] Select BIT clock source
BITCK2 BITCK1 BITCKO Description
0 0 0 fx/4096
0 0 1 fx/1024
0 1 0 fx/128
0 1 1 fx/16
1 0 0 LSIRC/32 (Default)
1 0 1 LSIRC/32
1 1 0 LSIRC/32
1 1 1 Temperature Sensor
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 (fx= LSIRC 128k)
0 0 0 0.5ms (BIT Clock * 2)
0 0 1 1ms (BIT Clock * 4)
0 1 0 2ms (BIT Clock * 8)
0 1 1 4ms (BIT Clock * 16)
1 0 0 8ms (BIT Clock * 32)
1 0 1 16ms (BIT Clock * 64) (default)
1 1 0 32ms (BIT Clock * 128)
1 1 1 64ms (BIT Clock * 256)
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9 Watch Dog Timer

9.1 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 (WDTRSON="0’) or watch dog timer mode (WDTRSON="1") as setting WDTCR[6] bit. If WDTCR[5] 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 WDTCNT, the interrupt request flag is generated. This can be
used as Watchdog timer interrupt or reset of CPU in accordance with the bit WDTRSON.

The input clock source of watch dog timer is the BIT overflow. The interval of watchdog timer interrupt is decided

by BIT overflow period and WDTDR set value. The equation can be described as

WDT Interrupt Interval = (BIT Interrupt Interval) X (WDTDR Value+1)

9.2 WDT Interrupt Timing Waveform

Source Clock | | | | | | | | | | | | | | | | | | | |
DIT Munarflaune

WDTCNT[7:0] Q( 1 >< 2 1 >< 2 >< 3 0 >< 1 >G
‘ L
: _ Counter Clear
WDTDR[7:0] n 3
WDTCL —

WDTIFR WDTDR < 0000_0011b Match 'I

Inéarm int =
WDTRESETB RESET

Figure 24. Watch Dog Timer Interrupt Timing Waveform
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9.3 Block Diagram

Watchdog Timer
Counter Register

BIT Overfl Clear -
verflow — }— wDTCNT
WDTEN[™

[8EH]

To Reset
Circuit

vy

\ 4

Clear

@ | WDTIFR |«————— INT_ACK
[8E4] D—> WDTIF
—-(

WDTDR

\ J

Watchdog Timer
Data Register WDTCL WDTRSON

WDTCR

Figure 25. Watch Dog Timer Block Diagram

9.4 Register Map

Table 13. Watch Dog Timer Register Map

Name Address Direction Default Description

WDTCNT 8EH R OOH Watch Dog Timer Counter Register
WDTDR 8EH W FFH Watch Dog Timer Data Register
WDTCR 8DH R/W 00H Watch Dog Timer Control Register

9.5 Watch Dog Timer Register Description

The watch dog timer register consists of watch dog timer counter register (WDTCNT), watch dog timer dataregister
(WDTDR) and watch dog timer controlregister (WDTCR).
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9.6 Register Description for Watch Dog Timer

WDTCNT (Watch Dog Timer Counter Register: Read Case): 8EH

7 6 5 4 3 2 1 0
WDTCNT7 | WDTCNT6 | WDTCNT5 | WDTONT4 | WDTCNT3 WDTCNT2 WDTCNT 1 WDTCNTO
R R R R R R R R

Initial value: O0H

WDTCNTJ[7:0] WDT Counter
WDTDR (Watch Dog Timer Data Register: Write Case): 8EH

7 6 5 4 3 2 1 0
| womrR7 | WDDR6 | WDTDRS | WDTDR4 | WDTDR3 WDTDR2 WDTDR1 WDTDRO
w wW W W W W W W
Initial value: FFH
WDTDR[7:0] Set a period
WDT Interrupt Interval=(BIT Interrupt Interval) x (WDTDR Value+1)
NOTES:

1. Do not write “0” in the WDTDR register.

WDTCR (Watch Dog Timer Control Register): 8DH

7 6 5 4 3 2 1 0
| womEN | wDTRSON WoTCL | - - - WDTCK WDTIFR
RW RW RW - - - RW RW
Initial value: 00H
WDTEN Control WDT Operation
0 Disable
1 Enable
WDTRSON Control WDT RESET Operation
0 Free Running 8-bit timer
1 Watch Dog Timer RESET ON
WDTCL Clear WDT Counter
0 Free Run
1 Clear WDT Counter (auto clear after 1 Cycle)
WDTCK Control WDT Clock Selection Bit
0 BIT overflow for WDT clock
1 BIT overflow/8 for WDT clock
WDTIFR When WDT 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 WDT Interrupt no generation
1 WDT Interrupt generation
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10 Watch Timer

10.1  Overview

The watch timer has the function for RTC (Real Time Clock) operation. It is generally used for RTC design. The
internal structure of the watch timer consists of the clock source select circuit, timer counter circuit, output select
circuit, and watch timer control register. To operate the watch timer, determine the input clock source, output interval,
and set WTEN to ‘1’ in watch timer control register (WTCR). It is able to execute simultaneously or individually. To
stop or reset WT, clear the WTEN bit in WTCR register. Even if CPU is STOP mode, sub clock is able to be so alive
that WT can continue the operation. The watch timer counter circuits may be composed of 21-bit counter which
contains low 14-bit with binary counter and high 7-bit counter in order to raise resolution. In WTDR, it can control

WT clear and set interval value at write time, and it can read 7-bit WT counter value at read time.

10.2 Block Diagram

fsie ——p
P
r
M R 14
e fwek fwex/2 Clear Match
1dbd | U ; Lasit > Timer counter
S X Binary Counter
x—>| c| g8
a
| |_fx2s6
e
r /
*\ ) fuex/2% o | MUX WTIFR |— Tointrrupt
’J } fwek/2” : block
»
Clear
2
WTCR| WTEN | - | - |WTIFR| WTIN1| WTINO |WTCK1|WTCKO| INT_ACK
Reload Match
WTCL
WTDR
Write Case—>| WTCL |WTDR6 | WTDR5 |WTDR4 | WTDR3 | WTDR2| WTDR1| WTDRO|
WTCNT
Read case — - |WTCNT6|WTCNT5|WTCNT4|WTCNT3|WTCNT2|WTCNT1[WTCNTO

Figure 26. Watch Timer Block Diagram
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Table 14. Watch Timer Register Map

Name Address Direction Default Description

WTCNT 89H R OO0H Watch Timer Counter Register
WTDR 89H w 7FH Watch Timer Data Register
WTCR 96H R/W 00H Watch Timer Control Register

10.4 Watch Timer Register Description

The watch timer register consists of watch timer counter register (WTCNT), watch timer data register (WTDR), and

watch timer controlregister (WTCR). As WTCR is 6-bit writable/ readable register, WTCR can control the clock
source (WTCK][1:0]), interrupt interval (WTIN[1:0]), and function enable/disable (WTEN). Also there is WT interrupt

flag bit (WTIFR).

10.5 Register Description for Watch Timer

WTCNT (Watch Timer Counter Register: Read Case): 89H

7 6 5 4 3 2 1 0
| _ | wronte | wrowts WICNT4 | WTONT3 WTCNT2 WTCNT 1 WTCNTO
_ R R R R R R R
Initial value: OOH
WTCNTI[6:0] WT Counter

WTDR (Watch Timer Data Register: Write Case): 89H

7 6 5 4 3 2 1 0
| wiaa | wmrse WIDR5 | WDR4 | WIDR3 WTDR2 WTDR1 WTDRO
RW w W w W W W W
Initial value: 7FH
WTCL Clear WT Counter

WTDR[6:0]

88

0 Free Run

1 Clear WT Counter (auto clear after 1 Cycle)

Set WT period

WT Interrupt Interval=fwck/(2"14 x(7bit WTDR Value+1))

NOTES:
1. Do not write “0” in the WTDR register.
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WTCR (Watch Timer Control Register): 96H

10. Watch Timer

NOTES:

WTCK1 WTCKO Description

0 0 fsus

0 1 fx/256
1 0 fx/128
1 1 fx/64

1. fx— System clock frequency (Where fx= 4.19MHz)

2. fsus— Sub clock oscillator frequency (32.768kHz)

3. fwek— Selected Watch timer clock

\BO\
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7 6 4 3 2 1 0
| wen | - | | wiR WTINL WTINO WTCK1 WTCKO
RW - RW RW RW RW RW
Initial value: OOH
WTEN Control Watch Timer
0 Disable
1 Enable
WTIFR When WT Interrupt occurs, this bit becomes ‘1’. For clearing bit, write ‘0’ to this bit or
automatically clear by INT_ACK signal. Writing “1” has no effect.
0 WT Interrupt no generation
1 WT Interrupt generation
WTIN[1:0] Determine interrupt interval
WTIN1  WTINO  Description
0 0 fwek/277
0 1 fwex/2713
1 0 fwex/2714
1 1 fwek/(2714 x (7bit WTDR Value+1))
WTCK][1:0] Determine Source Clock
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11  Timer 0/1/2/3/4/5

11.1  Timer 0

11.1.1 Overview

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

It has three operating modes:

e  8-bit timer/counter mode
e 8-bit PWM output mode

e  8-bit capture mode

The timer/counter 0 can be clocked by an internal or an external clock source (ECO0). The clock source is selected

by clock selection logic which is controlled by the clock selection bits (TOCK][2:0]).

TIMERQO 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.

Table 15. Timer 0 Operating Modes

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
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11.1.2 8-bit Timer/Counter Mode

The 8-bit timer/counter mode is selected by control register as shown in Figure 27.

The 8-bit timer have counter and data register. The counter register is increased by internal or external clock input.
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

0 occurs. TOCNT value is automatically cleared by match signal. It can be also cleared by software (TOCC).

The external clock (ECO) counts up the timer 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 P2510 bit.

ADDRESS : B2H
TOCR |TEN| - |TM1|TM |T K2|T K1|TK|T |
oc 0 omS omMS0 oc oc 0cKo oce INITIAL VALUE: 0000_0000B
1 - 0 0 X X X X
ECO RN

p— Clear Match signal

p fx/2 > T

r ix/4 > 8-bit Timer 0 Counter oce

e M

x/8
s —>f - U — TOCNT(8BIt) INT_ACK
X >
fx —p| © X lclear
? fx/128 >
x/512 Match i
e P TOEN :{I>—> MUX TOIFR |——— T0interrupt
r | fx/2048 > block
L | / Comparator
3 2
TODR(8BIt)
TOCK[2:0] TOMS[1:0]
8-bit Timer 0 Data Register
{7] Toorrwmoo

Figure 27. 8-bit Timer/Counter Mode for Timer 0
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A Match with TODR
TOCNT
Vahia nt
n-2 .
/ Count Pulse Period
Up-count 6 > <
/ >
4
3
2
1
0
|<— Interrupt Period _>| TIME
/ |
Timer 0
(TOIFR)
Int t Ocour Occur Ocour

Figure 28. 8-bit Timer/Counter 0 Example
11.1.3 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/PWMOO function
by P2FSRHI[7:6] bits. 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 O 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 0 overflow interrupt is

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

\BO\
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11. Timer 0/1/2/3/4/5

TOCR | TOEN |

|TOMSl |TOMSO | TOCK2 | TOCK1 | TOCKO | TOCC

1

ECO \

X2 ,,
fx/4 >
fx/8

0 1 X X X

8-bit Timer 0 Counter

X

INT_ACK

l Clear

TOOVIFR ——»

xc=Z

fx/32 >
fx/128
fx/512 >
fx/2048 ,, /

x —p

|-1fD—$IJOm<‘D-1'U|

3

TOCK[2:0]

o TOCNT(8Bit)

TOEl

N

: : Match MUX

Comparator

TODR(8Bit)

8-bit Timer 0 Data Register

2

TOMS[1:0]

ADDRESS : B2H
INITIAL VALUE: 0000_0000B

To interrupt
block

Match signal

Tocc
INT_ACK

l Clear

TOIER > To interrup
block

{] Too/PWMOO
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Figure 29. 8-bit PWM Mode for Timer O
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PWM Mode(TOMS = 01b)
Set TOEN

Timer 0
clock

v

TOCNT XX

00H

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

94

Figure 30. PWM Output Waveforms in PWM Mode for Timer 0
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11.1.4 8-bit Capture Mode

11. Timer 0/1/2/3/4/5

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.

TOCNTvalue 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 0 capture mode, timer 0 output (TOO) waveform is not available.

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

writing operation will update TODR.

TOCR | TOEN | - |TOMSl |TOMSO | TOCK2 | TOCK1 | TOCKO | TOCC |

1 - 1 X X X X

fx/4 » 8-bit Timer 0 Counter

M
x/8
—— > u o o TOCNT(8Bit)

X —p

ECO \
P
r
e
S
Cc
a
[
e
r

x/2048
e /

Comparator

3

TODR(8Bit)

TOCK[2:0]

8-bit Timer 0 Data Register
EIPOL1[1:0]

¥

{:

I_' TOCDR(8Bt)
EINT10 [ }—9| X ,_

at : TOMSI[1:0]

X

ADDRESS : B2H
INITIAL VALUE: 0000_0000B

Clear Match signal

TOCC

D32y | x [M— Clear
128 T
fx/512 » TOEN : : Match MUX

TOMS[1:0]

INT_ACK

l Clear

FLAG10

y

(EIFLAG1.0)

INT_ACK

l Clear

TOIFR > To interrup
block

) To interrupt
block

Figure 31. 8-bit Capture Mode for Timer 0
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A TOCDR Load
TOCNT Value
n-1
n-2 i
/ Count Pulse Period
Up-count 6 ', |<_
/ -
4
3
2
TIME
Ext. EINT10 PIN I_
Interrupt ] I ‘|
Request - >
IEl ARAM Interrupt Interval Period
Figure 32. Input Capture Mode Operation for Timer 0
FFH FFH
XXH
TOCNT
YYH
004 00H 00H 00H 00H
Interrupt —| "|
Request
ITNIEFRY
Ext. EINT10 PIN
Interrupt —| M
Request < >
(El A1 Interrupt Interval Period = FF4+01n+FFy +0114+YYR+01H

96

Figure 33. Express Timer Overflow in Capture Mode
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11.1.5 Block Diagram

11. Timer 0/1/2/3/4/5

INT_ACK
l Clear
ECO \ To interrupt
4 — | TOOVIFR ——— 2 TP
p fx/2 >
r x/4 > 8-bit Timer 0 Counter
e M i
s 2By [—] TOCNT (8Bit) % MALc s1gnl inT_ack
o N I 77 2 |- TocC laear
? | [x/128 4, T Clear
12 TOEN [ > :t I>Mi3h> o To interrupt
e MUX »| TOFR —»
/2048 | block
L / Comparator
e TODR (8Bit) TOMS[10]
[2:0] 8-hit Timer 0 Data Register
EIPOL1[1:0) ] Too/PWMoO
iz v
X TOCDR (8Bit)
O/
ENT1I0[ }—» X INT_ACK
E 2 l Clear
TOMS[1:0] A
o| FLAG10 p TO intermpt
" (EIFLAG1.0) block
Figure 34. 8-bit Timer 0 Block Diagram
11.1.6 Register Map
Table 16. Timer 0 Register Map
Name Address Direction Default Description
TOCNT B3H R 00H Timer 0 Counter Register
TODR B4H R/W FFH Timer 0 Data Register
TOCDR B4H R 00H Timer 0 Capture Data Register
TOCR B2H R/W OO0H Timer 0 Control Register

11.1.7 Timer/Counter 0 Register Description

The timer/counter O register consists of timer 0 counterregister (TOCNT), timer O data register (TODR), timer O
capture dataregister (TOCDR), andtimer 0 controlregister (TOCR). TOIFR and TOOVIFR bits are in the external
interrupt flag 1 register (EIFLAG1).
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11.1.8 Register Description for Timer/Counter 0

TOCNT (Timer 0 Counter Register): B3H

7 6 5 4 3 2 1 0
| Ttoon7 | TooNts | TooNts | TooNT4 TOCNT3 TOCNT2 TOCNTL TOCNTO
R R R R R R R R

Initial value: OOH

TOCNTI[7:0] TO Counter

TODR (Timer 0 Data Register): B4H

7 6 5 4 3 2 1 0
| ToorR7 | TooRe | ToDRS TODR4 TODR3 TODR2 TODRL TODRO
RW RW R RW RW RW RW RW

Initial value: FFH

TODR([7:0] TO Data

TOCDR (Timer 0 Capture Data Register: Read Case, Capture mode only): B4H

7 6 5 4 3 2 1 0
| ToooR7 | TocDRe | TocDRS TOCDR4 TOCDR3 |  TOCDR2 TOCDRL TOCDRO
R R R R R R R R

Initial value: O0H

TOCDRJ[7:0] TO Capture Data
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TOCR (Timer 0 Control Register): B2H

7 6 5 4 3 2 1 0
| 1N | - | Tovs TOMSO TOCK2 TOCKL TOCKO ToCC
RW - RW RW RW RW RW RW
Initial value: 00H
TOEN Control Timer 0
0 Timer O disable
1 Timer O enable
TOMS[1:0] Control Timer 0 Operation Mode
TOMS  TOMS Description
1 0
0 0 Timer/counter mode
0 1 PWM mode
1 X Capture mode
TOCK][2:0] Select Timer 0 clock source. fx is a system clock frequency
TOCK2 TOCK TOCK Description
1 0
0 0 0 fx/2
0 0 1 fx/4
0 1 0 x/8
0 1 1 x/32
1 0 0 fx/128
1 0 1 fx/512
1 1 0 fx/2048
1 1 1 External Clock (ECO0)
TOCC Clear timer 0 Counter
0 No effect
1 Clear the Timer 0 counter (When write, automatically cleared “0” after being

cleared counter)
NOTES:
1. Match Interrupt is generated in Capture mode.

2. Refer to the external interrupt flag 1 register (EIFLAG1) for the TO interrupt flags.
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11.2 Timer 1

11.2.1 Overview

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

It has four operating modes:

*  16-bit timer/counter mode
e 16-bit capture mode
e 16-bit PPG output mode (one-shot mode)

e 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, 512, 2048 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 PWM10O port in the PPG mode.

Table 17. Timer 1 Operating Modes

T1EN P1FSRL[1:0] T1MS[1:0] T1CK[2:0] Timer 1

1 11 00 XXX 16-bit Timer/Counter Mode

1 00 01 XXX 16-bit Capture Mode

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

11.2.2 16-bit Timer/Counter Mode

The 16-bit timer/counter mode is selected by control register as shown in Figure 35.

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, 512 and 2048 prescaler division rates (T1CK[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 Timer1occurs. The T1ICNTH, T1CNTL value is automatically cleared by

match signal. It can be also cleared by software (T1CC).
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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 P2310 bit.

T1CRH |T1EN| - |TlMSl|TlMSO| - | - | - |TlCC| ADDRESS:BBH
INITIAL VALUE : 0000_00008

1 - 0 0 - - - X

TICRL | TiCK2 | T1CK1 | T1CKO | TLFR | | T1POL | TLECE |TlCNTR| ADDRESS:BAH

INITIAL VALUE : 0000_0000B

X X X X - X X X

16-bit A Data Register
T1ADRH/T1ADRL

Reload S~ 7— A Match
TiCC
\A— T1EN

T1CK[2:0]
T1ECE - INT_ACK
¢ 3 | Buffer Register A |
lclear
Edge .
EC1 —> A Match
L petector — HEN —3 TLIFR glc;'crllte””pt
P fx/1 »
' /2 ¢ Comparator
e M Clear A Match
< | x4 U —s 16-bit Counter R T1CC
fx—p| ¢ X8 |« || TICNTH/TICNTL T1EN
a fx/64 »
V| 512 Pulse 110
e > Generator ]
¢ Lix/2048
- o]
TIMS[1:0] T1POL
Figure 35. 16-bit Timer/Counter Mode for Timer 1
A Match with TTADRH/L
T1CNTH/L
Valia all
/ 2 Count Pulse Period
Up-count 6 > «
/ :
4
3
2
1
0 -
,4_ Interrupt Period _,| TIME
4 A
Timer 1
(T1IFR)
It . Occur Occur Occur

Figure 36. 16-bit Timer/Counter 1 Example
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11.2.3 16-bit Capture Mode

The 16-bit timer 1 capture mode is set by T1MS[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 TTADRH/T1ADRL. The T1CNTH, T1CNTL valuesare 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.

T1CRH | TLEN | - |T1MSl | TlMSO| - | - | - | TicC | ADDRESS:BBH
INITIAL VALUE : 0000_0000B
1 - 0 1 - - — X
T1CRL | T1CK1 | T1CK1 | T1CKO | T1IFR | - | T1POL | T1ECE |TlCNTR| ADDRESS:BAH
INITIAL VALUE : 0000_0000B
X X X X - X X X

16-bit A Data Register

T1ADRH/T1ADRL
Reload ~ Z—AMatch
T1iCC
N—_Xx—TI1EN
T1ECE T1CK[2:0]
INT_ACK
¢ 3 | Buffer Register A | T
lclear
Edge
—> .
ec1[}— Detector A Match TUFR To interrupt
P fx/1 » T1EN block
r fx/2 i Comparator
€ M Clear /"7_AMatCh
. | x4 o, U 16-bit Counter R |¢ T1CC
tx—p | o |8 5| % TICNTH/TICNTL S\ T1EN
T > Clear
e fx/512 >
¢ | fx/2048
EIPOLB[1:0]

1

16-bit B Data Register
T1BDRH/T1BDRL

T11 || BIT overflow INT_ACK

/At 2 lclear
T1MS[1:0]

FLAG11 To interrupt
(EIFLAG1.2) > block

v

Figure 37. 16-bit Capture Mode for Timer 1
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A T1BDRH/L Load
T1CNTHIL Value
n_
n- .
/ Count Pulse Period
Up-count 6
/ >
4
3
2
1
0 -
TIME
Ext. EINT11 PIN I_
Interrupt [ T —|
Request < >
(E1 A1 Interrupt Interval Period
Figure 38. Input Capture Mode Operation for Timer 1
FFFF FFFF
XXu
T1CNTH/L
YYH
00H 00H 004 00H 00H

Interrupt —| —|

Request

(T1IFR)
Ext. EINT11 PIN

Interrupt —| I

Request - >

(E1 A1\ Interrupt Interval Period = FFFFu+014+FFFFH +011+YYH+011

Figure 39. Express Timer Overflow in Capture Mode

\BO\ 103

SEMICONDUCTOR



11. Timer 0/1/2/3/4/5 A96T418 User’s manual

11.2.4 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 P1FSRL[3:2] to “11’. The
period of the PWM output is determined by the TIADRH/T1ADRL. And the duty of the PWM output is determined
by the TIBDRH/T1BDRL.

T1CRH | T1EN | - |T1MSl | TlMSO|

| _ |T1CC| ADDRESS:BBH
INITIAL VALUE : 0000_0000B

1 - 1 1 - - - X

TICRL | Tick2 | Ticka | Ticko | TurR | | TipoL | TiECE [TioNTR| ADDRESSIBAH

INITIAL VALUE : 0000_0000B

X X X X - X X X

16-bit A Data Register
T1ADRH/T1ADRL

Reload /7— A Match
TiCC
\A— T1EN

T1CK[2:0]
T1ECE INT_ACK
¢ 3 | Buffer Register A | l
Clear
I:l ) Edge \
—> .
EC1 Detector HEN :t A Match TUFR 'kIJ'I(())(l:rilterrupt
o 1 fx/1
P —"=—
r fx/2 > ¢ Comparator
€ M Clear _—7—— A Match
s Lb U — o 16-bit Counter R | T1CC
fx p|c |8 ofy TICNTH/TICNTL NG
a x/164
——»
| Pulse T10/
! [siz :tbw, Generator U] pwmio
¢ |fx/2048 |,
— / Comparator 2

Buffer Register B | TIMS[L:0] TiPOL

Reload /7— A Match
TiCC
\A— T1EN

16-bit B Data Register
T1BDRH/T1BDRL

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

Figure 40. 16-bit PPG Mode for Timer 1
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Repeat Mode(T1MS = 11b) and "Start High"(T1POL = QOb).

Set TIEN Clear and Start

S nooonooans

T1ADRH/L M

T1 Interrupt _‘

1. TIBDRH/L(5) < TLADRH/L \ \

ol
<
o
<
~
<
[e¢]
=
s
ES
[N
><
><
e
e
e

PWM10 B Match A Match

2. TIBDRH/L >= T1ADRH/L

PWM10 A Match

3. TIBDRH/L = "0000H"

PWM10 A Match

Low Le\)el

Set TIEN Clear and Start

Timer 1 clock

XXXXXXXXXM °

T1ADRH/L M

T1 Interrupt /K H

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

PWM10 B Match A Match
2. TIBDRH/L >= T1IADRH/L )
PWM10 A Match

3. TIBDRH/L = "0000H"

PWM10 A Match

Low Le\(el

Figure 41. 16-bit PPG Mode Timming chart for Timer 1
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11.2.5 Block Diagram
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16-bit A Data Register

T1ADRH/T1ADRL
Reload A Match
TiCC
T1EN To Timer 2
T1ECE T1CKJ[2:0] block
. INT_ACK
¢ 3 | Buffer Register A |
lCIear
Edge
|—> —> ’
EC1 Detector \ :t A Match TLFR To interrupt
p X1 T1EN » block
r x/2 Comparator
— > A Match
€ | B4 o | M 16-bit Counter R Clear T1CC
S U e TICNTH/TICNTL
x—p| c B | x T1EN
a fx/64 > T
F1 #xs12 Clear BMach 7| | Pulse o/
e 5> :t I>—> Generator PWM1(
¢ [fxi2048
— Comparator $ 2 T
EIPOL1[5:4 i
[5:4] | Buffer Register B | TIMS[L0] T1POL
2
i Reload A Match
TICNTR Tice
_)( T1EN
EINTLL[ —| X — o
16-bit B Data Register INT_ACK
f)(_ % , T1BDRH/T1BDRL lmear
TIMS[LO] FLAG11 To int t
o o interrup
> (EIFLAGL.2)[ ™ block

11.2.6 Register Map

Figure 42. 16-bit Timer 1 Block Diagram
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Name Address Direction Default Description

T1ADRH BDH R/W FFH Timer 1 A Data High Register
T1ADRL BCH R/W FFH Timer 1 A Data Low Register
T1BDRH BFH R/W FFH Timer 1 B Data High Register
T1BDRL BEH R/W FFH Timer 1 B Data Low Register
T1CRH BBH R/W OO0H Timer 1 Control High Register
T1CRL BAH R/W OO0H Timer 1 Control Low Register

Table 18. Timer 1 Register Map

\
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11.2.7 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 control high register (T1CRH)

and timer 1 control low register (T1CRL).

11.2.8 Register Description for Timer/Counter 1

T1ADRH (Timer 1 A Data High Register): BDH

7 6 5 4 3 2 1 0
| T1ADRH7 | T1ADRHG6 | T1ADRH5 | T1ADRH4 T1ADRH3 T1ADRH2 T1ADRH1 T1ADRHO
R/W R/W R/W R/W R/W R/W R/W R/W

Initial value: FFH

T1ADRHI[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 | T1ADRL5 | T1ADRL4 T1ADRL3 T1ADRL2 T1ADRL1 T1ADRLO
R/W R/W R/W R/W R/W R/W R/W R/W
Initial value: FFH
T1ADRL[7:0] T1 A Data Low Byte
NOTES:

Do not write “O000H” in the TLADRH/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 R/W R/W R/W 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 R/W R/W R/W R/W R/W R/W

Initial value: FFH

T1BDRL[7:0] T1 B Data Low Byte
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T1CRH (Timer 1 Control High Register): BBH

A96T418 User’s manual
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7 6 5 3 2 1 0
EEY - TIMS1 |  TIMSO - - - T1ICC
RW - R/W RW - - - RW
Initial value: OOH
T1EN Control Timer 1
0 Timer 1 disable
1 Timer 1 enable (Counter clear and start)
T1MS[1:0] Control Timer 1 Operation Mode
TIMS1 TI1MSO 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)
T1CC Clear Timer 1 Counter
0 No effect
1 Clear the Timer 1 counter (When write, automatically

cleared “0” after being cleared counter)
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T1CRL (Timer 1 Control Low Register): BAH

\BO\
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7 6 5 4 3 2 1 0
| Tick2 T1CK1 TiICKO | TUFR - TIPOL TIECE TICNTR
R/W R/W R/W R/W - RW RW RW
Initial value: O0OH
T1CK[2:0] Select Timer 1 clock source. fx is main system clock frequency
T1CK2 T1CK1 T1CKO Description
0 0 0 x/2048
0 0 1 fx/512
0 1 0 fx/64
0 1 1 fx/8
1 0 0 fx/4
1 0 1 fx/2
1 1 0 fx/1
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
T1POL T10/PWM10O Polarity Selection
0 Start High (TLO/PWM10 is low level at disable)
1 Start Low (T10/PWML1O0 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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11.3 Timer 2

11.3.1 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 (T2ADRH, T2ADRL, T2BDRH, T2BDRL, T2CRH, and T2CRL).

It has four operating modes:

*  16-bit timer/counter mode
e 16-bit capture mode
e 16-bit PPG output mode (one-shot mode)

e  16-bit PPG output mode (repeat mode)

The timer/counter 2 can be divided clock of the system clock selected from prescaler output and T1 A Match (timer
1 A match signal). 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, fx/2, fx/4,x/8,fx/32, fx/128, fx/512 and T1 A Match

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 PWM20 port in the PPG mode.

Table 19. Timer 2 Operating Modes

T2EN P1FSRL[5:4] T2MS[1:0] T2CK[2:0] Timer 2

1 11 00 XXX 16-bit Timer/Counter Mode

1 00 01 XXX 16-bit Capture Mode

1 11 10 XXX 16-bit PPG Mode (one-shot mode)
1 11 11 XXX 16-bit PPG Mode (repeat mode)
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11.3.2 16-bit Timer/Counter Mode

The 16-bit timer/counter mode is selected by control register as shown in Figure 43.

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, 32, 128, 512 and T1 A Match prescaler division
rates (T2CK[2:0]). When the values of T2CNTH/T2CNTL and T2ADRH/T2ADRL are identical in timer 2, a match
signal is generated and the interrupt of Timer 2 occurs. The T2CNTH/T2CNTL valuesare automatically cleared by

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

T2CRH | T2EN | - |T2MSl | T2MSO| - | - | - | T2CC | ADDRESS:C3H
INITIAL VALUE : 0000_0000B
1 - 0 0 - - - X
T2CRL | T2CK2 | T2CK1 | T2CKO | T2IFR | - | T2POL | - |T20NTR| ADDRESS:C2H
INITIAL VALUE : 0000_0000B
X X X X - X - X
16-bit A Data Register
T2ADRH/T2ADRL
Reload /7— A Match
T2CC
T2CK[2:0] N \—T2EN
- INT_ACK
3 | Buffer Register A |
lCIear
N o \ N
T1 A Match——p A Matc To interrupt
Sl T2EN — T2IFR » block
S e
r x/2 > ¢ Comparator
e f/a M - Clear A Match
s XE—» U — o 16-bit Counter R T2CC
x—p | ¢ By |y | T2CNTH/T2CNTL T2EN
a fx/32 >
| Pulse
. /128 Generator —1L] 120
r fx/512 >
T2MS[1:0] T2POL
NOTES:
1. T1 AMatch is a pulse for the timer 2 clock source if it is selected.

Figure 43. 16-bit Timer/Counter Mode for Timer 2

\BO\

SEMICONDUCTOR 111



11. Timer 0/1/2/3/4/5 A96T418 User’s manual

Match with
T2ADRH/N

A

T2CNTH/L
Valia n-

/ Count Pulse Period
Up-count 6

\/

|<— Interrupt Period _>| TIME

4
Timer 2 T T
(T2IFR)

Intarr int

Occur Occur Occur

Interrupt Interrupt Interrupt

Figure 44. 16-bit Timer/Counter 2 Example

11.3.3 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 valuesare 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.
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ADDRESS:C3H

ia
Il
T1AMatch ———p
fx/1 >

fxi2 ¢

T2EN

x/4 >

T2CRH | T2EN | - |T2MSl | T2MSO| - | - | - | T2CC |
INITIAL VALUE : 0000_0000B
1 - 0 1 - - - X
T2CRL | T2CK2 | T2CK1 | T2CKO | T2IFR | - | T2POL | - |T2CNTR| ADDRESS:C2H
_ INITIAL VALUE : 0000_0000B
X X X X - X X
16-bit A Data Register
T2ADRH/T2ADRL
Reload /7— A Match
T2CcC
T2CK[2:0] ~\——T2EN

INT_ACK
Buffer Register A |

lCIear

T2IFR

To interrupt
> block

: : A Match

Comparator

xCcZ
:\

x/8 >

x/32
x/128 >
fx/512 > /

x —»

|*fD—$DﬂU)(D*-U|

EIPOL1[7:6]
2
T2CNTR

o o

fo
T2MS[1:0]

EINT12[ }—»

16-bit Counter R
T2CNTH/T2CNTL

Clear A Match
T2CC
T2EN

Clear

16-bit B Data Register
T2BDRH/T2BDRL

INT_ACK

lCIear

FLAG12

To interrupt

NOTES:

1. T1AMatch is a pulse for the timer 2 clock source if it is selected.

v

(EIFLAG1.3) block

Figure 45. 16-bit Capture Mode for Timer 2
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A T2BDRH/L Load
T2CNTH/L
Valua n-
/ LB Count Pulse Period
Up-count 6
/ >
4
3
2
1
0 B
TIME
Ext. EINT12 PIN |_
Interrupt [ I —|
Request < >
(F1 A1 Interrupt Interval Period
Figure 46. Input Capture Mode Operation for Timer 2
FFFFH FFFFH
XXu
T2CNTH/L
YYH
00H 00H 00H 00H 00H
Interrupt —| —|
Request
(T2IFR\
Ext. EINT12 PIN
Interrupt —| I
Request - -
(E1 A1\ Interrupt Interval Period = FFFFu+01u+FFFFH +01u+YYH+01H

Figure 47. Express Timer Overflow in Capture Mode
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11.3.4 16-bit PPG Mode
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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 PIFSRL[5:4] to “11’. The
period of the PWM output is determined by the T2ZADRH/T2ADRL. And the duty of the PWM output is determined

by the T2BDRH/T2BDRL.
T2CRH | T2EN | - | T2MS1 | T2MS0 | - | - | - | T2CC | ADDRESS:C3H
INITIAL VALUE : 0000_0000B
1 - 1 1 - - - X
T2CRL | T2CK2 | T2CK1 | T2CKO | T2IFR | - | T2POL | - |T20NTR| ADDRESS:C2H
INITIAL VALUE : 0000_0000B
X X X X - X - X
16-bit A Data Register
T2ADRH/T2ADRL
Reload /7— A Match
T2CC
T2CK[2:0] ~——T2EN
_ INT_ACK
3 | Buffer Register A |
lclear
I
T1 A Match———p \ A Match To interrupt
=1 fx/1 T2EN T2IFR block
Y
; 2 ¢ Comparator
e| fya M - Clear /7— A Match
s 25— U — o 16-bit Counter R |¢ T2CC
| o | e | 1 ° T2CNTHIT2CNTL N\ ToEn
a fx/32
| 32,
| Pulse T20/
. | fx/128 :tl>m> Generator ] PWM20
¢ | _fos12
— / Comparator $2 T
Buffer Register B | T2MS[1:0] T2POL
Reload /7— A Match
T2CC
\A—TZEN
16-bit B Data Register
T2BDRH/T2BDRL
NOTES:

2. T1 A Match is a pulse for the timer 2 clock source if it is selected.

1. The T2EN is automatically cleared to logic “0” after one pulse is generated at a PPG one-shot mode.

Figure 48. 16-bit PPG Mode for Timer 2
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Repeat Mode(T2MS = 11b) and "Start Hi

Clear and Start

Set T2EN

Timer 2 clock

h"(T2POL = 0b).

Tﬂﬂﬂﬂﬂﬂﬂﬂ

Counter X

EEE

T2ADRH/L M

/
/

T2 Interrupt

T

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

PWM20

2. T2BDRHI/L >=T2A

PWM20

DRH/L

B Match

A Match

3. T2BDRH/L = "0000H"

PWM20

Low Level

A Match

A Match

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

Clear and Start

Set T2EN

Timer 2 clock

UUUuuuUls

x(HXXXXXXXM

T2ADRH/L M

T2 Interrupt

1. T2BDRHIL(5) < T2ADRHIL

PWM20

2. T2BDRHI/L >=T2A

DRH/L

B Match

A
x

A Match

l

PWM20

3. T2BDRH/L ="0000H"

PWM20

Low Level

A Match

A Match
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Figure 49. 16-bit PPG Mode Timming chart for Timer 2
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11.3.5 Block Diagram

16-bit A Data Register
T2ADRH/T2ADRL

Reload /7— A Match
< T2CC
T2CK][2:0] T2EN

INT_ACK

3 | Buffer Register A |
lclear

o
T1 A Match —— \ T2FR To interrupt
P |1 T2EN :t block
. /2 ’ Comparator
> A Match
° |t '\le —. 16-bit Counter R |42 ¢ ( T2CcC
o ° | _tus . T2CNTH/T2CNTL [ | NG T2EN
a x/32
| —>fx/128 Clear B Match Pulse T20/
o X128 4 ::[>—> Generator PWM20
r fx/512 »
L | / Comparator $ 2 T

EIPOL1[7:6] | Buffer Register B | T2MS[1:0] T2POL

Reload /7— A Match

i 2
T2CNTR NG T2cc
X 5 T2EN
EINT12 [ J—| W INT_ACK

16-bit B Data Register

% , T2BDRH/T2BDRL lCIear
T2MS[1:0]

o | FLAG12 To interrupt
"|(EIFLAG1.3) block
NOTES:
1. T1 AMatch is a pulse for the timer 2 clock source if it is selected.
Figure 50. 16-bit Timer 2 Block Diagram
11.3.6 Register Map
Table 20. Timer 2 Register Map

Name Address Direction Default Description

T2ADRH C5H R/W FFH Timer 2 A Data High Register

T2ADRL C4H R/W FFH Timer 2 A Data Low Register

T2BDRH C7H R/W FFH Timer 2 B Data High Register

T2BDRL Ce6H R/W FFH Timer 2 B Data Low Register

T2CRH C3H R/W OO0H Timer 2 Control High Register

T2CRL C2H R/W 00H Timer 2 Control Low Register
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11.3.7 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 (T2ZADRL),
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).

11.3.8 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
RIW RIW RIW RIW RIW RIW RIW RIW

Initial value: FFH

T2ADRH[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 | T2ADRL5 | T2ADRL4 | T2ADRL3 | T2ADRL2 | T2ADRL1 | T2ADRLO
RIW RIW RIW RIW RIW RIW RIW RIW
Initial value: FFH
T2ADRL[7:0] T2 A Data Low Byte
NOTES:

Do not write “0000H” in the T2ADRH/T2ADRL register when PPG mode.
T2BDRH (Timer 2 B Data High Register): C7H

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

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 | T2BDRL5 | T2BDRL4 T2BDRL3 T2BDRL2 T2BDRL1 T2BDRLO
R/W R/W R/W R/W R/W R/W R/W R/W

Initial value: FFH

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

11. Timer 0/1/2/3/4/5
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7 6 5 3 2 1 0
| ™ - T2MS1 | T2us0 - - - T2CC
RW - R/W RW - - - RW
Initial value: OOH
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)
T2CC Clear Timer 2 Counter
0 No effect
1 Clear the Timer 2 counter (When write, automatically

cleared “0” after being cleared counter)
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T2CRL (Timer 2 Control Low Register): C2H

120

7 6 5 4 3 2 1 0
| Teck2 | T2cki | Tecko | T2IFR - T2POL - T2CNTR
R/W R/W R/W R/W - RW - RW
Initial value: OOH
T2CK[2:0] Select Timer 2 clock source. fx is main system clock frequency
T2CK2 T2CK1 T2CKO Description
0 0 0 fx/512
0 0 1 fx/128
0 1 0 x/32
0 1 1 fx/8
1 0 0 fx/4
1 0 1 x/2
1 1 0 fx/1
1 1 1 T1 A Match
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)
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)
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11.4 Timer3

11.4.1 Overview

The 16-bit timer 3 consists of multiplexer, timer 3 A data register high/low, timer 3 B data register high/low and timer
3 control register high/low (T3ADRH, T3ADRL, T3BDRH, T3BDRL, T3CRH, and T3CRL).

It has four operating modes:

*  16-bit timer/counter mode
e 16-bit capture mode
e 16-bit PPG output mode (one-shot mode)

*  16-bit PPG output mode (repeat mode)

The timer/counter 3 can be clocked by an internal or an external clock source (EC3). The clock source is selected
by clock selection logic which is controlled by the clock selection bits (T3CK[2:0]).

TIMER 3 clock source: fx/1, 2, 4, 8, 64, 512, 2048 and EC3

In the capture mode, by EINT3, the data is captured into input capture data register (T3BDRH/T3BDRL). Timer 3

outputs the comparison result between counter and data register through T30 port in timer/counter mode. Also
Timer 3 outputs PWM wave form through PWM3O0 port in the PPG mode.

Table 21. Timer 3 Operating Modes

T3EN POFSRL[3:2] T3MS[1:0] T3CK[2:0] Timer 3

1 11 00 XXX 16-bit Timer/Counter Mode

1 00 01 XXX 16-bit Capture Mode

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

11.4.2 16-bit Timer/Counter Mode

The 16-bit timer/counter mode is selected by control register as shown in Figure 51.

The 16-bit timer have counter and data register. The counter register is increased by internal or external clock input.
Timer 3 can use the input clock with one of 1, 2, 4, 8, 64, 512 and 2048 prescaler division rates (T3CK][2:0]). When
the value of T3CNTH, T3CNTL and the value of T3ADRH, T3ADRL are identical in Timer 3 respectively, a match

signal is generated and the interrupt of Timer 3 occurs. The T3CNTH, T3CNTL value is automatically cleared by

match signal.

It can be also cleared by software (T3CC).
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The external clock (EC3) counts up the timer at the rising edge. If the EC3 is selected as a clock source by T3CK[2:0],
EC3 port should be set to the input port by P0O0IO bit.

T3CRH | T3EN | - |T3MSl | T3MSO| - | - | - | T3cC | ADDRESS:1000H
INITIAL VALUE : 0000_0000B
1 - 0 0 - - - X
T3CRL | T3CK2 | T3CK1 | T3CKO | T3IFR | - | T3POL | T3ECE |T3CNTR| ADDRES $:1001H
INITIAL VALUE : 0000_0000B
X X X X - X X X

16-bit A Data Register
T3ADRH/T3ADRL

Reload e H A Match
T3CC
\A— T3EN

T3CK[2:0]
T3ECE INT_ACK
¢ 3 | Buffer Register A |
Clear
Edge
|—> —> .
EC3 Detector TaEN :t A Match T3IFR ) 'lln'lc())::iterrupt
p 1 —p
r e | ¢ Comparator
e Clear A Match
s —fxid '\L/Jl — o 16-bit Counter R T3CC
x—p| ¢ B p| & | T3CNTH/T3CNTL T3EN
a /64y,
U | fws12 Pulse ] 180
e Generator _D PWM30
r ? T
2

T3MS[1:0] T3POL

Figure 51. 16-bit Timer/Counter Mode for Timer 3
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A Match with T3ADRH/L
T3CNTHIL 4
Valua -1
n-2 .
/ Count Pulse Period
Up-count 6 > <
/ -
4
3
2
1
0
,4— Interrupt Period _>1 TIME
4 A
Timer 3
(T3IFR)
Int t Ocour Occur Occur
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Figure 52. 16-bit Timer/Counter 3 Example
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11.4.3 16-bit Capture Mode

The 16-bit timer 3 capture mode is set by T3MS[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 T3CNTH/T3CNTL
is equal to T3ADRH/T3ADRL. The T3CNTH, T3CNTL values are automatically cleared by match signal. It can be
also cleared by software (T3CC).

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 T3SBDRH/T3BDRL.

According to EIPOLO registers setting, the external interrupt EINT3 function is chosen. Of course, the EINT3 pin

must be set as an input port.

T3CRH | T3EN | - | T3MS1 | T3MS0 | - | - | - | T3cc | ADDRES S:1000H
INITIAL VALUE : 0000_0000B
1 - 0 1 - - - X
T3CRL | T3CK1 | T3CK1 | T3CKO | T3IFR | - | T3POL | T3ECE |TSCNTR| ADDRESS:1001H
INITIAL VALUE : 0000_0000B
X X X X - X X X
16-bit A Data Register
T3ADRH/T3ADRL
Reload /7— A Match
T3CcC
v T3EN
T3CK[2:0]
T3ECE INT_ACK
3 | Buffer Register A |
lCIear
Edge
EC3 [ Lotontor — A Match T3IER Tointerrupt
p X1 T3EN block
r /2 ¢ Comparator
e M —1 ’ | Clear /7_ A Match
s —fXﬂ—> U o 16-bit Counter R |¢ T3CC
. > o lxm p| T3CNTH/T3CNTL ~ T3EN
T JLﬁA_’ Clear
e
¢ |x2048 4,
EIPOLOL[7:6]
16-bit B Data Register
EINT3 T3BDRH/T3BDRL INT_ACK
52 l Clear
T3MS[1:0] FLAG3 » Tointerrupt
» ointerrup
" | (EIFLAGO.3) block

Figure 53. 16-bit Capture Mode for Timer 3
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A T3BDRH/L Load
T3CNTHIL Value
n_
n- .
/ Count Pulse Period
Up-count 6
/ >
4
3
2
1
0 -
TIME
Ext. EINT3 PIN I_
Interrupt [ I —|
Request < >
(El AR\ Interrupt Interval Period
Figure 54. Input Capture Mode Operation for Timer 3
FFFFu FFFFu
XXu
T3CNTH/L
YYu
00H 00H 00H 00H 00H
Interrupt —| —|
Request
(T2AFRY
Ext. EINT3 PIN
Interrupt —| I
Request - >
(Fl AR Interrupt Interval Period = FFFFu+011+FFFFH +01h+YYH+01H

Figure 55. Express Timer Overflow in Capture Mode
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11.4.4 16-bit PPG Mode

The timer 3 has a PPG (Programmable Pulse Generation) function. In PPG mode, T30/PWM3O0O pin outputs up to
16-bit resolution PWM output. This pin should be configured as a PWM output by setting POFSRH[3:2] to “11’. The
period of the PWM output is determined by the T3ADRH/T3ADRL. And the duty of the PWM output is determined
by the T3BDRH/T3BDRL.

T3CRH | T3EN | - |T3MSl | T3MSO| - | - | - | T3cc | ADDRES S:1000H
INITIAL VALUE : 0000_0000B
1 - 1 1 - - - X
T3CRL | T3CK2 | T3CK1 | T3CKO | T3IFR | - | T3POL | T3ECE |T3CNTR| ADDRESS:1001H
INITIAL VALUE : 0000_0000B
X X X X - X X X
16-bit A Data Register
T3ADRH/T3ADRL
Reload ~ 7— A Match
T3CC
T3CK[2:0] \i — T3EN
T3ECE - INT_ACK
¢ 3 | Buffer Register A |
l Clear
I:l ) Edge )
EC3 Detegctor \ A Match T3IFR p Tointerrupt
|1y, T3EN block
P Comparator
Pl J
€ M ! Clear A Match
s x4 U — o 16-bit Counter R T3CC
x— | ¢ 8|« |- T3CNTH/T3CNTL TaEn
a | ixi6a
! | x/512 4, B Match Pulse T30
e = I>—> Generator ] pwm3o
r x2048 o,
- / Comparator P

Buffer Register B | T3MS[L:0] T3POL

Reload / H A Match
T3CC
~—S T3EN

16-bit B Data Register
T3BDRH/T3BDRL

NOTES:
1. The T3EN is automatically cleared to logic “0” after one pulse is generated at a PPG one-shot mode.

Figure 56. 16-bit PPG Mode for Timer 3
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Repeat Mode(T3MS = 11b) and "Start High"(T3POL = 0b).

Set T3EN W Clear and Start

Timer 3 clock

come XXXXXXXXXXWXXXXXX

T3ADRH/L M

T3 Interrupt _‘

1. T3BDRHI/L(5) < T3ADRHIL ‘

PWM30O B Match A Match

2. T3BDRH/L >= T3ADRH/L

PWM30 A Match

3. T3BDRH/L = "0000H"

PWM30 A Match

Low Level

One-shot Mode(T3MS = 10b) and "Start High"(T3POL = 0b).

Set T3EN 1 Clear and Start

X(HHXXW """ )@% °

T3ADRH/L M

/
A7
} v

1. T3BDRH/L(5) < T3ADRHI/L

PWM30 B Match A Match
2. T3BDRH/L >= T3ADRH/L l
PWM30 A Match

3. T3BDRH/L = "0000H"

PWM30O A Match

Low Level

Figure 57. 16-bit PPG Mode Timming chart for Timer 3
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11.4.5 Block Diagram
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16-bit A Data Register
T3ADRH/T3ADRL

7 Reload

A4

(EIFLAGO.3)

/7— A Match
< T3CC
T3EN ToTimer 4
T3ECE T3CK[2:0] block
INT_ACK
¢ 3 | Buffer Register A | 1
l Clear
Edge
—> .
EC3 D—> Detector \ A Match Tointerrupt
__txll_> T3EN :t T3IFR ’ block
P
. ¢ Comparator
. _tx[2_> Clear A Match
R RN ’\lj' — 16-bit Counter R T3CC
. . x/8 v T3CNTH/T3CNTL T3EN
? | x/64 ), Clear B Match Pulse _D T30
e /212 4, :t at Generator
— ] pwm3
r _f.x[ZQA_B_>
L] / Comparator 2
EIPOLOL[7:6] | Buffer Register B | T3MS[1:0] T3POL
2
i Reload /7— A Match
T3CNTR NG T3cc
X T3EN
EINT3 [ —» % T o : : INT_ACK
16-bit B Data Register J
ﬂ_ % 5 T3BDRH/T3BDRL l Clear
T3MS[1:0]
FLAG3

) Tointerrupt

block

Figure 58. 16-Bit Timer 3 Block Diagram

11.4.6 Register Map

Table 22. Timer 3 Register Map

Name Address Direction Default Description

T3ADRH 1002H R/W FFH Timer 3 A Data High Register
T3ADRL 1003H R/W FFH Timer 3 A Data Low Register

T3BDRH 1004H R/W FFH Timer 3 B Data High Register
T3BDRL 1005H R/W FFH Timer 3 B Data Low Register

T3CRH 1000H R/W 00H Timer 3 Control High Register
T3CRL 1001H R/W 00H Timer 3 Control Low Register
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11.4.7 Timer/Counter 3 Register Description

The timer/counter 3 register consists of timer 3 A data high register (T3ADRH), timer 3 A data low register (T3ADRL),
timer 3 B data high register (T3BDRH), timer 3 B data low register (T3BDRL), timer 3 control high register (T3CRH)
and timer 3 control low register (T3CRL).

11.4.8 Register Description for Timer/Counter 3

T3ADRH (Timer 3 A Data High Register): 1002H

7 6 5 4 3 2 1 0
| T3ADRH7 | T3ADRH6 | T3ADRH5 | T3ADRH4 | T3ADRH3 | T3ADRH2 | T3ADRHL | T3ADRHO
RIW RIW RIW RIW RIW RIW RIW RIW

Initial value: FFH

T3ADRH[7:0] T3 A Data High Byte

T3ADRL (Timer 3 A Data Low Register): 1003H

7 6 5 4 3 2 1 0
| T3ADRL7 | T3ADRL6 | T3ADRL5 | T3ADRL4 | T3ADRL3 | T3ADRL2 | T3ADRLL | T3ADRLO
RIW RIW RIW RIW RIW RIW RIW RIW
Initial value: FFH
T3ADRL[7:0] T3 A Data Low Byte
NOTES:

Do not write “0000H” in the T3ADRH/T3ADRL register when PPG mode

T3BDRH (Timer 3 B Data High Register): 1004H

7 6 5 4 3 2 1 0
| T3BDRH7 | T3BDRH6 | T3BDRH5 | T3BDRH4 T3BDRH3 T3BDRH2 T3BDRH1 T3BDRHO
R/W R/W R/W R/W R/W R/W R/W R/W

Initial value: FFH

T3BDRHI[7:0] T3 B Data High Byte

T3BDRL (Timer 3 B Data Low Register): 1005H

7 6 5 4 3 2 1 0
| T3BDRL7 | T3BDRL6 | T3BDRL5 | T3BDRL4 T3BDRL3 T3BDRL2 T3BDRL1 T3BDRLO
R/W R/W R/W R/W R/W R/W R/W R/W

Initial value: FFH

T3BDRL[7:0] T3 B Data Low Byte
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T3CRH (Timer 3 Control High Register): 1000H

7 6 5 4 3 2 1 0
B T3MS1 | T3S0 - - - T3CC
RW - R/W RW - - - RW
Initial value: 00H
T3EN Control Timer 3
0 Timer 3 disable
1 Timer 3 enable (Counter clear and start)

T3MS[1:0] Control Timer 3 Operation Mode
T3MS1 T3MSO Description

0 0 Timer/counter mode (T30: toggle at A match)
0 1 Capture mode (The A match interrupt can occur)
1 0 PPG one-shot mode (PWM30O)
1 1 PPG repeat mode (PWM30)
T3CC Clear Timer 3 Counter
0 No effect
1 Clear the Timer 3 counter (When write, automatically

cleared “0” after being cleared counter)

T3CRL (Timer 3 Control Low Register): 1001H

7 6 5 4 3 2 1 0
| Tck2 | T3cki | T3cko | T3IFR - T3POL T3ECE T3CNTR
R/W R/W R/W R/W - RW RW RW
Initial value: OOH
T3CK][2:0] Select Timer 3 clock source. fx is main system clock frequency
T3CK2 T3CK T3CK Description
1 0
0 0 0 fx/2048
0 0 1 fx/512
0 1 0 fx/64
0 1 1 x/8
1 0 0 fx/4
1 0 1 fx/2
1 1 0 fx/1
1 1 1 External clock (EC3)
T3IFR When T3 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 T3 Interrupt no generation
1 T3 Interrupt generation
T3POL T30/PWM3O Polarity Selection
0 Start High (T30/PWM3O0 is low level at disable)
1 Start Low (T30/PWM3O is high level at disable)
T3ECE Timer 3 External Clock Edge Selection
0 External clock falling edge
1 External clock rising edge

130 \BO\

SEMICONDUCTOR



A96T418 User's manual 11. Timer 0/1/2/3/4/5

T3CNTR Timer 3 Counter Read Control
0 No effect
1 Load the counter value to the B data register (When write, automatically

cleared “0” after being loaded)

11.5 Timer4
11.5.1 Overview

The 16-bit TIMER 4 consists of multiplexer, timer 4 A data high/low register, timer 4 B data high/low register and
timer 4 control high/low register (T4AADRH, T4ADRL, T4BDRH, T4BDRL, T4CRH, and T4CRL).

It has four operating modes:

e 16-bit timer/counter mode

*  16-bit capture mode

e 16-bit PPG output mode (one-shot mode)
e 16-bit PPG output mode (repeat mode)

The timer/counter 4 can be divided clock of the system clock selected from prescaler output and T3 A Match (timer
3 A match signal). The clock source is selected by clock selection logic which is controlled by the clock selection
bits (T4CK[2:0]).

TIMER 4 clock source: fx/1, fx/2, fx/4,x/8,fx/32, x/128, fx/512 and T3 A Match

In the capture mode, by EINT4, the data is captured into input capture data register (T4BDRH/T4BDRL). In
timer/counter mode, whenever counter value is equal to T4ADRH/L, T40 port toggles. Also the TIMER 4 outputs
PWM wave form to PWM40 port in the PPG mode.

Table 23. TIMER 4 Operating Modes

T4EN POFSRH[5:4] T4MS[1:0] TACK][2:0] TIMER 4

1 11 00 XXX 16-bit Timer/Counter Mode

1 00 01 XXX 16-bit Capture Mode

1 11 10 XXX 16-bit PPG Mode (one-shot mode)
1 11 11 XXX 16-bit PPG Mode (repeat mode)
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11.5.2 16-bit Timer/Counter Mode

The 16-bit timer/counter mode is selected by control register as shown in Figure 59.

The 16-bit timer have counter and data register. The counter register is increased by internal or timer 3 A match
clock input. Timer 4 can use the input clock with one of 1, 2, 4, 8, 32, 128, 512 and T3 A Match prescaler division
rates (T4CK[2:0]). When the values of TACNTH/T4CNTL and T4AADRH/T4ADRL are identical in timer 4, a match
signal is generated and the interrupt of Timer 4 occurs.The T4ACNTH/T4CNTL values are automatically cleared by

match signal. It can be also cleared by software (T4CC).

TACRH | T4EN | - |T4MSl | T4MSO| - | - | - | T4CC | ADDRES S:1008H
INITIAL VALUE : 0000_0000B
1 - 0 0 - - - X
T4CRL | T4CK2 | T4CK1 | T4CKO | T4IFR | - | T4POL | - |T4CNTR| ADDRES S:1009H
INITIAL VALUE : 0000_00008
X X X X - X - X

16-bit A Data Register
T4ADRH/T4ADRL

Reload /7— A Match
Tacc
T4CK[2:0] — TAEN

SIW
3 | Buffer Register A |
l Clear
ipl AS
T3 A Match————» :t A Match TAIFR Tointerrupt
p X1 T4EN > block
Comparator
o v
e M Clear A Match
. /4y U o—o 16-bit Counter R Tacc
X —p| ¢ —XB X TACNTH/T4CNTL T4EN
a ix/32 |:|
| Pulse T40
o Ix1128_> Generator —| PWM40
L1 R
/ 2
T4MS[1:0] T4POL
NOTES:

1. T3 AMatch is a pulse for the timer 4 clock source if it is selected.

Figure 59. 16-bit Timer/Counter Mode for Timer 4
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A Match with
T4ADRH/
T4CNTH/L
Valua n-
/ L Count Pulse Period
Up-count 6 _>' |<_
/ 5
4
3
2
1
0 >
,q— Interrupt Period —>| TIME
A / A
Timer 4
(T4IFR)
Intarmint Occur Occur Occur
Interrupt Interrupt Interrupt

Figure 60. 16-bit Timer/Counter 4 Example
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11.5.3 16-bit Capture Mode

The timer 4 capture mode is set by T4MS[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 TACNTH/T4CNTL is equal to
T4ADRH/T4ADRL. T4ACNTH/T4CNTL values are automatically cleared by match signal and it can be also cleared
by software (T4CC).

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 T4ABDRH/T4BDRL. In the timer 4 capture mode, timer 4 output (T40O) waveform is

not available.
T4CRH | T4EN | - |T4MSl | T4MSO| - | - | - | T4CC | ADDRES S:1008H
INITIAL VALUE : 0000_0000B
1 - 0 1 - - - X
T4CRL | T4CK2 | T4CK1 | T4CKO | T4IFR | - | T4POL | - |T4CNTR| ADDRES S:1009H
_ INITIAL VALUE : 0000_0000B
X X X X - X X

16-bit A Data Register
T4ADRH/T4AADRL

Reload ~ F——— A Match
T4CC
T4CK[2:0] \A— T4EN

SIW
3 | Buffer Register A |
l Clear
I \
T1A Match ——» A Match i
:t TAIFR Tointerrupt
p X1 T4AEN : block
Comparator
ey v
e M - Clear A Match
. L x4 o U — 16-bit Counter R Tacc
i >| o8 5| : T4CNTH/TACNTL T4EN
x/32 A
T Clear
e >
r X512 /
EIPOLOH[1:0]

2
TACNTR

16-bit B Data Register
EINTA[_—» o T4BDRHI/T4BDRL INT ACK

E 2 l Clear
T4MS[1:0]

- FLAG4 > Tointerrupt
(EIFLAGO0.4) block

NOTES:
1. T3 AMatch is a pulse for the timer 4 clock source if it is selected.

Figure 61. 16-bit Capture Mode for Timer 4
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A T4BDRH/L Load
TACNTHIL Value
n-
n- .
/ Count Pulse Period
Up-count 6
/ >
4
3
2
1
0 -
TIME
Ext. EINT4 PIN I_
Interrupt [ T —|
Request - >
(El AR\ Interrupt Interval Period
Figure 62. Input Capture Mode Operation for Timer 4
FFFFH FFFFH
XXH
TACNTH/L
YYH
004 00H 00H 00H 00H
Interrupt —| —|
Request
ITAIER\
Ext. EINT4 PIN
Interrupt —| I
Request - >
(Bl AN Interrupt Interval Period = FFFFu+014+FFFFH +011+YYH+011

Figure 63. Express Timer Overflow in Capture Mode
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11.5.4 16-bit PPG Mode

The timer 4 has a PPG (Programmable Pulse Generation) function. In PPG mode, the T4O/PWM4O0 pin outputs up
to 16-bit resolution PWM output. This pin should be configured as a PWM output by set POFSRH[5:4] to ‘11’. The
period of the PWM output is determined by the T4AADRH/T4ADRL. And the duty of the PWM output is determined
by the T4ABDRH/T4BDRL.

ADDRES S:1008H

TACRH | T4EN | - |T4MSl | T4MSO| - | - | - | T4cc |
INITIAL VALUE : 0000_0000B
1 - 1 1 - - - X
T2CRL | TACK2 | TACK1 | T4CKO | T4IFR | - | T4POL | - |T4CNTR| ADDRES 5:1009H
INITIAL VALUE : 0000_0000B
X X X X - X - X
16-bit A Data Register
T4ADRH/T4ADRL
Reload /7— A Match
T4acc
T4CK[2:0] 3 T4EN

3

| Buffer Register A

| S/IW

l Clear

I N
T3 A Match———» A Match i
:t T4IFR ) Tointerrupt
P il T4EN block
Comparator
e v
e M - Clear A Match
s x4y, — o 16-bit Counter R T4cc
| o |8 g ] TACNTH/TACNTL TaEN
a x/32
| £x/128 B Match Pulse —D T40
e ar Generator
:t — 1 pwma40
r fx/512
— / Comparator 2
Buffer Register B | T4AMS[1:0] T4POL

/7— A Match
T4cC
\A— T4EN

Reload

16-bit B Data Register
T4BDRH/T4BDRL

NOTES:
1. The T4EN is automatically cleared to logic “0” after one pulse is generated at a PPG one-shot mode.

2. T3 A Match is a pulse for the timer 4 clock source if it is selected.

Figure 64. 16-bit PPG Mode for Timer 4
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Repeat Mode(T4MS = 11b) and "Start High"(T4POL = 0b).
Clear and Start

Set T4EN

Timer 4 clock

XXXXXXXXXXWXXXXXX

T4ADRH/L M

T4 Interrupt _‘

1. TABDRH/L(5) < TAADRH/L \ \

PWM40 B Match A Match

2. TABDRH/L >= T4AADRH/L

PWM40 A Match

3. TABDRH/L = "0000H"

PWM40 Low Level

A Match

ne-shot M TaMS =1 nd "Start High"(T4POL =

Set TAEN Clear and Start

Timer 4 clock

HXXXXXXXXWX °

T4ADRH/L M

/
i
} }

1. TABDRH/L(5) < TAADRH/L

PWM40 B Match A Match
2. TABDRH/L >= TAADRH/L l
PWM40 A Match

3. TABDRH/L ="0000H"

PWM40 Low Level

A Match

Figure 65. 16-bit PPG Mode Timming chart for Timer 4
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11.5.5 Block Diagram

A96T418 User’s manual

16-bit A Data Register

NOTES:
1.

T4ADRH/T4ADRL
Reload [ AMach
T4CC
TACK[2:0] - T4EN
SIW
3 | Buffer Register A |
n l Clear
T3 A Match ————— \ A Match Tointerrupt
_ TaEN :: T4FR [P
Comparator
r X2
e M ¢ Clear A Match
s 4y U — o 16-bit Counter R Tace
fx ) c fx/8 ) X TACNTH/T4CNTL T4EN
a
I —{x/32 Clear N Pulse { ] 140
£x/128 > B Matc
e :: I>—> Generator ] pwmao
r X512 4
— / Comparator 2
EIPOLOH[1:0] | Buffer Register B | TAMS[1:0] T4POL
2
i Reload ~— /— A Match
f T4CNTR $ \ T4CC
‘ T4EN
EINT4 (> % ’ . : INT_ACK
16-bit B Data Register
ﬂ_ % 5 T4ABDRH/T4BDRL Clear
T4MS[1:0] )
» FLAG4 Tointerrupt
" | (EIFLAGO.4) block

T3 A Match is a pulse for the timer 4 clock source if it is selected.

Figure 66. 16-bit Timer 4 Block Diagram
11.5.6 Register Map
Name Address Direction Default Description
T4ADRH 100AH R/W FFH Timer 4 A Data High Register
T4ADRL 100BH R/W FFH Timer 4 A Data Low Register
T4BDRH 100CH R/W FFH Timer 4 B Data High Register
T4BDRL 100DH R/W FFH Timer 4 B Data Low Register
T4CRH 1008H R/W 00H Timer 4 Control High Register
T4CRL 1009H R/W OO0H Timer 4 Control Low Register
Table 24. Timer 4 Register Map
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11.5.7 Timer/Counter 4 Register Description

The timer/counter 4 register consists of timer 4 A data high register (TAADRH), timer 4 A data low register (T4AADRL),
timer 4 B data high register (T4BDRH), timer 4 B data low register (T4ABDRL), timer 4 control high register (T4CRH)
and timer 4 control low register (T4CRL).

11.5.8 Register Description for Timer/Counter 4

T4ADRH (Timer 4 A Data High Register): 100AH

7 6 5 4 3 2 1 0
| T4AADRH7 | T4ADRH6 | T4AADRH5 | TAADRHA4 T4ADRH3 T4ADRH2 TAADRH1 T4ADRHO
R/W R/W R/W R/W R/W R/W R/W R/W

Initial value: FFH

T4ADRH[7:0] T4 A Data High Byte

T4ADRL (Timer 4 A Data Low Register): 100BH

7 (] 5 4 3 2 1 0
| T4ADRL7 | T4ADRL6 | T4ADRL5 | T4ADRL4 T4ADRL3 T4ADRL2 T4ADRL1 T4ADRLO
R/W R/W R/W R/W R/W R/W R/W R/W
Initial value: FFH
T4ADRL[7:0] T4 A Data Low Byte
NOTES:

Do not write “0000H” in the TAADRH/T4ADRL register when PPG mode.

T4BDRH (Timer 4 B Data High Register): 100CH

7 6 5 4 3 2 1 0
| T4BDRH7 | T4BDRHG6 | T4BDRH5 | T4BDRH4 T4BDRH3 T4ABDRH2 T4BDRH1 T4BDRHO
R/W R/W R/W R/W R/W R/W R/W R/W

Initial value: FFH

T4BDRHI[7:0] T4 B Data High Byte

T4BDRL (Timer 4 B Data Low Register): 100DH

7 6 5 4 3 2 1 0
| T4BDRL7 | T4ABDRL6 | T4BDRL5 | T4ABDRL4 T4BDRL3 T4BDRL2 T4BDRL1 T4BDRLO
R/W R/W R/W R/W R/W R/W R/W R/W

Initial value: FFH

T4BDRL[7:0] T4 B Data Low
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T4CRH (Timer 4 Control High Register): 1008H

A96T418 User’s manual

7 6 5 4 3 2 1 0
| e | - TAMSL |  T4MSO - - - TACC
RW - R/W RW - - - RW
Initial value: 00H
T4EN Control Timer 4

0 Timer 4 disable
1 Timer 4 enable (Counter clear and start)

T4MS[1:0] Control Timer 4 Operation Mode

T4CC

T4AMS1 T4MSO Description

0 0 Timer/counter mode (T40: toggle at A match)

0 1 Capture mode (The A match interrupt can occur)
1 0 PPG one-shot mode (PWM40)

1 1 PPG repeat mode (PWM40)

Clear Timer 4 Counter

0 No effect

1 Clear the Timer 4 counter (When write, automatically

cleared “0” after being cleared counter)

T4CRL (Timer 4 Control Low Register): 1009H

140

cleared “0” after being loaded)

7 6 5 4 3 2 1 0
| Tackz | Tacki | Tacko | TaIFR - T4POL - TACNTR
R/W R/W R/W R/W - RW - RW
Initial value: O0OH
T4CK[2:0] Select Timer 4 clock source. fx is main system clock frequency
TACK2 T4CK1 T4CKO  Description
0 0 0 fx/512
0 0 1 fx/128
0 1 0 fx/32
0 1 1 fx/8
1 0 0 fx/4
1 0 1 fx/2
1 1 0 fx/1
1 1 1 T3 A Match
T4IFR When T4 Match Interrupt occurs, this bit becomes ‘1’. For clearing bit,
write ‘0’ to this bit. Writing “1” has no effect.
0 T4 interrupt no generation
1 T4 interrupt generation
T4POL T40/PWMA40 Polarity Selection
0 Start High (T4O/PWMA40 is low level at disable)
1 Start Low (T40/PWM40 is high level at disable)
TACNTR Timer 4 Counter Read Control
0 No effect
1 Load the counter value to the B data register (When write, automatically
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116 Timer5

11.6.1 Overview

The 16-bit TIMER 5 consists of multiplexer, timer 5 A data high/low register, timer 5 B data high/low register and
timer 5 control high/low register (TSADRH, TS5ADRL, T5BDRH, T5BDRL, T5CRH, and T5CRL).

It has four operating modes:

*  16-bit timer/counter mode
e 16-bit capture mode
e 16-bit PPG output mode (one-shot mode)

e  16-bit PPG output mode (repeat mode)

The timer/counter 5 can be divided clock of the system clock selected from prescaler output.
The clock source is selected by clock selection logic which is controlled by the clock selection bits (TSCK][2:0]).

TIMER 5 clock source: fx/1, fx/2, fx/4,fx/8,fx/32, fx/128, fx/512 and HSIRC

In the capture mode, by EINT5, the data is captured into input capture data register (TSBDRH/T5BDRL). In
timer/counter mode, whenever counter value is equal to TSADRH/L, T50 port toggles. Also the TIMER 5 outputs
PWM wave form to PWM50 port in the PPG mode.

Table 25. TIMER 5 Operating Modes

T5EN POFSRH[5:4] T5MS[1:0] T5CK[2:0] TIMER 5

1 11 00 XXX 16-bit Timer/Counter Mode

1 00 01 XXX 16-bit Capture Mode

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

11.6.2 16-bit Timer/Counter Mode

The 16-bit timer/counter mode is selected by control register as shown in Figure 70.

The 16-bit timer have counter and data register. The counter register is increased by internal clock input. Timer 5
can use the input clock with one of 1, 2, 4, 8, 32, 128, 512 and High Frequency Internal Oscillator (HSIRC) prescaler
division rates (T5CK[2:0]). When the values of TSCNTH/T5CNTL and TSADRH/T5ADRL are identical in timer 5, a
match signal is generated and the interrupt of Timer 5 occurs. The TSCNTH/TSCNTL values are automatically

cleared by match signal. It can be also cleared by software (T5CC).
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TSCRH | TSEN | - |T5MSl | T5MSO| - | - | - | T5CC | ADDRES $:1010H
INITIAL VALUE : 0000_0000B
1 - 0 0 - - - X
T5CRL | T5CK2 | T5CK1 | T5CKO | T5IFR | - | T5POL | - |TSCNTR| ADDRESS:1011H
INITIAL VALUE : 0000_0000B
X X X X - X - X

16-bit A Data Register
T5ADRH/T5ADRL

Reload /7— A Match
TsCC
T5CK[2:0] — TSEN

SIW
3 | Buffer Register A |
l Clear
HRC—» \ A Match Tointerrupt
i, TSEN —3 ToIFR » block
Comparator
ey v S
e M B Clear A Match
< 24— U — o 16-bit Counter R |« T5CC
i >| o Y H [ T5CNTH/T5CNTL N &_ T5EN
a fx/32 ), I:l
| Pulse T50
| /128 ,
e Generator — | PWM50
r |fx512
/ 2
T5MS[1:0] T5POL
Figure 67. 16-bit Timer/Counter Mode for Timer 5
A Match with
TRANRH/N
TS5CNTH/L
Valia n-
/ L Count Pulse Period
Up-count 6
/ >
4
3
2
1
0 -
,<— Interrupt Period —>| TIME
/
Timer 5
(TSIFR)
Intarmint Occur Occur Occur
Interrupt Interrupt Interrupt

Figure 68. 16-bit Timer/Counter 4 Example
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11.6.3 16-bit Capture Mode

The timer 5 capture mode is set by TSMS[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 TSCNTH/T5CNTL is equal to
T5ADRH/T5ADRL. TSCNTH/T5CNTL values are automatically cleared by match signal and it can be also cleared

by software (T5CC).

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 TS BDRH/T5BDRL. In the timer 5 capture mode, timer 5 output (T50) waveform is

not available.

11. Timer 0/1/2/3/4/5

TSCRH | TSEN | - |T5MSl | T5MSO| - | - | - | T5CC | ADDRES S:1010H
INITIAL VALUE : 0000_0000B
1 - 0 1 - - - X
T5CRL | T5CK2 | T5CK1 | T5CKO | T5IFR | - | T5POL | - |T5CNTR| ADDRESS:1011H
INITIAL VALUE : 0000_0000B
X X X X - X X
16-bit A Data Register
T5ADRH/T5ADRL
Reload S 7—AMatch
T5CC
T5CK[2:0] \A— TSEN
SIW
3 | Buffer Register A |
lclear
HIRC > \ > A Match I I Tointerrupt
P x/1 > T5EN :t TSIFR block
r /2 ¢ Comparator A M
alc
f >| o I I TSCNTH/TSCNTL TSEN
fx/32 A
T Clear
e !
r —tXLElLb/
EIPOLOH[3:2]
2
T5CNTR
16-bit B Data Register
EINT5 [_—» o T5BDRH/T5BDRL INT_ACK
lCIear
%2
oSOl FLAG5 Tointerrupt
> p Tointerrup
" [ BIFLAGO.5) block

Figure 69. 16-bit Capture Mode for Timer 5
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A T5BDRH/L Load
TSCNTHI/L Value
n_
n- .
/ Count Pulse Period
Up-count 6
/ >
4
3
2
1
0 -
TIME
Ext. EINT5 PIN I_
Interrupt [ I —|
Request < >
(E1 ARR) Interrupt Interval Period
Figure 70. Input Capture Mode Operation for Timer 5
FFFFu FFFFu
XXu
T5CNTH/L
YYu
00H 00H 00H 00H 00H
Interrupt —| —|

Request
(TRIFR\

Ext. EINT5 PIN
Interrupt —| I
Request - >
(El ARR) Interrupt Interval Period = FFFFu+014+FFFFH +01h+YYH+01H

Figure 71. Express Timer Overflow in Capture Mode
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11.6.4 16-bit PPG Mode

The timer 5 has a PPG (Programmable Pulse Generation) function. In PPG mode, the T5O/PWM5O0 pin outputs up
to 16-bit resolution PWM output. This pin should be configured as a PWM output by set POFSRH[7:6] to ‘“11’. The
period of the PWM output is determined by the TSADRH/T5ADRL. And the duty of the PWM output is determined
by the TSBDRH/T5BDRL.

T5CRH | TSEN | - |T5MSl | T5MSO| - | - | - | T5CC | ADDRES S:1010H
INITIAL VALUE : 0000_0000B
1 - 1 1 - - - X
T5CRL | TSCK2 | TSCKL | TSCKO | TSIFR | - | TSPOL | - |T5CNTR| ADDRESS:1011H
INITIAL VALUE : 0000_0000B
X X X X - X - M

16-bit A Data Register
TS5ADRH/TS5ADRL

Reload e 7— A Match
T5CC
T5CK[2:0] ~—_Y——T5EN

- SIW
3 | Buffer Register A |
l Clear
HRC —» \ A Match i
— 1 fx/1 T5EN :t TSIFR -tl)—lcc)l::rllterrupt

P
r fx/2 ¢ Comparator
e M - Clear A Match
s x4y, U — o 16-bit Counter R T5CC

. p|cl—tx8 | T5CNTH/T5CNTL T5EN
a x/32
| Pulse —D T50

| £x/128 , B Match

e :t Generator D PWM50
r fx/512

/ Comparator } 2 T

Buffer Register B | TSMS[L:0] T5POL

Reload e 7— A Match
T5CC
\A— TSEN

16-bit B Data Register
T5BDRH/T5BDRL

NOTES:
1. The T5EN is automatically cleared to logic “0” after one pulse is generated at a PPG one-shot mode.

Figure 72. 16-bit PPG Mode for Timer 5
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Repeat Mode(T5MS = 11b) and "Start High"(TS5POL = 0b).
Clear and Start

Set TSEN

Timer 5 clock

Counter X

TSADRH/L M

T5 Interrupt

7

1. TSBDRH/L(5) < TSADRH/L

Timer 5 clock

fﬂﬂﬂﬂﬂﬂﬂﬂﬂ

Counter X

PWMS50 B Match A Match

2. TSBDRHIL >= TSADRHIL

PWMSO0 A Match

3. TSBDRHIL = "0000H"

PWM50 | o Levjel A Match
Se-t TSEN Clear:and Start " o -

T5ADRH/L M

T5 Interrupt

1. TSBDRH/L(5) < TSADRHI/L

PWM50 B Match

/Kﬂ
x

A Match

2. TSBDRH/L >= TSADRH/L

l

PWM50O

3. TSBDRH/L = "0000H"

PWM50 Low Level

A Match

A Match

Figure 73. 16-bit PPG Mode Timming chart for Timer 5
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11.6.5 Block Diagram

11. Timer 0/1/2/3/4/5

16-bit A Data Register

T5ADRH/T5ADRL
Reload /7— A Match
T5CC
T5CK[2:0] N T5EN
R SIW
3 | Buffer Register A |
l Clear
HRC ———8 8 ™ \ .
A Match Tointerrupt
IR TSEN —3 TSIFR » block
Comparator
r fx2
e M ¢ Clear A Match
< x4 U —o 16-bit Counter R TsCC
fx ) c ix/8 ) X T5CNTH/T5CNTL T5EN
a
I —{x/32 Clear 8 Match Pulse { ] 150
/128 4, atc
e —3 I>—> Generator ] PwMso
r X512 )
— / Comparator ? 2 T
EIPOLOH[3:2] | Buffer Register B | TSMS[1:0] TSPOL
2
i Reload ~—— /— A Match
T5CNTR N T5CC
X .’ T5EN
EINTS [ — X : : INT_ACK
16-bit B Data Register
ﬂ % ) T5BDRH/T5BDRL l Clear
T5MS[1:0] ace

) Tointerrupt

A 4

block

(EIFLAGO.5)

Figure 74. 16-bit Timer 5 Block Diagram

11.6.6 Register Map

Table 26. Timer 5 Register Map

Name Address Direction Default Description

TS5ADRH 1012H R/W FFH Timer 5 A Data High Register
T5ADRL 1013H R/W FFH Timer 5 A Data Low Register

TS5BDRH 1014H R/W FFH Timer 5 B Data High Register
T5BDRL 1015H R/W FFH Timer 5 B Data Low Register

T5CRH 1010H R/W OO0H Timer 5 Control High Register
T5CRL 1011H R/W 00H Timer 5 Control Low Register
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11.6.7 Timer/Counter 5 Register Description

The timer/counter 5 register consists of timer 5 A data high register (TSADRH), timer 5 A data low register (TSADRL),
timer 5 B data high register (TSBDRH), timer 5 B data low register (TSBDRL), timer 5 control high register (TSCRH)

and timer 5 control low register (TSCRL).

11.6.8 Register Description for Timer/Counter 5

T5ADRH (Timer 5 A Data High Register): 1012H

7 6 5 4 3 2 1 0
| TSADRH7 | T5ADRH6 | TSADRH5 | TSADRH4 T5ADRH3 T5ADRH2 TSADRH1 T5ADRHO
R/W R/W R/W R/W R/W R/W R/W R/W

Initial value: FFH
TSADRH[7:0] T5 A Data High Byte
T5ADRL (Timer 5 A Data Low Register): 1013H

7 6 5 4 3 2 1 0
| T5ADRLY7 | T5ADRL6 | T5ADRL5 | T5ADRL4 T5ADRL3 T5ADRL2 T5ADRL1 T5ADRLO
R/W R/W R/W R/W R/W R/W R/W R/W
Initial value: FFH
T5ADRL[7:0] T5 A Data Low Byte
NOTES:

Do not write “O000H” in the TSADRH/T5ADRL register when PPG mode.
T5BDRH (Timer 5 B Data High Register): 1014H

7 6 5 4 3 2 1 0
| TSBDRH7 | TSBDRH6 | TSBDRH5 | TSBDRH4 TSBDRH3 TSBDRH2 TSBDRH1 TSBDRHO
R/W R/W R/W R/W R/W R/W R/W R/W

Initial value: FFH

T5BDRHI[7:0] T5 B Data High Byte
T5BDRL (Timer 5 B Data Low Register): 1015H

7 6 5 4 3 2 1 0
| TSBDRL7 | TSBDRL6 | TSBDRL5 | TSBDRL4 TSBDRL3 TSBDRL2 TSBDRL1 TSBDRLO
R/W R/W R/W R/W R/W R/W R/W R/W

Initial value: FFH

T5BDRL[7:0] TS5 B Data Low Byte
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T5CRH (Timer 5 Control High Register): 1010H

7 6 5 4 3 2 1 0
| N | - | Tsms1 | TeMsO - - - T50C
RW - R/W RW - - - RW
Initial value: 00H
T5EN Control Timer 5
0 Timer 5 disable
1 Timer 5 enable (Counter clear and start)
T5MS[1:0] Control Timer 5 Operation Mode
T5MS1  T5MSO  Description
0 0 Timer/counter mode (T50: toggle at A match)
0 1 Capture mode (The A match interrupt can occur)
1 0 PPG one-shot mode (PWM50)
1 1 PPG repeat mode (PWM50)
T5CC Clear Timer 5 Counter
0 No effect
1 Clear the Timer 5 counter (When write, automatically

cleared “0” after being cleared counter)

T5CRL (Timer 5 Control Low Register): 1011H

7 6 5 4 3 2 1 0
| Ttscke | T5ckt | T5CK0 | TSIFR - T5POL - TSCNTR
R/W R/W R/W R/W - RW - RW
Initial value: OOH
T5CK][2:0] Select Timer 5 clock source. fx is main system clock frequency
T5CK2 T5CK1 T5CKO  Description
0 0 0 fx/512
0 0 1 fx/128
0 1 0 x/32
0 1 1 x/8
1 0 0 fx/4
1 0 1 fx/2
1 1 0 fx/1
1 1 1 HSIRC Direct (16MHz)
T5IFR When T5 Match Interrupt occurs, this bit becomes ‘1’. For clearing bit, write ‘0’ to this
bit. Writing “1” has no effect.
0 T5 interrupt no generation
1 T5 interrupt generation
T5POL T50/PWM50 Polarity Selection
0 Start High (T50/PWM50 is low level at disable)
1 Start Low (T50/PWM5O0 is high level at disable)
T5CNTR Timer 5 Counter Read Control
0 No effect
1 Load the counter value to the B data register (When write, automatically
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12 Buzzer Driver

12.1  Overview

The Buzzer consists of 8bit counter, buzzer data register (BUZDR), and buzzer control register (BUZCR). The
Square Wave (61.035Hz~125.0kHz @8MHz) is outputted through PO3/AN1/EINT1BUZO pin. The buzzer data
register (BUZDR) controls the buzzer frequency (look at the following expression). In buzzer control register
(BUZCR), BUCK]1:0] selects source clock divided by prescaler.

Table 27. Buzzer Frequency at 8 MHz

Oscillator Frequency
2 x PrescalerRatio x (BUZDR +1)

feuz (HZ) =

Buzzer Frequency (kHz)
BUZDR[7:0]

BUZCR[2:1]=00 BUZCRJ[2:1]=01 BUZCR[2:1]=10 BUZCR[2:1]=11
0000_0000 125kHz 62.5kHz 31.25kHz 15.625kHz
0000_0001 62.5kHz 31.25kHz 15.625kHz 7.812kHz
1111_1101 492.126Hz 246.063Hz 123.031Hz 61.515Hz
1111_1110 490.196Hz 245.098Hz 122.549Hz 61.274Hz
1111_1111 488.281Hz 244 141Hz 122.07Hz 61.035Hz

12.2 Block Diagram

BUZEN
fx/32 ¢ 8-hit Up-Counter .
fx/64 ear
—=—
fx —» Pre 128 MUX o— ol Counter
scaler | 1X/126 o,
fx/256 >
—3 FIF —— ] Buzo
2 Comparator

Figure 75. Buzzer Driver Block Diagram
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12.3 Register Map

Table 28. Buzzer Driver Register Map

Name Address Direction Default Description
BUZDR 8FH R/W FFH Buzzer Data Register
BUZCR 97H R/W 00H Buzzer Control Register

12.4 Buzzer Driver Register Description
Buzzer driver consists of buzzer data register (BUZDR) and buzzer control register (BUZCR).
12.5 Register Description for Buzzer Driver

BUZDR (Buzzer Data Register): 8FH

7 6 5 4 3 2 1 0
| BumrRr | BUzDRe | BUDRS BUZDR4 BUZDR3 BUZDR2 BUZDR1 BUZDRO
RW RW RW RW RW RW RW RW

Initial value: FFH

BUZDR[7:0] This bits control the Buzzer frequency
Its resolution is 00H ~ FFH

BUZCR (Buzzer Control Register): 97H

7 6 5 4 3 2 1 0
| - | - | - - - BUCKL BUCKO BUZEN
- - - - - RW RW RW
Initial value: 00H
BUCK]1:0] Buzzer Driver Source Clock Selection
BUCK1 BUCKO Description
0 0 fx/32
0 1 fx/64
1 0 fx/128
1 1 fx/256
BUZEN Buzzer Driver Operation Control
0 Buzzer Driver disable
1 Buzzer Driver enable

NOTES:
1. fx: System clock oscillation frequency.
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13 USI (USART + SPI + 12C)

13.1  Overview

The USI is an acronym of USART, SPI and 12C, A96T418 has two USI function blocks. Each USI consists of USI
control register1/2/3/4, USI status register 1/2, US| baud-rate generation register, USI data register, USI SDA hold
time register, USI SCL high period register, USI SCL low period register, and USI slave address register (USINCR1,
USInCR2, USInCR3, USINCR4, USInST1, USInST2, USINBD, USINDR, where n is 0, and USInSDHR, USInSCHR,
USInSCLR, USInSAR where n is only 0).

The operation mode is selected by the operation mode of USIn selection bits (USINMS[1:0]).

It has four operating modes:

¢ Asynchronous mode (UART)
e Synchronous mode (USART)
e SPI mode

e ]2C mode
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13.2 USIn UART Mode

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

* Baud Rate Generator

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

e 0Odd or Even Parity Generation and Parity Check are Supported by Hardware

» Data OverRun Detection

e Framing Error Detection

e Three Separate Interrupts on TX Completion, TX Data Register Empty and RX Completion

*  Double Speed Asynchronous communication mode

The USIn comprises clock generator, transmitter and receiver. The clock generation logic consists of
synchronization logic for external clock input used by synchronizing 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 continuous transfer of data without any delay between frames.
The receiver is the most complex part of the UART 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 (USInDR) 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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13.3 USIn UART Block Diagram

Master
ACK
—r
SCKnlJ Control
2
. —~
To interrupt (fx: System clock)
block ¢
e——p| Baud Rate Generator | —— DBLSn
WAKEIEn RXCIENn v
Clock
At Stop mode "|__Sync Logic [
WAKERN | 4— Low level RXCn N
detector Ej l 4
|
N
RXDn M Rx N Clock T
”’| Recover E
| x Control y £
USInS[2:0]
t 3 \
A
Loopsn RXEN - L
D R i hift Regi
— Rec?;/aery ) ecelve(sxéﬁR) egister 4 U .
X |[4— U
' T, :
DORN/PEN/FEn
—» | Checker USINDR[0], USINRX8[0], (RX) IUSInMS[1:0] > L
USInSB —¢ USINDR[1], USINRX8[1], (RX) 'L
. E
. . USInMSJ[1:0
TXER Stopbit | YUSIP[L:0] UsInS[2:0] n 2[ ]
¢ Generator 2 3 ¢
TXDn O Tx ¢ Parity Transmit Shift Register 4 ’l\jl <
< —]
- Control Generator (TXSR)
X | ¢———
Clear i T
INT_ACK ) E(E Empty signal
USINDR, USINTx8, (0 | {———
R,
TXCIEn DRIEN
To interrupt
block

Figure 76. USIn USART Block Diagram(n = 0, 1)
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13.4 USIn Clock Generation

USInBD
DBLSn
y —fse—
Prescaling (11SInBN+1\ 18 > 2 > M
Up-Counter u M
‘ txclk
> ¥ U
SCLK > :
—> MASTERn
\ A
Sync Register | FEdee M NI M [ ysinmsiror
Detector U ] ’
f Y X
SCKn CPOLn 1”2
< M
u xclk
X

Figure 77. Clock Generation Block Diagram (USIn)

The clock generation logic generates the base clock for the transmitter and receiver. The USIn supports fourmodes
of clock operationand those are normal asynchronous, double speed asynchronous, master synchronous and slave
synchronous mode. The clock generation scheme for master SPI and slave SPI mode is the same as master
synchronous and slave synchronous operation mode. The USInMS[1:0] bits in USINCR1 register selects
asynchronous or synchronous operation. Asynchronous double speed mode is controlled by the DBLSn bit in the
USINnCR2 register. The MASTERN bit in USINCR3 register controls whether the clock source is internal (master
mode, output pin) or external (slave mode, input pin). The SCKn pin is active only when the USIn operates in

synchronous or SPI mode.

Following table shows the equations for calculating the baud rate (in bps).

Table 29. Equations for Calculating USIn Baud Rate Register Setting

Operating Mode Equation for Calculating Baud Rate
fx
Asynchronous Normal Mode (DBLSn=0) Baud Rate = m
A h Double Speed Mode (DBLSn=1 Baud Rate = fx
synchronous Double Speed Mode ( n=1) aud Rate = 8(USINBD + 1)
fx
Synchronous or SPI Master Mode Baud Rate =

2(USInBD + 1)
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13.5 USIn External Clock (SCKn)

External clocking is used in the synchronous mode of operation.

External clock input from the SCKn pin is sampled by a synchronization logic to remove meta-stability. The output
from the synchronization logic must be passed through an edge detector before it is used by the transmitter and
receiver. This process introduces two CPU clock period delay. The maximum frequency of the external SCKn pin

is limited up-to 1MHz.

13.6  USIn Synchronous mode operation

When synchronous or SPI mode is used, the SCKn pin will be used as either clock input (slave) or clock output
(master). Data sampling and transmitter is issued on the different edge of SCKn clock each other. For example, if
data input on RXDn (MISOn in SPI mode) pin is sampled on the rising edge of SCKn clock, data output on TXDn
(MOSiIn in SPI mode) pin is altered on the falling edge.

The CPOLn bit in USINCR1 register selects which SCKn clock edge is used for data sampling and which is used
for data change. As shown in the figure below, when CPOLn is zero, the data will be changed at rising SCKn edge

and sampled at falling SCKn edge.

CPOLn=1

SCKn

TXD/RXDn X X X X X:

Sample

CPOLn=0

SCKn

TXDn/RXDn X X X X X:

Sample

Figure 78. Synchronous Mode SCKn Timing (USIn)
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13.7 USIn UART 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 detection.

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 nine,
are succeeding, ending with the most significant bit (MSB). If parity function is enabled, the parity bit is inserted
between the last data bit and the stop bit. 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 following figure shows the possible combinations of the

frame formats. Bits inside brackets are optional.

| 1 data frame |

Ide | St DO | D1 D2 | D3 | D4 | [D5] | [D6] | [D7] | [D8] - Sp1 I[sz] Idle / St

Character >

y

T

Figure 79. Frame Format (USIn)

1 data frame consists of the following bits

Idle No communication on communication line (TXDn/RXDn)
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 UART is set by the USInS[2:0], USInPM[1:0] bits in USINCR1 register and USInSB

bit in USINCR3 register. The transmitter andreceiver use the same figures.
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13.8  USIn UART 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 the MSB and first stop bit of a serial frame.
Peven = Dnt A ... AD3AD22D1~Do"0

Podd =Dn1?...AD3*D2”D1"Do"1

Peven : Parity bit using even parity

Podda : Parity bit using odd parity

Dn : Data bit n of the character

13.9 USIn UART Transmitter

The UART transmitter is enabled by setting the TXEn bit in USINCR2 register. When the Transmitter is enabled, the
TXDn pin should be set to TXDn function for the serial output pin of UART by the P1FSRH[7:6], P1FSRL[3:2],
POFSRL[5:4] and POFSRL[1:0]. The baud-rate, operation mode and frame format must be set up once before doing
any transmission. In synchronous operation mode, the SCKn pin is used as transmission clock, so it should be
selected to do SCKn function by P1FSRH[3:2] and POFSRL][7:6].

13.9.1 USIn UART Sending TX data

A data transmission is initiated by loading the transmit buffer (USInDRregister I/O location) with the data to be
transmitted. The data be 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 orimmediately 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 according to the settings of control registers. If the 9-bit characters are used in asynchronous or synchronous
operation mode, the ninth bit must be written to the USInTX8 bit in USINCR3 register before it is loaded to the
transmit buffer (USINDR register).

13.9.2 USIn UART Transmitter flag and interrupt

The USART transmitter has two flags which indicate its state. One is USART data register empty flag (DREn) and

the other is transmit completion flag (TXCn). Both flags can be interrupt sources.

DREn flag indicates whether the transmit buffer is ready to receive new data. This bit is set when the transmit buffer

is empty and cleared when the transmit buffer contains data to be transmitted but has not yet been moved into the
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shift register. And also this flag can be cleared by writing ‘0’ to this bit position. Writing ‘1’ to this bit position is

prevented-> prohibited.

When the data register empty interrupt enable (DRIEN) bit in USINCR2 register is set and the global interrupt is

enabled, USInST1 status register empty interrupt is generated while DREn flag is set.

The transmit complete (TXCn) flag bit is set when the entire frame in the transmit shift register has been shifted out
and there is no more data in the transmit buffer. The TXCn flag is automatically cleared when the transmit complete

interrupt serve routine is executed, or it can be cleared by writing ‘0’ to TXCn bit in USInST1 register.

When the transmit complete interrupt enable (TXCIEn) bit in USINCR2 register is setand the global interrupt is

enabled, UART transmit complete interrupt is generated while TXCn flag is set.
13.9.3 USIn UART Parity Generator

The parity generator calculates the parity bit for the serial frame data to be sent. When parity bit is enabled
(USInPM1=1), the transmitter control logic inserts the parity bit between the MSB and the first stop bit of the frame

to be sent.
13.9.4 USIn UART Disabling Transmitter

Disabling the transmitter by clearing the TXEn bit will not become effective until ongoing transmission is completed.

When the Transmitter is disabled, the TXDn pin can be used as a normal general purpose 1/0 (GPIO).

13.10 USIn UART Receiver

The USART receiver is enabled by setting the RXEn bit in the USINCR2 register. When the receiver is enabled, the
RXDn pin should be set to RXDn function for the serial input pin of UART by P1FSRH[5:4], P1FSRL[1:0],
POFSRL[3:2] and P3FSR[3:2]. The baud-rate, mode of operation and frame format must be set before serial
reception. In synchronous or SPI operation mode the SCKn pin is used as transfer clock input, so it should be
selected to do SCKn function by P1IFSRH[3:2] and POFSRL[7:6]. In SPI operation mode the SSn input pin in slave
mode or can be configured as SSn output pin in master mode. This can be done by setting USINSSEN bit in
USInCR3 register.

13.10.1 USIn UART Receiving RX data

When UART is in synchronous or asynchronous operation mode, the receiver starts data reception when it detects
a valid start bit (LOW) on RXDO pin. Each bit after start bit is sampled at pre-defined baud-rate (asynchronous) or
sampling edge of SCKn (synchronous), and shifted into the receive shift register until the first stop bit of a frame is

received. Even if there’s the second stop bit in the frame, the second stop bit is ignored by the receiver. That is,
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receiving the first stop bit means that a complete serial frame is presented 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 USInDR

register.

If 9-bit characters are used (USInS[2:0] = “111”), the ninth bit is stored in the USINRX8 bit position in the USINCR3
register. The nineth bit must be read from the USINRX8 bit before reading the low 8 bits from the USInDR register.
Likewise, the error flags FEn, DORn, PEn must be read before reading the data from USInDR register. It's because

the error flags are stored in the same FIFO position of the receive buffer.
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13.10.2 USIn UART Receiver Flag and Interrupt

The UARTreceiver has one flag that indicates the receiver state.

The receive complete (RXCn) flag indicates whether there are unread data in the receive buffer. This flag is set
when there is unread data in the receive buffer and cleared when the receive buffer is empty. If the receiver is
disabled (RXEn=0), the receiver buffer is flushed and the RXCn flag is cleared.

When the receive complete interrupt enable (RXCIEN) bit in the USINCR2 register is set and global interrupt is

enabled, the UART receiver complete interrupt is generated while RXCn flag is set.

The UART receiver has three error flags which are frame error (FEn), data overrun (DORn) and parity error (PEn).
These error flags can be read from the USInST1 register. As received datas 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

USInDR register, read the USInST1 register first which contains error flags.

The frame error (FEn) flag indicates the state of the first stop bit. The FEn flag is ‘0’ when the stop bit was correctly
detected as “1”, and the FEn flag is “1” when the stop bit was incorrect, i.e. detected as “0”. This flag can be used

for detecting out-of-sync conditions between data frames.

The data overrun (DORN) flag indicates data loss due to a receive buffer full condition. DORn occurs when the
receive buffer is full, and another new data is presented in the receive shift register which are to be stored into the
receive buffer. After the DORN flag is set, all the incoming data are lost. To avoid data loss or clear this flag, read

the receive buffer.

The parity error (PEn) flag indicates that the frame in the receive buffer had a parity error when received. If parity
check function is not enabled (USInPM1=0), the PE bit is always read “0”.

13.10.3 USIn UART Parity Checker

If parity bit is enabled (USInPM1=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.
13.10.4 USIn UART Disabling Receiver
In contrast to transmitter, disabling the Receiver by clearing RXEn bit makes the Receiver inactive immediately.

When the receiver is disabled, the receiver flushes the receive buffer, the remaining data in the buffer is all reset,

and the RXDn pin can be used as a normal general purpose I/O (GPIO).
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13.10.5 USIn Asynchronous Data Reception

To receive asynchronous data frame, the UART includes a clock and data recovery unit. Theclock recovery logic is
used for synchronizing the internally generated baud-rate clock to the incoming asynchronous serial frame on the
RXDn pin.

The data recovery logic does sampling and low pass filtering the incoming bits, and removing the noise of RXDn
pin.

The next figure illustrates the sampling process of the start bit of an incoming frame. The sampling rate is 16 times
of the baud-rate in normal mode and 8 times the baud-rate for double speed mode (DBLSn=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
RXDn DLE  \ /  BITO

O T O A O A O O
o o 1 2 3 4 5 6 7 [8]lol1w]1 12 13 14 15 6 1 2 3
Lo bttt bttt
0 1 2 3 [ [ [ 7 8 1 2

Figure 80. Asynchronous Start Bit Sampling (USIn)
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When the receiver is enabled (RXEn=1), the clock recovery logic tries to find a high-to-low transition on the RXDn
line, the start bit condition. After detecting high to low transition on RXDn line, the clock recovery logic uses samples
8, 9 and 10 for normal 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 same 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. If more than 2 samples have low levels, the received bit is considered to a logic ‘0’ and if 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.

RXDn

X
e b
T

/MDI Cn — N\

Sample I

/MDI Q= 4\

Figure 81. Asynchronous Sampling of Data and Parity Bit (USIn)

The process for detecting stop bit is same as 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 (FEN) flag is set. After deciding whether
the first stop bit is valid or not, the Receiver goes to idle state and monitors the RXDn line to check a valid high to

low transition is detected (start bit detection).

RXDn sToP1 \ \
A ®) Q
ENYEEREE
netemmm 1 2 3 4 5 6 7| 8lol1w]11 12 13
Sample < > T T T T
2 3

IPDI O = 4\

Figure 82. Stop Bit Sampling and Next Start Bit Sampling (USIn)
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13.11 USIn SPI Mode

A96T418 User’s manual

The USIn 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

Mater and Slave Operation

Supports all four SPIn modes of operation (mode 0, 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 (USINMS[1:0]="11"), the slave select (SSn) pin becomes active LOW input in slave

mode operation, or can be output in master mode operation if USINSSEN bit is set to ‘0.

Note that during SPI mode of operation, the pin RXDn is renamed as MISOn and TXDn is renamed as MOSIn for

compatibility to other SPI devices.

13.12 USIn SPI Clock Formats and Timing

To accommodate a wide variety if synchronous serial peripherals from different manufacturers, the USIn has a clock

polarity bit (CPOLN) and a clock phase control bit (CPHAN) to select one of four clock formats for data transfers.

CPOLn selectively insert an inverter in series with the clock. CPHAN chooses between two different clock phase
relationships between the clock and data. Note that CPHAn and CPOLn bits in USINCR1 register have different

meanings according to the USInMS[1:0] bits which decides the operating mode of USIn.

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

Table 30. CPOLn Functionality

SPI Mode CPOLNn CPHAN 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)
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Figure 83. USIn SPI Clock Formats when CPHANn=0

When CPHAN=0, the slave begins to drive its MISOn output with the first data bit value when SSn goes to active
low. The first SCKn edge causes both the master and the slave to sample the data bit value on their MISOn and
MOSIn inputs, respectively. At the second SCKn edge, the USIn shifts the second data bit value out to the MOSIn
and MISOn outputs of the master and slave, respectively. Unlike the case of CPHANn=1, when CPHANn=0, the slave’s
SSn 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 SSn input.
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Figure 84. USIn SPI Clock Formats when CPHANn=1

When CPHAN=1, the slave begins to drive its MISOn output when SSn goes active low, but the data is not defined
until the first SCKn edge. The first SCKn edge shifts the first bit of data from the shifter onto the MOSIn output of
the master and the MISOn output of the slave. The next SCKn edge causes both the master and slave to sample
the data bit value on their MISOn and MOSIn inputs, respectively. At the third SCKn edge, the USIn shifts the
second data bit value out to the MOSIn and MISOn output of the master and slave respectively. When CPHAN=1,

the slave’s SSn input is not required to go to its inactive high level between transfers.

Because the SPI logic reuses the USIn resources, SPlI mode of operation is similar to that of synchronous or
asynchronous operation. An SPI transfer is initiated by checking for the USIn Data Register Empty flag (DREn=1)
and then writing a byte of data to the USINDR Register. In master mode of operation, even if transmission is not
enabled (TXEn=0), writing data to the USInDR register is necessary because the clock SCKn is generated from

transmitter block.
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13.13 USIn SPI Block Diagram
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)| U
USINDRI[1], (RX) "1s
To interrupt
Mosin [] MASTERN bock TP L
4 ORDn I
(MSB/LSB-1st) N
TXEn E
o Transmit Shift Register
dl
E D < (TXSR) N
Clear Empty signal T
INT_ACK —p 1
USINDR, (Tx) |<‘
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Figure 85. USIn SPI Block Diagram(n =0, 1)
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13.14 USIn 12C Mode

The USIn can be set to operate in industrial standard serial communication protocols mode. The 12C mode uses 2
bus lines serial data line (SDAN) and serial clock line (SCLn) to exchange data. Because both SDAn and SCLn lines
are open-drain output, each line needs pull-up resistor. A96T418 supports only one 12C, so n=0. The features are

as shown below.

e Compatible with I2C bus standard

e  Multi-master operation

e Up to 400kHz data transfer read speed
* 7 bitaddress

*  Both master and slave operation

*  Bus busy detection

* |2C Slave mode does not support repeated START bit mode

13.15 USIn I2C Bit Transfer

The data on the SDAN line must be stable during HIGH period of the clock, SCLn. The HIGH or LOW state of the
data line can only change when the clock signal on the SCLn line is LOW. The exceptions are START(S), repeated
START(Sr) and STOP(P) condition where data line changes when clock line is high.

R
SDAn / X . X
SCLn — \

Data line Stable: Change of Data
Data valid allowed

Avmaant © O D

Figure 86. Bit Transfer on the 12C-Bus (USIn)
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13.16 USIn I12C Start / Repeated Start / Stop

One master can issue a START (S) condition to notice other devices connected to the SCLn, SDAn 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 SDAn line while SCLn is high defines a START (S) condition.
A low to high transition on the SDAn line while SCLn 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.

e T . L/

ALY

SCLn s \ / \ / P

START Condition STOP Condition

Figure 87. START and STOP Condition (USIn)
13.17 USIn 12C Data Transfer

Every byte put on the SDAn line must be 8-bits 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 SCLn 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 SCLn.
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Figure 88. Data Transfer on the 12C-Bus (USIn)

13.18 USIn I2C Acknowledge

The acknowledge related clock pulse is generated by the master. The transmitter releases the SDAn line (HIGH)
during the acknowledge clock pulse. The receiver must pull down the SDAnN 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 SDAn 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.

Data Output \ X )( 33 ‘X )C

D Tranamitiae A3

NACK
N

Data Output 0 Y 7
ACK

D DAannivAr

SCLn From MASTER \ /1\ / 2\ / 8\ /9\
T— Clock pulse for ACK

Figure 89. Acknowledge on the 12C-Bus (USIn)

13.19 USIn I12C Synchronization / Arbitration
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Clock synchronization is performed using the wired-AND connection of 12C interfaces to the SCLn line. This means
that a HIGH to LOW transition on the SCLn line will cause the devices concerned to start counting off their LOW
period and it will hold the SCLn 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 SCLn line if another clock is still within its LOW period. In
this way, a synchronized SCLn 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 SDAnN line, while the SCLn 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.
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Figure 90. Clock Synchronization during Arbitration Procedure (USIn)

Arbitration Process

Device 1 loses

Device1 outputs

Device1

Nata Nt

Device2

Nata Nt

/]

SDAn on BUS

s

SCLn on BUS

A
-/

\

s ./ L/ \

Figure 91. Arbitration Procedure of Two Masters (USIn)

13.20 USIn I12C 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 12C is interrupt based, the application software is free to carry on other operations

during a 12C byte transfer.

Note that when a 12C interrupt is generated, [ICnIFR flag in USINCR4 register is set, it is cleared by writing an any
value to USInST2. When 12C interrupt occurs, the SCLn line is hold LOW until writing any value to USInST2. When

the lICnIFR flag is set, the USInST2 contains a value indicating the current state of the 12C bus. According to the

value in USInST2, software can decide what to do next.

I2C 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.
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13.20.1 USIn 12C Master Transmitter

To operate 12C in master transmitter, follow the recommended steps below.

Enable 12C by setting USINMS[1:0]bits in USINCR1 and USINEN bit in USINCR2. This provides main clock to the

peripheral.

Load SLAn+W into the USInDR where SLAn is address of slave device and W is transfer direction from the viewpoint

of the master. For master transmitter, W is ‘0’. Note that USInDR is used for both address and data.

Configure baud rate by writing desired value to both USINSCLR and USInSCHR for the Low and High period of
SCLn line.

Configure the USINSDHR to decide when SDAN changes value from falling edge of SCLn. If SDAn should change
in the middle of SCLn LOW period, load half the value of USINSCLR to the USINSDHR.

Set the STARTCn bit in USINCR4. This transmits a START condition. And also configure how to handle interrupt
and ACK signal. When the STARTCn bit is set, 8-bit data in USInDR is transmitted out according to the baud-rate.

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
oth high period of SCLn. 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 MLOSTn
bit in USINST2 is set, and 12C waits in idle state or can be operate as an addressed slave. To operate as a slave
when the MLOSTn bit in USInST2 is set, the ACKnEN bit in USINCR4 must be set and the received 7-bit address
must equal to the USINSLA[6:0] bits in USINSAR. In this case 12C operates as a slave transmitter or a slave receiver
(go to appropriate section). In this stage, 12C holds the SCLn LOW. This is because to decide whether 12C continues
serial transfer or stops communication. The following steps continue assuming that 12C 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 USInDR.

2) Master stops data transfer even if it receives ACK signal from slave. In this case, set the STOPCn bit in USINCRA4.
3) Master transmits repeated START condition with not checking ACK signal. In this case, load SLAn+R/W into the
USInDR and set STARTCn bit in USINCR4.

After doing one of the actions above, write any arbitrary to USINnST2 to release SCLn 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 USINDR and if transfer direction bit is ‘1’ go to master receiver section.
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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 SCLn LOW. When 12C
loses bus mastership while transmitting data arbitrating other masters, the MLOSTn bit in USInST2 is set. If then,

I2C waits in idle state. When the data in USINDR is transmitted completely, 12C generates TENDn interrupt.
I2C 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 USInDR.

2) Master stops data transfer even if it receives ACK signal from slave. In this case, set the STOPCn bit in USINCRA4.
3) Master transmits repeated START condition with not checking ACK signal. In this case, load SLAn+R/W into the
USInDR and set the STARTCn bit in USInCR4.

After doing one of the actions above, write any arbitrary to USInST2 to release SCLn 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 USINDR, and if transfer direction bit is ‘1’ go to master receiver section.

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 USInST2, write any value to USInST2. After this, 12C

enters idle state.
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13.20.2 USIn 12C Master Receiver

To operate 12C in master receiver, follow the recommended steps below.

Enable 12C by setting USINMS[1:0]bits in USINCR1and USInEN bit in USINCR2. This provides main clock to the

peripheral.

Load SLAn+R into the USINDR 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 USInDR is used for both address and data.

Configure baud rate by writing desired value to both USINSCLR and USINnSCHR for the Low and High period of
SCLn line.

Configure the USINSDHR to decide when SDAnN changes value from falling edge of SCLn. If SDAn should change
in the middle of SCLn LOW period, load half the value of USINSCLR to the USInSDHR.

Set the STARTCn bit in USINCR4. This transmits a START condition. And also configure how to handle interrupt
and ACK signal. When the STARTCn bit is set, 8-bit data in USInDR is transmitted out according to the baud-rate.

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
oth high period of SCLn. 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 MLOSTn
bit in USINST2 is set, and 12C waits in idle state or can be operate as an addressed slave. To operate as a slave
when the MLOSTn bit in USInST2 is set, the ACKnEN bit in USINCR4 must be set and the received 7-bit address
must equal to the USINSLA[6:0] bits in USINSAR. In this case 12C operates as a slave transmitter or a slave receiver
(go to appropriate section). In this stage, I12C holds the SCLn LOW. This is because to decide whether 12C continues
serial transfer or stops communication. The following steps continue assuming that 12C 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 ACKnEN bit in USINCR4 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 STOPCn bit in
USInCRA4.

3) Master transmits repeated START condition due to no ACK signal from slave. In this case, load SLAn+R/W into
the USINDR and set STARTCn bit in USINCRA4.

After doing one of the actions above, write arbitrary value to USInST2 to release SCLn 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
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data in USINDR 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. 12C holds the SCLn LOW. When 1-Byte

of data is received completely, 12C generates TENDn interrupt.
I2C can choose one of the following cases according to the RXACKn flag in USINnST2.

1) Master continues receiving data from slave. To do this, set ACKnEN bit in USINCR4 to ACKnowledge 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 ACKnEN bit in USINCRA4.

3) Because no ACK signal is detected, master terminates data transfer. In this case, set the STOPCn bit in USINCR4.
4) No ACK signal is detected, and master transmits repeated START condition. In this case, load SLAn+R/W into
the USInDR and set the STARTCn bit in USINCRA4.

After doing one of the actions above, write arbitrary value to USInST2 to release SCLn 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 USINDR, and if transfer direction bit is ‘0’ go to master transmitter section.

This is the final step for master receiver function of I2C, handling STOP interrupt. The STOP bit indicates that data
transfer between master and slave is over. To clear USInST2, write any value to USInST2. After this, 12C enters

idle state.
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13.20.3 USIn 12C Slave Transmitter

To operate 12C in slave transmitter, follow the recommended steps below.

If the main operating clock (SCLK) of the system is slower than that of SCLn, load value 0x00 into USINSDHR to
make SDAn change within one system clock period from the falling edge of SCLn. Note that the hold time of SDAn
is calculated by SDAH x period of SCLK where SDAH is multiple of number of SCLK coming from USInSDHR.
When the hold time of SDAnN is longer than the period of SCLK, 12C (slave) cannot transmit serial data properly.

Enable 12C by setting USInMS[1:0]bits in USINCR1, lICnlEbit in USINCR4 and USInEN bit in USINCR2. This

provides main clock to the peripheral.

When a START condition is detected, 12C receives one byte of data and compares it with USInSLA[6:0] bits in
USInSAR. If the GCALLn bit in USINSAR is enabled, 12C compares the received data with value 0x00, the general

call address.

If the received address does not equal to USINSLA[6:0] bits in USINSAR, 12C enters idle state ie, waits for another
START condition. Else if the address equals to USINSLA[6:0] bits and the ACKnEN bit is enabled, 12C generates
SSELn interrupt and the SCLn line is held LOW. Note that even if the address equals to USInSLA[6:0] bits, when
the ACKnEN bit is disabled, 12C enters idle state. When SSELn interrupt occurs, load transmit data to USInDR and

write arbitrary value to USInST2 to release SCLn line.
1-Byte of data is being transmitted.

In this step, I12C generates TENDn interrupt and holds the SCLn 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 and 12C waits STOP condition.

2) ACK signal from master is detected. Load data to transmit into USInDR.

After doing one of the actions above, write arbitrary value to USINnST2 to release SCLn line. In case of 1) move to

step 7 to terminate communication. In case of 2) move to step 5.

This is the final step for slave transmitter function of 12C, handling STOP interrupt. The STOPCn bit indicates that
data transfer between master and slave is over. To clear USInST2, write any value to USInST2. After this, 12C

enters idle state.
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13.20.4 USIn 12C Slave Receiver

To operate 12C in slave receiver, follow the recommended steps below.

If the main operating clock (SCLK) of the system is slower than that of SCLn, load value 0x00 into USInSDHR to
make SDAnN change within one system clock period from the falling edge of SCLn. Note that the hold time of SDAn
is calculated by SDAH x period of SCLK where SDAH is multiple of number of SCLK coming from USInSDHR.
When the hold time of SDAnN is longer than the period of SCLK, 12C (slave) cannot transmit serial data properly.

Enable 12C by setting USInMS[1:0] bits in USINCR1, lICnlEbit in USINCR4 and USInEN bit in USINCR2. This

provides main clock to the peripheral.

When a START condition is detected, 12C receives one byte of data and compares it with USInSLA[6:0] bits in
USInSAR. If the GCALLn bit in USINSAR is enabled, 12Cn compares the received data with value 0x00, the general

call address.

If the received address does not equal to SLAR bits in USINSAR, 12C enters idle state ie, waits for another START
condition. Else if the address equals to SLAN bits and the ACKnEN bit is enabled, 12C generates SSELn interrupt
and the SCLn line is held LOW. Note that even if the address equals to SLAnN bits, when the ACKnEN bit is disabled,
I12C enters idle state. When SSELn interrupt occurs and 12C is ready to receive data, write arbitrary value to USINST2

to release SCLn line.
Byte of data is being received.

In this step, I12C generates TENDn interrupt and holds the SCLn 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 (ACKnEN=0) and 12C waits STOP condition.

2) ACK signal is detected (ACKnEN=1) and 12C can continue to receive data from master.

After doing one of the actions above, write arbitrary value to USInST2 to release SCLn line. In case of 1) move to

step 7 to terminate communication. In case of 2) move to step 5.

This is the final step for slave receiver function of 12C, handling STOP interrupt. The STOPCn bit indicates that data
transfer between master and slave is over. To clear USInST2, write any value to USInST2. After this, 12C enters

idle state.
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13.21 USIn I12C Block Diagram

M\
lICnIFR . To interrupt

* block Slave Address Register
USINSAR
RXACKn, GCALLN, Interrupt lICnIE
TENDnN, STOPDn, Generator ¢
SSELn, MLOSTN,

[

General Call And
BUSYn, TMODEn T Address Detector — USInGCE |
t t :
- - - T
SDAN Recem?RS;éfth{eglster USINDR, (Rx) : £
R
- N
SDAnN In/Out ACK Signal
-ch —p| | 4——— +—
N-ch | Controller Generator 4— ACKnEN ﬁ
Vss STOPISTART | «— STOPCn 5
—> +— -
Condition Generator |.q— STARTCn u
L S
Transmit Shift Register
(XSR) <«———  USINDR, (TX) —— !
SDA Hold Time Register N
+— <
USINSDHR E
Time Generator - - -
SCLn Out SCL High Period Register
—> +—
SCLn Controller < ) And USINSCHR <:I
Time Controller
SCL Low Period Register
—] <
N-ch —p] | USINSCLR
SCLK
VSS (fx: System clock) —J
NOTES:

1.  When the USIn block is an 12C mode and the corresponding port is a sub-function for SCLn/SDAnR pin, The
SCLn/SDAnN pins are automatically set to the N-channel open-drain outputs and the input latch is read in the
case of reading the pins. The corresponding pull-up resistor is determined by the control register.

2. n=0. Not support n=1.

Figure 92. USIn 12C Block Diagram
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13.22 Register Map

Table 31. US| Register Map

Name Address Direction Default Description

usIoBD E3H R/W FFH USIO0 Baud Rate Generation Register
USIODR E5H R/W O0H USIO Data Register
USIOSDHR E4H R/W 01H USIO SDA Hold Time Register
USIOSCHR E7H R/W 3FH USIO SCL High Period Register
USIOSCLR E6H R/W 3FH USIO SCL Low Period Register
USIOSAR DDH R/W 00H USIO Slave Address Register
USIOCR1 D9H R/W 00H USIO Control Register 1
USIOCR2 DAH R/W O0H USIO Control Register 2
USIOCR3 DBH R/W O0H USIO Control Register 3
USIOCR4 DCH R/W 00H USIO0 Control Register 4
USIOST1 E1H R/W 80H USIO Status Register 1
USIOST2 E2H R 00H USIO Status Register 2

13.23 USIn Register Description

USIn module consists of USIn baud rate generation register (USInBD), USIn data register (USINDR), USIn SDA
hold time register (USINSDHR), USIn SCL high period register (USINSCHR), USIn SCL low period Register
(USInSCLR), USIn slave address register (USINSAR), USIn control register 1/2/3/4 (USINCR1/2/3/4), and USIn
status register 1/2 (USInST1/2).
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13.24 Register Description for USIn

USInBD (USIn Baud- Rate Generation Register: For UART and SPI mode): E3H,n =0

7 6 5 4 3 2 1 0
| usmeor | wusmepe | usmeDs USInBDA4 USnBD3 | usiBD2 USINBD1 USINBDO
RW RW RW RW RW RW RW RW

Initial value: FFH

USInBD[7:0] The value in this register is used to generate internal baud rate in asynchronous
mode or to generate SCKn clock in SPI mode. To prevent malfunction, do not write
‘0’ in asynchronous mode and do not write ‘0’ or ‘1’ in SPI mode.
NOTES:
1. In common with USINSAR register, USInBD register is used for
slave address register when the USIn I2C mode.

USInDR (USIn Data Register: For UART, SPI, and I12C mode): E5SH,n=0

7 6 5 4 3 2 1 0
| usmrR7 | usnDrRe | USKDRS USnDR4 | UsmDR3 |  UsiDRe USNDRL USIDRO
RW RW R RW RW RW RW RW

Initial value: O0H

USINDR[7:0] The USIn transmit buffer and receive buffer share the same 1/0 address with this
DATA register. The transmit data buffer is the destination for data written to the
USINDR register. Reading the USINDR register returns the contents of the receive
buffer.
Write to this register only when the DREn flag is set. In SPI master mode, the SCK
clock is generated when data are written to this register.
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USInSDHR (USInSDA Hold Time Register: For 12C mode): E4H,n =0

7 6 5 4 3 2 1 0
USNSDHR7 | USMSDHR6 | USINSDHRS | USNSDHR4 | USISDHR3 | USNSDHR2 | USISDHRL | USISDHRO
RW RW R RW RW RW RW RW

Initial value: 01H

USINSDHR[7:0] The register is used to control SDAN output timing from the falling edge of SCl in 12C
mode.

NOTES:
1. That SDAn is changed after tscik X (USINSDHR+2), in master SDAn

change in the middle of SCLn.

2. In slave mode, configure this register regarding the frequency
of SCLn from master.

3. The SDAnN is changed after tscik X (USINSDHR+2) in master
mode. So, to insure operation in slave mode, the value

4. tscik X (USINSDHR+2) must be smaller than the period of SCL.

USInSCHR (USInSCL High Period Register: For 12C mode): E7TH,n =0

7 6 5 4 3 2 1 0
USNSCHR? | USMSCHR6 | USNSCHRS | USNSCHR4 | USSCHR3 | USNSCHR2 | USISCHRL | USISCHRO
RW RW R RW RW RW RW RW

Initial value: 3FH

USINSCHR[7:0] This register defines the high period of SCLn when it operates in 12C master mode.
The base clock is SCLK, the system clock, and the period is calculated by the
formula: tscik X (4 X USINSCHR +2) where

tscik is the period of SCLK.

So, the operating frequency of 12C master mode is calculated by the following equation.

1
flae = 4 kX (4 X (USINSCLR + USINSCHR) + 4)

\BO\

182 SEMICONDUCTOR



A96T418 User’'s manual 13. USI (USART + SPI + I12C)

USInSCLR (USInSCL Low Period Register: For I2C mode): E6H, n =0

7 6 5 4 3 2 1 0
USNSCLR7 | USMSCLR6 | USNSCLR5 | USNSCLR4 | USKSCLR3 | USnSCLR2 | USMSCLRL | USInSCLRO
RW RW R RW RW RW RW RW

Initial value: 3FH

USINSCLR[7:0] This register defines the high period of SCLn when it operates in 12C master mode.

The base clock is SCLK, the system clock, and the period is calculated by the
formula: tsck X (4 X USINSCLR +2) where

tscik is the period of SCLK.

USInSAR (USIn Slave Address Register: For 12C mode): DDH, n=0

7 6 5 4 3 2 1 0
USInSLA6 | USInSLAS | USInSLA4 USInSLA3 | USInSLA2 USInSLAL USInSLAO USInGCE
RW RW RW RW RW RW RW RW

Initial value: 00H
USInSLA[6:0] These bits configure the slave address of 12C when it operates in 12C slave mode.
USInGCE This bit decides whether 12C allows general call address or not in I12C slave mode.
0 Ignore general call address
1 Allow general call address
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USInCR1 (USIn Control Register 1: For UART, SPI, and 12C mode): D9H, n=0

7 6 5 4 3 2 1 0
USInS1 USINSO
USIinMS1 USINMSO USInPM1 USInPMO USInS2 ORDN CPHAN CPOLNn
RW RW RW RW RW RW RW RW
Initial value: 00H

USInMSJ[1:0] Selects operation mode of USIn
USInMS1 USInMSO Operation mode
0 0 Asynchronous Mode (UART)
0 1 Synchronous Mode
1 0 I12C mode (if n=1, 12C mode is not supported)
1 1 SPI mode

USInPM[1:0] Selects parity generation and check methods (only UART mode)
USInPM1 USINPMO Parity
0 0 No Parity
0 1 Reserved
1 0 Even Parity
1 1 Odd Parity

USInS[2:0] When in asynchronous or synchronous mode of operation,

selects the length of data bits in frame
USInS2 USInS1 USInSO 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
ORDnN This bit in the same bit position with USInS1. The MSB of the data byte is transmitted
first when set to ‘1’ and the LSB when set to ‘0’ (only SPI mode)
0 LSB-first
1 MSB-first
CPHAnN This bit is in the same bit position with USInS0. This bit determines if data are sampled
on the leading or trailing edge of SCKn (only SPI mode).
CPOLN CPHAN 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)
CPOLN This bit determines the clock polarity of ACK in synchronous or SPI mode.
0 TXD change @Rising Edge, RXD change @Falling Edge
1 TXD change @Falling Edge, RXD change @Rising Edge

USInCR2 (USIn Control Register 2: For UART, SPI, and 12C mode): DAH,n=0

7 6 5 4 3 2 1 0

DREn | TXCEn RXCIEn WAKEEn | D& | REn USPEN | DBLS
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RW
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DRIEN

TXCIEn

RXCIEN

WAKEIENn

TXEn

RXEn

USINEN

DBLSN

RW RW RW RW RW RW
Initial value: O0H

Interrupt enable bit for data register empty (only UART and SPI mode).

0 Interrupt from DRER is inhibited (use polling)

1 When DRERn is set, request an interrupt

Interrupt enable bit for transmit complete (only UART and SPI mode).
0 Interrupt from TXCn is inhibited (use polling)

1 When TXCn is set, request an interrupt

Interrupt enable bit for receive complete (only UART and SPI mode).
0 Interrupt from RXCn is inhibited (use polling)

1 When RXCn is set, request an interrupt

Interrupt enable bit for asynchronous wake in STOP mode. When device is in stop
mode, if RXDn goes to low level an interrupt can be requested to wake-up system. (only
UART mode). At that time the DRIEn bit and USInST1 register value should be set to
‘Ob’ and “00H”", respectively.

0 Interrupt from Wake is inhibited

1 When WAKER is set, request an interrupt
Enables the transmitter unit (only UART and SPI mode).
0 Transmitter is disabled

1 Transmitter is enabled

Enables the receiver unit (only UART and SPI mode).
0 Receiver is disabled

1 Receiver is enabled

Activate USIn function block by supplying.

0 USIn is disabled

1 USIn is enabled

This bit selects receiver sampling rate (only UART).
0 Normal asynchronous operation

1 Double Speed asynchronous operation
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USInCR3 (USIn Control Register 3: For UART, SPI, and 12C mode): DBH,n=0

7 6 5 4 3 2 1 0
MASTERn | LOOPS DISSCKn USnSSEN | Fxcrh | usisB USINTX8 USHRX8
RW RW RW RW RW RW RW R
Initial value: OOH
MASTERN Selects master or slave in SPI and synchronous mode operation and controls the
direction of SCKn pin
0 Slave mode operation (External clock for SCKn).
1 Master mode operation (Internal clock for SCKn).
LOOPSN Controls the loop back mode of USIn for test mode (only UART and SPI mode)
0 Normal operation
1 Loop Back mode
DISSCKn In synchronous mode of operation, selects the waveform of SCKn output
0 ACK is free-running while UART is enabled in synchronous master mode
1 ACK is active while any frame is on transferring
USINnSSEN This bit controls the SSn pin operation (only SPI mode)
0 Disable
1 Enable
FXCHn SPI port function exchange control bit (only SPI mode)
0 No effect
1 Exchange MOSIn and MISOn function
USInSB Selects the length of stop bit in asynchronous or synchronous mode of operation.
0 1 Stop Bit
1 2 Stop Bit
USInTX8 The ninth bit of data frame in asynchronous or synchronous mode of operation. Write
this bit first before loading the USInDR register
0 MSB (9t bit) to be transmitted is ‘0’
1 MSB (9" bit) to be transmitted is ‘1’
USINRX8 The ninth bit of data frame in asynchronous or synchronous mode of operation. Read
this bit first before reading the receive buffer (only UART mode).
0 MSB (9™ bit) received is ‘0’
1 MSB (9™ bit) received is ‘1’
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USInCR4 (USIn Control Register 4: For 12C mode): DCH, n=0

7 6 5 4 3 2 1 0
ICnFR - TOLYENBn | IoiE | AcKeEN IMASTERn STOPCn STARTCn
R - RW RW RW R RW RW
Initial value: OOH
lICnIFR This is an interrupt flag bit for I2C mode. When an interrupt occurs, this bit becomes ‘1’.
This bit is cleared when write any values in the USInST2. Writing “1” has no effect.
0 I2C interrupt no generation
1 I12C interrupt generation
TXDLYENBN USInSDHR register control bit
0 Enable USINSDHR register
1 Disable USInSDHR register
lICnIE Interrupt Enable bit for I2C mode
0 Interrupt from 12C is inhibited (use polling)
1 Enable interrupt for 12C
ACKnEN Controls ACK signal Generation at ninth SCLn period.
0 No ACK signal is generated (SDAn =1)
1 ACK signal is generated (SDAn =0)
NOTES: ACK signal is output (SDA =0) for the following 3 cases.
1. When received address packet equals to USInSLA bits in USINSAR.
2. When received address packet equals to value 0x00 with
GCALLN enabled.
3. When 12C operates as a receiver (master or slave)
IMASTERN Represent operating mode of 12C
0 I2C is in slave mode
1 I2C is in master mode
STOPCn When 12C is master, STOP condition generation
0 No effect
1 STOP condition is to be generated
STARTCn When 12C is master, START condition generation
0 No effect
1 START or repeated START condition is to be generated
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USInST1 (USIn Status Register 1: For UART and SPI mode): E1H,n=0

7 6 5 4 3 2 1 0
DREn | TXn RXCn WAKEn | usmRsT | Dorn | FEn PEN
RW RW R RW RW R RW RW
Initial value: 80H
DREN The DRERN flag indicates if the transmit buffer (USINDR) is ready to receive new data. If
DREn is ‘1’, the buffer is empty and ready to be written. This flag can generate a DREn
interrupt.
0 Transmit buffer is not empty.
1 Transmit buffer is empty.
TXCn 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 TXCn interrupt is executed.
This flag can generate a TXCn interrupt. This bit is automatically cleared.

0 Transmission is ongoing.
1 Transmit buffer is empty and the data in transmit shift register are shifted out
completely.
RXCn 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 RXCn flag can be used to generate an
RXCn interrupt.

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

This flag can be used to generate a WAKEnR interrupt. This bit is set only when in
asynchronous mode of operation. This bit should be cleared by program software. (only
UART mode)

0 No WAKE interrupt is generated.
1 WAKE interrupt is generated

USINRST This is an internal reset and only has effect on USIn. Writing ‘1’ to this bit initializes the
internal logic of USIn and this bit is automatically cleared to ‘0’.

0 No operation
1 Reset USIn

DORnN 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

FEnN 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. (only UART mode)

0 No Frame Error
1 Frame Error detected

PEn This bit is set if the next character in the receive buffer has a Parity Error to be received
while Parity Checking is enabled. This bit is valid until the receive buffer is read. (only
UART mode)

0 No Parity Error
1 Parity Error detected
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13. USI (USART + SPI + 12C)

USInST2 (USIn Status Register 2: For 12C mode): E2H, n =0

7 6 5 4 3 2 1 0
GCALLn |  TENDn stoon | ssen | MOsm BUSYn TMODEN RXACKn
R RW R RW RW RW RW RW

GCALLn(NOTES:

TEN Dn(NOTES:

STOPDR(NOTES:

SSELn(NOTES:

MLOSTn(NOTES:

BUSYn

TMODEnN

RXACKnN

NOTES:
1.

2.

Initial value: OOH

This bit has different meaning depending on whether 12C is master or slave. When 12C
is a master, this bit represents whether it received AACK (address ACK) from slave.

0 No AACK is received (Master mode)

1 AACK is received (Master mode)

When 12C is a slave, this bit is used to indicate general call.

0 General call address is not detected (Slave mode)

1 General call address is detected (Slave mode)

This bit is set when 1-byte of data is transferred completely

0 1 byte of data is not completely transferred

1 1 byte of data is completely transferred

This bit is set when a STOP condition is detected.

0 No STOP condition is detected

1 STOP condition is detected

This bit is set when 12C is addressed by other master.

0 I2C is not selected as a slave

1 I2C is addressed by other master and acts as a slave
This bit represents the result of bus arbitration in master mode.
0 I2C maintains bus mastership

1 I2C maintains bus mastership during arbitration process
This bit reflects bus status.

0 I2C bus is idle, so a master can issue a START condition
1 I2C bus is busy

This bit is used to indicate whether 12C is transmitter or receiver.
0 I2C is a receiver

1 12C is a transmitter

This bit shows the state of ACK signal

0 No ACK is received

1 ACK is received at ninth SCL period

These bits can be source of interrupt.
When an 12C interrupt occurs except for STOP mode, the SCLn line is hold LOW.

To release SCLn, write arbitrary value to USInST2. When USInST2 is written, the TENDn,
STOPDnN, SSELn, MLOSTn, and RXACKn bits are cleared.
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13.25 Baud Rate setting (example)

Table 32. Examples of USIOBD Settings for Commonly Used Oscillator Frequencies

A96T418 User’s manual

Baud Rate | fx=1.00MHz fx=1.8432MHz fx=2.00MHz

(bps) USIOBD ERROR USIOBD ERROR USIOBD ERROR
2400 25 0.2% 47 0.0% 51 0.2%
4800 12 0.2% 23 0.0% 25 0.2%
9600 6 -7.0% 11 0.0% 12 0.2%
14.4k 3 8.5% 7 0.0% 8 -3.5%
19.2k 2 8.5% 5 0.0% 6 -7.0%
28.8k 1 8.5% 3 0.0% 3 8.5%
38.4k 1 -18.6% 2 0.0% 2 8.5%
57.6k - - 1 -25.0% 1 8.5%
76.8k - - 1 0.0% 1 -18.6%
115.2k - - - - - -
230.4k - - - - - -

Table 33. Examples of USIOBD Settings for Commonly Used Oscillator Frequencies (continued)

Baud Rate | fx=1.00MHz fx=1.8432MHz x=2.00MHz

(bps) USIOBD ERROR USIOBD ERROR USIOBD ERROR
2400 25 0.2% 47 0.0% 51 0.2%
4800 12 0.2% 23 0.0% 25 0.2%
9600 6 -7.0% 11 0.0% 12 0.2%
14.4k 3 8.5% 7 0.0% 8 -3.5%
19.2k 2 8.5% 5 0.0% 6 -7.0%
28.8k 1 8.5% 3 0.0% 3 8.5%
38.4k 1 -18.6% 2 0.0% 2 8.5%
57.6k - - 1 -25.0% 1 8.5%
76.8k - - 1 0.0% 1 -18.6%
115.2k - - - - - -
230.4k - - - - - -
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Table 33. Examples of USIOBD Settings for Commonly Used Oscillator Frequencies (continued)

Baud Rate | fx=8.00MHz fx=11.0592MHz

(bps) uSIoBD ERROR uSI0BD ERROR
2400 207 0.2% - -
4800 103 0.2% 143 0.0%
9600 51 0.2% 71 0.0%
14.4k 34 -0.8% 47 0.0%
19.2k 25 0.2% 35 0.0%
28.8k 16 2.1% 23 0.0%
38.4k 12 0.2% 17 0.0%
57.6k 8 -3.5% 11 0.0%
76.8k 6 -7.0% 8 0.0%
115.2k 3 8.5% 5 0.0%
230.4k 1 8.5% 2 0.0%
250k 1 0.0% 2 -7.8%
0.5M - - - -
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14 USART1

14.1 Overview

The Universal Synchronous and Asynchronous serial Receiver and Transmitter (USART1) is a highly flexible serial
communication device. The main features are listed below.

e Full Duplex Operation (Independent Serial Receive and Transmit Registers)

¢ Asynchronous or Synchronous Operation

e Master or Slave Clocked Synchronous and SPI Operation

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

e LSB First or MSB First Data Transfer @SPI mode

¢ High Resolution Baud Rate Generator

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

e 0Odd or Even Parity Generation and Parity Check Supported by Hardware

» Data OverRun Detection

*  Framing Error Detection

* Digital Low Pass Filter

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

*  Double Speed Asynchronous Communication Mode

USART1 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 USART1 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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14.2 Block Diagram

14. USART1
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14.3 Clock Generation

UBAUD
u2x
v fscLk \L
(UBAUD+1)
Prescaling - . ol M
Up-Counter > /8 > 12 “lu M
| X u txclk
o X
SCLK . —
MASTER
' ' 4
. | Edge T\ /] M
Sync Register ™ Detector N ul 4 UMSELO
Y X
XCK ucpPoL L —
- 12 M
U rxclk
X

Figure 94. Clock Generation Block Diagram

The Clock generation logic generates the base clock for the Transmitter and Receiver. The USART1 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 USART1 operates in

Synchronous or SPI mode.

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

Table 33. Equations for Calculating Baud Rate Register Setting

Operating Mode Equation for Calculating Baud Rate
Asynchronous Normal Mode (U2X=0) Baud Rate = &
16(UBAUDx + 1)
Asynchronous Double Speed Mode (U2X=1) Baud Rate = ﬂ
8(UBAUDx + 1)
fSCLK
Synchronous or SPI Master Mode Baud Rate = m
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14.4 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).

14.5 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 RXD1 (MISO1 in SPI mode) pin is sampled at the opposite XCK clock edge of the
edge in the data output on TXD1 (MOSI1 in SPI mode) pin is changed.

The UCPOL bit in UCTRL1 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
TXD1/RXD1 X \ X X x
A
Sample
UCPOL =0
XCK
TXD1/RXD1 X \ X X x
A
Sample

Figure 95. Synchronous Mode XCK Timing
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14.6 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 USART1 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 ::

e | St | po | b1 | b2 | b3 | D4 | D5l | el | P71 | (D8] rp1 I[sz] Idle / St

Character bits =~ ]

T

A

frame format

1 data frame consists of the following bits

Idle No communication on communication line (TxD1/RxD1)
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 USART1 is set by the USIZE[2:0], UPM[1:0] and USBS bits in UCTRL1 register. The

Transmitter and Receiver use the same setting.
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14.7 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-1*...AD3~D22D12Do"0
Podd =Dn-1*...AD3~D2~D1%2Do"1
Peven : Parity bit using even parity
Podd : Parity bit using odd parity

Dn : Data bit n of the character

14.8 USART1 Transmitter

The USART1 Transmitter is enabled by setting the TXE bit in UCTRL1 register. When the Transmitter is enabled,
the normal port operation of the TXD1 pin is overridden by the serial output pin of USART 1. 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 1 operates in SPI mode,
SS1 pin is used as SS1 input pin in slave mode or can be configured as SS1 output pin in master mode. This can
be done by setting SPISS bit in UCTRLS register.

14.8.1 Sending Tx data

A data transmission is initiated by loading the transmit buffer (UDATA register 1/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 UCTRL3 register before loading transmit buffer
(UDATA register).

14.8.2 Transmitter flag and interrupt

The USART1 Transmitter has 2 flags which indicate its state. One is USART1 Data Register Empty (UDRE) and

the other is Transmit Complete (TXC). Both flags can be used as interrupt sources.
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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) bit in UCTRL2 register is set and the Global Interrupt is
enabled, USART1 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, USART1 Transmit Complete Interrupt is generated while TXC flag is set.

14.8.3 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.

14.8.4 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 TXD1 pin is used as normal General Purpose 1/0 (GPIO) or primary function

pin.

14.9 USART1 Receiver

The USART1 Receiver is enabled by setting the RXE bit in the UCTRL1 register. When the Receiver is enabled,
the normal pin operation of the RXD1 pin is overridden by the USART1 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 USART1 operates in SPI mode, SS1 pin is used
as SS1 input pin in slave mode or can be configured as SS1 output pin in master mode. This can be done by setting
SPISS bit in UCTRLS3 register.

14.9.1 Receiving Rx data
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When USART1 is in synchronous or asynchronous operation mode, the Receiver starts data reception when it
detects a valid start bit (LOW) on RXD1 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.
14.9.2 Receiver flag and interrupt

The USART1 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 USART1 Receiver Complete Interrupt is generated while RXC flag is set.

The USART1 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.

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. A DOR 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”.
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NOTES: The error flags related to receive operation are not used when USART1 is in SPI mode.

14.9.3 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.

14.9.4 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 RXD1 pin is not overridden the function of USART1, so RXD1 pin becomes normal GPIO or primary

function pin.

14.9.5 Asynchronous Data Reception

To receive asynchronous data frame, the USART1 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 RXD1 pin.

The Data recovery logic samples incoming bits and low pass filters them, and this removes the noise of RXD1 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 /
RXD1 IDLE BITO

IS Sl N T O A U O O A AR AR R B
0 0 1 2 3 4 5 6 711 12 13 14 15 16 1 2 3
e ! (N N A R AR N B
0 1 2 3 E E E 7 8 1 2

Figure 96. 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 RXD1
line, the start bit condition. After detecting high to low transition on RXD1 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.

o % — X
o AU EEEEEEEEEErt

11 12 13 14 15 16 1

Sample # T T T T
(Uu2x=1)

1

Pt
M & &

Figure 97. 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 RXD1 line to check a valid

high to low transition is detected (start bit detection).

\ \ \
RXD1 STOP 1 () (B) (©
\ \ \
Sample 4,‘ T
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(U2x =1) y >

Figure 98. Stop bit Sampling and Next Start bit Sampling
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14.10 SPIl Mode

The USART1 can be set to operate in industrial standard SPI compliant mode. The SPI mode has the following

features.

e Full duplex, three-wire synchronous data transfer

e Master or Slave operation

e 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 (SS1) 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 RXD1 is renamed as MISO1 and TXD1 is renamed as MOSI1 for

compatibility to other SPI devices.

14.10.1 SPI Clock formats and timing

To accommodate a wide variety of synchronous serial peripherals from different manufacturers, the USART1 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 1.

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

Table 34. CPOL Functionality

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)
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Figure 99. SPI Clock Formats when UCPHA=0

When UCPHA=0, the slave begins to drive its MISO1 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 MISO1 and MOSI1
inputs, respectively. At the second XCK edge, the USART 1 shifts the second data bit value out to the MOSI1 and
MISO1 outputs of the master and slave, respectively. Unlike the case of UCPHA=1, when UCPHA=0, the slave’s
SS1 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 SS1 input.

\BO\

SEMICONDUCTOR 203



14. USART1 A96T418 User’s manual

B AYANE
XCK

(UCPOL=1) \_/ \_/ \_;)/ \—/

SAMPLE T T N T T

N

ALY
MOSI <

h)Y

A
_/
!

L

AL)

MSB First BIT7 BIT6 BIT2 BIT1 BITO
LSB First BITO BIT1 BITS BIT6 BIT7

Mso — ¢ S
‘\_ - _/ b)Y

ALY

/SS OUT \
(MASTER) \

N 7—

¢

ISS IN \
(SLAVE) . X

N Z_

0 0 00000000000 LMo

Figure 100. SPI Clock Formats when UCPHA=1

When UCPHA=1, the slave begins to drive its MISO1 output when SS1 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 MOSI1 output of the
master and the MISO1 output of the slave. The next XCK edge causes both the master and slave to sample the
data bit value on their MISO1 and MOSI1 inputs, respectively. At the third XCK edge, the USART1 shifts the second
data bit value out to the MOSI1 and MISO1 output of the master and slave respectively. When UCPHA=1, the

slave’s SS1 input is not required to go to its inactive high level between transfers.

Because the SPI logic reuses the USART1 resources, SPI mode of operation is similar to that of synchronous or
asynchronous operation. An SPI transfer is initiated by checking for the USART1 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.

14.11 Receiver Time Out (RTO)

This USART1 system supports the time out function. This function is occur the interrupts when stop bit are not in
RX line during URTOC setting value. RTO count stops in RXD signal live state and RTO clear and start is executed

by stop bit recognition.
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Example1) 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

Real baud rate at sysclk 16MHz = 111,111 bps.

1 bit time = 9ms

Maximum count time = 9ms * 65536(16bit count) = 589.8ms

Startbit [] Databit [ Parity bit [7] Stop bit
|

oseres | HTTITTIL

> I

1 bit time |
=9us (@111111 bps)I

1 Frame time (parity, 1 Stop)
=99us (@111111 bps)

A96T418 :
USART RX 5
Data 0x00 < )
Casel A} A
| I~ — _J
f———————" RTOClear&Startis executed by stop bit
| RTO count stops in RXD signal Live state.
: Evenif it is set smaller than frame time, it does not count..
A96T418
USART RX " .
Frame Error | f
Case2 |

If adisconnect problem occurs, interrupt is
Generated after the internal buffer 2 data is
filled.

Frame ermorcan be checked by Frame
Error State Flag.

usart

Figure 101. Example for RTO in USART1
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14.12 Register Map

Table 35. USART1 Register Map

Name Address Direction Default Description

UCTRLA1 CBH R/W 00H USART1 Control 1 Register

UCTRL2 CCH R/W 00H USART1 Control 2 Register

UCTRL3 CDH R/W 00H USART1 Control 3 Register

UCTRL4 1018H R/W 00H USART1 Control 4 Register

USTAT CFH R 80H USART1 Status Register

UBAUD FCH R/W FFH USART1 Baud Rate Generation Register
UDATA FDH R/W 00H USART1 Data Register

FPCR 1019H R/W 00H USART1 Floating Point Counter Register
RTOCH 101AH R 00H Receiver Time Out Counter High Register
RTOCL 101BH R 00H Receiver Time Out Counter Low Register

14.13 USART1 Register Description

USART1 module consists of USART1 Control 1 Register (UCTRL1), USART1 Control 2 Register (UCTRL2),
USART1 Control 3 Register (UCTRL3), USART1 Control 4 Register (UCTRL4), USART1 Floaint Point Counter
(FPCR), USART1 Status Register (USTAT), USART1 Data Register (UDATA), and USART1 Baud Rate Generation
Register (UBAUD).
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14.14 Register Description for USART1

UCTRL1 (USART1 Control 1 Register): CBH

7 6 5 4 3 2 1 0
USIZE1 USIZEO
UMSELA1 UMSELO UPM1 UPMO USIZE2 UDORD UCPHA UCPOL
R/W R/W R/W R/W R/W R/W R/W R/W

Initial value: O0H

UMSEL[1:0] Selects operation mode of USART1
UMSEL1 UMSELO Operating Mode

0 0 Asynchronous Mode (Normal UART)
0 1 Synchronous Mode (Synchronous UART)
1 0 Reserved
1 1 SPI Mode
UPM[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-hit
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 TXD1 change @Rising Edge, RXD1 change @Falling Edge
1 TXD1 change @ Falling Edge, RXD1 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
XCK in 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)
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UCTRL2 (USART1 Control 2 Register): CCH

7 6 5 4 3 2 1 0
UDRIE | TXCIE [ RXCIEE | WAKEIE | TXE | RXE | USARTEN | u2x |
R/W R/W R/W R/W R/W R/W R/W R/W
Initial value: OOH
UDRIE Interrupt enable bit for USART1 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 RXD1 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 USART1 module by supplying clock.
0 USART1 is disabled (clock is halted)
1 USART1 is enabled
uz2x 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 (USART1 Control 3 Register): CDH

7 6 5 4 3 2 1 0
[ MASTER | LOOPS [ DISXCK | sSPISS | - | UusBs | TX8 | RX8
R/W R/W R/W R/W - R/W R/W R
Initial value: O0OH
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 USART1, 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 SS1 pin in master SPI mode.
0 SS1 pin is normal GPIO or other primary function
1 SS1 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 (9'" bit) received is ‘1’
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UCTRL4 (USART1 Control 4 Register): 1018H

A96T418 User’s manual

7 6 5 4 3 2 1 0
= = - | RTOEN | RTO FLAG [ FPCREN | AOVSSEL | AOVSEN |
- - - R/W R/W R/W R/W R/W
Initial value: O0OH
RTOEN Enable receiver time out.
0 Disable
1 Enable
RTO_FLAG This bit is set when RTO count overflows. Writing ‘0’ to this bit position will clear
RTO_FLAG.
0 RTO count dose not overflow.
1 RTO count overflow.
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 (USART1 Status Register): CFH

7 6 5 4 3 2 1 0
[ UDRE [ TXC RXC | WAKE | SOFTRST | DOR | FE | PE |
R/W R/W R/W R/W R/W R R R
Initial value: 80H

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. Itis 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

NOTES: 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.

UBAUD (USART Baud-Rate Generation Register): FCH

7

6

5 4 3 2 1 0
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[ UBAUD7 | UBAUD6 | UBAUD5 | UBAUD4 | UBAUD3 | UBAUD2 | UBAUD1 | UBAUDO |
R/W R/W R/W R/W R/W R/W R/W R/W

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): FDH

7 6 5 4 3 2 1 0
[ UDATA7 | UDATA6 | UDATA5 | UDATA4 | UDATA3 | UDATA2 | UDATA1 | UDATAO |
R/W R/W R/W R/W R/W R/W R/W R/W

Initial value: OOH

UDATA [7:0] The USART Transmit Buffer and Receive Buffer share the same 1/O 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): 1019H

7 6 5 4 3 2 1 0
[ FPCR7 | FPCR6 | FPCR5 | FPCR4 | FPCR3 | FPCR2 | FPCR1 | FPCRO |
R/W R/W R/W R/W R/W R/W R/W R/W

Initial value: O0OH

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

NOTES: 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

212
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RTOCH (Receiver Time Out Counter High Register): 101AH

7 6 5 4 3 2 1 0
[ RTocH7 | RTOCH6 | RTOCH5 | RTOCH4 | RTOCH3 | RTOCH2 | RTOCH1 | RTOCHO |
R/W R/W R/W R/W R/W R/W R/W R/W

Initial value: OOH

RTOCL (Receiver Time Out Counter Low Register): 101BH

7 6 5 4 3 2 1 0
[ RTOCL7 | RTOCL6 | RTOCL5 | RTOCL4 | RTOCL3 | RTOCL2 | RTOCL1 | RTOCLO |
R/W R/W R/W R/W R/W R/W R/W R/W

Initial value: OOH
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14.15 Baud Rate setting (example)

Table 36. Examples of UBAUD Settings for Commonly Used Oscillator Frequencies

fOSC=1.00MHz fOSC=1.8432MHz fOSC=2.00MHz
Baud | U2X=0 U2X=1 U2X=0 U2X=1 U2X=0 U2X=1
Rate | UBAU  ERRO | UBAU | ERRO | UBAU | ERRO | UBAU | ERRO | UBAU | ERRO | UBAU | ERRO
D R D R D R D R D R D R
2400 | 25 0.2% | 51 0.2% | 47 0.0% |95 0.0% | 51 0.2% | 103 0.2%
4800 | 12 02% |25 02% |23 0.0% | 47 0.0% |25 0.2% | 51 0.2%
9600 | 6 7.0% | 12 02% | 11 0.0% |23 0.0% | 12 02% |25 0.2%
14.4
< 3 85% |8 35% |7 0.0% | 15 00% |8 35% | 16 2.1%
19.2
< 2 85% |6 70% |5 0.0% | 11 00% |6 7.0% | 12 0.2%
28.8
< 1 85% |3 85% |3 00% |7 00% |3 85% |8 -3.5%
38.4
< 1 -18.6% | 2 85% |2 00% |5 0.0% |2 85% |6 -7.0%
57.6
< - - 1 85% | 1 -25.0% | 3 0.0% |1 85% |3 8.5%
76.8
< - - 1 -18.6% | 1 0.0% |2 0.0% |1 -18.6% | 2 8.5%
115.2
< - - - - - - 1 0.0% | - - 1 8.5%
230.4
K
fOSC=3.6864MHz fOSC=4.00MHz fOSC=7.3728MHz
Baud | U2X=0 U2X=1 U2X=0 U2X=1 U2X=0 U2X=1
Rate | UBAU | ERRO | UBAU | ERRO | UBAU | ERRO | UBAU | ERRO | UBAU | ERRO | UBAU | ERRO
D R D R D R D R D R D R
2400 | 95 0.0% | 191 0.0% | 103 0.2% | 207 0.2% | 191 0.0% |- -
4800 | 47 0.0% |95 0.0% | 51 0.2% | 103 02% | 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 21% | 34 -0.8% | 31 0.0% |63 0.0%
19.2K | 11 0.0% |23 0.0% | 12 02% | 25 02% |23 0.0% |47 0.0%
28.8K | 7 0.0% |15 0.0% |8 -35% | 16 21% | 15 0.0% | 31 0.0%
38.4K | 5 0.0% | 11 00% |6 7.0% | 12 02% | 11 0.0% |23 0.0%
57.6K | 3 0.0% |7 0.0% |3 85% |8 35% |7 0.0% |15 0.0%
76.8K | 2 0.0% |5 0.0% |2 85% |6 70% |5 0.0% | 11 0.0%
115.2
< 1 0.0% |3 0.0% |1 85% |3 85% |3 0.0% |7 0.0%
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230.4
< - - 1 0.0% | - - 1 8.5% | 1 0.0% |3 0.0%
250K | - - 1 78% | - - 1 0.0% | 1 78% |3 -7.8%
0.5M | - - - - - - - - - - 1 -7.8%
fOSC=8.00MHz fOSC=11.0592MHz fOSC=14.7456MHz
Baud | U2X=0 U2x=1 U2X=0 U2X=1 U2X=0 U2x=1
Rate | UBAU | ERRO | UBAU | ERRO | UBAU | ERRO | UBAU | ERRO | UBAU | ERRO | UBAU | ERRO
D R D R D R D R D R D R
2400 | 207 02% | - - - - - - - - - -
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 21% | 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%
57.6K | 8 -35% | 16 21% | 11 0.0% | 23 0.0% | 15 0.0% | 31 0.0%
76.8K | 6 7.0% | 12 02% |8 0.0% | 17 0.0% | 11 0.0% |23 0.0%
115.2
< 3 85% |8 35% |5 0.0% | 11 0.0% |7 0.0% | 15 0.0%
230.4
< 1 85% |3 8.5% | 2 0.0% |5 0.0% |3 00% |7 0.0%
250K | 1 0.0% |3 0.0% |2 78% |5 78% | 3 -7.8% 5.3%
0.5M | - - 1 0.0% | - - 78% | 1 -7.8% -7.8%
1M - - - - - - - - - - 1 -7.8%

\BO\

SEMICONDUCTOR

215




14. USART1 A96T418 User’s manual

14.16 0% Error Baud Rate

This USART1 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 (fSCLK = 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 .

TXD clock 0% Error

generator Baud rate
Integer count value - 1 > 1

8bit Max floating point

count value
|_,>—
|—>

8bit floating point

counter

Figure 102. 0% Error Baud Rate Block Diagram
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15 LED Driver

15.1 Overview

LED drive contains 8 COM / 16 SEG output pins. They are also shared with Touch sensing pins. By setting LED
CONTROL REGISTER 1 (LEDCONH1), there are 5 modes that can be shared(or not shared) with touch sensing
function. The controller consists of display data RAM memory, COM and SEG generator. COM0-COM?7 are shared
with SEGO-SEGY. It is selected by CSER register. SEG8~SEG15 is dedicated only SEG function in LED function.
COM and SEG pin can also be used as | / O pins. COMOE, and SEGOE1,SEGOE2 registers are used to select
SEGO0-SEG14, COMO0O- COM?7.

During the power-on reset, reset pin, BOD reset or watchdog reset, LED are turned off.

156.2 Block Diagram

raM | seseapaa | OS] Bonr ] SEC
(8 X16) 1 CONTROL CAD
(SEGO~SEG15)
SEG SEL.
SCLK —p
Read Enable
LEDCLK J
PCLK — 8bit COM COM& | [ com
——> 8 COM Gen. —>
LEDST _.D Prescaler | orv C(I)Dlx?TRRTOL e
(bit0 of LEDCON1) (COMO~COMT)
fCLK/(prescaler+ 1) Yy
COM SEL,
comparator
LEDSTPDreg | Match
fCLK F/F — MATCHF
LED Stop Count Mode or _>—' 20 bit counter B g (bit3 of LEDSR)
Smart share Mode - ' clear

Figure 103. LED Driver Block Diagram
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15.3 Register Map

Table 37. LED Driver Register Map

Name Address Direction Default Description

COMOE 2FO0H R/W 00H LED COM Output Enable Register
SEGOE1 2F01H R/W 00H LED SEG Output Enable 1 Register
SEGOE2 2F02H R/W O0H LED SEG Output Enable 2 Register
PRESD 2F0O3H R/W 00H LED Prescale Data Register

CSER 2F04H R/W O00H LED COM or SEG Enable Register
COMPWID 2F05H R/W OO0H LED COM Pulse Width Control Register
STPDO 2F0AH R/W O00H LED Stop Duration 0 Register

STPD1 2F0BH R/W O0H LED Stop Duration 1 Register

STPD2 2FOCH R/W O00H LED Stop Duration 2 Register

LEDSR 2FODH R/W 01H LED Status Register

LEDCON3 2FOEH R/W OOH LED Control3 Register

LEDCON2 2FOFH R/W O00H LED Control 2 Register

LEDCON1 2F10H R/W O0H LED Control 1 Register

CCLSR 2F30H R/W 01H Constant Current level select Register
TEST_COM 2F7CH R/W O0H COM Register for test

TEST_SEGO 2F7DH R/W O0H SEG Register for test

TEST_SEG1 2F7EH R/W O00H SEG Register for test
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15.4 Register Description for LED Driver

COMOE (LED COM Output Enable Register): 2F00H

15. LED Driver

7 6 4 3 2 1 0
| covoer | comoes COMOE5 | COMOE4 COMOE3 COMOE2 COMOEL COMOED
RW RW RW RW RW RW RW
Initial value: 00H
COMOE7 COM?7 Output Enable
0 Disable
1 Enable
COMOES6 COM®6 Output Enable
0 Disable
1 Enable
COMOE5 COMS5 Output Enable
0 Disable
1 Enable
COMOE4 COM4 Output Enable
0 Disable
1 Enable
COMOE3 COMS3 Qutput Enable
0 Disable
1 Enable
COMOE2 COM2 Output Enable
0 Disable
1 Enable
COMOE1 COM1 Output Enable
0 Disable
1 Enable
COMOEO COMO Output Enable
0 Disable
1 Enable
SEGOE1 (LED SEG Output Enable 1 Register): 2F01H
7 6 4 3 2 1 0
SEGOEL7 | SEGOEL6 SEGOEL5 | SEGOEL4 SEGOE13 SEGOE12 SEGOEL1 SEGOEL0
RW RW RW RW RW RW RW
Initial value: 00H
SEGOEL1.7 SEG?7 Output Enable
0 Disable
1 Enable
SEGOEL1.6 SEG6 Output Enable
0 Disable
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1 Enable
SEGOEL1.5 SEGS5 Output Enable

0 Disable

1 Enable
SEGOE1.4 SEG4 Output Enable

0 Disable

1 Enable
SEGOE1.3 SEG3 Output Enable

0 Disable

1 Enable
SEGOE1.2 SEG2 Output Enable

0 Disable

1 Enable
SEGOE1.1 SEG1 Output Enable

0 Disable

1 Enable
SEGOE1.0 SEGO Output Enable

0 Disable

1 Enable

SEGOEZ2 (LED SEG Output Enable 2 Register): 2F02H

7 6 5 4 3 2 1 0
SEGOE27 | SEGOE26 | SEGOE25 | SEGOE24 | SEGOE23 | SEGOE22 | SEGOE21 | SEGOE20
RW RW RW RW RW RW RW RW

Initial value: 00H

SEGOE2.7 SEG15 Output Enable

0 Disable

1 Enable
SEGOEZ2.6 SEG14 Output Enable

0 Disable

1 Enable
SEGOE2.5 SEG13 Output Enable

0 Disable

1 Enable
SEGOE2.4 SEG12 Output Enable

0 Disable

1 Enable
SEGOE2.3 SEG11 Output Enable

0 Disable

1 Enable
SEGOE2.2 SEG10 Output Enable

0 Disable

1 Enable
SEGOE2.1 SEG9 Output Enable

0 Disable

1 Enable
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SEGOE2.0 SEGS8 Output Enable
0 Disable
1 Enable

PRESD (LED Prescale Data Register): 2F03H

15. LED Driver

7 6 5 4 3 2 1 0
| Presor | PRESDE | PRESDS | PRESD4 PRESD3 PRESD2 PRESD1 PRESDO
RW RW RW RW RW RW RW RW
Initial value: OOH
PRESD[7:0] Prescale value of LED Clock
LED Clock = fCLK / (PRESD + 1)
(fCLK is a selected input clock)
CSER (LED COM or SEG Enable Register): 2F04H
7 6 5 4 3 2 1 0
| csse7 | cssas CSSEL5 | CssE4 CS SEL3 CS _SEL2 CS SEL1 CS_SELO
RW RW RW RW RW RW RW RW
Initial value: 00H
CS_SEL7 Select COM7/SEG7
0 Select SEG7
1 Select COM7
CS_SEL6 Select COM6/SEG6
0 Select SEG6
1 Select COM6
CS_SEL5 Select COM5/SEG5
0 Select SEG5
1 Select COM5
CS_SEL4 Select COM4/SEG4
0 Select SEG4
1 Select COM4
CS_SEL3 Select COM3/SEG3
0 Select SEG3
1 Select COM3
CS_SEL2 Select COM2/SEG2
0 Select SEG2
1 Select COM2
CS _SEL1 Select COM1/SEG1
0 Select SEG1
1 Select COM1
CS_SELO Select COMO/SEGO
0 Select SEGO

1 Select COMO

COMPWID (LED COM Pulse Width Control Register): 2F05H
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7 6 5 4 3 2 1 0
COMPWID7 COMPWID6 | COMPWID5 | COMPWID4 COMPWID3 COMPWID2 COMPWID1 COMPWIDO
RW RW RW RW RW RW RW RW

Initial value: O0H

COMPWID[7:0] Maximum Pulse width for COM

COM Width = LED CLK / (COMPWID + 1)
(LED CLK is a Prescaler output clock)

STPDO (LED stop Duration 0 Register): 2FOAH

7 6 5 4 3 2 1 0
| smor | swoe stos | sTP4 STPDB STPDR STPDL STPDO
RW RW R RW RW RW RW RW

Initial value: O0H

STPD1 (LED stop Duration 1 Register): 2FOBH

7 6 5 4 3 2 1 0
| swPois | swou STPDI3 | STPDR2 STPDI1 STPD10 STPDO STPDS
RW RW RW RW RW RW RW RIW

Initial value: OOH

STPD2 (LED stop Duration 2 Register): 2FOCH

7 6 5 4 3 2 1 0
| ] | - | ; | - STPD19 STPDI8 STPD17 STPD16

Initial value: O0H

STPD[19:0] LED stop duration. These registers are valid in LED Stop Count mode or
smart share mode.

LED Stop Duration Width = fCLK / (STPD + 1)
(fCLK is a selected input clock)

LEDSR (LED Status Register): 2FODH

7 6 5 4 3 2 1 0
| - | ] | ] - MATCHF LED INT LED INTE LED ENDF
Initial value: 01H
MATCHF This bit is set when the value of internal counter becomes the same with
STPD register. After LED display, this bit will be cleared automatically.
0 Unmatched
1 Matched
LED_INT LED Interrupt flag when LED_INTE is set.
0 LED interrupt not generated
1 LED interrupt generated
LED_INTE LED Interrupt Enable
0 Disable
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LED_ENDF

1

Enable

LED Operation Flag

0
1

LEDCONS3 (LED Control 3 Register): 2FOEH

Under LED Operation
LED Operation is ended

15. LED Driver

7 6 5 3 2 1 0
SETTME3 | SETTME2 | SETTMEL | SETTMED | CIRTME3 | CLRTME2 | CLRTIMEL | CLR TIMEO
RW RW RW RW RAW- RMW- RW RW

Initial value: 00H
SET_TIME[3:0] SEG GND Start position These bits are valid only when

SRTEN(LEDCONZ2[3]) is High. fCLK = 16MHZ

0000 lus

0001 2us

0010 4us

0011 6us

0100 8us

0101 10us

0110 12us

0111 14us

1000 16us

1001 18us

1010 20us

1011 22us

1100 24us

1101 26us

1110 28us

1111 32us

CLR_TIME[3:0] SEG GND Start position These bits are valid only when

\BO\

SEMICONDUCTOR

SRTEN(LEDCONZ2[3]) is High. fCLK = 16MHZ,

OVERTS is bit[6:4] of LEDCON2

0000
0001
0010
0011
0100
0101
0110
0111

1000
1001
1010
1011
1100
1101
1110
1111

OVERTS - 1lus
OVERTS - 2us
OVERTS - 4us
OVERTS - 6us
OVERTS - 8us
OVERTS - 10us
OVERTS - 12us
OVERTS - 14us

OVERTS - 16us
OVERTS — 18us
OVERTS - 20us
OVERTS — 22us
OVERTS - 24us
OVERTS - 26us
OVERTS - 28us
OVERTS - 32us
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LEDCON2 (LED Control 2 Register): 2FOFH

A96T418 User’s manual

7 6 5 4 3 1 0
OVERLAP | OVERTS2 | OVERTSI | OVERTSO SRTEN - -
Initial value: 00H
OVERLAP How to make Overlap Time
0 Overlap time = 3us ~ 64us @ fCLK = 16MHZ
1 Overlap time = fCLK/2
OVERTS[2:0] OVERLAP TIME SELECT. These bits are valid only when
OVERLAP is LOW.
000 64us
001 32us
010 24us
011 21us
100 12us
101 9us
110 6us
111 3us
SRTEN SEG GND Select
0 non select
1 Select
LEDCON1 (LED Control 1 Register): 2F10H
7 6 5 4 3 1 0
- | - | - MD2 MDL1 MDO LEDEN LEDST
Initial value: OOH
MDI[2:0] Mode Select
000 LED Auto Mode
001 Hand Shake Mode
010 LED STOP Count Mode
011 Smart Share Mode
1xx LED Alone Mode
LEDEN LED Enable
0 LED Disable
1 LED Enable
LEDST LED Start or Stop under LEDEN = 1
0 Stop LED Operation
1 Start LED Operation
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CCLSR (Constant Current Level Select Register): 2F30H

7 6 5 4 3 2 1 0
| | | - | | CoAL Cono
- RW RW
Initial value: O0H
COA[1:0] SEG(mA)

00 8.47TmA

01 13.61mA

10 19.49mA

11 Reserved(test only)

TEST_COM (TEST COM Register for Test): 2F7CH

7 6 5 4 3 2 1 0
Tcowr | Toove | Tcows | Tcow | Toows TCOM2 TCOML TCOMO
RW RW R RW RW RW RW RW

Initial value: O0H

TEST_SEGO (TEST SEG Low Byte Register for Test): 2F7DH

7 6 5 4 3 2 1 0
TSEGD? | TSEGOS | TSEGS | TSEGM4 | TSEG® TSEGO2 TSEGOL TSEGO0
RW RW R RW RW RW RW RW

Initial value: O0H

TEST_SEGO (TEST SEG High Byte Register for Test): 2F7EH

7 6 5 4 3 2 1 0
TSEGl7 | TsEGle | TsEGls | TsEGi4 | TSEGE TSEGL2 TSEGLL TSEGI0
RW RW R RW RW RW RW RW

Initial value: O0H
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15.5 LED RAM

Table 38. LED RAM

Address 7 6 5 4 3 2 1 0

2F13H COMOL SEG7 SEG6 SEG5 SEG4 SEG3 SEG2 SEG1 -

2F14H COMOH SEG15 SEG14 SEG13 SEG12 SEG11 SEG10 SEG9 SEG8
2F15H COM1L SEG7 SEG6 SEG5 SEG4 SEG3 SEG2 - SEGO
2F16H COM1H SEG15 SEG14 SEG13 SEG12 SEG11 SEG10 SEG9 SEG8
2F17H COM2L SEG7 SEG6 SEG5 SEG4 SEG3 - SEG1 SEGO
2F18H COM2H SEG15 SEG14 SEG13 SEG12 SEG11 SEG10 SEG9 SEG8
2F19H COM3L SEG7 SEG6 SEG5 SEG4 - SEG2 SEG1 SEGO
2F1AH COM3H SEG15 SEG14 SEG13 SEG12 SEG11 SEG10 SEG9 SEG8
2F1BH COM4L SEG7 SEG6 SEG5 - SEG3 SEG2 SEG1 SEGO
2F1CH COM4H SEG15 SEG14 SEG13 SEG12 SEG11 SEG10 SEG9 SEG8
2F1DH COMS5L SEG7 SEG6 - SEG4 SEG3 SEG2 SEG1 SEGO
2F1EH COMS5H SEG15 SEG14 SEG13 SEG12 SEG11 SEG10 SEG9 SEG8
2F1FH COM6L SEG7 - SEG5 SEG4 SEG3 SEG2 SEG1 SEGO
2F20H COM6H SEG15 SEG14 SEG13 SEG12 SEG11 SEG10 SEG9 SEG8
2F21H COM7L - SEG6 SEG5 SEG4 SEG3 SEG2 SEG1 SEGO
2F22H COM7H SEG15 SEG14 SEG13 SEG12 SEG11 SEG10 SEG9 SEG8

means no affect to SEG output
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15.6 Example Circuit

15.6.1 SEGO~SEG7 Matrix

SEGO SEG1 SEG2 SEG3 SEG4 SEGS SEG6 SEGT
D1 D2 D3 D4 DS D6 T
. \\LED \\LED \\LED \\LED \\LED \\LED \\LED
D§ D9 D10 D1l D12 D13 D14
—— \\LED \\LED \\LED \\LED \\LED \\LED \\LED
D13 D16 D17 D18 D19 D20 D21
. \\LED \\LED \\LED \\LED \\LED \\LED \\LED
D22 D23 D24 D25 D26 27 D28
s “WLED “WLED “WLED “WLED “WLED “WLED “LED
D29 D30 D31 D32 D33 D34 D33
o “LED “WLED “LED “WLED “WLED “LED “MLED
D36 D37 D3g D3ig D40 D41 D42
iz “WLED “WLED “WLED “WLED “WLED “WLED “MLED
D43 D4 D45 D46 D47 D48 D49
. \\uz]} \\uz]} \\uz]} \\uz]} \\uz]} \\uz]} \\uz]}
D50 D51 D52 D53 D54 D53 D56
i \\uz]} \\uz]} \\uz]} \\uz]} \\uz]} \\uz]} \\uz]}

Figure 104. SEGO~SEG7 Matrix
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15.6.2 SEG8~SEG15 Matrix

SEGS SEGY SEGI10 SEG11 SEGI2 SEG13 SEG14 SEGIS
D1 D2 D3 D4 D35 D6 D7 D§

\:\] ED \:\] ED \:\] ED \;\] ED \:\] ED \:a\] ED \:\].]-'.IJ \:\] ED

COMO
D9 D10 D11 D12 D13 D14 D15 D16
\b] ED \b] ED \b] ED \b] ED \b] ED \:4] ED Q].]-’.IJ \b] ED

COM1
D17 D18 D19 D20 D21 D22 D23 D24
\)\LED Q&LED Q&LED QLED Q&LED \)\LED Q&LED Q&LED

COM2
D25 D26 D27 D28 D29 D30 D3l D32
Q&LE Q&LED Q&LED QLED Q&LED \)\LED Q&LED Q&LED

COM3
D33 D34 D35 D36 D37 D38 D39 D40
\)\LED Q&LED Q&LED QLED Q&LED \)\]_ED Q&]_ED Q&LED

COM4
D41 D42 D43 D44 D45 D46 D47 D48
. “ALED “LED “ALED “LED “LED “ALED “ALED “ALED
D49 D30 D3l D352 D33 D34 D35 D36
“ALED “ALED “ALED “LED “LED “ALED \ALED “ALED

COMG
D57 D58 D59 Dol D6l D62 D63 Dé&4
“WALE “ALED “ALED “LED “LED “ALED “ALED “ALED

COM?7

Figure 105. SEG8~SEG15 Matrix
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15.7 Mode Functions

By depending on how set MD values (LEDCON1[4:2]), there are fifth operation modes.

15.7.1 LED AUTO Mode

First mode is LED auto mode irrelevant to touch sensing function that can start by write “1” LEDST by program.
Below all mode is possible only after LEDEN (LEDCON1[1])is set “1”.

Figure 106 show the LED auto mode in case of CSER = 0100_0001B. (k) shows the overlaptime that exists between
the COM and the COM that are controllable by the program.

When enabling the LED by write LEDST “1” as in (A), LED can operate contiually..

An interrupt occurs at point (B) where the LED 1 frame operation terminated when LED_INTE is set.

LED Operation
1' ...................................... I. .................................................................................. ’
TO T1 I TO T1
e Pl crnnrnennanaans [ N [ TELTTTTTTTITerrs »
_ Al except | All except except | All except
SEGL15:01 SEGO SEG6 SEGO SEG6
-py 1o (K) gt 1o (K)
COMO | | | |
() €« -~ () € -~
weepl jgenn(k) by 1= (k)
COMB6
(& =-~- (4 - -
LEDST
(bit0 of LEDCON1) —
(A) (B)

Figure 106. LED auto Mode
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15.7.2 LED Alone Mode

First mode is LED alone mode irrelevant to touch sensing function that can re-start by write “1” LEDST by program.

Figure 107 show the LED alone mode in case of CSER = 0100_0001B. (k) shows the overlaptime that exists
between the COM and the COM that are controllable by the program.

An interrupt occurs at point (A) where the LED operation terminated when LED_INTE is set.

When enabling the LED by rewrite LEDST “1” as in (B), LED can starts again.

LED Operation LED Operation
70 o 10 T
. All except | All except All excepti| All except |
SEG[15:01 SEGO SEG6 T SEG6
e 54 ® e e (K
COMO — 3
| HI
M+ -- 0 «--
COME weepl pgeee(K) v pegeene(K)
-1 {111
() 4= == () +--
LEDST N HB
(bit0 of LEDCONT) — h |
LED ENDF i 13 B
(bit0 of LEOSRY % AR
H (A ® i
Write 1" LEDST 37 L
By Program d‘-:l k -l

Figure 107. LED alone Mode
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15.7.3 Hand Shake Mode

The second mode is hand shake mode to inform the touch when the LED is finished and to make LED start again

by the TOUCH_END signal from the touch sensing.

Figure 108 show the hand shake mode in the case of CSER = 0000_0001B. Frame cycle is defined by sum of LED

operation (1) and touch key scan (2). It is the minimum cycle without flicker.
An interrupt occurs at point (A) where the LED operation terminated when LED_INTE is set.

Touch sensing continues to send the “1” until LED_ENDF changes to “0” in (B), and then LED start again.

LED Operation(1) LED Operation(1)
'TO """ > Touch Key Scan(2) D
SO ol 111 O A 1 1 =5
SEG[15:0] SeGo SEGo
el b (K) et g (K)
T [
n*=-= R
LEDST R
(bit0 of LEDCON1) — * " |
LED_ENDF 7 —
(bit0 of LEDSR) =
TOUCH_END G :
(from touch) '[‘_l
®B

Figure 108. Hand Shake Mode
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15.7.4 LED Stop Count Mode

The third mode is LED stop count mode that the beginning of the next LED operation is determined by LED stop

duration register value after the previous LED operation end.
It is need when deciding the period of frame that LED can operate without flicker.

Figure 109 show LED STOP Count mode in case of CSER = 1000_0000B. An interrupt occurs at point (A) here the
LED operation terminated when LED_INTE is set.

At the same time, 20-bit counter starts to increase by the internal enable bit. If 20-bit LEDSTPD register is matched
with the counter, MATCHF (bit3 of LEDSR) is set “1”. LED_ENDF is cleared “0”, 20-bit counter is cleared “0” and
LED start again as in (B).

LED Operation(1) LED Operation(1)
P »> TouchKey Scan(2) < >
T0 0
< N R »
) All except All except
scansor AR | T (T | ~ LI ] s
1
COMT Rl (Y] M ¢ I(k)| | | |
() « == oM<+« --
LEDST ‘k B3
(bit0 of LEDCONT1) —
LED_ENDF -
(bit0 of LEDSR)

e ininipNnlpinEalniniainiyl

20bit—-COUNTER

.\ jueunaian —_—
(internal) 0 >< ! >< 2 X 3 >< 4 ><E<_M \0

£
=

LEDSTPD Reg. M Pt

MATCHF + Hi

(bit 3 of LEDSR)

Figure 109. LED Stop Count Mode
15.7.5 Smart Share Mode

The fourth mode is smart share mode that the beginning of the next LED operation can’t do until current pending

touch key scan ends although MATCHF (LEDSR][3]) generate after the previous LED operation end.
It is need when as many as touch key scan want to be executed during touch key scan time.

Figure 110 show smart share mode in case of CSER = 1000_0000B. An interrupt occurs at point (A) here the LED
operation terminated when LED_INTE is set. At the same time, 20-bit counter starts to increase by the internal

enable bit although 20-bit STPD register is matched with the counter and then MATCHF ( LEDSR[3]) is set “1”.
LED_ENDF can’t clear “0” and LED can'’t start again until the TOUCH_END signal from the touch sensing is active.

If any more LED display is not needed, it is highly recommended LEDEN (LEDCONA1[1]) setting as “0” to be

executed between the end of LED operation (A) and LED restart (B) to prevent flicker.
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SEG[15:0]

COM7

LEDST
(bit0 of LEDCONI)

LED_ENDF
(bit0 of LEDSR)

fCLK
(intemnal)

20bit—-COUNTER
(intemnal)

LEDSTPD Reg.
MATCHF
(bit 3 of LEDSR)

TOUCH_END
(from touch)

LED Operation(1)

LED Operation(1)

[ TTTTTT TN » Touch Key Scan(2) arernnennnna »
T0 0
~TYTTTTTPIITRTH L T T P P PP P PP P PP PP PP RPPPPPRPY I P TR »
All except - All except
SEG7 SEG7

..: h(k) e (k)
i +-- n+==

H I

]

B !

B

B T

HEH 1

H 1

I—[ |—[ | | preeen I_I H !

: H : 1

(A)
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Figure 110. Smart Share Mode
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16 20-Channel Touch Switch

16.1 Features

e 10V Conducted Susceptibility (CS) Immunity

* Self-Capacitive Touch Key Sensor.

e Total 20-channel Touch Key Support.

*  16-bits Sensing Resolutions.

*  Fast Initial Self Calibration.

* Key Detection Mode : Single/Multi-Mode.

¢ Clock Frequency during Sensing Operation : 16MHz.
¢ The Improvement of the SNR by Bias-Calibration in Analog Sensing Block.
e VDD Operating Voltage : 2.7V ~ 5.5V.

e Current Consumption : T.B.D.

¢ Current Consumption@STOPmode :< 1UA.

e Operation Temperature : -40C ~85TC.
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16. 20-Channel Touch Switch

16.2 Block Diagram
TS_CH_SEL_H
TS_CH_SEL_M
TS_CH_SEL L
(Select input pins
of the assigned pins)
l l l Start TS_RUN
Cs0 — TSCLK —»|  Clock
Csl > DIV. —» | Selector cl
CISZ —>| M ear
Input Pins ¢+ —»| U
: > X l TS_IF
csis—»
Cs19 > W= Comparator ;
Cont_rol TS_IF To interrupt
Logic block
Twa
INT_ACK
Reference
Volt
orage SUM_CHO_FO_H
t SUM_CHO_FO_H
SUM_CHO_F1_H
TS_VREF_H SUM_CHO_F1_H
TS_VREF_L
Figure 111. 16-bit Touch Block Diagram
16.3 CAPN Port

Connect the negative terminal of the reference capacitor Cs to CAPN port, and the positive terminal of the Cs
capacitor to VDD. Cs capacitors must use 5% precision polyester plug-in capacitors, 10% high precision NPO or
X7R chip capacitors. COG type or Mylar Capacitors recommended for applications with severe temperature changes.

L

P30/
CAPN
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Figure 112. CAPN Pin with Cs Capacitor
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16.4 Register Map
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Table 39. Touch Register Map

Name Address Direction Default Description

SUM_CHO_FO_H 2EO00H R O00H Touch Sensor Ch0O Freq0 Sum High-Byte Register
SUM_CHO_FO_L 2E01H R O00H Touch Sensor ChO Freq0 Sum Low-Byte Register
SUM_CHO_F1 H 2E02H R O00H Touch Sensor ChO Freql Sum High-Byte Register
SUM_CHO_F1 L 2EO03H R O00OH Touch Sensor ChO Freql Sum Low-Byte Register
SUM_CH19 FO H 2E4CH R O00H Touch Sensor Ch19 Freq0 Sum High-Byte Register
SUM_CH19 FO L 2E4DH R O00H Touch Sensor Ch19 Freq0 Sum Low-Byte Register
SUM_CH19 F1 H 2E4EH R OOH Touch Sensor Ch19 Freql Sum High-Byte Register
SUM_CH19 F1 L 2E4FH R OOH Touch Sensor Ch19 Freql Sum Low-Byte Register
SCO0_H 2E50H RIW 00H ;l;)c;uc(::EOSensor Offset Capacitor Selection High-Byte Register
SCo0 L JE51H RIW 00H ;l;)c;uc(::EOSensor Offset Capacitor Selection Low-Byte Register
SCO19_H 2E76H RIW 00H ;l;)c;ugﬁlsgensor Offset Capacitor Selection High-Byte Register
SCO19 L 2E77H RIW 00H ;l;)c;uccﬁlsgensor Offset Capacitor Selection Low-Byte Register
TS_CON 2E80H R/W OOH Touch Sensor Control Register

TS_MODE 2E81H R/W OOH Touch Sensor Mode Register

TS_SUM_CNT 2E82H R/W 01H Touch Sensor Sum Repeat Count Register

TS_CH_SELH 2E83H R/W O00H Touch Sensor Channel Selection High-Byte Register
TS_CH_SELM 2E84H R/W O00H Touch Sensor Channel Selection Middle-Byte Register
TS_CH_SELL 2E85H R/W O00H Touch Sensor Channel Selection Low-Byte Register

TS _S1 WIDH 2E86H R/W 15H S1 Minimum Time Register

TS_SLP_CON 2E87H R/W 74H Touch Sensor Low Pass Filter Control Register

Reserved 2E88H

TS_TRIM 2E89B R/W 07H Touch Sensor Trimming Register

TS_CLK_CFG 2E8AH R/W 02H Touch Sensor Clock Configuration Register

TRIM_OSC 2E8BH R/W 20H Touch Sensor RING Oscillator Trimming Selection Register
DELTA_OSC 2E8CH R/W 01H Touch Sensor RING Oscillator Delta Register

TLED 2E8DH R/W 30H LED stable time Register

TS_VHS H 2E8EH R/W 02H Touch Sensor High Sense Voltage High-Byte Register
TS_VHS_ L 2E8FH R/W 80H Touch Sensor High Sense Voltage Low-Byte Register
TS_VREF_H 2F90H R/W 02H Touch Sensor COMP Reference Voltage High-Byte Register
TS_VREF_L 2F91H R/W 10H Touch Sensor COMP Reference Voltage Low-Byte Register
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16.5 Register Description for Touch Sensing
SUM_CHO_FO_H (Touch Sensor ChO Freq0 Sum High-Byte Register): 2E0OH

7 (] 5 4 3 2 1 0
SUM CHO FO H
R R R R R R R R
Initial value: 00H

SUM_CHO_FO_L (Touch Sensor ChO Freq0 Sum Low-Byte Register): 2E01H

7 6 5 4 3 2 1 0
SUM CHO FO L
R R R R R R R R
Initial value: 00H

SUM_CHO_F1_H (Touch Sensor Ch0 Freq1 Sum High-Byte Register): 2E02H
SUM_CHO_F1_L (Touch Sensor ChO Freq1 Sum Low-Byte Register): 2E03H
SUM_CH1_FO0_H (Touch Sensor Ch1 Freq0 Sum High-Byte Register): 2E04H
SUM_CH1_FO0_L (Touch Sensor Ch1 Freq0 Sum Low-Byte Register): 2E05H
SUM_CH1_F1_H (Touch Sensor Ch1 Freq1 Sum High-Byte Register): 2E06H
SUM_CH1_F1_L (Touch Sensor Ch1 Freq1 Sum Low-Byte Register): 2E07H
SUM_CH2_FO0_H (Touch Sensor Ch2 Freq0 Sum High-Byte Register): 2E08H
SUM_CH2_FO0_L (Touch Sensor Ch2 Freq0 Sum Low-Byte Register): 2E09H
SUM_CH2_F1_H (Touch Sensor Ch2 Freq1 Sum High-Byte Register): 2EO0AH
SUM_CH2_F1_L (Touch Sensor Ch2 Freq1 Sum Low-Byte Register): 2EOBH
SUM_CHS3_FO0_H (Touch Sensor Ch3 Freq0 Sum High-Byte Register): 2EOCH
SUM_CHS3_FO0_L (Touch Sensor Ch3 Freq0 Sum Low-Byte Register): 2EODH
SUM_CH3_F1_H (Touch Sensor Ch3 Freq1 Sum High-Byte Register): 2EOEH
SUM_CHS3_F1_L (Touch Sensor Ch3 Freq1 Sum Low-Byte Register): 2EOFH
SUM_CH3_FO0_H (Touch Sensor Ch3 Freq0 Sum High-Byte Register): 2EOCH
SUM_CH3_FO0_L (Touch Sensor Ch3 Freq0 Sum Low-Byte Register): 2EODH
SUM_CH3_F1_H (Touch Sensor Ch3 Freq1 Sum High-Byte Register): 2EOEH
SUM_CHS3_F1_L (Touch Sensor Ch3 Freq1 Sum Low-Byte Register): 2EOFH
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SUM_CH4_F0_H (Touch Sensor Ch4 Freq0 Sum High-Byte Register):
SUM_CH4_FO0_L (Touch Sensor Ch4 Freq0 Sum Low-Byte Register):
SUM_CH4_F1_H (Touch Sensor Ch4 Freq1 Sum High-Byte Register):
SUM_CH4_F1_L (Touch Sensor Ch4 Freq1 Sum Low-Byte Register):
SUM_CHS5_FO0_H (Touch Sensor Ch5 Freq0 Sum High-Byte Register):
SUM_CHS5_FOQ_L (Touch Sensor Ch5 Freq0 Sum Low-Byte Register):
SUM_CHS5_F1_H (Touch Sensor Ch5 Freq1 Sum High-Byte Register):
SUM_CHS5_F1_L (Touch Sensor Ch5 Freq1 Sum Low-Byte Register):
SUM_CH®6_FO0_H (Touch Sensor Ch6 Freq0 Sum High-Byte Register):
SUM_CHG6_FO0_L (Touch Sensor Ch6 Freq0 Sum Low-Byte Register):
SUM_CH®6_F1_H (Touch Sensor Ch6 Freq1 Sum High-Byte Register):
SUM_CHG6_F1_L (Touch Sensor Ch6 Freq1 Sum Low-Byte Register):
SUM_CH7_FO0_H (Touch Sensor Ch7 Freq0 Sum High-Byte Register):
SUM_CH7_FO0_L (Touch Sensor Ch7 Freq0 Sum Low-Byte Register):
SUM_CH7_F1_H (Touch Sensor Ch7 Freq1 Sum High-Byte Register):
SUM_CH7_F1_L (Touch Sensor Ch7 Freq1 Sum Low-Byte Register):
SUM_CHB8_FO0_H (Touch Sensor Ch8 Freq0 Sum High-Byte Register):
SUM_CHB8_FO0_L (Touch Sensor Ch8 Freq0 Sum Low-Byte Register):
SUM_CHB8_F1_H (Touch Sensor Ch8 Freq1 Sum High-Byte Register):
SUM_CHB8_F1_L (Touch Sensor Ch8 Freq1 Sum Low-Byte Register):
SUM_CH9_FO0_H (Touch Sensor Ch9 Freq0 Sum High-Byte Register):
SUM_CH9_FO_L (Touch Sensor Ch9 Freq0 Sum Low-Byte Register):
SUM_CH9_F1_H (Touch Sensor Ch9 Freq1 Sum High-Byte Register):

SUM_CH9_F1_L (Touch Sensor Ch9 Freq1 Sum Low-Byte Register):

SUM_CH10_FO0_H (Touch Sensor Ch10 Freq0 Sum High-Byte Register):

SUM_CH10_FO_L (Touch Sensor Ch10 Freq0 Sum Low-Byte Register):

SUM_CH10_F1_H (Touch Sensor Ch10 Freq1 Sum High-Byte Register):
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2E28H
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SUM_CH10_F1_L (Touch Sensor Ch10 Freq1 Sum Low-Byte Register): 2E2BH
SUM_CH11_FO0_H (Touch Sensor Ch11 Freq0 Sum High-Byte Register): 2E2CH
SUM_CH11_FO_L (Touch Sensor Ch11 Freq0 Sum Low-Byte Register): 2E2DH
SUM_CH11_F1_H (Touch Sensor Ch11 Freq1 Sum High-Byte Register): 2E2EH
SUM_CH11_F1_L (Touch Sensor Ch11 Freq1 Sum Low-Byte Register): 2E2FH
SUM_CH12_FO0_H (Touch Sensor Ch12 Freq0 Sum High-Byte Register): 2E30H
SUM_CH12_FO0_L (Touch Sensor Ch12 Freq0 Sum Low-Byte Register): 2E31H
SUM_CH12_F1_H (Touch Sensor Ch12 Freq1 Sum High-Byte Register): 2E32H
SUM_CH12_F1_L (Touch Sensor Ch12 Freq1 Sum Low-Byte Register): 2E33H
SUM_CH13_FO0_H (Touch Sensor Ch13 Freq0 Sum High-Byte Register): 2E34H
SUM_CH13_FO0_L (Touch Sensor Ch13 Freq0 Sum Low-Byte Register): 2E35H
SUM_CH13_F1_H (Touch Sensor Ch13 Freq1 Sum High-Byte Register): 2E36H
SUM_CH13_F1_L (Touch Sensor Ch13 Freq1 Sum Low-Byte Register): 2E37H
SUM_CH14_FO0_H (Touch Sensor Ch14 Freq0 Sum High-Byte Register): 2E38H
SUM_CH14_FO0_L (Touch Sensor Ch14 Freq0 Sum Low-Byte Register): 2E39H
SUM_CH14_F1_H (Touch Sensor Ch14 Freq1 Sum High-Byte Register): 2E3AH
SUM_CH14_F1_L (Touch Sensor Ch14 Freq1 Sum Low-Byte Register): 2E3BH
SUM_CH15_FO0_H (Touch Sensor Ch15 Freq0 Sum High-Byte Register): 2E3CH
SUM_CH15_FO0_L (Touch Sensor Ch15 Freq0 Sum Low-Byte Register): 2E3DH
SUM_CH15_F1_H (Touch Sensor Ch15 Freq1 Sum High-Byte Register): 2E3EH
SUM_CH15_F1_L (Touch Sensor Ch15 Freq1 Sum Low-Byte Register): 2E3FH
SUM_CH16_FO0_H (Touch Sensor Ch16 Freq0 Sum High-Byte Register): 2E40H
SUM_CH16_FO0_L (Touch Sensor Ch16 Freq0 Sum Low-Byte Register): 2E41H
SUM_CH16_F1_H (Touch Sensor Ch16 Freq1 Sum High-Byte Register): 2E42H
SUM_CH16_F1_L (Touch Sensor Ch16 Freq1 Sum Low-Byte Register): 2E43H
SUM_CH17_FO0_H (Touch Sensor Ch17 Freq0 Sum High-Byte Register): 2E44H
SUM_CH17_FO0_L (Touch Sensor Ch17 Freq0 Sum Low-Byte Register): 2E45H
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SUM_CH17_F1_H (Touch Sensor Ch17 Freq1 Sum High-Byte Register): 2E46H
SUM_CH17_F1_L (Touch Sensor Ch17 Freq1 Sum Low-Byte Register): 2E47H
SUM_CH18_FO0_H (Touch Sensor Ch18 Freq0 Sum High-Byte Register): 2E48H
SUM_CH18_FO0_L (Touch Sensor Ch18 Freq0 Sum Low-Byte Register): 2E49H
SUM_CH18_F1_H (Touch Sensor Ch18 Freq1 Sum High-Byte Register): 2E4AH
SUM_CH18_F1_L (Touch Sensor Ch18 Freq1 Sum Low-Byte Register): 2E4BH
SUM_CH19_FO0_H (Touch Sensor Ch19 Freq0 Sum High-Byte Register): 2E4CH
SUM_CH19_FO0_L (Touch Sensor Ch19 Freq0 Sum Low-Byte Register): 2E4DH
SUM_CH19_F1_H (Touch Sensor Ch19 Freq1 Sum High-Byte Register): 2E4EH

SUM_CH19_F1_L (Touch Sensor Ch19 Freq1 Sum Low-Byte Register): 2E4FH

SCOO0_H (Touch Sensor Offset Capacitor Selection High-Byte Register for CHO): 2E50H

7 6 5 4 3 2 1 0
| | SCO0 H

RW
Initial value: O0H

SCOO0_L (Touch Sensor Offset Capacitor Selection Low-Byte Register for CHO): 2E51H

7 6 5 4 3 2 1 0
| SC00 L
RW RW RW RW RW RW RW RW
Initial value: 00H

SCO1_H (Touch Sensor Offset Capacitor Selection High-Byte Register for CH1): 2E52H
SCO1_L (Touch Sensor Offset Capacitor Selection Low-Byte Register for CH1): 2E53H
SCO2_H (Touch Sensor Offset Capacitor Selection High-Byte Register for CH2): 2E54H
SCO2_L (Touch Sensor Offset Capacitor Selection Low-Byte Register for CH2): 2E55H
SCO3_H (Touch Sensor Offset Capacitor Selection High-Byte Register for CH3): 2E56H
SCO3_L (Touch Sensor Offset Capacitor Selection Low-Byte Register for CH3): 2E57H

SCO4_H (Touch Sensor Offset Capacitor Selection High-Byte Register for CH4): 2E58H
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SCO4_L (Touch Sensor Offset Capacitor Selection Low-Byte Register for CH4): 2E59H
SCO5_H (Touch Sensor Offset Capacitor Selection High-Byte Register for CH5): 2E5AH
SCO5_L (Touch Sensor Offset Capacitor Selection Low-Byte Register for CH5): 2E5BH
SCO6_H (Touch Sensor Offset Capacitor Selection High-Byte Register for CH6): 2E5CH
SCOG6_L (Touch Sensor Offset Capacitor Selection Low-Byte Register for CH6): 2E5DH
SCO7_H (Touch Sensor Offset Capacitor Selection High-Byte Register for CH7): 2E5EH
SCO7_L (Touch Sensor Offset Capacitor Selection Low-Byte Register for CH7): 2E5FH
SCOB8_H (Touch Sensor Offset Capacitor Selection High-Byte Register for CH8): 2E60H
SCO8_L (Touch Sensor Offset Capacitor Selection Low-Byte Register for CH8): 2E61H
SCO9_H (Touch Sensor Offset Capacitor Selection High-Byte Register for CH9): 2E62H
SCO9_L (Touch Sensor Offset Capacitor Selection Low-Byte Register for CH9): 2E63H
SCO10_H (Touch Sensor Offset Capacitor Selection High-Byte Register for CH10): 2E64H
SCO10_L (Touch Sensor Offset Capacitor Selection Low-Byte Register for CH10): 2E65H
SCO11_H (Touch Sensor Offset Capacitor Selection High-Byte Register for CH11): 2E66H
SCO11_L (Touch Sensor Offset Capacitor Selection Low-Byte Register for CH11): 2E67H
SCO12_H (Touch Sensor Offset Capacitor Selection High-Byte Register for CH12): 2E68H
SCO12_L (Touch Sensor Offset Capacitor Selection Low-Byte Register for CH12): 2E69H
SCO13_H (Touch Sensor Offset Capacitor Selection High-Byte Register for CH13): 2E6AH
SCO13_L (Touch Sensor Offset Capacitor Selection Low-Byte Register for CH13): 2E6BH
SCO14_H (Touch Sensor Offset Capacitor Selection High-Byte Register for CH14): 2E6CH
SCO14_L (Touch Sensor Offset Capacitor Selection Low-Byte Register for CH14): 2E6DH
SCO15_H (Touch Sensor Offset Capacitor Selection High-Byte Register for CH15): 2E6EH
SCO15_L (Touch Sensor Offset Capacitor Selection Low-Byte Register for CH15): 2E6FH
SCO16_H (Touch Sensor Offset Capacitor Selection High-Byte Register for CH16): 2E70H
SCO16_L (Touch Sensor Offset Capacitor Selection Low-Byte Register for CH16): 2E71H
SCO17_H (Touch Sensor Offset Capacitor Selection High-Byte Register for CH17): 2E72H
SCO17_L (Touch Sensor Offset Capacitor Selection Low-Byte Register for CH17): 2E73H
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SCO18_H (Touch Sensor Offset Capacitor Selection High-Byte Register for CH18): 2E74H
SCO18_L (Touch Sensor Offset Capacitor Selection Low-Byte Register for CH18): 2E75H
SCO19_H (Touch Sensor Offset Capacitor Selection High-Byte Register for CH19): 2E76H
SCO19_L (Touch Sensor Offset Capacitor Selection Low-Byte Register for CH19): 2E77H

TS_CON (Touch Sensor Control Register): 2E80H

7 6 5 4 3 2 1 0
| ] | - - | - - TS IF - TS RUN

Initial value: OOH

TS_IF Touch Sensor Interrupt Flag. To start the new sensing, you must clear
this bit after reading the SUM registers. If this bit is changed from 1 to O,
the SUM registers will be reset to 0Os.

0 No new sensing results
1 In normal mode, this flag indicates that the new sensing results
are generated.
TS_RUN Touch Sensor Enable
0 Touch Sensor Disable (Default)
1 Touch Sensor Enable

TS_MODE (Touch Sensor Mode Register): 2E81H

7 6 5 4 3 2 1 0
- | scean |[sisweerps| wmope MODEL MODED PORTL PORTO
- RW RW RW - RW RW RW
Initial value: O0OH
SC_GAIN Gain Calibration Capacitor Enable
0 Disable
1 Enable
S1_SWEEP_DIS S1 width sweep disable
0 Sweep enable (Default)
1 Sweep disable
MODE[2:0] Touch Sensor mode

000 Normal sensing mode

001 High sensing mode

010 Channel Adjust sensing mode
011 Offset Calibration sensing mode

100 Simultaneous sensing for all selected channels to reduce the
sensing time

PORTI1:0] Port Configuration During Inactive Status
00 Input Floating
01 Output Low
10 Output High
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TS_SUM_CNT (Touch Sensor Sum Repeat Count Register): 2E82H

7 6

4 3

16. 20-Channel Touch Switch

TS_SUM CNT

RW RW

RW RW

RW RW RW
Initial value: 01H

TS_CH_SEL_H (Touch Sensor Channel Selection High-Byte Register): 2E83H

7 6 4 3 2 1 0
- | - - | criose | cHBsE CH17 SEL CH16 SEL
Initial value: O0OH
CH19 _SEL Channel 19 Enable
0 Disable (Default)
1 Enable Touch Key by P03
CH18_SEL Channel 18 Enable
0 Disable (Default)
1 Enable Touch Key by P00
CH17_SEL Channel 17 Enable
0 Disable (Default)
1 Enable Touch Key by P31
CH16_SEL Channel 16 Enable
0 Disable (Default)
1 Enable Touch Key by P27

TS_CH_SEL_M (Touch Sensor Channel Selection Middle-Byte Register): 2E84H

7 6 4 3 2 1 0
CHI5 SEL | CHM4 SEL CHI3 SEL CHI2SEL | CHILSEL | CHIOSEL CH9 SEL CH8 SEL
RW RW RW RW RW RW RW
Initial value: O0OH
CH15 SEL Channel 15 Enable
0 Disable (Default)
1 Enable Touch Key by P26
CH14_SEL Channel 14 Enable
0 Disable (Default)
1 Enable Touch Key by P25
CH13_SEL Channel 13 Enable
0 Disable (Default)
1 Enable Touch Key by P24
CH12_SEL Channel 12 Enable
0 Disable (Default)
1 Enable Touch Key by P23
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CH11_SEL

CH10_SEL

CH9_SEL

CHS8_SEL

Channel 11 Enable

0 Disable (Default)

1 Enable Touch Key by P22
Channel 10 Enable

0 Disable (Default)

1 Enable Touch Key by P17
Channel 9 Enable

0 Disable (Default)

1 Enable Touch Key by P16
Channel 8 Enable

0 Disable (Default)

1 Enable Touch Key by P15

TS_CH_SEL_L (Touch Sensor Channel Selection Low-Byte Register): 2E85H

A96T418 User’s manual

7 6 5 4 3 2 1 0
CH7_SEL | CH6_SEL CH5 SEL CH4 _SEL CH3 SEL | CH2 SEL CHL1 SEL CHO_SEL
RW RW RW RW RW RW RW RW

Initial value: O0OH

CH7_SEL Channel 7 Enable

0 Disable (Default)

1 Enable Touch Key by P14
CH6_SEL Channel 6 Enable

0 Disable (Default)

1 Enable Touch Key by P12
CH5_SEL Channel 5 Enable

0 Disable (Default)

1 Enable Touch Key by P11
CH4_SEL Channel 4 Enable

0 Disable (Default)

1 Enable Touch Key by P10
CH3_SEL Channel 3 Enable

0 Disable (Default)

1 Enable Touch Key by P07
CH2_SEL Channel 2 Enable

0 Disable (Default)

1 Enable Touch Key by P06
CH1 SEL Channel 1 Enable

0 Disable (Default)

1 Enable Touch Key by P05
CHO_SEL Channel 0 Enable

0 Disable (Default)

1 Enable Touch Key by P04
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TS_S1_WIDTH (S1 Timing Register): 2E86H

7 6 5 4 3 2 1 0
TS S1 WIDTH
RW RW RW RW RW RW RW RW
Initial value: 20H

Actually, S1 width will be changed randomly from 2*TS_S1_WIDTH to 4*TS_S1_WIDTH.

TS_SLP_CON (Touch Sensor Low Pass Filter Control Register): 2E87H

7 6 5 4 3 2 1 0
spx3 | sepe | sra spo | ser | sPrr SLP RL SLP RO
RW RW RW RW RW RW RW
Initial value: 74H
SLP_CJ[3:0] Capacitor Trimming for Input Low Pass Filter
0000 0.0pF
0001 1.5pF
0010 3.0pF
0011 4.5pF
0100 6.0pF
0101 7.5pF
0110 9.0pF
0111  10.5pF (Default)
1000 12.0pF
1001 13.5pF
1010 15.0pF
1011 16.5pF
1100 18.0pF
1101 19.5pF
1110 21.0pF
1111 22.5pF
SLP_R[3:0] Resistor Trimming for Input Low Pass Filter
0000 Open
0001 OK
0010 5K
0100 100K (Default)
1000 200K
0110 33K
1100 67K
1010 40K
1110 28K
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TS_TRIM (Touch Sensor Trimming Register): 2E89H

7 6 5 4 3 2 1 0
] | ] - | HC B TRIM3 B TRIM2 B TRIML B TRIMO
Initial value: 07H
HC High Current Enable
0 Disable
1 Enable

IB_TRIM[3:0] Current Bias Trimming Value
0000  4uA(P), 1UA(N)
0001  4uA(P), 1.5uA(N)
0010
0011  4uA(P), 2.5uA(N)
0100
0101
0110
0111  4uA(P), 4.5uA(N) (Default)
1000
1001
1010
1011
1100
1101
1110
1111  4uA(P), 8.5uA(N)

TS_CLK_CFG (Touch Sensor Clock Configuration Register) : 2E8AH

7 6 5 4 3 2 1 0
SCLK _EN | PAT_EN CLKSEL1 CLKSELO | TSCLKOE TSCLKDIV2 TSCLKDIV1 TSCLKDIVO
RW RW RW RW RW RW RW RW

Initial value: 02H
SCLK_EN Enable or disable system clock as touch clock
0 Disable (Default)
1 Enable
PAT_EN Enable or disable of using pattern for S2 & S3
0 Disable (Default)
1 Enable

CLKSEL[1:0] Touch Clock source select

00 Two touch sensor clocks will be used
01 Touch clock A only
1x Touch clock B only
TSCLKOE Divided Touch Sensor Clock Output Enable
0 Clock Output Disable (Default)
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1 Clock Output Enable
TSCLKDIV[2:0] Touch Sensor Clock Divider (Refer to TRIM_OSC)
000 OSCis / 1 (16MHz, Default)
001 OSCis /2
010 OSCis/ 4
011 OSCis /8
100 OSCis /16
101 OSCis / 32
110 OSCis / 64
111 OSCis /128

TRIM_OSC (Touch Sensor RING Oscillator Trimming Selection Register): 2E8BH

7 6 5 4 3 2 1 0
: | : | TRIM OSC

- - RW RW RW RW RW RW
Initial value: 20H

TRIM_OSCI[5:0] Touch Sensor RING Oscillator Trimming Selection
3FH  +23.25% (19.72MHz)

3E +22.50%
H...

21H +0.75%
20H 16MHz (default)
1FH -0.75%

01H -23.25%
00H -24.00% (12.16HMz)
Frequency of Touch clock B = 16MHz + (TRIM_OSC - 20H) * 0.75%

*Frequency = 16MHz + 16MHz * ((TRIM_OSC — 20H) * 0.0075)

DELTA_OSC (Touch Sensor RING Oscillator Delta Register): 2E8CH

7 6 5 4 3 2 1 0
DELTA OSC

RW RW RW RW RW RW RW RW
Initial value: 01H

Frequency of Touch clock A = 16MHz + ((TRIM_OSC + DELTA_OSC) - 20H) * 0.75%

*Frequency = 16MHz + 16MHz * ((TRIM_OSC + DELTA_OSC) — 20H) * 0.0075)
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TLED (LED stable time Register) : 2E8DH

7 6 5 4 3 2 1 0

RW RW RW RW RW RW RW RW
Initial value: O0H

To run touch sensing again after LED working, we need 25~30us stable time. This counter is working based on

system clock.

TS_VHS_H (Touch Sensor High Sense Voltage High-Byte Register): 2E8SEH

7 6 5 4 3 2 1 0
[ : S S F
Initial value: 02H

TS_VHS_L (Touch Sensor High Sense Voltage Low-Byte Register): 2E8FH

7 6 5 4 3 2 1 0
TS VHS L

RW RW RW RW RW RW RW RW
Initial value: 80H

TS_VREF_H (Touch Sensor COMP Reference Voltage High-Byte Register): 2E90H

7 6 5 4 3 2 1 0
| - - - | - | - TS VREF H
Initial value: 02H
TS_VREF_L(Touch Sensor COMP Reference Voltage Low-Byte Register): 2E91H
7 6 5 4 3 2 1 0
TS VREF L
RW RW RW RW RW RW RW RW

Initial value: 10H
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16. 20-Channel Touch Switch

16.6  User Programming Procedure

TS_SUM_CNT =0x04; // Touch Sensor Sum Repeat Count Register
TS_S1_WIDTH = 0x2A; //

TS_MODE = 0x00; /I TS enable

TS_CH_SEL = OxFFFF; /TS channel enable

//-—-—- Offset Capacitor Selection

SCOO00 = 0x10; //Touch Sensor Offset Capacitor Selection Register;
SCOO01 = 0x10; //Touch Sensor Offset Capacitor Selection Register;
SCO02 = 0x10; //Touch Sensor Offset Capacitor Selection Register;
SCO03 = 0x10; //Touch Sensor Offset Capacitor Selection Register;
SCO04 = 0x10; //Touch Sensor Offset Capacitor Selection Register;
SCO05 = 0x10; //Touch Sensor Offset Capacitor Selection Register;
SCOO06 = 0x10; //Touch Sensor Offset Capacitor Selection Register;
SCOO07 = 0x10; //Touch Sensor Offset Capacitor Selection Register;
SCO08 = 0x10; //Touch Sensor Offset Capacitor Selection Register;
SCOO09 = 0x10; //Touch Sensor Offset Capacitor Selection Register;
SCO10 = 0x10; //Touch Sensor Offset Capacitor Selection Register;
SCO11 = 0x10; //Touch Sensor Offset Capacitor Selection Register;
SCO12 = 0x10; //Touch Sensor Offset Capacitor Selection Register;
SCO13 = 0x10; //Touch Sensor Offset Capacitor Selection Register;
SCO14 = 0x10; //Touch Sensor Offset Capacitor Selection Register;
SCO15 = 0x10; //Touch Sensor Offset Capacitor Selection Register;
SCO16 = 0x10; //Touch Sensor Offset Capacitor Selection Register;
SCO17 = 0x10; //Touch Sensor Offset Capacitor Selection Register;
SCO18 = 0x10; //Touch Sensor Offset Capacitor Selection Register;
SCO19 = 0x10; //Touch Sensor Offset Capacitor Selection Register;

TS_CON = 0x01; // TS run
while ((TS_CON & 0x04));
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17 12-bit A/D Converter

17.1  Overview

The analog-to-digital converter (A/D) allows conversion of an analog input signal to corresponding 12-bit digital
value. The A/D module has eight analog inputs. The output of the multiplexeris the input into the converter which
generates the result through successive approximation. The A/D module has four registers which are the A/D
converter control high register (ADCCRH), A/D converter control low register (ADCCRL), A/D converter data high
register (ADCDRH), and A/D converter data low register (ADCDRL). The channels to be converted are selected by
setting ADSEL[2:0]. To execute A/D conversion, TRIG[2:0] bits should be set to ‘xxx’. The register ADCDRH and
ADCDRL contains the results of the A/D conversion. When the conversion is completed, the result is loaded into
the ADCDRH and ADCDRL, the A/D conversion status bit AFLAG is set to ‘1°, and the A/D interrupt is set. During
A/D conversion, AFLAG bit is read as ‘0’.

17.2 Conversion Timing

The A/D conversion process requires 4 steps (4 clock edges) to convert each bit and 12 clocks to set up A/D
conversion. Therefore, total of 48 clocks are required to complete a 12-bit conversion: When fxx/8 is selected for
conversion clock with a 12MHz fxx clock frequency, one clock cycle is 0.66 ps. Each bit conversion requires 4

clocks, the conversion rate is calculated as follows:
4 clocks/bit x 12 bits + set-up time = 60 clocks

ADC Conversion Time = ADCLK * 60 cycles

NOTES:
1. The A/D converter needs at least 7.5us for conversion time. So you must set the conversion time more than
7.5us.
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17.3 Block Diagram

TRIG[2:0]
is
ADSEL[2:0] l«—— ADST
(Select one input pin l«—— T1 A match signal

of the assigned pins) [«—— T3 A match signal
i l l Start «—— EXTINTO~3

/_><C§

[&—— EXTINT8
ANO —»
—| Clock
ANl —> ADCLK Selector al
AN2 —» M ear
(]
Input Pins —»| U
P . ol x l AFLAG

]
AN6 —» .
AN7 —» sw \G
omparator .
Control ADCIER To interrupt
Logic block
1.55V

TCIear
INT_ACK

ADCDRH (R), ADCDRL (R)

Reference
Voltage

REFSEL —> AVSS

VDD AVREF

Figure 114. 12-bit ADC Block Diagram

Analog 01000

ANX
Input
l 0 - 1000pF

Figure 115. A/D Analog Input Pin with Capacitor

Analog
Power AVREF
Input

22uF ;|;

Figure 116. A/D Power (AVREF) Pin with Capacitor
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17.4 ADC Operation

Align bit set “0”

|ADCOll | ADCOlO| ADCO9 | ADCO8 | ADCO7 | ADCO6 | ADCO5 | ADCO4 | ADCO3 | ADCO2 | ADCO1 | ADCO0 |

A 4 A A 4 A 4 A 4 A A A 4 A 4 A 4 A A 4
| ADCDRH7 | ADCDRH6 | ADCDRH5 | ADCDRH4 | ADCDRH3 |ADCDRH2 |ADCDRH1 | ADCDRHO | ADCDRL7 | ADCDRL6 | ADCDRL5 | ADCDRL4 |

~N ~

ADCDRH[7:0] ADCDRL[7:4]
ADCDRL[3:0] bits are “0”

Align bit set “1”

|ADCOll | ADCOlO| ADCO9 | ADCO8 | ADCO7 | ADCO6 | ADCO5 | ADCO4 | ADCO3 | ADCO2 | ADCO1 | ADCO0 |

A 4 A A 4 A 4 A 4 A A A 4 A 4 A 4 A A 4
| ADCDRH3 | ADCDRH2 | ADCDRH1 | ADCDRHO | ADCDRL7 |ADCDRL6 | ADCDRL5 | ADCDRL4 | ADCDRL3 | ADCDRL2 | ADCDRL1 | ADCDRLO |

~ ~N

ADCDRL([3:0] ADCDRL[7:0]
ADCDRL[7:4] bits are “0”

Figure 117. ADC Operation for Align Bit
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If Conversion is completed, AFLAG is set “1” and ADC
interrupt is occurred.

AFLAG =1?

READ ADCDRHIL After Conversion is completed, read ADCDRH and ADCDRL.

SET ADCCRH |:> Select ADC Clock and Data Align Bit.
y
SET ADCCRL |:> ADC enable & Select AN Input Channel.
A
Converting START |:> Start ADC Conversion.

y
[ ADC END ]

Figure 118. A/D Converter Operation Flow

17.5 Register Map

Table 40. ADC Register Map

Name Address Direction Default Description

ADCDRH 9FH R 00H A/D Converter Data High Register
ADCDRL 9EH R OO0H A/D Converter Data Low Register
ADCCRH 9DH R/W OO0H A/D Converter Control High Register
ADCCRL 9CH R/W 00H A/D Converter Control Low Register

17.6 ADC Register Description

The ADC register consists of A/D converter data high register (ADCDRH), A/D converter data low register
(ADCDRL), A/D converter control high register (ADCCRH) and A/D converter control low register (ADCCRL).
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17.7 Register Description for ADC

ADCDRH (A/D Converter Data High Register):9FH

7 6 5 4 3 2 0
ADDM11 ADDM10 ADDM9 ADDM8 ADDM7 ADDM6 ADDV4
ADDL11 ADDL10 ADDL8
R R R R R R R
Initial value: xxH
ADDM[11:4] MSB align, A/D Converter High Data (8-bit)
ADDL[11:8] LSB align, A/D Converter High Data (4-bit)

ADCDRL (A/D Converter Data Low Register): 9EH

7 6 5 4 3 2 0
ADDM3 ADDM2 ADDM1 ADDMO
ADDL7 ADDL6 ADDL5 ADDL4 ADDL3 ADDL2 ADDLO
R R R R R- R R
Initial value: xxH
ADDM[3:0] MSB align, A/D Converter Low Data (4-bit)
ADDL[7:0] LSB align, A/D Converter Low Data (8-bit)

254
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ADCCRH (A/D Converter High Register): 9DH

7 6 5 4 3 2 1 0
ADCFR | : TRG2 | TRGL TRIGO ALIGN CKSELL CKSELO
RW RW RW RW RW RW RW RW
Initial value: O1H
ADCIFR When ADC 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 ADC Interrupt no generation
1 ADC Interrupt generation
TRIG[2:0] A/D Trigger Signal Selection
TRIG2 TRIG1 TRIGO  Description
0 0 0 ADST
0 0 1 Timer 1 A match signal
0 1 0 Timer 3 A match signal
0 1 1 EXTINTO~3
1 0 0 EXTINT8
1 0 1 Not used
Other Values Not used
ALIGN A/D Converter data align selection.
0 MSB align (ADCDRH][7:0], ADCDRL][7:4])
1 LSB align (ADCRDH][3:0], ADCDRL][7:0])
CKSEL[1:0] A/D Converter Clock selection
CKSEL1 CKSELO Description
0 0 fx/1
0 1 fx/2 (default)
1 0 fx/4
1 1 fx/8

NOTES: fx : system clock
ADC clock should use below 8MHz

\BO\

SEMICONDUCTOR 255



17. 12-bit A/D Converter

A96T418 User’s manual

ADCCRL (A/D Converter Counter Low Register): 9CH

7 6 5 4 3 2 1 0
STBY ADST REFSEL | ARAG | : ADSEL2 ADSELL ADSELO
RW RW RW R - RW RW RW
Initial value: O0OH
STBY Control Operation of A/D
(The ADC module is automatically disabled at stop mode)
0 ADC module disable
1 ADC module enable
ADST Control A/D Conversion stop/start.
0 No effect
1 ADC Conversion Start and auto clear
REFSEL A/D Converter Reference Selection
0 Internal Reference (VDD)
1 External Reference (AVREF)
AFLAG A/D Converter Operation State (This bit is cleared to ‘0’ when the STBY bit is set to ‘0’
or when the CPU is at STOP mode)
0 During A/D Conversion
1 A/D Conversion finished
ADSEL[2:0] A/D Converter input selection

256

ADSEL2 ADSEL1 ADSELO Description
0 ANO
AN1
AN2
AN3
AN4
AN5
ANG
AN7

P P P P O OO O
P B O O Fr B O
H OFP OFr OFr O
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18 Power Down Operation

18.1 Overview

The A96T418 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 three kinds of power saving functions, Main-IDLE,

18. Power Down Operation

Sub-IDLE and STOP mode. In three modes, program is stopped.

18.2  Peripheral Operation in IDLE/STOP Mode

Table 41. Peripheral Operation during Power Down 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 (Can be operated with WDTRC OSC)

Watch Dog Timer

Operates Continuously

Stop (Can be operated with WDTRC OSC)

Watch Timer Operates Continuously Stop (Can be operated with sub clock)
Halted (Only when the Event Counter Mode is
Timer0~4 Operates Continuously )
Enabled, Timer operates Normally)

ADC Operates Continuously Stop
BUZ Operates Continuously Stop
usI0/1 Operates Continuously Only operate with external clock
Internal OSC

Oscillation Stop when the system clock (fx) is fHSIRC
(16MHz)
WDTRC OSC ] )

Can be operated with setting value Can be operated programmable
(128kHz)
Sub OSC o

Oscillation Can be operated programmable
(32.768kHz)
Touch OSC

Oscillation Stop when the system clock (fx) is fHSIRC
(16MHz)
I/O Port Retain Retain
Control Register Retain Retain
Address Data Bus Retain Retain

Release Method

By RESET, all Interrupts

By RESET, Timer Interrupt (ECO, EC1, EC3),
External Interrupt,

USART by RX, WT (sub clock), WDT

USIO0/1 by RX, 12C (Slave mode)
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18.3 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.

N

CPU Clock ||||||||||||||||||||| © ||||||||||||||||||||

N
A3

External

[P

R
Normal Operation >< Stand-by Mode Normal Operation
R

Figure 119. IDLE Mode Release Timing by External Interrupt
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18.4 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 120 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.

S 110 R T R
CPU Clock WLH_H_H_”_H__ me

N Rel
External v L//
Tmbmme ind

STOP Instruction \
R
BIT Counter n n+1 Y n+2 0 x 1 x 2 ) ... FEY FF 0 1
R

Clear & Start

N

A3}

Normal Operation LSTOP Operation
N

Ay

Normal Operation

<

\J

X By Software setting

Before executed STOP instruction, BIT must be set properly
by software to get stabilization.

Figure 120. STOP Mode Release Timing by External Interrupt
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18.5 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 121). If the global interrupt Enable Flag (IE.EA) is set to '1’, the STOP mode isreleased
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 IExb

STOP Mode <

Y

Interrupt Request

Corresponding Interrupt N
Enable Bit (IE, IE1, IE2, IE3)

STOP Mode Release

\ A

Interrupt Service
Routine

Next Instruction

Figure 121. STOP Mode Release Flow
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18.6 Register Map

Table 42. Power Down Operation Register Map

Name Address Direction Default Description

PCON 87H R/W O00H Power Control Register

18.7 Power Down Operation Register Description

The power down operation register consists of the power control register (PCON).

18.8 Register Description for Power Down Operation

PCON (Power Control Register): 87H

7 6 5 4 3 2 1 0
| poon? | - - - PCON3 PCON2 PCONL PCONO
RW - - - RW RW RW RW
Initial value: OOH
PCON[7:0] Power Control
01H IDLE mode enable
03H STOP mode enable
Other Normal operation
Values
NOTES:
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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19 RESET

19.1  Overview

The following is the hardware setting value.

Table 43. Reset State

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

19.2 Reset Source

The A96T418 has five types of reset sources. The following is the reset sources.
* External RESETB
*  Power ON RESET (POR)
e WDT Overflow Reset (In the case of WDTEN ="1’)
* Low Voltage Reset (In the case of LVREN ='0’)
* OCD Reset

19.3 RESET Block Diagram

Ext RESET RESET Noise
Disable by FUSE Canceller
LVR
LVR Enable

PORRST

WDT RST
WDT RSTEN

IFBIT

» Internal

Racat

Figure 122. RESET Block Diagram
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19.4 Poweron 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.

Fast VDD Rise Time, max. 30.0V/ms

1
|
1
VDD !
1
1
nPOR ! !
! BIT Overflows !
Mobmimml Ot — 1 | 1
1 1
! | BIT Starts !
1
Intenal RESETB | —> 7
1
! ' R R
' v
1
1
1

Oscillation ’
4'—|' L| H H H H H H L? R

Figure 123. Fast VDD Rising Time

Slow VDD Rise Time, min. 0.15V/ms

1
1
VDD _:/’_,/”T Veor=1.4V (Tvo)
1
1

nPOR
BIT Overflows
MNumbnviaal O s Al :
| BIT Starts v
I /
1
1

Oscillation

Figure 124. Internal RESET Release Timing On Power-Up

1
1
1
1
1
1
:
1
Internal RESETB |
1
1
1
1
1
1
1
1

\BO\

SEMICONDUCTOR 263



. RESET A96T418 User’s manual

Counting for configure option read start after POR is released
1

VDD

Internal NPOR

PAD RESETB K-_\—

“yr

LVR_RESETB

BIT (for Configure) Y00 W @Q“@ ’@ F1 )

BIT (for Reset) 00 )L ooi X 01\ X 02 X 03 )L 04 XE

1us X 256 X 28h = about 10ms
Configure Read - >

1us X 4096 X 4h = about 16ms —

RESET_SYSB

wr-osc @z | | LLLTLLHLP LU L L E T T T T T T LT Ty
1
1

wroscemzs | | | | | [Pl
[}

INT-OSC 8MHz / 8 = 1MHz (1us)

Figure 125. Configuration Timing when Power-on

mmm VDD Input
s cInternal OSC

Reset Release|

Config Read

1

1

1

1

]

1

1

1

®—! I
POR !
1

1

I

1

1

1

Figure 126. Boot Process WaveForm
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19. RESET

Table 44. Boot Process Description

Process Description Remarks
® - No Operation 0.7V~0.9V
- LSIRC (128KHz) ON
@) -1st POR level Detection -about 1.1V~1.3V
- (LSIRC 128KHz/32)x32h Delay section (=10ms)
® -VDD input voltage must rise over than flash operating -Slew Rate >= 0.025V/ms
voltage for Configure option read
-about 1.6V ~ 1.8V
®@ - Configure option read point -Configure Value is determined by Writing
Option
® - Rising section to Reset Release Level -16ms point after POR or Ext_reset release
- Reset Release section (BIT overflow)
® i) after16ms, after External Reset Release (External _BIT s used for Peripheral stability
reset)
ii) 16ms point after POR (POR only)
@ -Normal operation
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19.5 External RESETB Input

A96T418

User’s manual

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. 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.

1
TST = —x 4096 X 4
fx

osc ||||||||||| ...... ||||||||||||||||||J_H”H””|||||||||
RESETB //// R
Release
Intemal R /
Release
ADDRESS >< 2 X 2 X 00 02 <EX
o X K0 X
TST = 16.4ms Stabilization Time RESET  Process Main Program

Figure 127. Timing Diagram after RESET

VDD

PRESCALER COUNT START

'OSC START TIMING

Figure 128. Oscillator generating waveform example

NOTES:
1.

2.

266

The RESETB pin has a Pull-up register by hardware

As shown Figure 127, the stable generating time is not included in the start-up time.
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19.6 Low Voltage Reset Processor

The A96T418 has an On-chip brown-out detection circuit (BOD) for monitoring the VDD level during operation by
comparing it to a fixed trigger level. The trigger level for the BOD can be selected by LVRVS[3:0] bit to be 1.62V,
1.77V, 1.88V, 2.00V, 2.13V, 2.28V, 2.46V, 2.67V, 2.80V, 3.04V, 3.20V, 3.55V, 3.75V, 3.99V, 4.25V. In the STOP
mode, this will contribute significantly to the total current consumption. So to minimize the current consumption, the
LVREN bit is set to off by software.

External VDD —
Brown Out
LVRVS[3:0] —
Detector 99— RESET_BODB
LVREN ———>
CPU _J5~ ql» LVRF
(Low Voltage Reset
SCLK s
nPOR
Figure 129. Block Diagram of LVR
VDD \\ // VeopMAX
7/
Internal \ < 16ms 7/
VDD \ /[ \ [
\ f \ /A VeopMAX
\ / 1 1
1 1
1 t<16ms 1 16ms
‘ ’] I: | -
Internal \ ' v 7

Figure 130. Internal Reset at the power fail situation
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VDD

Internal NPOR

PAD RESETB

LVR_RESETB

BIT (for Config)

BIT (for Reset)

Config Read

1

00 i X o X\ o2
| \
s X 256 X 28h = about 10ms, ]

X03X04)Loo
|

RESET_SYSB

INT-OSC (8MHz)

INT-OSC 8MHz/8

< 1us X 4096 X 4h = about 16ms

INT-OSC 8MHz / 8 = 1MHz (1us)

268

Figure 131. Configuration timing when LVR RESET
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19.7 LVI Block Diagram

Reference > 80V M
vDD [ }— Voltage v U (—» | LVI Circuit —p LVIF
Generator —3.04Y__p X

' f
—293V LVIEN

!

LVILS[3:0]

LVIREF [} >

Figure 132. LVI Diagram

19.8 Register Map

Table 45. Reset Operation Register Map

Name Address Direction Default Description

RSTFR E8H R/W 80H Reset Flag Register

LVRCR D8H R/W OO0H Low Voltage Reset Control Register
LVICR 86H R/W OO0H Low Voltage Indicator Control Register

19.9 Reset Operation Register Description

The reset control register consists of the reset flag register (RSTFR), low voltage reset control register (LVRCR),

and low voltage indicator control register (LVICR).
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19.10 Register Description for Reset Operation

RSTFR (Reset Flag Register): ES8H

7 6 5 4 3 2 1 0
| porr | BR | wowe OCDRF LVRF - - -
RW RW RW RW RW - - -
Initial value: 80H
PORF Power-On Reset flag bit. The bit is 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 is 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 is reset by writing ‘0’ to this bit or by Power-On Reset.
0 No detection
1 Detection

NOTES:
1. When the Power-On Reset occurs, the PORF bit is only set to “1”, the other flag (WDTREF) bits are all cleared to
“0".

2.  When the Power-On Reset occurs, the EXTRF bit is unknown, at that time, the EXTRF bit can be set to “1”
when External Reset (RESETB) occurs.

3.  When the Power-On Reset occurs, the LVRF bit is unknown, at that time, the LVRF bit can be set to “1” when
LVR Reset occurs.

4. 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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LVRCR (Low Voltage Reset Control Register): D8H

5 4

2 1

19. RESET

0

- | s

LVRVS2

LVRVS1 LVRVSO

LVREN

NOTES:

LVRVSI[3:0]

LVREN

— RW

LVR Voltage Select

LVRVS3 LVRVS2 LVRVS1 LVRVSO

0 0

F P P P P P PP OO OCOOOOO
P P P OO OO PF PFPF P OO O

P P OO FrR P OOFRFR P OOTLPR P O

1

LVR Operation
0 LVR Enable
1 LVR Disable

0

P O FRPr OFPr OFP OFR OFR OFR O R

RW RW

RW

Initial value: OOH

Description
1.61V

Not available
1.77vV
1.88V
2.00v
2.13Vv
2.28V
2.46V
2.68V
2.81V
3.06V
3.21V
3.56V
3.73Vv
3.91v
4.25V

1. The LVRVS[3:0] bits are cleared by a power-on reset but are retained by other reset signals.

2. The LVRVSJ3:0] bits should be set to ‘0000b’ while LVREN bit is “1”.
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LVICR (Low Voltage Indicator Control Register): 86H

7 6 5 4 3 2 1 0
| - | - MF | wEeN | s LVILS? LVILSL LVILSO
- - RW RW RW RW RW RW
Initial value: O0OH
LVIF Low Voltage Indicator Flag Bit
0 No detection
1 Detection
LVIEN LVI Enable/Disable
0 Disable
1 Enable

LVIVS[3:0] LVI Level Select
LVIVS3 LVIVS2 LVIVS1 LVIVSO Description

0 0 0 0 Not available
0 0 0 1 Not available
0 0 1 0 Not available
0 0 1 1 Not available
0 1 0 0 Not available
0 1 0 1 Not available
0 1 1 0 2.28V
0 1 1 1 2.46V
1 0 0 0 2.68V
1 0 0 1 2.81V
1 0 1 0 3.06V
1 0 1 1 3.21V
1 1 0 0 3.56V
1 1 0 1 3.73V
1 1 1 0 3.91V
1 1 1 1 4.25V
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20  Memory Programming

A96T418 has flash memory to which a program can be written, erased, and overwritten while mounted on the

board. Serial ISP mode is supported.
Flash of A96T418 features the followings:

e Flash Size : 32Kbytes

e 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

e Security feature

20.1  Flash Control and Status Register

Registers to control Flash and Data EEPROM are Mode Register (FEMR), Control Register (FECR), Status
Register (FESR), Time Control Register (FETCR), Address Low Register x (FEARLx), Address Middle Register x
(FEARMX), address High Register (FEARH). They are mapped to SFR area and can be accessed only in

programming mode.

20.1.1 Register Map

Table 46. Register Map

Name Address Direction Default Description

FEMR 1020H R/W O00OH Flash Mode Register

FECR 1021H R/W 03H Flash Control Register

FESR 1022H R/W 80H Flash Status Register

FETCR 1023H R/W OOH Flash Time Control Register
FEARL1 1025H R/W OOH Flash Address Low Register 1
FEARM1 1024H R/W OOH Flash Address Middle Register 1
FEARL 102AH R/W O00H Flash Address Low Register
FEARM 1029H R/W 00OH Flash Address Middle Register
FEARH 1028H R/W O00H Flash Address High Register
FEDR 102BH R/W O00H Flash Data Register

FETR 102CH R/W OOH Flash Test Register
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20.1.2 Register Description for Flash

FEMR (Flash Mode Register): 1020H

FECR (Flash Control Register): 1021H

as normal mode
0 Disable program and erase
1 Enable program and erase

7 6 5 4 3 2 1 0
| rm | - =Y ERASE PBUFF OTPE VFY FEEN
RW - RW RW RW RW RW RW
Initial value: O0OH
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

274

7 6 5 4 3 2 1 0
| A | - | Bm 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
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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 (Checksum or CRC16)
NnFERST Reset Flash control logic. It is set automatically after 1 clock
0 Reset Flash control logic
1 No operation (default)
nPBRST Reset page buffer with PBUFF. It is set automatically after 1 clock
PBUFF nPBRST Description
0 0 Page buffer reset
1 0 Page buffer select register reset
X 1 No operation (default)

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.

FESR (Flash Status Register): 1022H

7 6 5 4 3 2 1 0
| Pevesy | RewaPs | RewaPs - ROMINT WMODE EMODE VMODE
R R R R RW R R R
Initial value: 80H
PEVBSY Operation status flag. It is cleared automatically when operation starts.
Operations are program, erase or verification
0 Busy (Operation processing)
1 Complete Operation
REMAPSI Remapping for check the serial ID.
0 No operation
1 Remapping OTP area to 81C0~81FF.
REMAPS Test Only.
ROMINT Flash interrupt request flag. Auto-cleared when program/erase/verify
starts. Active in program/erase/verify completion
0 No interrupt request.
1 Interrupt request.
WMODE Write mode flag
EMODE Erase mode flag
VMODE Verify mode flag

FEARL1 (Flash Address Low Register 1): 1025H

7 6 5 4 3 2 1 0
| A7 | ARus ARLIS | ARLI4 ARL13 ARL12 ARL1L ARL10
W W W W W W W W

Initial value: O0H
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ARL1[7:0] Flash address low 1

FEARM1 (Flash Address Middle Register 1): 1024H

7 6 5 4 3 2 1 0
ARMI7 |  ARMIE | ARMIS | ARMI4 ARM13 ARM12 ARM11 ARMI0
W W W W W W W W

Initial value: OOH

ARM1[7:0] Flash address middle 1

FEARL (Flash Address Low Register): 102AH

7 6 5 4 3 2 1 0
| w7z | A | a5 | a4 ARL3 ARL2 ARLL ARLO
w w W w W W W w

Initial value: OOH

ARL[7:0] Flash address low

FEARM (Flash Address Middle Register): 1029H

7 6 5 4 3 2 1 0
| wmw | v | v | wRw ARM3 ARM2 ARML ARMO
w w W w w w W w

Initial value: O0H

ARM[7:0] Flash address middle

FEARH (Flash Address High Register): 1028H

7 6 5 4 3 2 1 0
| A7 | a6 | R | AR ARH3 ARH? ARHL ARHO
w w W W W W W W

Initial value: O0H

ARH[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.

When calculating flash checksum, the lower 4 bits of start address are calculated as 0x0000 and the lower 4 bits of

end address as 0x1111 for protection.
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20. Memory Programming

This device can support internal CheckSum calculation, device verification time will be decreased dramatically.

CheckSum cannot detect error address or error bit, but it is quite good feature in mass product programming.

Device data read out time takes few seconds. The execution time per byte is 4~5ms based on 16MHz.

Figure 2
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OCD mode entry

J

Set checksum read mode

/

A

Write(OCD_CODE, 0xF555, OXAA)
Write(OCD_CODE, OxFAAA, 0x55)
Write(OCD_CODE, 0xF555, 0xA5)

Set auto verify mode

A

Write(OCD_XDATA, FEMR, 0x81)
Write(OCD_CODE, FETR, 0x08)
Write(OCD_CODE, FECR, 0x07)

Busy check (FESR[7]=L)

Read 24 bit Checksum (H, M, L)
Read(OCD_XDATA, FEARH)
Read(OCD_XDATA, FEARM)
Read(OCD_XDATA, FEARL)

1

Exit checksum read mode

<i

Write(OCD_XDATA, FECR, 0x30)

Figure 133. Read device internal CkeckSum(Full size)
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OCD mode entry

!

Set checksum read mode Write(OCD_CODE, 0xF555, OxAA)
Write(OCD_CODE, 0xFAAA, 0x55)

Write(OCD_CODE, 0xF555, OxA5)

] Write(OCD_XDATA, FEARM,Start Address Upper)
Set auto verify mode Write(OCD_XDATA, FEARL,Start Address Lower)

Write(OCD_XDATA, FEARM1,End Address Upper)
Write(OCD_XDATA, FEARL1,End Address Lower)

Write(OCD_XDATA, FEMR, 0x81)
Write(OCD_CODE, FETR, 0x00)
Busy check (FESR[7]=L) Write(OCD_CODE, FECR, 0x07)

Read 24 bit Checksum (H, M, L)
Read(OCD_XDATA, FEARH)
Read(OCD_XDATA, FEARM)
Read(OCD_XDATA, FEARL)

l

Exit checksum read mode ﬁ Write(OCD_XDATA, FECR, 0x30)

Figure 134. Read device internal CkeckSum(User define size)

FETCR (Flash Time control Register): 1023H

7 6 5 4 3 2 1 0
| tovv | toRe | TR | Toms TCR3 TCR2 TCR1 TCRO
RW RW RW RW RW RW RW RW

Initial value: O0H

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 one at each RING clock frequency (fisirc=128kHz). 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 at INTRC/256 clock: (255+1) * 2 * (7.8125us) = 4.0ms
In the case of +10% of error rate of counter source clock, program or erase time is 3.6~4.4ms.

* Program/erase time calculation
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For page write or erase = Tpe = (TCON+1) * 2 * (fLsirc)

For bulk erase, The = (TCON+1) * 4 * (fLsirc)

Recommended bulk erase time: FETCR = 57h

Recommended program / page erase time: FETCR = AFh

Table 47. Program/erase Time

20. Memory Programming

Min Typ Max Unit

program/erase Time 2.4 2.5 2.6 Ms
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20.2 Memory Map
20.2.1 Flash Memory Map

Program memory uses 32KBytes of Flash memory. It is read by byte and written by byte or page. One page is 64-

bytes.
7FFFh
P
R
(0]
G
R pgm/ers/vfy
A
M !
F —>] Code Memory
E C MUX —f—>
A o (PROGRAM)
R
U
N
T
E
R
0000h
Figure 135. Flash Memory Map
14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PAGE ADDRESS WORD ADDRESS
Program Memory
Ox3FF Page 1023 0x3F
Page 1022
0x00
Page 1
Page 0 * Page buffer size: 64Bytes
0x000

Figure 136. Address Configuration of Flash Memory

280 \ B 0\

SEMICONDUCTOR



A96T418 User's manual 20. Memory Programming

20.3 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.

20.3.1 Flash Operation

Configuration (This Configuration is just used for follow description)

7 6 5 4 3 2 1 0
| FevRAs | FEMRBEN | - | - | rewvRl | FEcRE | FECRM |
ERASESVFY  PGM&VFY - - OTPE AEE AEF
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Master Reset

'

Page Buffer Reset

v

Page Buffer Load(0X00H)

\ 4

Page Buffer Reset

_________ , v

Page Buffer Load
* g

A 4

In the case of OTP
OTPE flag Set !

! A 4
e In the case of OTP
A OTPE flag Set
T
Erase !
__________ :
A
Erase Latency(500us) v
Program
A
Page Buffer Reset \ 4
PgmLatency(500us)

! v

Configuration Reg. setting

Page Buffer Reset

A
Cell Read \ 4
ConfigurationReg. setting

A 4
Cell Read

Configuration Reg. Clear

Figure 137. The Sequence of Page Program and Erase of Flash Memory
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Master Reset

v

Page Buffer Reset

v

Page Buffer Load

A 4

Configuration Reg.<0> Set

Erase Latency(500us)

'

Page Buffer Reset

\ 4

Configuration Reg.<0> clear
Reg.<6:5> setting

A 4
Cell Read

Figure 138. The Sequence of Bulk Erase of Flash Memory

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.

Enable program mode

Step 1. Enter OCD(=ISP) mode."
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Step 2. Set ENBDM bit of BCR.
Step 3. Enable debug and Request debug mode.
Step 4. Enter program/erase mode sequence.?
(1) Write AAH to F555H.
(2) Write 55H to FAAAH.
(3) Write A5H to F555H.
" 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.

Flash write mode

Step 1. Enable program mode.

Step 2. Reset page buffer. FEMR: 1000_0001B, FECR: 0000_0010B

Step 3. Select page buffer. FEMR: 1000_1001B

Step 4. Write data to page buffer. (Address automatically increases by twin.)
Step 5. Set write mode. FEMR: 1010_0001B

Step 6. Set page address. FEARH:FEARM:FEARL=20’hx_xxxx

Step 7. Set FETCR.

Step 8. Start program. FECR: 0000_1011B

Step 9. Insert one NOP operation.

Step 10. Read FESR until PEVBSY is 1.

Step 11. Repeat step 2 to step 8 until all pages are written.

Flash page erase mode

Step 1. Enable program mode.
Step 2. Reset page buffer. FEMR: 1000_0001B, FECR: 0000_0010B

Step 3. Select page buffer. FEMR: 1000_1001B
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Step 4. Write 00H to page buffer. (Data value is not important.)
Step 5. Set erase mode. FEMR: 1001_0001B

Step 6. Set page address. FEARH:FEARM:FEARL=20"hx_xxxx
Step 7. Set FETCR.

Step 8. Start erase. FECR: 0000_1011B

Step 9. Insert one NOP operation

Step 10. Read FESR until PEVBSY is 1.

Step 11. Repeat step 2 to step 8 until all pages are erased.

Flash bulk erase mode

Step 1. Enable program mode.

Step 2. Reset page buffer. FEMR: 1000_0001B, FECR: 0000_0010B
Step 3. Select page buffer. FEMR: 1000_1001B

Step 4. Write 00H to page buffer. (Data value is not important.)

Step 5. Set erase mode. FEMR: 1001_0001B

(Only main cell area is erased. For bulk erase including OTP area, select OTP area. (set FEMR to
1000_1101B.)

Step 6. Set FETCR.
Step 7. Start bulk erase. FECR: 1000_1011B
Step 8. Insert one NOP operation.

Step 9. Read FESR until PEVBSY is 1.

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_0101B
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Step 5. Read data from Flash.

Flash OTP area write mode

Step 1. Enable program mode.

Step 2. Reset page buffer. FEMR: 1000_0001B, FECR: 0000_0010B

Step 3. Select page buffer. FEMR: 1000_1001B

Step 4. Write data to page buffer. (Address automatically increases by twin.)
Step 5. Set write mode and select OTP area. FEMR: 1010_0101B

Step 6. Set page address. FEARH:FEARM:FEARL=20"hx_xxxx

Step 7. Set FETCR.

Step 8. Start program. FECR: 0000_1011B

Step 9. Insert one NOP operation.

Step 10. Read FESR until PEVBSY is 1.

Flash OTP area erase mode

Step 1. Enable program mode.

Step 2. Reset page buffer. FEMR: 1000_0001B, FECR: 0000_0010B
Step 3. Select page buffer. FEMR: 1000_1001B

Step 4. Write 00H to page buffer. (Data value is not important.)

Step 5. Set erase mode and select OTP area. FEMR: 1001_0101B
Step 6. Set page address. FEARH:FEARM:FEARL=20’hx_xxxx

Step 7. Set FETCR.

Step 8.Start erase. FECR: 0000_1011B

Step 9. Insert one NOP operation.

Step 10. Read FESR until PEVBSY is 1.

Flash program verify mode

Step 1. Enable program mode.
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Step 2. Set program verify mode. FEMR: 1010_0011B

Step 3. Read data from Flash.

OTP program verify mode

Step 1. Enable program mode.
Step 2. Set program verify mode. FEMR: 1010_0111B

Step 3. Read data from Flash.

Flash erase verify mode

Step 1. Enable program mode.
Step 2. Set erase verify mode. FEMR: 1001_0011B

Step 3. Read data from Flash.

Flash page buffer read

Step 1. Enable program mode.
Step 2. Select page buffer. FEMR: 1000_1001B

Step 3. Read data from Flash.

Summary of Flash Program/Erase Mode

Table 48. Operation Mode

Operation mode Description
Flash read Read cell by byte.
F Flash write Write cell by bytes or page.
L Flash page erase Erase cell by page.
A Flash bulk erase Erase the whole cells.
S Flash program verify Read cell in verify mode after programming.
H Flash erase verify Read cell in verify mode after erase.
Flash page buffer load Load data to page buffer.
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20.4 Mode Entrance Method of ISP Mode

20.4.1 Mode Entrance Method for ISP

A96T418 User’s manual

TARGET MODE DSDA DSCL

DSDA

OCD(ISP) ‘hC ‘hC

‘hC

Power on reset

RESET (P5[5])

DSCL (PO[1])

DSDA (PO[0])

RESET_SYSB

Release from worst 1.7V

i

J Low period required during more 16us

= |
o

mon— U

288

Figure 139. ISP Mode
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20.5 Security

A96T418 provides Lock bits which can be left un-programmed (“0”) or can be programmed (“1”) to obtain the
additional features listed in Table 49. The Lock bit can only be erased to “0” with the bulk erase command and a

value of more than 0x40 at FETCR.

Table 49. Security policy using lock-bits

Lo USER MODE ISP MODE
MODE FLASH oTP FLASH oTP

LOCKF R |w |PeE |BE |R |W |PE |BE |R |W |PE |BE |R |W |PE |BE
0 o |o |o |x X |x |x |x |o |lo |o |o |o |o |o |o
1 o |o |o |x X |[x |x |[x |x |[x |x |o |o |x |[x |o

* LOCKEF: Lock bit of Flash memory
* R:Read

*  W: Write

* PE: Page erase

+ BE: Bulk Erase

*  O: Operation is possible.

»  X: Operation is impossible.
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20.6 Configure Option
20.6.1 Configure Option Control

The data for configure option should be written in the configure option area (003EH — 003FH) by programmer (Writer

tools).
20.6.2 Register Description

CONFIGURE OPTION 2: ROM Address 0001H

7 6 5 4 3 2 1 0
R P HL - VAPEN - - - RSTS
Initial value: O0OH
R_P Code Read Protection
0 Disable
1 Enable
HL Code Write Protection
0 Disable
1 Enable
VAPEN Vector area (OOH~FFH) Protection
0 Disable Protection
1 Enable Protection
RSTS Select RESETB pin
0 Disable RESETB pin(P31)
1 Enable RESETB pin

CONFIGURE OPTION 1: ROM Address 0000H (A96T418 32K Series)

7 6 5 4 3 2 1 0
_ _ _ | _ | v | Pase PASSL PASSD
Initial value: OOH
PAEN Enable Specific Area Write Protection
0 Disable Protection
1 Enable Protection
PASS [2:0] Select Specific Area for Write Protection
NOTES:

1. When PAEN =1, itis applied.

PASS2 PASS1 PASSO Description

0.7Kbytes (Address 0100H — 03FFH)
1.7Kbytes (Address 0100H — 07FFH)
2.7Kbytes (Address 0100H — OBFFH)
3.7Kbytes (Address 0100H — OFFFH)
29.75Kbytes (Address 0100H — 77FFH)
30.75Kbytes (Address 0100H — 7BFFH)
31.25Kbytes (Address 0100H — 7DFFH)
31.50Kbytes (Address 0100H — 7EFFH)

P O O O O
P Bk O O Fr +»r O O
O Pk, O Fr O+ O
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21. Electrical Characteristics

21  Electrical Characteristics
21.1  Absolute Maximum Ratings
Table 50. Absolute Maximum Ratings
Parameter Symbol | Rating Unit Note
Supply Voltage VDD -0.3~+6.5 \% -
Vi -0.3~VDD+0.3 \Y
Vo 0.3VDD03 v Voltage on any pin with respect to VSS
loH 42.5 mA Maximum current output sourced by (lon per 1/0
pin)
Normal Voltage Pin >loH 112 mA Maximum current (Zlon)
loL 50 mA Maximum current (loL1 per 1/0 pin)
Tlot1 101 mA Maximum current (ZloL1)
loL2 160 mA Maximum current sunk by (lo2 per 1/O pin)
TloL2 160 mA Maximum current by LED Drive (XloL2)
Total Power Dissipation P 600 mW -
Storage Temperature Tst6 -65~+150 °C -

NOTES:

1. 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.

21.2 Recommended Operating Conditions

Table 51. Recommended Operating Conditions

(Ta=-40°C ~ 85°C)

Parameter Symbol Conditions MIN TYP MAX Unit
fx= 16MHz HSIRC 2.0 - 5.5
fx= 128kHz LSIRC 2.0 - 55

Operating Voltage VDD \Y
fx= 32 ~ 38kHz Ext. Sub Crystal 2.0 - 5.5
Touch, ADC, LED Driver 2.7 - 5.5

Operating Temperature Torr VDD=2.0~5.5V -40 - 85 °C
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21.3 Touch Sensing Characteristics

Table 52. Touch Switch Characteristics

A96T418 User’s manual

Parameter Symbol Condition MIN TYP MAX Unit

Load Capacitance Cload - - 50 100 pF

Operating Frequency Fop Cload=50pF(@typ.) 2 4 4 MHz
Cload=100pF(@min.)

High-Sense Voltage VHS VDD=5V 2.6 3.5 5 \Y

COMP Reference Voltage VCOM VDD=5V 25 3 3.5 \%

21.4 A/D Converter Characteristics

Table 53. A/D Converter Characteristics

(TaA=-40°C ~ +85°C, VDD=2.7V ~ 5.5V, VSS=0V)

Parameter Symbol Conditions MIN TYP MAX Unit
Resolution - - — 12 - bit
Integral Linear Error ILE - - +6
Differential Linearity Error DLE AVREF= 2.7V - 5.5V - - +1 LSB
Zero Offset Error ZOE fx= 8MHz - - 5
Full Scale Error FSE - - 5
Conversion Time tcon 12-bit resolution, 8MHz 8 - - us
Analog Input Voltage VaN - VSS - AVREF v
Analog Reference Voltage AVREF *Note 3 2.7 - VDD
Analog Input Leakage Current | lan AVREF=5.12V - - 2 uA
Enable - 1 2 mA
ADC Operating Current labc VDD=5.12V
Disable - - 0.1 uA
NOTES:
1. Zero offset error is the difference between 000000000000 and the converted output for zero input voltage
(VSS).
2. Full scale error is the difference between 111111111111 and the converted output for full-scale input voltage
(AVREF).
3. When AVREF is lower than 2.7V, the ADC resolution is worse.

21.5 Power-On Reset Characteristics

Table 54. 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 VpoRr - - 1.2 - \%

VDD Voltage Rising Time | tr - 0.05 - 50.0 V/ms

Minimum Pulse Width tw - 100 us

POR Current Ipor - - 0.2 - UuA
21.6 Low Voltage Reset and Low Voltage Indicator Characteristics

292
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Table 55. LVR and LVI Characteristics
(Ta=-40°C ~ +85°C, VDD=2.0V ~ 5.5V, VSS=0V)

Parameter Symbol Conditions MIN TYP MAX Unit
- 1.61 1.75
1.63 1.77 1.91
1.73 1.88 2.03
1.84 2.00 2.16
1.96 213 2.30
2.10 2.28 2.46
The LVR can select all levels but
2.26 2.46 2.66
Vivr LVI can select other levels except
Detection Level 2.47 2.68 2.89 \%
Vivi 1.61/1.77/1.88/2.00/2.13V.
] 2.59 2.81 3.03
(Falling level)
2.82 3.06 3.30
2.95 3.21 3.47
3.28 3.56 3.84
3.43 3.73 4.03
3.60 3.91 4.22
3.91 4.25 4.59
Hysteresis AV - - 30 180 mV
Minimum Pulse Width tw - 100 - - us
Enable (Both) VDD= 3V, - 14.0 24.0
LVR and LVI Current IsL Enable (One of two) RUN Mode - 10.0 18.0 uA
Disable (Both) VDD= 3V - - 0.1

NOTES:
1. Guaranteed by design
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21.7 High Internal RC Oscillator Characteristics

Table 56. High Internal RC 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 - 16 - MHz
With 0.1uF

Tolerance - Ta =-40°C to +85°C Bypass - - +3.0 %
capacitor

Clock Duty Ratio | TOD - 40 50 60 %

Stabilization Time | THrs - - - 100 us

IRC Current lirc Enable - 02 — mA

Disable - - -0.1 uA
NOTES:

1. AO0.1uF bypass capacitor should be connected to VDD and VSS.

21.8 Low Internal RC Oscillator Characteristics

Table 57. Internal WDTRC Oscillator Characteristics
(Ta=-40°C ~ +85°C, VDD=2.0V ~ 5.5V, VSS=0V)

Parameter Symbol Conditions MIN TYP MAX Unit

Frequency fLsIre Ta=-40°C ~ +85°C 102 128 154 kHz

Stabilization Time TLsIre - - - 1 ms
Enable - 1 -

LSIRC Current ILsirc uA
Disable - - 0.1
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21.9 DC Characteristics

Table 58. DC Characteristics
(Ta=-40°C ~ +85°C, VDD= 2.0V ~ 5.5V, VSS= 0V, fscLk= 16MHz)

21. Electrical Characteristics

Parameter Symbol Conditions MIN TYP MAX Unit
Input High Voltage ViH All input pins 0.7vDD - VDD Vv
Input Low Voltage Vi All input pins except ViL1 - - 0.3vDD \Y
VDD=4.5V, lon=-8.57TmA,
VoH1 VDD-1.0 - - \%
Output High All output ports;
Voltage VDD=4.5V, lon=-19 mA,
Vo2 VDD-2.0 - - Y
All output ports;
SEG Output High VDD=5.0V, lon=-13.61 mA,
VoHs VDD-3.0 - - Y
Voltage All SEG ports;
SEG Current
Matching ( ISEG- VOH=4.5V
ITOSEG VDD=5.0V -5 5 %
ISEGAVR) / TA=25°C
ISEGAVR)
VDD=4.5V, loL.= 10mA,;
VoLt - - 1.0 Vv
All output ports except VoL2
Output Low Voltage
VDD=5V, loL= 160mA;
VoL2 - 1.5 3 Vv
P2x High sink current output
Input High Leakage liH All input ports - - 1 uA
Current
Input Low Leakage )
I All input ports -1 - - uA
Current
VI=0V,
Pull-Up Resistor Rpu Ta=25°C VDD=5.0V 25 50 100 kQ
All Input ports
OSC feedback R SXIN=VDD, SXOUT=VSS 6.25 13.53 36.98 MO
resistor X Ta= 25°C, VDD=5V
Ipp1 fusi= 16MHz, VDD= 5V+10% 0.7 - 4.0 A
m
(RUN)
Ibp2 fusirc= 16MHz, VDD= 5V+10% 0.5 - 3.0 A
m
Power Supply (IDLE)
Current Ippastort) | STOP @ WDT on, VDD= 5.5V+10%, | — - 22.0
Ta= 25°C
uA
IopasTorz) | STOP @ WDT off & LVR off, - - 7.0
VDD= 5.5V+10%,Ta= 25°C
NOTES:

1. Where fsus is an external sub oscillator, the fusirc and fisirc are an internal RC oscillator, and the fx is the

selected system clock.

2. All supply current items don’t include the current of an internal Watch-dog timer RC (WDTRC) oscillator and a
peripheral block.

3. All supply current items include the current of the power-on reset (POR) block.
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21.10 AC Characteristics

Table 59. AC Characteristics
(Ta= -40°C ~ +85°C, VDD= 2.0V ~ 5.5V)

Parameter Symbol Conditions MIN TYP MAX Unit
RESETB input low width trsL Input, VDD= 5V 10 - - us
tINTH,
Interrupt input high, low width ) All interrupt, VDD= 5V 200 - -
INTL
External Counter Input High, tECWH,
ECn, VDD =5V (n=0, 1, 3) 200 - - ns
Low Pulse Width tECWL
tREC,
External Counter Transition Time {FEC ECn, VDD =5V (n=0, 1, 3) 20 - -
FE
P tiwL R B tiwH |
External 0.8vDD
Interrupt
\\ 7 0.2vDD
P tRST N
RESETB
N £ 0.2vDD
tECWL g L tECWH N
«— tFEC —> tREC
ECn 0.8vDD
\\ 7 0.2vDD

Figure 140. AC Timing

296 \ B 0\

SEMICONDUCTOR



A96T418 User's manual

21.11 USART Characteristics

Table 60. USART Characteristics
(Ta= -40°C ~ +85°C, VDD=2.0V ~ 5.5V, fscL.k=8MHz)

21. Electrical Characteristics

Parameter Symbol MIN TYP MAX Unit
Serial port clock cycle time tsck 1800 tcru X 16 2200 ns
Output data setup to clock rising edge | ts1 8100 tcpu x 13 - ns
Clock rising edge to input data valid ts2 - - 590 ns
Output data hold after clock rising

tH1 tcpu- 50 tcpu - ns
edge
Input data hold after clock rising edge | th2 0 - - ns
Serial port clock High, Low level width | thicH, tLow 720 tcru x 8 1280 ns

tsck
tHIGH tLow
N N

Figure 141. Waveform for USART Timing Characteristics
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21.12 SPI0 Characteristics

Table 61. SPI0 Characteristics
(Ta=-40°C- +85°C, VDD=2.0V — 5.5V)

Parameter Symbol | Conditions MIN TYP MAX Unit
Output Clock Pulse Period . Internal SCK source 200 - -
SCK
Input Clock Pulse Period External SCK source 200 - -
Output Clock High, Low Pulse Width | tSCKH, Internal SCK source 70 - -
Input Clock High, Low Pulse Width tSCKL External SCK source 70 - - ns
First Output Clock Delay Time tFOD Internal/External SCK source | 100 - -
Output Clock Delay Time tDS - - - 50
Input Setup Time tDIS - 100 - -
Input Hold Time tDIH - 150 - -
SSn
(Output/Input)
>>
T <
—» {FOD «— < 1SCK »
- < + 41—+ 0.8vDD
SCKn
(CPOLN=0)
(Output/Input)
+ 4 4 + + 0.2VvDD
tSCKL i | tSCKH. |
X £ £ X 4
SCKn
(CPOLN=1)
(Output/Input)
i 3 £
tDIS tDIH
MISOn/MOSIn
(Data Input) LSB
—>» <« DS >
T <
MISOn/MOSIn
(Data Output) MSB LSB
>>
T <
NOTES:

1. n=0,1and2

Figure 143. SPI0/1/2 Timing
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21.13 UARTO Characteristics

Table 62. UARTO Characteristics
(Ta=-40°C ~ +85°C, VDD=2.0V ~ 5.5V, fsc.=8MHz)

Parameter Symbol MIN TYP MAX Unit
Serial port clock cycle time tsck 1800 tcru X 16 2200 ns
Output data setup to clock rising edge ts1 810 tcpu x 13 - ns
Clock rising edge to input data valid ts2 - - 590 ns
Output data hold after clock rising edge | tus tepu- 50 tcpu - ns
Input data hold after clock rising edge tH2 0 - - ns
Serial port clock High, Low level width thicH, tLow 720 tcru x 8 1280 ns
tsck
tHIGH P tLow o

/ N\

Figure 144. Waveform for UARTO Timing Characteristics

smclock [\ [ W A U A W A W
Data Out \ Do >< D1 >< D2 >< D3 >< D4 >< D5 >< D6 >< D7

Data In X Valid X >< Valid X X Valid >< X Valid X >< Valid X X Valid X X Valid X X Valid

T
—

Figure 145. Timing Waveform for the UARTO Module
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21.14 12C0 Characteristics

Table 63. 12C0 Characteristics
(Ta=-40°C ~ +85°C, VDD=2.0V ~ 5.5V)

Standard Mode High-Speed Mode

Parameter Symbol 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 tSCLL 4.7 - 1.3 -

Bus Free Time tBF 4.7 - 1.3 -

Start Condition Setup Time tSTSU 4.7 - 0.6 -

Start Condition Hold Time tSTHD 4.0 - 0.6 - us

Stop Condition Setup Time tSPSU 4.0 - 0.6 -

Stop Condition Hold Time tSPHD 4.0 - 0.6 -

Output Valid from Clock tvD 0 - 0 -

Data Input Hold Time tDIH 0 - 0 1.0

Data Input Setup Time tDIS 250 - 100 - ns

tscL

i
Y

tSCLH  tscLL
—» € 1sTSU < > < » —p <€— DIH —>» <«— tspsuU

SCL”__ _\__ _ / i L /L <€— tSPHD
SDAn \ / >< i . \

—>» €— ISTHD —p €— tDIS <
—> <— tvD

SDAN / X X
Out g

—p €— tvD

Y.

Figure 146. 12C0 Timing
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21.15 Data Retention Voltage in Stop Mode

Table 64. Data Retention Voltage in Stop Mode

(Ta=-40°C ~ +85°C, VDD=2.0V ~ 5.5V)
Parameter Symbol Conditions MIN TYP MAX Unit
Data retention supply voltage VDDDR - 2.0 - 5.5 \%
VDDR= 2.0V,
Data retention supply current Iobpr (Ta= 25°C), - - 1 uA
Stop mode
Idle Mode
Vg (Watchdog Timer Active)
| ¢———— Stop Mode > <>
Normal
Operating Mode
l4—— Data Retention ———p
Vop it
T V/DDDR
Execution of
STOP Instruction
0.8VDD7L
INT Request
—(twAIT[E—
NOTE: tWAIT is the same as (the selected bit overflow of BIT) X 1/(BIT Clock)
Figure 147. Stop Mode Release Timing when Initiated by an Interrupt
RESET
Occurs
l Oscillation
—— > 4> R i
Stop Mode X Stabillization Time
) i Normal
VDD it
\/DDDR
Execution of
RESETB STOP Instruction
s /‘ 0.8VDD
0.2VvD
—»{ TWAITE—
NOTE : tWAIT is the same as (4096 X 4 X 1/fx) (16.4ms @ 1MHz)

Figure 148. Stop Mode Release Timing when Initiated by RESETB
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21.16 Internal Flash Rom Characteristics
Table 65. 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 27
Sector Erase Time trse - - 2.5 2.7 ms
Code Write Protection Time tFHL - - 2.5 27
Page Buffer Reset Time treR - - - 5 us
Flash Programming
Frequency fram - 0.4 - - MHz
Endurance of Write/Erase NFwe - - - 10,000 times

NOTES:
1. During a flash operation, SCLK[1:0] of SCCR must be set to “00” or “01” (INT-RC OSC for system clock).

21.17 Input/Output Capacitance

Table 66. Input / Output Capacitance
(TA=-40°C ~ +85°C, VDD=0V)

Parameter Symbol Condition MIN TYP MAX Unit
Input Capacitance CiN fx=1MHz

Output Capacitance Cour Unmeasured pins are - - 10 pF
I/0 Capacitance Cio connected to VSS
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21.18 Sub Clock Oscillator Characteristics

21. Electrical Characteristics

Table 67. Sub Clock Oscillator Characteristics

(Ta=-40°C ~ +85°C, VDD=2.0V ~ 5.5V)

Oscillator Parameter Condition MIN TYP MAX Unit

Crystal Sub oscillation frequency 32 32.768 38 kHz
2.0V -5.5V

External Clock SXIN input frequency 32 - 100 kHz

SXIN SXOUT

C

Lo,

Figure 149. Crystal Oscillator

‘ SXIN SXOUT

T T

External
Clock
Source

\BO\
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Figure 150. External Clock
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21.19 Sub Oscillation Characteristics

Table 68. Sub Oscillation Stabilization Characteristics
(Ta=-40°C ~ +85°C, VDD=2.0V ~ 5.5V)

Oscillator Parameter MIN TYP MAX Unit
Ta=-40°C ~+85°C - - 10 s
Crystal
Ta=25°C 500 ms
External Clock SXIN input high and low width (txn, txL) 5 - 15 us
P 1/fsuB R
tXL J L tXH N
\
SXIN 0.8vDD
K + 0.2vDD

Figure 151. Clock Timing Measurement at SXIN

21.20 Operating Voltage Range

(fxin=0.5 to 16MHz) (fsuB=32 to 38kHz)

16.0MHz -
32.768kHz - E

0.5MHz- - :

2.0 55 20 55

Supply voltage (V) Supply voltage (V)

Figure 152. Operating Voltage Range

\BO\
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21.21 Recommended Circuit and Layout

This 0.1uF capacitor should be within P .
1cm from the VDD pin of MCU on the VDD VCC
" . y ’

PCB layout.

VDD 3
:l/'1> 0.1uF == F = DC Power

=
T,

VvCC

current part at a DC power node on

The MCU power line (VDD and VSS)
{should be separated from the high- }
the PCB layout.

_~High-Current Part

Infrared LED,
{FND(?—Segmem), }

lle}

]

0.01uF {

T

This 0.01uF capacitor is alternatively
for noise immunity.

8Tv196V

X-tal

XIN 1l = - The main and sub crystal should be within 1cm from the pins of MCU on the PCB layout.
XouT :——I -
— g

The load capacitors of the sub clock

SXIN l_—l:- -C1,C2:CLx2+15%
a c2 « -CL=(C1xC2)/(C1 + C2) - Cstray
:_I_| - Cu: the specific capacitor value of crystal
SXouT . I-_—l; - Cstray: the parasitic capacitor of a PCB (1pF — 1.5pF)
32.768kHz

Figure 1563. Recommended Voltage Range
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21.22 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.

3.5

25 /

2 = 10MHz -40°C
e 10MHz +25°C
10MHz +85°C

15

0.5

2.7V 3.0V 3.3V

Figure 154. RUN (IDD1) Current

3.5

2.5 /

2 = 10MHz -40°C
e 10MHz +25°C
10MHz +85°C

15

0.5

2.1V 3.0V 3.3V

Figure 155. IDLE (IDD2) Current
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uA
160.0

140.0
120.0
100.0
80.0
60.0
40.0
20.0
0.0

—-40°C

T +25°C

+85°C

27v  3.0v 33V 45V 50V 55V

Figure 156. SUB RUN (IDD3) Current

uA
30.00

25.00

20.00

15.00

10.00

5.00

0.00

-40°C

+25°C

T +85°C

27v  3.0v 33V 45V 50V 55V

ABOV

SEMICONDUCTOR

Figure 157. SUB IDLE (IDD4) Current
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uA
5.00

4.00
3.50

3.00 — aoC
2.50

200 +25°C
1.50 +85°C
1.00

0.50 = —

0-00 T T T T T 1
27V 3.0v 33V 45V 50V 55V

Figure 158. STOP (IDD5) Current
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22 Development Tools

This chapter introduces wide range of development tools for A96T418. ABOV offers software tools, debuggers, and
programmers to help a user in generating right results to match target applications. ABOV supports entire

development ecosystem of the customers.
221  Compiler

ABOV Semiconductor does not provide compiler. It is recommended that you consult a compier provider. It is
recommended to consult a compiler provider. Since A96T376 has Mentor 8051 as its core, and ROM is smaller

than 64Kbytes in size, a developer can use any standard 8051 compiler of other providers.

22.2 OCD(On-chip debugger) emulator and debugger

The OCD emulator supports ABOV’s 8051 series MCU emulation. The OCD uses two wires interfacing between
PC and MCU, which is attached to user’s system. The OCD can read or change the value of MCU'’s internal memory
and |/O peripherals. In addition, the OCD controls MCU'’s internal debugging logic. This means OCD controls

emulation, step run, monitoring and many more functions regarding debugging.

The OCD debugger program runs underneath MS operating system such as MS-Windows NT/ 2000/ XP/ Vista (32-
bit). If a user wants to see more details, it is recommend to refer to OCD debugger manual by visiting ABOV'’s
website (http://www.abovsemi.com) and downloading debugger S/W and corresponding manuals.
*  Connection:
— DSCL (A96T418 P02 port)
— DSDA (A96T418 P01 port)

Figure 159 shows pinouts of OCD connector.

1 O O 2 UserVCC
3 o O 4 User GND
5[ |o o |6 pscL

7 o O 8 DSDA

9 o O 10

Figure 159. Debugger(OCD1/0CD2) and pin description
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22.3 Programmer

22.3.1 E-PGM+

A96T418 User’s manual

E-PGM+ USB is a single programmer. A user can program A96T376 directly using the E-PGM+.

e Support ABOV / ADAM devices
e 2~5times faster than S-PGM+
e Main controller: 32 bit MCU @ 72MHz

e Buffer memory: 1Mbyte

S
[-Y

ney

Power DC 10 ~ 15V

Enter Key Connector.
To connect with the auto-
handler

—

rs-202 (I SVO

e ®
/

For ISP(In-System-Programming)

= USB120: nCY0~16VE S /W
g ON

For Barcode reader

1. MCU RX
2.VDD

3. MCU TX

4. GND

5. Run Flag or Boot Pin
6. Serial Clock

7. GND

8. Serial Data

9. N/A

10. VPP or Reset Pin

Figure 160. E-PGMplus (Single writer)
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22.4 Flash Programming

22.4.1 Overview

The program memory of A96T418 is Flash Type. This flash is accessed by serial data format. There are four
pins(DSCL, DSDA, VDD, and VSS) for programming/reading the flash.

Table 69. Descriptions of pins which are used to programming/reading the Flash

. Main chip During programming
Pin name )
pin name /10 Description

DSCL P02 | Serial clock pin. Input only pin.
Serial data pin. Output port when reading and input port when

DSDA P01 1/0 P putP 9 putp
programming. Can be assigned as input/push-pull output port.

VDD, VSS VDD, VSS - Logic power supply pin.

22.4.2 On-Board Programming

The A96T418 needs only four signal lines including VDD and VSS pins for programming FLASH with serial
communication protocol. Therefore the on-board programming is possible if the programming signal lines are ready

at the PCB of application board is designed.

22.4.3 Circuit Design Guide

When programming flash memory, the programming tool needs 4 signal lines, DSCL, DSDA, VDD, and VSS. If a

user designs a PCB circuit, the user should consider the usage of these 4 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.

\BO\
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E-PGM+ , E-GANG4 , E-GANG6

R1 (2kS2 ~ 5k)
DSCL(l) j '\/\/\, » To application circuit

R2 (2kS2 ~ 5k<2)
DSDA(I/O) j ® '\/\/\, » To application circuit

VDD

L]

VSS

]
o

NOTES:

1. Inon-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.

Figure 161. PCB design guide for on board programming
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22.4.4 OCD emulator

OCD emulator allows a user to write code on the device too, since OCD debugger supports ISP (In System

Programming). It doesn’t require additional H/W, except developer’s target system.

22.4.5 Gang programmer

E-Gang4 and E-Gang6 allows a user to program on multiple devices at a time. They run not only in PC controlled
mode but also in standalone mode without PC control. USB interface is available and it is easy to connect to the

handler.

Figure 162. E-GANG4 and E-GANGS6 (for Mass Production)

22.5 On-chip Debug System
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A96T418supports On-Chip Debug (OCD) system. On-chip debug system of A96T418 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 this section. Features of the OCD is introduced in Table 70.

Table 70. Descriptions of pins which are used to programming/reading the Flash

. 1 for serial clock input

Two wire external interface o 1 for bi-directional serial data bus

e Allinternal peripherals

. Internal data RAM

. Program Counter

. Flash memory and data EEPROM memory

Debugger accesses

. Break instruction
. ) ) . Single step break
Extensive On-Chip Debugging e Program memory break points on single address

supports for Break Conditions L Programming of FlaSh, EEPROM, Fuses, and Lock bits through the
two-wire interface

. On-Chip Debugging supported by Dr. Choice®

Operating frequency The maximum frequency of a target MCU

Figure 163 shows a block diagram of the OCD interface and the OCD system.

Target MCU internal circuit

Format converter

LU DBG
uss \ | DscL BDC Control
<_>:\ — DSDA
L CPU DBG Register

Address bus

-_ Internal data bus

Code memory
D — - SRAM Data memory Peripheral
- Flash
- EEPROM

User I/0

Figure 163. Block Diagram of On-Chip Debug System
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22.5.1 Two-Pin External Interface

Basic Transmission Packet

10-bit packet transmission using two-pin interface.
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

0o

D1 D2 | D3 | D4 | D5 | D | D7 F A,

Do | D1 D2 | D3 | D4 | B2 | DB | D7 F A,

\BO\
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Figure 164. 10-bit Transmission Packet
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Packet Transmission Timing

DSDA
acknowledgement acknowledgement
signal from receiver signal from receiver
DSCL
NV [\ [\ _[\__ [T
ACK ACK

START STOP

Figure 165. Data Transfer on the Twin Bus

= X X

data line
stable: change
data valid of data
allowed

except Start and Stop

Figure 166. Bit Transfer on the Serial Bus

DSDA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA DSDA
DSCL - DSCL
St \—/- \—/ Sp
START condition STOP condition

Figure 167. Start and Stop Condition
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Data output asssnsnsannns
By transmitter

no acknowledge

Data output
By receiver \ ’

acknowledge
DSCL from
master 1 2 9 10

i

clock pulse for acknowledgement

Figure 168. Acknowledge on the Serial Bus

Acknowledge bit Acknowledge bit
transmission transmission
i Minimum
ﬁ/ < — : wait HIGH start HIGH \/
i ;
HostPC 7 \ :
DSCLOUT +
Start wait

Target Device
DSCL OUT

minimum 1 Tscik

<— Maximum 5 Tscik —>i&— for next byte —>

E— transmission ——
DSCL \ / \ /

<— Internal Operation —>

Figure 169. Clock Synchronization during Wait Procedure

Connection of Transmission

Two-pin interface connection uses open-drain(wire-AND bidirectional I/O).
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T VDD

pull-up Rp Rp
resistors
DSDA(Debugger Serial Data Line)
© ©
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 170. Connection of Transmission
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Package Diagram

23
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