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SEMICONDUCTOR Datasheet
8-bit Microcontroller for Touch and Smart Proximity
Sensing
DS Rev. 1.01
Features
CPU 23-Channel Self Capacitive Touch
. 8-bit M8051 Core Sensor

« 8051-Compatible, 2-clock per cycle * 10V Conducted Susceptibility (CS) Immunity

* Touch key interrupt wake-up
On-Chip Flash

* 32 KB code Flash memory Water Shield

e Endurance: 10,000 times * 4-channels —mesh

SRAM Power-On Reset, Low Voltage Reset
+ 2.5KB SRAM * Resetrelease level (1.48 V)

* 4levels (1.6 V/2.7 V/3.7 VI4.2 V)

General-Purpose 1/0 (GPIO)
+ Normal I/O: max 26 ports Low Voltage Indicator

* High sink current port: 8 ports * 4levels (2.2 VI3 VI4 V4.5 V)

Timer/Counter / PWM On-Chip RC Oscillator
« HSIRC 16 MHz

— +1.5% (TA= 0 ~ +60°C)
— 13.5% (TA= -40 ~ +105°C)
« LSIRC 32 kHz +30% (TA= -40 ~ +85°C)

* Basic Interval Timer (BIT)

* Watchdog Timer (WDT)

* 8-bit x 1-ch (T0)

* 16-bit x 5-ch (T1/T2/T3/T4/T5)

¢ 16-bit x 5-ch On-Chip WDT Oscillator

Interfaces e 32 kHz (+30%@-40 ~ 85°C)

e |2C X 1 channel
Power-Down Mode

* SPI 2 channels + STOP/IDLE mode
e USART X 2 channels
Operating Voltage
12-bit A/D Converter e 20V~55V@ 16 MHz
* 8 external input channels + 27V~55V (1.5% IRC, CS 10V touch)

* 1-channel for internal reference voltage

Operating Frequency
e 2,4,8,16 MHz (Fsys)
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Product Selection Table A96T448 Datasheet

Operating Temperature
* —40°C to +85°C

Package
+ 20SOP (300mil, 2.05mm, 1.27mm)

* 20TSSOP (173mil, Tmm, 0.65mm)

* 24QFN (4x4x0.75mm)

e 28SOP (300mil, 2.05mm, 1.27mm)

* 28SOP-105 (300mil, 2.05mm, 1.27mm)
* 28TSSOP (173mil, Tmm, 0.65mm)

e 28TSSOP-105 (173mil, 1mm, 0.65mm)

Product Selection Table

Table 1. Device Summary

Flash | XRAM co':'::;iif,?,tion . Touch | PWM | ADC | 10
Part Number [KB] [KB] Timer [ch] [ch] [ch] | [ch] Package
usi USART

A96T448FDN* 32 2.5 1 1 6 15 4 5 18 20-SOP
A96T448FRN* 32 2.5 1 1 6 15 4 5 18 20-TSSOP
A96T448LUN* 32 2.5 1 1 6 19 5 7 22 24-QFN

A96T448GDN 32 2.5 1 1 6 23 6 8 26 28-SOP
A96T448GD2N* 32 2.5 1 1 6 23 6 8 26 28-SOP
A96T448GRN* 32 2.5 1 1 6 23 6 8 26 28-TSSOP
A96T448GR2N* 32 2.5 1 1 6 23 6 8 26 28-TSSOP

* For available options or further information on the devices with “*” marks, please contact the ABOV sales office.
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1. Introduction A96T448 Datasheet

1. Introduction

This document provides an overview of the features supported by each device, including high-level
information and brief explanations for each feature.
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A96T448 Datasheet 2. Description

2. Description

The A96T448 is an advanced CMOS 8-bit microcontroller with 32 Kbytes of flash memory. This is a
powerful microcontroller which provides a highly flexible and cost-effective solution to many embedded
control applications.

Refer to Table 2 for the list of features supported by the device.

21 Product Category Definition
Table 2 provides an overview of the memory capacity for available devices in the A96T448 series.

Refer to Table 3 for the list of features supported by each product category.

Table 2. A96T448 Series Memory Density

Memory Density
Flash RAM
32 KB 2.5KB A96T448

Category
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2. Description A96T448 Datasheet

2.2 Device Overview

Table 3 summarizes and lists product-specific features available in the A96T448 series, considering the
largest package.

Table 3. A96T448 Device Features and Peripheral
Peripherals Description

CPU 8-bit M8051 core (2-clock per cycle)

Up to 22 peripheral interrupts are supported.
* EINTO to 5, EINT8, EINT10, EINT11, EINT12 (5)

Timer (0/1/2/3/4/5) (6)

* WDT (1)

* BIT (1)

Interrupt * WT (1)

* USART Rx/Tx (2)

* USI 1-ch. *Rx/Tx/I2C (3)

* Touch (1)

* ADC (1)

e LVI(1)

» 32 Kbytes Flash with self-read and write capability

Core

ROM (Flash)
capacity
Memory * Endurance: 10,000 times

IRAM 256 bytes

XRAM 2,304 bytes

* Pulse generation (by T1/T2/T3/T4/T5)
Programmable pulse generation * 8-bit PWM (by T0)

* 16-bit PPG (by T1/T2/T3/T4/T5)
Buzzer 8-bit x 1-ch

* In-system programming (ISP)

Minimum instruction execution time 125 ns (@ 16 MHz, NOP Instruction)

STOP1 mode
Power down mode ¢ STOP2 mode

¢ |IDLE mode

* Normal I/O: 26 ports
General Purpose 1/0 (GPIO)

* High sink current port: 8 ports

12 \BO\
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A96T448 Datasheet

Table 3. A96T448 Device Features and Peripheral (continued)

2. Description

Peripherals

Description

Power-on reset

Power-on reset: 1.28 V

Reset Low-voltage

reset

* 4-Level (1.6 V/2.7 V3.7 V/4.2 V)

Low-voltage indicator

* 4-Level (2.2 VI3 VI4 V/4.5V)

Watch Timer (WT)

* 14-bit x 1-ch

Timer/counter

* Basic interval timer (BIT) 8-bit x 1-ch.
* Watchdog 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)

usi

¢ USART + SPI + I12C
* 8-bit USART x 1-ch, 8-bit SPI x 1-ch and I12C x 1-ch

Communication

function
USART

e 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

23-Ch Self Capacitive Touch Switch

* Fast Initial Self-Calibration

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

* 16-bit Sensing Resolutions

» Support Touch Key Int. Wakeup at Power down

Oscillator type

* 2,4,8, 16 MHz (internal RC oscillator)

Internal RC oscillator

* HSIRC 16 MHz +1.5% (TA=0~ +60°C)
* HSIRC 16 MHz £3.5% (TA=-40~ +105°C)

Operating voltage and frequency

«20V~55V@ 16 MHz
« 2.7V ~5.5V (Touch, ADC)

Operating temperature

-40°C to +85°C

Package

* 20-SOP

» 20-TSSOP

* 24-QFN

» 28-SOP

» 28-SOP-105

» 28-TSSOP

» 28-TSSOP-105

* Pb-free packages

\BO\
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2. Description A96T448 Datasheet

Table 4. Summary of A96T448 Peripherals

Peripheral A96T448
Code Flash Memory 32 KB
SRAM 2.5KB
General-Purpose 8-bit x 1-ch (Timer 0) / 16-bit x 5-ch (Timers 1/2/3/4/5)
Basic interval timer 1
Timer
Watchdog Timer 1
Watch Timer 1
SPI 2
Communication 12C y
Interfaces
USART 2
GPIO 26

Sampling Clock: 133 kHz
ADC Number of Channels

8 channels
Operating Frequency 16 MHz
Operating Voltage 20Vtob55V
Operating Temperature —40°C to +85°C
Package 20-SOP 20-TSSOP 24-QFN 28-SOP 28-TSSOP

14 \BO\
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A96T448 Datasheet 2. Description

2.3 Block Diagram

Figure 1 shows a block diagram of the A96T430 series.

Figure 1. Block Diagram of A96T448

Flash
32 KB
CORE XRAM
[——— -—P
M8051 2304-byte
IRAM
256-byte
ISP
General purpose /O < > In-system programming
26 ports normal 1/0
Power control
Power on reset
] Pri—— Low voltage reset
Watchdog timer Low voltage indicator
1 channel, 8-bit Dl Power down mode
32 kHz, internal RC OSC
o _ Clock generator
Basic interval timer <4—Pp| 16 MHz, Internal RC OSC
1 channel, 8-bit I 32 kHz Internal WDT OSC
Buzzer
Timer / Counter > 1 channel. 8-bit
1 channel, 8-bit ’
5 channels, 16-bit
-
< » USART
PWM 2 channels, 8-bit
1-ch 8-bit (T0)
5-ch 16-bit (T1/T2/T3/T4/T5) SPI
> 2 channels, 8-bit
8 Input crglr?r?els 12-bit 12C
1 channels, 8-bit
Touch Switch
23 channels
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2. Description A96T448 Datasheet

2.4 Functional Overview

Sections below provide overviews of the features of the A96T448 microcontroller.

2.41 Port Structure

Figure 2. General Purpose I/0 Port Structure

- Level Shift (1.8V to EXtVDD)

‘ Level Shift (ExtVDD to 1.8V)

ANALOG CHANNEL
ENABLE

ANALOG INPUT

I |
I VDD |
PULL-UP |
REGISTER | I |

l -
Dc I OI |
OPEN DRAIN VDD VDD |
REGISTER | : |
|
DATA ) —c:>t : -_ol /\ |
REGISTER UX | I
SUB-FUNC DATA OUTPUT 1 I |
Z > l - | |
—— SUB-FUNC ENABLE —] ) | A |
I |
DIRECTION | = = I
REGISTER 0 | |
MUX |
SUB-FUNC DIRECTION 1 : |
| R(4009)§ |
I |
PORTx INPUT | |
I |

MUX
"% l '
| |
p— / | |
|
MuX I CMOS or |
. 3] 1 Q D | Schmitt Level I
Input
SUB-FUNC _T DEBOUNCE | |
cP CLK

DATA INPUT r I |
DEBOUNCE | I
ENABLE | |
I |
I |
I |
I |
l |
I |
l |
I |
I |
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A96T448 Datasheet 2. Description

2.4.2 Memory Organization

The A96T448 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.

The A96T448 provides on-chip 32 Kbytes of the ISP type Flash program memory, which can be read
and written to. Internal data memory (IRAM) is 256 bytes, and it includes the stack area. External data
memory (XRAM) is 2304 bytes.

\BO\ 17
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2. Description A96T448 Datasheet

2421 Program Memory

A 16-bit program counter can address up to 32 Kbytes, and this device has just 32 Kbytes program
memory space.

Figure 3 shows the map of the lower part of the program memory. After reset, the CPU begins execution
from location 0000H. Each interrupt is assigned to a fixed location in program memory. The interruption
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 interruption 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 8 bytes interval. Longer service
routines can use a jump instruction to skip over subsequent interrupt locations, if other interrupts are in

use.
Figure 3. Program Memory

FFFFH — — — — — — — — — — — — — — |
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
32 Kbytes
: 09FFH
Configuration ‘Area
Interrupt Vector Areas 2560bytes ;
0000H * 0000H
NOTE:
1. 32 Kbytes including Interrupt Vector Region
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A96T448 Datasheet 2. Description

24.2.2 Data Memory

Figure 4. Data Memory Map

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

Lower 128 bytes
Internal RAM
(Direct or Indirect
Addressing)

OoH

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

Internal data memory addresses are always one byte wide, which implies an address space of only 256
bytes. However, in fact, the addressing modes for internal RAM can accommodate up to 2304 bytes by
using a simple trick. Direct addresses higher than 7FH access one memory space and indirect
addresses higher than 7FH access a different memory space. Thus Figure 4 shows the upper 128 bytes
and SFR space occupying the same block of addresses, 80H through FFH, although they are physically
separate entities.

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

The next 16 bytes above the register banks form a block of bit-addressable memory space. The 8051-
instruction set includes a wide selection of single-bit instructions, and the 128 bits in this area can be
directly addressed by these instructions. The bit addresses in this area are O0H through 7FH.

All the bytes in the lower 128 bytes can be accessed by either direct or indirect addressing. The upper
128 bytes RAM can only be accessed by indirect addressing. These spaces are used for data RAM and
stack.

\BO\ 19
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2. Description A96T448 Datasheet

Figure 5. Lower 128-Byte RAM

[ TFH [7FT7E]7D]7CT7B]7A] 7978
(77176 (75|74 |73 | 72|71 |70
6F | 6E |6D |6C |6B |6A |69 | 68
. 67 |66 |65 |64 6362|6160
General Purpose 5F | 5E [5D [5C | 5B | 5A | 59 | 58
80bytes < Register 57 |56 | 55 | 54 | 53 |52 | 5150
’ 4F |4E 4D [4C 4B [4A |49 |48
47 |46 45|44 (4342|4140
. 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
27 (26 |25 |24 |23 |22 2120
16bytes Bit Addressable 1F[1E|1D|1C[1B|1A[ 1918
(128“5){ 1716 |15 [14 [13 [12[11] 10
20H OF [OE |oD|0C [0B [0A |09 |08
8bytes R Register Bank 3 v [07]06]05]04103]02)01)00
. (8bytes)
17H
Register Bank 2
8bytes { . (8bytes)
OFH Register Bank 1 R7
e { 08H (8bytes) R6
07H Register Bank 0 | Ei
8bytes { g(8bytes) =3
00H =
R1
RO
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A96T448 Datasheet 2. Description

2.4.2.3 External Data Memory

The A96T448 has 2304 bytes XRAM and XSFR. This area has no relation with RAM/Flash. It can be
read and written through SFR with 8-bit units.

Figure 6. XDATA Memory Area

2FFFH
Extended
Special Function Registers
128 bytes
(Indirect Addressing)
1000H
09FFH
Not used
08FFH
External RAM
2304 bytes
(Indirect Addressing)
0000H
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2. Description A96T448 Datasheet

2424 SFRMap

Table 5. SFR Map Summary

Address 00H/8H(1) 01H/9H 02H/0AH 03H/0BH 04H/0CH 05H/0DH 06H/0EH 07H/OFH
OF8H IP1 TS_CON - - UBAUD UDATA - -
OFOH B - - - - - - -
OE8H RSTFR - - - - - - -
OEOH ACC USIOST1 USIOST2 USIOBD |USIOSDHR USIODR | USIOSCLR | USIOSCHR
0D8H LVRCR USIOCR1 USIOCR2 USIOCR3 USIOCR4 USIOSAR - -
ODOH PSW - - - - - - -
0C8H OSCCR - - UCTRLA1 UCTRL2 UCTRL3 - USTAT
0COH EIFLAGO P310 T2CRL T2CRH T2ADRL T2ADRH T2BDRL T2BDRH
0B8H P P210 T1CRL T1CRH T1ADRL T1ADRH T1BDRL T1BDRH
0BOH - P110 TOCR TOCNT '|-'r(§)(|:;)DR|/R - - WKCON
0A8H IE IE1 IE2 IE3 POPU P1PU P2PU P3PU
O0AOH - POIO EO - EIPOLOL EIPOLOH EIFLAG1 EIPOL1

98H P3 - - - ADCCRL | ADCCRH ADCDRL ADCDRH

90H P2 POOD P10D P20D P30D - WTCR BUZCR

88H P1 VV\\//_;_rgﬁ_f_ SCCR BITCR BITCNT WDTCR VV\YDD'-I!-CEE)I\T':' BUZDR

80H PO SP DPL DPH DPL1 DPH1 LVICR PCON
NOTE:

1. O0H/8H: These registers are bit-addressable.

2 \BO\
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A96T448 Datasheet

Table 6. XSFR Map Summary

2. Description

Address | 00H/8H(1) | OTH/9H | 02H/OAH | O3H/OBH | O4H/OCH | O5H/ODH | O6H/OEH | O7HIOFH
1078H - - - - _ _ _ -
1070H - - - - _ _ _ -
1068H - - - - - - _ -
1060H - - - - - - _ -
1058H - - - - - - _ -
10500 | P2-LEPD - - - - - - -
1048H - - - - DBCONTO | DBCONT1 | DBCONT2 | DBCONT3
1040H POFSRL | POFSRH | PAFSRL | PAFSRH | P2FSRL | P2FSRH | P3FSRL -
1038H - - - - - _ _ _
1030H - - - - - - - FETR
1028H - FEARM | FEARL | FEDRO | FEDR1 | FEDR2 | FEDR3 FECR
1020H FEMR - FESR - - - - -
10184 | UCTRL4 | FPCR | RTOCH | RrocL | CHECKS | CHECKS 1} CHECKS -
1010H TSCRH | T5CRL | TSADRH | T5ADRL | T5BDRH | T5BDRL _ _
1008H TACRH | TACRL | TAADRH | T4ADRL | T4BDRH | T4BDRL _ _
1000H T3CRH | T3CRL | T3ADRH | T3ADRL | T3BDRH | T3BDRL _ _

\BO\ 23
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2. Description

Table 6. XSFR Map Summary (continued)

A96T448 Datasheet

Address | OOH/8H(1) | O1H/9H | O02H/OAH | 03H/OBH | 04H/OCH | O5H/ODH | OGH/OEH | O7H/OFH
»EDEH ~ TS_DIFF_ | VDAC_ST | VDAC_ST | VDAC_ST | VDAC ST | VDAC C | VDAC C
CHSEL | ARTH | ARTL OP H oP L OMPH | OMPL
TS_CLK_ | PS_SEQ_ TS_LDO_
2EDOH - - S oo~ |PRS_SEED [SHLD_CON | 'o=20 -
TS_CLK_ | TRIM_OS | DELTA_ O TS_SLP_
2EC8H | TS_TRIM | "Szcg o e TLED - - N
TS_SUM_ TS CH.S | TSCHS | TSCH.S | TS.S1 W
2ECOH - TS_MODE | ""Enr - EL2 EL1 ELO IDH
2EB8H - - - - - - - -
2EBOH - - - - - - - -
2EAS8H | SCO20 H | SCO20 L | SCO21 H | SCO21 L | SCO22 H | SCO22_ L - -
2EAOH | SCO16 H | SCO16_L | SCO17 H | SCO17_L | SCO18 H | SCO18 L | SCO19 H | Scote L
JE98H | SCO12_H | SCO12 L | SCO13_H | SCO13 L | SCO14 H | SCO14 L | SCO15 H | SCO15. L
2E90H | SCO8 H | SCO8 L | SCO9 H | SCO9 L | SCO10_H | SCO10.L | SCO11 H | SCo11 L
JE88H | SCO4 H | SCO4 L | SCO5H | SCO5L | SCO6H | SCO6L | SCO7 H | Sco7.L
JEBOH | SCOOH | SCOOL | SCO1 H | SCO1L | SCO2 H | SCo2L | SCO3 H | sco3.L
2E78H - - - - - - - -
2E70H - - - - - - - -
2E68H - - - - - - - -
2E60H - - - - - - - -
oEsgh | SUM_CH2 [ SUM_CH2 | SUM_CH2 | SUM_CH2 ~ ~ ~ ~
2FOH | 2FOL | 2F1H | 2F1L
JEson | SUM_CH2 | SUM_CH2 | SUM_CH2 | SUM_CH2 | SUM_CH2 | SUM_CH2 | SUM_CH2 | SUM_CH2
OFOH | OFOL | OFIiH | OFiL | 1FOH | 1.F0L | 1.F1iH | 1F1L
oEagh | SUM_CH1 [ SUM_CH1 | SUM_CH1 | SUM_CH1 | SUM_CH1 | SUM_CH1 | SUM_CH1 | SUM_CH1
8FOH | 8FOL | 8FIH | 8FIL | 9FOH | 9FOL | 9F1H | 9FiL
JE4oH | SUM_CH1 [ SUM_CH1 | SUM_CH1 | SUM_CH1 | SUM_CH1 | SUM_CH1 | SUM_CH1 | SUM_CH1
6FOH | 6 FOL | 6F1H | 6 FiL | 7FOH | 7FOL | 7FiH | 7F1L
oEagr | SUM_CH1 | SUM_CH1 | SUM_CH1 | SUM_CH1 | SUM_CH1 | SUM_CH1 | SUM_CH1 | SUM_CHI
4FOH | 4FOL | 4FiH | 4F1L | 5FOH | 5FOL | 5F1H | 5FiL
JEa0H | SUM_CH1 [ SUM_CH1 | SUM_CH1 | SUM_CH1 | SUM_CH1 | SUM_CH1 | SUM_CH1 | SUM_CH1
2FOH | 2FOL | 2F1H | 2FIL | 3FOH | 3FoL | 3FiH | 3FiL
JEogr | SUM_CH1 [ SUM_CH1 | SUM_CH1 | SUM_CH1 | SUM_CH1 | SUM_CH1 | SUM_CH1 | SUM_CHI
OFOH | OFOL | OFIH | OFiL | 1FOH | 1.F0L | 1.F1H | 1F1L
JE20H | SUM_CHB | SUM_CHB | SUM_CH8 | SUM_CH8 | SUM_CHg | SUM_CHg | SUM_CH9 | SUM_CHg
_FO_H FOL F1H F1L _FO_H FOL F1H F1L
JE1sH | SUM_CHG | SUM_CHG | SUM_CHG | SUM_CH6 | SUM_CH7 | SUM_CH7 | SUM_CH7 | SUM_CH7
FO_H FOL F1H F1L FO_H FOL F1H 1L
JE10H | SUM_CH4 [ SUM_CH4 | SUM_CH4 | SUM_CH4 | SUM_CH5 | SUM_CH5 | SUM_CHs | SUM_CHs
_FO_H FOL F1H F1L _FO_H FOL F1H F1L
JEosH | SUM_CH2 [ SUM_CH2 | SUM_CH2 | SUM_CH2 | SUM_CH3 | SUM_CH3 | SUM_CH3 | SUM_CH3
_FO_H FOL F1H F1L _FO_H FOL F1H F1L
oEooH | SUM_CHO | SUM_CHO | SUM_CHO | SUM_CHO | SUM_CH1 | SUM_CH1 | SUM_CH1 | SUM_CHI
FO_H FOL F1H F1L FO_H FOL FiH F1L
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A96T448 Datasheet

Table 6. XSFR Map Summary (continued)

2. Description

Address

00H/8H(1)

01H/9H

02H/0AH

03H/0BH

04H/0CH

05H/0DH

06H/0EH

07H/OFH

2FD8H

2FDOH

2FC8H

2FCOH

2FB8H

2FBOH

2FA8H

2FAOH

2F98H

2F90H

2F88H

2F80H

2F78H

2F70H

2F68H

2F60H

2F58H

2F50H

2F48H

2F40H

2F38H

2f30H

2F28H

2F20H

2F18H

2F10H

2F08H

2FO0H
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SEMICONDUCTOR

25



2. Description

Table 7. SFR Map

A96T448 Datasheet

@Reset
Address Function Symbol R/W

76 |5|4]|3 1
80H PO Data Register PO RW|O0O|lO|O|]O|]O|O|O]|O
81H Stack Pointer SP RW [ 0|0]|0|O0]|O 1 1 1
82H Data Pointer Register Low DPL RwW i o0o|0|jJO0O|lO]O]O]|]O]|O
83H Data Pointer Register High DPH RwW | o0|0|jJO0O|lO]O]O]|]O]|O
84H Data Pointer Register Low 1 DPL1 RwW i o0|0|jJO0O|lO]O]O]|]O]|O
85H Data Pointer Register High 1 DPH1 RwW jo0o|0|jJO0O|lO]O]O]|]O]|O
86H Low Voltage Indicator Control Register LVICR RW |- | -]0]0]0]|O0|O0{|O
87H Power Control Register PCON R/W o|-|-(-10|0)]0]O0
88H P1 Data Register P1 R/W o|jojo0ofjo0o|l0O0|0O0]|]O0]O
Watch Timer Data Register WTDR w 0 1 1 1 1 1 1 1
89H Watch Timer Counter Register WTCNT R -|0|O0O|O0O(O0O]O]O0O{|0O
8AH System and Clock Control Register SCCR RW | - | -] -|-]-]-101}0
8BH Basic Interval Timer Control Register BITCR RW | 0 | 1 o070 1 0|1
8CH Basic Interval Timer Counter Register BITCNT R o|fojo0o|jO0O|jJO|O]|]O]|O
8DH Watchdog Timer Control Register WDTCR RwW i i o0o|O0O|]O|-|-]-=-]101]0
8EH Watchdog Timer Data Register WDTDR 1 1 1 1 1 1 1 1
Watchdog Timer Counter Register WDTCNT R ofojo0o|jO0O|JO|O]O]|O
8FH BUZZER Data Register BUZDR RW | 1 1 1 1 1 1 111
90H P2 Data Register P2 RW|O0O|lO|O|]O|O|O|O]|O
91H PO Open-drain Selection Register POOD RW [ 0|O0O]|JO|O|O]O]|]O]|O
92H P1 Open-drain Selection Register P10D RwW [ 0|O0O]|JO|O|O]O]|]O]|O
93H P2 Open-drain Selection Register P20D RW [ 0|O0O]|JO|O|O]O]|]O]|O
94H P3 Open-drain Selection Register P30D RwW [ 0|O0O]|JO|O|O]O]|]O]|O
95H Reserved - - - -1 -=-1-=-1-1-1-1-
96H Watch Timer Control Register WTCR R/W oOo|-|-(0|0|0)]O0]O
97H BUZZER Control Register BUZCR RW | - | -] -|-]-]1]0[01}0
98H P3 Data Register P3 RW | -|-|0]O0O]O0O|O0|O0]|0O
99H Reserved - - -l =-1-1-/-1-1-1-
9AH Reserved - - -l =-1-1-/-1-1-1-
9BH Reserved - - -l =-1-1-/-1-1-1-
9CH A/D Converter Control Low Register ADCCRL R/W ojojofjfo|-(0)J0]O0
9DH A/D Converter Control High Register ADCCRH RW [ O0|O0O|O|O]O]|]O]|O0O]1
9EH A/D Converter Data Low Register ADCDRL R ojojojo|jo|O|Of|O

9FH A/D Converter Data High Register ADCDRH R o|jofjof0|J0|O0]O
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A96T448 Datasheet

Table 7. SFR Map (continued)

2. Description

@Reset
Address Function Symbol R/W

7(6|5|4|3]|2]1 0

AOH Reserved - - -l =-1-1-1-1-1|-1-
A1H PO Direction Register POIO RW |0|j0|JO0O]JO|O|JO|]O]O
A2H Extended Operation Register EO RW | - | -] -]0|-]0]0]O0
A3H Reserved - - -l =-1-1-1-1-1|-1-
A4H External Interrupt Polarity O Low Register EIPOLOL RW |jo0oj0|j0]JO|O|O|O]|O
A5H External Interrupt Polarity 0 High Register EIPOLOH RW | - | -] -] -10|0]0] O
A6H External Interrupt Flag 1 Register EIFLAG1 RW | o0|0|-|-|0|0]0] O
A7TH External Interrupt Polarity 1 Register EIPOL1 RW |jo0oj0|j0O]JO|O|O|]O]O
A8H Interrupt Enable Register IE RW 0| -]J]0]J]O0O|O0O|O0O|O0]O
A9H Interrupt Enable Register 1 IE1 RW | - | -]0]O0O|O0O|O0]|-1]0
AAH Interrupt Enable Register 2 IE2 RW | - | -]0]O0O|O0O|O0|O0] O
ABH Interrupt Enable Register 3 IE3 RW | - | -]0]O0O|O0O|O0O|O0] O
ACH PO Pull-up Resistor Selection Register POPU RW | O0O|]O0O|JO0O]J]O|O|O|O]O
ADH P1 Pull-up Resistor Selection Register P1PU R/W ojojo0o|j0jo0ojo0f|oO 0
AEH P2 Pull-up Resistor Selection Register P2PU R/W ojo0o(o0o|j0j0|j0O0f|oO 0
AFH P3 Pull-up Resistor Selection Register P3PU RW | - | - | -] -|-=-|-1]0]0
BOH Reserved - - - =-1-1-=-1-1-1-1-
B1H P1 Direction Register P110 RW | O0O|O0O|JO0O]J]O|O|O|O]O
B2H Timer 0 Control Register TOCR RW | O0O|-]0]O|O|O|O]O
B3H Timer 0 Counter Register TOCNT R o|jofojo0ojO0O|jO]|]O]|O
Timer 0 Data Register TODR R/W 1 1 1 1 1 1 1 1

BaH Timer 0 Capture Data Register TOCDR R ojofofj0jO0OjO]|]O]|O
BSH Reserved - - - =-1-1-=-1-1-1-1-
B6H Reserved - - - =-1-1-=-1-1-1-1-
B7H Wake up Control Register WKCON RW 0| 1 1 1 o|o0|0}|O
B8H Interrupt Priority Register IP RW | - | -]0]O0O|O0O|O0|O0] O
B9H P2 Direction Register P210 RW |o0o|j0|JO0O]J]O|O|O|]O]O
BAH Timer 1 Control Low Register T1CRL RW | o0ojo0o|j0|JO|-|0]O0]O
BBH Timer 1 Counter High Register T1CRH RW i |O0O|-]J]0]O|-|-]-1]080
BCH Timer 1 A Data Low Register T1ADRL RW | 1 1 1 1 1 1 1 1
BDH Timer 1 A Data High Register T1ADRH RW | 1 1 1 1 1 1 1 1
BEH Timer 1 B Data Low Register T1BDRL RW | 1 1 1 1 1 1 1 1
BFH Timer 1 B Data High Register T1BDRH RW | 1 1 1 1 1 1 1 1
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2. Description

Table 7. SFR Map (continued)

A96T448 Datasheet

@Reset
Address Function Symbol R/IW

716 4 13|2|1]|0

COH External Interrupt Flag O Register EIFLAGO R/W -|/-]1]0]J0|0O|0]O0]O
C1H P3 Direction Register P310 R/W - -|-]1-/-1-101]0
C2H Timer 2 Control Low Register T2CRL R/W ofojojo|-]J0|-10
C3H Timer 2 Control High Register T2CRH R/W o(-(0|O0]|-|-|-160
C4H Timer 2 A Data Low Register T2ADRL R/W 1 1 1 1 1 1 111
C5H Timer 2 A Data High Register T2ADRH R/W 1 1 1 1 1 1 111
C6H Timer 2 B Data Low Register T2BDRL R/W 1 1 1 1 1 1 111
C7H Timer 2 B Data High Register T2BDRH R/W 1 1 1 1 1 1 111
C8H Oscillator Control Register OSCCR R/W 0|0 1 0 1 0O|-10
C9H Reserved - - -l -1 -1-1-1-|-1-
CAH Reserved - - -l -1 -1-1-1-1-1-
CBH USART Control Register 1 UCTRLA1 R/W ofojojojojo|O0O]|oO
CCH USART Control Register 2 UCTRL2 RW |0O|O0O|O|]O|O]|]O]|O]|O
CDH USART Control Register 3 UCTRL3 RW |O0O|O|O|]O|-]0]|]O0]|O
CEH Reserved - - e e T e e
CFH USART Status Register USTAT R/W 1]0|l0|J0|O0O|O0O|O0]O
DOH Program Status Word Register PSW R/W ofojo0o|jO0O]jJO]|JO|O0O]O
D1H Reserved - - - -1 =-1-=-1-=-1-1-1-
D2H Reserved - - - -1 =-1-=-1-=-1-1-1-
D3H Reserved - - - -1 =-1-=-1-=-1-1-1-
D4H Reserved - - - -1 =-1-=-1-=-1-1-1-
D5H Reserved - - - -1 =-1-=-1-=-1-1-1-
D6H Reserved - - - -1 =-1-=-1-=-1-1-1-
D7H Reserved - - - -1 =-1-=-1-=-1-1-1-
D8H Low Voltage Reset Control Register LVRCR R/W -/ -]-]0l0(0]0]O
D9H USIO Control Register 1 USIOCR1 RW |0O|O|]O]O|O|]O]|O]|O
DAH USIO0 Control Register 2 USIOCR2 RW |O0O|O|]O]|]O|O|]O]|O]|O
DBH USIO Control Register 3 USIOCR3 RW |0O|O|]O]O|O|]O]|O]|O
DCH USIO Control Register 4 USIOCR4 RW |O0O|-|]0]O0O|O0O]|]O]|O]|O
DDH USIO Slave Address Register USIOSAR RW |O0O|O|]O]O|O|]O|O]|O
DEH Reserved - - -l -1 -1-1-1-1-1-
DFH Reserved - - -l -1 -1-1-1-1-1-
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A96T448 Datasheet . Description
Table 7. SFR Map (continued)
@Reset
Address Function Symbol R/W

6 | 5(4(3|2|1/|0
EOH Accumulator Register ACC RW | o0o|j0O|JO]J]O|O]O]|O|O
E1H USIO Status Register 1 USIOST1 RW|1|0|O0O|O]|]O]O]O]|O
E2H USIO Status Register 2 USIOST2 R ojofojo0ojo0o|0O0]0]0O
E3H USIO0 Baud Rate Generation Register USIOBD R/W 1 1 1 1 1 1 1 1
E4H USIO SDA Hold Time Register USIOSHDR RW {O0O|O0O|O]J]O|O]O]O]|1
ESH USIO Data Register USIODR RW | o0o|j0O|JO]J]O|O]O]|O|O
E6H USIO SCL Low Period Register USIOSCLR RW | 0|01 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| 0[O X | =-1-1-
E9H Reserved - - -l =] = =l =1=1=1-=
EAH Reserved - - - === === -=
EBH Reserved - - - === === -=
ECH Reserved - - -l -] = = =1=1=1-=
EDH Reserved - - -l == =|=1=1=1-=
EEH Reserved - - -l == =|=1=1=1-=
EFH Reserved - - -l == =|=1=1=1-=
FOH B Register B RW|O0O|O|O|O|]O|]O]|]O]|O
F1H Reserved - - -l == =|=1=1=1-=
F2H Reserved - - -l == =|=1=1=1-=
F3H Reserved - - -l == =|=1=1=1-=
F4H Reserved - - -l == =|=1=1=1-=
F5H Reserved - - -l == =|=1=1=1-=
F6H Reserved - - -l == =|=1=1=1-=
F7H Reserved - - -l == =|=1=1=1-=
F8H Interrupt Priority Register 1 IP1 RW | - | -]0]O0O|O0O]O0O|O0|O
F9H Touch Sensor Control Register TS_CON R/W oj(0|0]O (0 O A O I B0
FAH Reserved - - - === === -=
FBH Reserved - - - === === -=
FCH USART Baud Rate Generation Register UBAUD RW | 1 1 1 1 1 1 1 1
FDH USART Data Register UDATA RW|O0O|O|O|O|]O|]O]|]O]|O
FEH Reserved - - - === === -=
FFH Reserved - - - === === -=
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2. Description

Table 8. XSFR Map

A96T448 Datasheet

@Reset
Address Function Symbol R/W

76 |5(4|3|2|1]|0

1000H Timer 3 Control High Register T3CRH RW | O0O|-]0|O0|-]-]-120
1001H Timer 3 Control Low Register T3CRL RW {o0oj0o|O0OfjfO|-]0]0]|O
1002H Timer 3 A Data High Register T3ADRH R/W | 1 1 111 (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 RW | 1 1 111 (1| 1]1 1
1005H Timer 3 B Data Low Register T3BDRL R/W 1 1 1 1 1 1 1 1
1006H Reserved - - -l-1-1--1-1-1-
1007H Reserved - - -l-1-1--1-1-1-
1008H Timer 4 Control High Register T4CRH RW | O0O|-]0|O0|-]-]-120
1009H Timer 4 Control Low Register T4CRL RW |{0OjO0O|O|O|-]0]|-1]0
100AH Timer 4 A Data High Register T4ADRH R/W | 1 1 111 (1| 1]1 1
100BH Timer 4 A Data Low Register T4ADRL RW | 1 1 111 (1| 1]1 1
100CH Timer 4 B Data High Register T4BDRH RW | 1 1 111 (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-=-1-1-1-1-
100FH Reserved - - - -1 -=-1-=-1-1-1-1-
1010H Timer 5 Control High Register T5CRH RW [O0O|-]O0|O0|-|-=-]-10
1011H Timer 5 Control Low Register T5CRL RW |{0O|O|O|O|-]0]|-1]0
1012H Timer 5 A Data High Register T5ADRH RW | 1 1 111 (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 RW | 1 1 111 (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 -=-1-=-1-1-1-1-
1017H Reserved - - - -1 -=-1-=-1-1-1-1-
1018H USART Control Register 4 UCTRL4 RW | - | - | -]10|0]0]|0 0
1019H USART Floating Point Counter FPCR RW|O0O]JO|O|]O|O|O|]O]|O
101AH Receiver Time Out Counter High Register RTOCH R o|jo0ojoO0jO0O|lO0O|O0]O 0
101BH Receiver Time Out Counter Low Register RTOCL R o|jo0ojoO0ojO0o|O0O|O0]O 0
101CH Check-sum Register0 CHECKSUMO R ojoj|ofojojo|0O]oO
101DH Check-sum Register1 CHECKSUM1 R ojojofojojo|0O]|oO
101EH Check-sum Register2 CHECKSUM2 R ojoj|ofojojo|0O]oO
101FH Reserved - -l-1-1--1-1-1-
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A96T448 Datasheet 2. Description

Table 8. XSFR Map (continued)

@Reset
Address Function Symbol R/IW

7|6 4 | 3 1 0
1020H Flash Mode Register FEMR RW|O0O|-|]0|O|O|]O|]O]|O
1021H Reserved - - - -] -=-1=-1-1-1-1-
1022H Flash Status Register FESR RW |1|-|-]-]0]0|O0]O0
1023H Reserved - - - -] -=-1=-1-1-1-1-
1024H Reserved - - - -] -=-1=-1-1-1-1-
1025H Reserved - - - -] -=-1=-1-1-1-1-
1026H Reserved - - - -] -=-1=-1-1-1-1-
1027H Reserved - - - -] -=-1=-1-1-1-1-
1028H Reserved - - - - -1-1-1-1-1-
1029H Flash Address Middle Register FEARM RW|O0O|]O0O|O|O|O|O|O|O
102AH Flash Address Low Register FEARL RW|o0o|O[O|]O|]O|O|O]|O
102BH Flash Data Register0 FEDRO RW|O0O|O|O|]O]|JO|O|O]O
102CH Flash Data Register1 FEDR1 RW|O0O|O|O|]O]|J]O|O|O]O
102DH Flash Data Register2 FEDR2 RW|O0O|O|O|]O|JO|O|O]O
102EH Flash Data Register3 FEDR3 RW|O0O|O|O|]O]|J]O|O|O]O
102FH Flash Control Register FECR R/W o(fo0o|lo0jO0O]O0O]|O 1 1

1030H Reserved — — — _

1031H Reserved - - |l ==l =] =1=1=1 =

1032H Reserved - - |l ==l =] =1=1=1 =

1033H Reserved - - |l ==l =] =1=1=1 =

1034H Reserved - - |l ==l =] =1=1=1 =

1035H Reserved - - |l ==l =] =1=1=1 =

1036H Reserved - - |l ==l =] =1=1=1 =

1037H Flash Test Register FETR R/W o(o0o|jo0ofo0ojoO0o|0|O0]|O

1038H Reserved — - — = =] =] =1=1=1-=

1039H Reserved — - — = =] =] =1=1=1-=

103AH Reserved — - — = =] =] =1=1=1-=

103BH Reserved — - — = =] =] =1=1=1-=

103CH Reserved - - _ |- == =] =1=1 =

103DH Reserved — — — — - — — — — _

103EH Reserved — - — =l =] =]=1=1=1-=

103FH Reserved — - — =l =] =]=1=1=1-=
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2. Description

Table 8. XSFR Map (continued)

A96T448 Datasheet

@Reset
Address Function Symbol R/IW

7|16 |5 |(4|3]|2]|1 0

1040H PO Function Selection Low Register POFSRL RW|O0O|]O0O|O|O|O|]O|O|O
1041H PO Function Selection High Register POFSRH RW | o0o|O[O|]O|]O|O|O]O
1042H P1 Function Selection Low Register P1FSRL RW | o0o|O[O|]O|]O|O|O]O
1043H P1 Function Selection High Register P1FSRH RW|o0o|O[O|]O|]O|O|O]|O
1044H P2 Function Selection Low Register P2FSRL RW | 0|O|O|]O|]O|JO|O]|O
1045H P2 Function Selection High Register P2FSRH RW|o0o|O0oO|O|O|O|O|O|O
1046H P3 Function Selection Low Register P3FSRL RW | - - - -10]0]0]|O
1047H Reserved - - -l - =] =] =]=1=1-=
1048H Reserved - - -l == =]=1=1|=1-=
1049H Reserved - - -l == =]=1=1|=1-=
104AH Reserved - - -l == =]=1|=1|=1-=
104BH Reserved - - -l == =]=1|=1|=1-=
104CH Port Debounce Control Register 0 DBCONTO R/W o(o|jofojo0o|j0o0o|0]|O
104DH Port Debounce Control Register 1 DBCONT1 R/W o(o|jofojo0o|j0|0]|O
104EH Port Debounce Control Register 2 DBCONT2 R/W o(o|jofojo0o|jo0oj|0]|O
104FH Port Debounce Control Register 3 DBCONT3 R/W o(o|jofojo0o|jo0o|0]|O
1050H P2 Led delay enable register P2LEDDLY R/W 1 1 1 1 1 1 1 1
1051H Reserved - - — == =] =1=1=1=
1052H Reserved - - — == =] =1=1=1=
1053H Reserved - - — == =] =1=1=1=
1054H Reserved - - — == =] =1=1=1=
1055H Reserved - - — == =] =1=1=1=
1056H Reserved - - — == =] =1=1=1=
1057H Reserved - - — == =] =1=1=1=
1058H Reserved - - — |l - = =]=1=1=1-=
1059H Reserved - - — |l - = =]=1=1=1-=
105AH Reserved - - — |l - = =]=1=1=1-=
105BH Reserved - - — |l - = =]=1=1=1-=
105CH Reserved - - -l =|=1=1-=
105DH Reserved - - -l == =]=1|=1|=1-=
105EH Reserved - - -l == =]=1|=1|=1-=
105FH Reserved - - -l == =]=1|=1|=1-=
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A96T448 Datasheet 2. Description

2.4.3 1/0 Ports
2.4.3.3 POPort

PO is an 8-bit I/0 port. PO control registers consist of PO data register (P0), PO direction register (P0I1O),
debounce enable register (PODB), PO pull-up resistor selection register (POPU), and PO open-drain
selection register (POOD). Refer to the port function selection registers for the PO function selection.

24.3.4 P1Port

P1 is an 8-bit I/O port. P1 control registers consist of P1 data register (P1), P1 direction register (P110),
debounce enable 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.

2.4.3.5 P2Port

P2 is an 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.

24.3.6 P3Port

P3 is an 8-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.
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2. Description A96T448 Datasheet

2.4.4 Interrupt Controller

The A96T448 supports up to 22 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 22 interrupt source
* 6 group priorities

* 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 to 9 machine cycles in single interrupt system

The non-maskable interrupt is always enabled. The maskable interrupts are enabled through four pairs
of interrupts 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 EAis set to ‘0’ all interrupts are disabled: when EAis 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 A96T448
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.

Figure 7 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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A96T448 Datasheet

Figure 7. Interrupt Group Priority Level

2. Description

Interrupt Highest Lowest
Group >
0 (Bit0) Interrupt 0 Interrupt 6 Interrupt 12 Interrupt 18
1 (Bit1) 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

Highest

Lowest
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2. Description A96T448 Datasheet

2.4.41 External Interrupt

External interrupt on INTO, INT1, INT5, INT6 and INT11 receive various interrupt requests depending
on the external interrupt polarity 0 high/low register (EIPOLOH/L) and external interrupt polarity 1
register (EIPOL1) as shown in Figure 8. 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.

Figure 8. External Interrupt Description

X
EINTS Pin [ |——» FLAGS INT6 Interrupt
2 /\
X
EINT10 Pin | | 'Y FLAG10 INTO Interrupt
2| /\
X
EINT11 Pin ] > FLAG11 INT1 Interrupt
A
X
EINT12 Pin | | -~ FLAG12 INT11 Interrupt
F I\
| EIPOL1 |
EINTO Pin
EINT1Pin [ F
EINT2Pin [ ]
EINT3Pin [ |
INT5 Interrupt
EINT4Pin | |
2
EINT5 Pin [ | > FLAGS5
2
J\

EIPOLOH, EIPOLOL
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A96T448 Datasheet

2.4.4.2 Block Diagram

Figure 9. Block Diagram of Interrupt

2. Description

EIPOL1
EIFLAG1.1

EINT10 [ H FLAG10

EIFLAG1.2
EINT11 [ H FLAG11

x
0
I

Touch

EINTO[ H
EINT1|:|— x
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EINT3[ |
EINT4[ H s
EINTS[ |

x
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EINTS | |
X

USART1 TX -
usIo 12¢

USI0 Rx

USI0 Tx

EIFLAG1.3
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x
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Timer 0 overflo
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Timer 1
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Timer 4/5 —»|
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NOTES:

reference to the priority level.
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Priority High

Level 0
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Level 3 Release
Stop/Sleep

-

Priority Low

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

1. The release signal for STOP/IDLE mode may be generated by all interrupt sources which are enabled without
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2. Description

2443

Interrupt Vector Table

A96T448 Datasheet

The interrupt controller supports 22 interrupt sources as shown in Table 9.

When the 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 EI:::I::FI:it Polarity Mask Vector Address
Hardware Reset RESETB - 0 Non-Maskable 0000H
External Interrupt 10 INTO IE.O 1 Maskable 0003H
External Interrupt 11 INT1 IEA 2 Maskable 000BH
Reserved 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
USI0 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 remains ‘1’ until CPU accepts interrupt. If the interrupt is served, the interrupt request flag

will be cleared automatically.
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2. Description

2.4.5 Clock Generator

As shown in Figure 10, the clock generator produces basic clock pulses which provide the system clock

to be supplied to the CPU and the peripheral hardware. To stabilize the system internally, it is used with
a 32 kHz Low Internal-RC oscillator on POR.

* Calibrated High Internal RC Oscillator (fusirc =16 MHZz)

HSIRC OSC (16 MHz, Default system clock)
HSIRC OSC/2 (8 MHz)

HSIRC OSC/4 (4 MHz)

HSIRC OSC/8 (2 MHz)

HSIRC OSC/16 (1 MHz)

HSIRC OSC/32 (0.5 MHz)

* Internal LSIRC Oscillator (32 kHz)

2451 Block Diagram
Figure 10. Clock Generator Block Diagram
[
102 o
14 | M fx
HSIRC OSC gy [ o P
16 Mhz > o . (Core, System,
( ) 116 »| X A Peripherals)
1/32
1/64 Clock Stabilization Time
g N Changer Generation
STOP Mode ——d ) f BIT
HSIRCE ——d Overflow VDT clock
x/4096,
1024 » BIT WDT
—_—
LSIRC OSC fure /128
(32 kHz) »
AL -
_BIT Clock x 8
2 m X overflow
SCLK[1:0] LSIRC/4
' LSIRC/2
—
LSIRC WDTCK
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2. Description A96T448 Datasheet

2.4.6 Basic Interval Timer (BIT)

The A96T448 has one 8-bit Basic Interval Timer (BIT) that is free-run and never stops. In addition, the
basic interval timer generates the time base for watchdog timer counting. It also provides a basic interval
timer interrupt (BITIFR).

Figure 11 shows a block diagram of the BIT.
The A96T448’s BIT provides the following functions:

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

*  As timer function, timer interrupt occurrence

2.4.6.1 Block Diagram

Figure 11. Basic Interval Timer Block Diagram

Fsys Divide — BITR (8-bit COUNT)

T _|—>| BIT Out Generator |—> BIT_OUT (WDT clock source)

BITCK[2:0]

_,—>| BIT Interrupt Generator I—»BIT Interrupt Flag
BIT_CLK (4KHz) —p»

* BCK[2:0] = 001b

BIT_CLK
BITROX1X2 K3 X4 )K5X6N7XK8XK9 X10K11X12 )13 K14 X15K16 X 17 {18 X19 X 20)
BIT_Int_Flag 1 1 1 1 1
BIT_Out 1 | | | | | | | L
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2.4.7 Watchdog Timer (WDT)

Watchdog timer (WDT) rapidly detects the CPU malfunction such as endless looping caused by noise
or something like that and resumes the CPU to the normal state. 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 watchdog timer mode (WDTRSON="1") by setting WDTCR[6] bit. If WDTCR[5] is
set to ‘1, the WDT counter value is cleared and counts up. After 1 machine cycle, this bit is cleared to
‘0’ automatically.

The WDT consists of an 8-bit binary counter and a watchdog timer data register. When the value of the
8- bit binary counter is equal to the 8 bits of WDTCNT, an interrupt request flag is generated. This can
be used as a watchdog timer interrupt or a reset signal of CPU in accordance with a bit WDTRSON.

The input clock source of the WDT is BIT overflow. An interval between watchdog timer interrupts is
decided by BIT overflow period and WDTDR set value. The equation can be described as the following:

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

2.4.71 WDT Interrupt Timing Waveform

Figure 12. Watchdog Timer Interrupt Timing Waveform

WDTCR[7:0]EX1X2X3XOX1X2X3%(;OX1X2
Counter Clear

WDTCL 4

WDTR[7:0] n

w

WDTR < 0000_0011b

.

MATCH;
WDTIF : |_|
Interrupt

WDTRESETB

| RESET
.
L]

\BO\ 41

SEMICONDUCTOR



2. Description
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2.4.7.2 Block Diagram
Figure 13. Watchdog Timer Block Diagram
BIT Overflow Watchdog Timer
—-1 Counter Register
BIT Overflow/8 } WDTCNT Clear < > D_> To Reset
—] —p Circuit
WDTEN [8EH]
WDTCK|
» \ Clear
BIT Overflow »| WDTIFR |«¢——— INT_ACK
or -
BIT Overflow/8 v / |
(854 _ 3—» WDTIF
WDTDR
Watchdog Timer
Data Register WDTCL WDTRSON
WDTCR
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2.4.8 Watch Timer (WT)

The watch timer has the function for Real Time Clock (RTC) 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
be executed simultaneously or individually.

To stop or reset the watch timer, clear the WTEN bit in WTCR register. Even if CPU is STOP mode, LSI
clock can be so alive that the Watch Timer can continue the operation.

The watch timer counter circuits may be composed of 21-bit counters which contain low 14-bit with
binary counter and high 7-bit counter to raise resolution. In WTDR, it can control the watch timer clear
and set interval value at write time, and it can read 7-bit the watch timer counter value at read time.

2.4.8.1 Block Diagram

Figure 14. Watch Timer Block Diagram
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2.4.9 Timer 0/1/2/3/4/5
2491 Timer0

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

Timer 0 operates in one of three modes described in the following:

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

e 8-bit capture mode

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 clock selection bits TOCK][2:0].

*  TIMERO clock source: fx/2, 4, 8, 32, 128, 512, 2048 and ECO
In capture mode, data is captured into input capture data register (TOCDR) by EINT1. In timer/counter

mode, whenever counter value is equal to TODR, TOO port toggles. In addition, timer 0 outputs PWM
waveform through PWMOO port in the PWM mode.

Table 10. Timer 0 Operating Modes

TOEN TOMSI[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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8-bit Timer/Counter Mode

As shown in Figure 15. 8-bit Timer/Counter Mode for Timer 0, 8-bit timer/counter mode is selected by
control register.

8-bit timer has counter and data registers. 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 both values of TOCNT and TODR are identical to each other in timer 0, a match
signal is generated and the interrupt of Timer 0 occurs. TOCNT value is automatically cleared by the
match signal and can be cleared by software (TOCC) too.

Figure 15. 8-bit Timer/Counter Mode for Timer 0

ADDRESS : B2H
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Figure 16. 8-bit Timer/Counter 0 Example
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8-bit PWM Mode

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 POFSRL][7:6] bits.

In 8-bit timer/counter mode, a match signal is generated when the counter value is identical to the value
of TODR. When values of TOCNT and TODR are identical to each other in timer 0, a match signal is
generated and the interrupt of timer 0 occurs.

In PWM mode, the match signal does not clear the counter. Instead, it runs continuously, overflowing
at “FFH”. Then the counter continues incrementing from “00H”. The timer 0 overflow interrupt is
generated whenever a counter overflow occurs. TOCNT value is cleared by software (TOCC) bit.

Figure 17. 8-bit-PWM Mode for Timer 0
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Figure 18. PWM Output Waveforms in PWM Mode for Timer 0

PWM Mode(TOMS = 01b)
Set TOEN

v

Timer 0
clock

YU

4

TOCNT XX 00H

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

>< FEH>< FFH

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

48

\BO\

SEMICONDUCTOR



A96T448 Datasheet 2. Description

8-bit Capture Mode

Timer 0 capture mode is set by configuring TOMS[1:0] as “1x’. Clock source can use the internal/external
clock. Basically, it has the same function as the 8-bit timer/counter mode has, and the interrupt occurs
when TOCNT equals 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.

According to EIPOL1 registers setting, the external interrupt EINT1 function is chosen. Of course, the

EINT1 pin must be set to an input port.

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

Figure 19. 8-bit Capture Mode for Timer 0

ADDRESS : B2H

TOCR | TOEN | - |TOMS1 |TOMSO | TOCK2 | TOCK1 | TOCKO | T0CC | INITIAL VALUE: 0000 00008

1 - 1 X X X X X

— Clear Match signal
fx/2
P> . TOCC
r fx/4 > 8-bit Timer 0 Counter
e fs o | M
s —>f radl TOCNT(8Bit) INT_ACK
X
k—p| —’f 108 X Clear lCIear
a X
2 t
I
fx/512 Match i
e[ —» TOEN :{[>—> MUX —— | TOIFR |——p T0interrupt
r 22048 block
L Comparator
3 2
TODR(8Bit)
TOCK[2:0] TOMS[1:0]
8-bit Timer 0 Data Register
EIPOL1[1:0]
1 —
X TOCDR(8Bit)
EINT10 [ ,—
X INT_ACK
ﬂ 2 l Clear
TOMS[1:0]
| FLAG10 ) To interrupt

(EIFLAG1.0) block

NOTES:
1. When using timer capture mode, the debounce function of the External Clock (EC) ports must be enabled.
2. EC ports that do not support debounce function cannot be used as timer clock sources.
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Figure 20. Input Capture Mode Operation for Timer 0
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Figure 21. Express Timer Overflow in Capture Mode
FFy FFy
XXy
TOCNT YYy
004 004 004 004 00
Interrupt i i
Request |_| |_|
(TOIF)

Ext. EINT10 PIN —l_l ! l
Interrupt : i
Request —l —l
(WDTIF) Interrupt Interval Period = FF4+01+FFy+014+YYu+01y

\BO\

50
SEMICONDUCTOR



A96T448 Datasheet 2. Description

Block Diagram

Figure 22. 8-bit Timer 0 Block Diagram
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NOTES:
1. When using timer capture mode, the debounce function of the External Clock (EC) ports must be enabled.

2. EC ports that do not support debounce function cannot be used as timer clock sources.
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249.2 Timer1

A 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).

Timer 1 operates in one of the following modes:
*  16-bit timer/counter mode
e 16-bit capture mode
*  16-bit PPG output mode (one-shot mode)

*  16-bit PPG output mode (repeat mode)

The timer/counter 1 uses an internal clock or an external clock (EC1) as an input clock source. The
clock sources are described below, and one is selected by clock selection logic which is controlled by
clock selection bits (T1CK[2:0]).

e TIMER 1 clock source: fx/1, 2, 4, 8, 64, 512, 2048 and EC1

In capture mode, the data is captured into input capture data register (T1BDRH/T1BDRL) by EINT2.
Timer 1 results in the comparison between counter and data register through T10 port in timer/counter
mode. In addition, Timer 1 outputs PWM waveform through PWM10O pin in the PPG mode.

Table 11. 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)
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16-bit Timer/Counter Mode

16-bit timer/counter mode is selected by control registers, and the 16-bit timer/counter has counter
registers and data registers as shown in Figure 23.

The counter register is increased by internal or external clock input. Timer 1 can use the input clock
withone 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 to each other in Timer 1, a match signal is
generated and the interrupt of Timer1 occurs. The TICNTH, T1CNTL value is automatically cleared by
the match signal. It can be cleared by software (T1CC) too.

The external clock (EC1) counts up the timer at the rising edge. If the EC1 is selected as a clock source
by T1CKJ[2:0], EC1 port should be set to the input port by P14I10 bit.

Figure 23. 16-bit Timer/Counter Mode for Timer 1

TACRH | T1EN | - |T1MS1 |T1MSO|
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| _ | _ |T1CC| ADDRESS:BBH
INITIAL VALUE : 0000_0000B
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X X X X - X X X
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T1CK[2:0] X TIEN
TIECE INT_ACK
3 | Buffer Register A |
lCIear
Edge
EC1 I—b ————> A Match i
Detector — o T1EN :t T1IFR 'tl)'lc:’érllterrupt
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Figure 24. 16-bit Timer/Counter 1 Example

A96T448 Datasheet
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16-bit Capture Mode

It uses an internal/external clock as a clock source. Basically, the 16-bit timer 1 capture mode has the
same function as the 16-bit timer/counter mode, and the interrupt occurs when TICNTH/T1CNTL is
equal to TTADRH/T1ADRL. The T1ICNTH, T1CNTL values are automatically cleared by a match signal.
It can be cleared by software (T1CC) too.

A timer interrupt in capture mode is very useful when the pulse width of captured signal is wider than
the maximum period of timer. Capture result is loaded into TIBDRH/T1BDRL.

According to EIPOL1 registers setting, the external interrupt EINT2 function is selected. EINT2 pin must
be set as an input port.

Figure 25. 16-bit Capture Mode for Timer 1

— — — _ ADDRESS:BBH
TICRH | TIEN | |T1MS1 | T1MSo | | | | ree | INITIAL VALUE : 0000_0000B
1 - 0 1 - - - X
TiorL | Tickt [ Trokt [ Ticko | THFR | - | TtPoL [ T1ECE [T1ONTR| ADDRESSBAH
INITIAL VALUE : 0000_0000B
X X X X - X X X
16-bit A Data Register
T1ADRH/T1ADRL
Reload /7— A Match
¢ \ T1CC
T1CK[2:0] TIEN
T1ECE INT_ACK
¢ 3 | Buffer Register A |
Clear
Edge
EC1 |—> F————> A Match i
Detector o1 T1EN :tl>—> T1IFR _>‘!|)';(J)(|:rl1(terrupt
P X1y,
i f2 i Comparator
e Clear /7_ AMatch
. | X4 "S 16-bit Counter R | T1CC
fx c x/8 X T1CNTH/T1CNTL ~_\"—T1EN
? e Clear
o X512 )
. |fv2048 |

EIPOLB[1:0]

2

16-bit B Data Register
T1BDRH/T1BDRL

T11 || BIT overflow INT_ACK
/At 2 lCIear
T1MS[1:0] )
o | FLAG11 To interrupt
" |(EIFLAG1.2) block

NOTES:
1. When using timer capture mode, the debounce function of the External Clock (EC) ports must be enabled.
2. EC ports that do not support debounce function cannot be used as timer clock sources.
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Figure 26. Input Capture Mode Operation for Timer 1
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Figure 27. Express Timer Overflow in Capture Mode
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16-bit Programmable Pulse Generation (PPG) Mode

TIMER 1 has a Programmable Pulse Generation (PPG) function. In PPG mode, T10/PWM10 pin
outputs up to 16-bit resolution PWM output. For this function, T10/PWM10 pin must be configured as
a PWM output by setting POFSRL[5:4] to “10’.

The period of the PWM output is determined by TTADRH/T1ADRL, and duty of the PWM output is
determined by T1BDRH/T1BDRL.

Figure 28. 16-bit PPG Mode for Timer 1

TicRH | TIEN | - [ Timst | Tiuso | | - | - |rmicc | ADDRESS®EH

INITIAL VALUE : 0000_0000B

1 - 1 - - X

TicRL | T1ck2 | Tickt | Ticko | THRR | | T1PoL | T1ECE [TioNTR| ADDRESSIBAH

INITIAL VALUE : 0000_0000B

X X X X - X X X

16-bit A Data Register
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Buffer Register B | T1MS[1:0] T1POL

Reload /7— A Match
T1CC
N \—— TiEN

16-bit B Data Register
T1BDRH/T1BDRL

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

Figure 29. 16-bit Timer 1 Block Diagram
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< T1CC
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To Timer 2
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FLAG11 To interrupt
block

A 4
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NOTES:
1. When using timer capture mode, the debounce function of the External Clock (EC) ports must be enabled.

2. Ports that do not support debounce function cannot be used as timer clock sources.
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2.4.9.3 Timer2

A 16-bit timer 2 consists of a 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).

Timer 2 operates in one of the following modes:

. 16-bit timer/counter mode

16-bit capture mode

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

16-bit PPG output mode (repeat mode)

The timer/counter 2 can be a divided clock of a system clock which is selected from prescaler output
and T1 A Match (timer 1 A match signal). The clock source is selected by a clock selection logic,
controlled by clock selection bits (T2CK[2:0]).

e TIMER 2 clock source: fx/1, fx/2, fx/4, x/8, fx/32, fx/128, fx/512 and T1 A Match

In capture mode, data is captured into input capture data registers (T2BDRH/T2BDRL) by EINT3. In
timer/counter mode, whenever counter value is equal to T2ADRH/L, T20 port toggles. In addition, the
timer 2 outputs PWM waveform to PWM20 port in the PPG mode.

Table 12. 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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16-bit Timer/Counter Mode

16-bit timer/counter mode is selected by control registers, and the 16-bit timer/counter has counter
registers and data registers as shown in Figure 30. 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 to each
other in timer 2, a match signal is generated, and the interrupt of Timer 2 occurs. The T2CNTH/T2CNTL
values are automatically cleared by the match signal. It can be cleared by software (T2CC) too.

Figure 30. 16-bit Timer/Counter Mode for Timer 2

T2cRH | T2EN | - [Tewst[Tawso| - | - | - [ 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
T2CcC
T2CK[2:0] ~\—— T2EN

INT_ACK
3 | Buffer Register A |
lCIear
n \
T1 A Match——» A Match i
51 A T2EN —5 T2IFR ’gﬁ’)::itermpt
P21 »
r f3/2 ¢ Comparator
e M Clear /7—AMatch
. | fxi4 U — 16-bit Counter R ¢ T2CC
x— | c —X8 |y | T2CNTH/T2CNTL \A—TzEN
a fx/32 >
| Pulse
e D128, Generator { ] 120
¢ [fx512 > } T
2
T2MS[1:0] T2POL
NOTE:

1. T1 A Match is a pulse for the timer 2 clock source if it is selected.
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Figure 31. 16-bit Timer/Counter 2 Example
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16-bit Capture Mode

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

A timer interrupt in capture mode is very useful when the pulse width of captured signal is wider than
the maximum period of timer. Capture result is loaded into T2BDRH/T2BDRL. In timer 2 capture mode,
timer 2 output (T20) waveform is not available.

According to EIPOL1 registers setting, the external interrupt EINT3 function is selected. EINT3 pin must
be set as an input port.

Figure 32. 16-bit Capture Mode for Timer 2

ToCRH | T2EN | - |T2MS1 |T2MSO| - | - | - | T2CC | ADDRESS:C3H
INITIAL VALUE : 0000_0000B
1 - 0 1 - - - X
T2CRL | T2CK?2 | T2CK1 | T2CKO | T2IFR | - | T2POL | - |T20NTR| ADDRESS:C2H
_ INITIAL VALUE : 0000_00008B
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 |

Clear
alcl atcl i
T2EN :t T2IFR —» |0 : terrUpt
fX/1 ’ 0C

Comparator
b2 > ¢ A Match
fx/4 16-bit Count Clear
——> It Gounter R T2CC
fx/8 T2CNTH/T2CNTL T2EN
A
—VfX/SZ Clear
fx/128 >
x/512 >

xCcZ
;\

fx —»

|ﬂm—momm—s'0|

EIPOL1[7:6]
2

T2CNTR

f 16-bit B Data Register
EINT12 [ —»| % e o T2BDRH/T2BDRL INT_ACK

% 2 lCIear
T2MS[1:0]

FLAG12 To interrupt
(EIFLAG1.3) block

v

NOTE:
1. T1 A Match is a pulse for the timer 2 clock source if it is selected.
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A96T448 Datasheet

2. Description

Figure 33. Input Capture Mode Operation for Timer 2

T2BDRHI/L Load

T2CNTH/L &
Value
n
n-1 .
Count Pulse Period
/ n-2
P
0& CP
& o —| =
N 5
/ 4
3
2
1
0 »
a A “Time
Ext. EINT12 PIN o . A

Interrupt ‘| -| |_|

Request ,
(FLAG12) Interrupt Interval Period
Figure 34. Express Timer Overflow in Capture Mode
FFFFy FFFFy
XXy
T2CNTHIL YYy
004 004 004 004 00
Interrupt i i
Request |_| |_|
(T2IFR)

Ext. EINT12 PIN —l_l | I
Interrupt ‘l ‘l

Request
(FLAG12) Interrupt Interval Period = FF+01+FF+01,+YY+01y

\BO\

SEMICONDUCTOR

63



2. Description A96T448 Datasheet

16-bit Programmable Pulse Generation (PPG) Mode

TIMER 2 has a Programmable Pulse Generation (PPG) function. In PPG mode, T20/PWM20 pin
outputs up to 16-bit resolution PWM output. For this function, T20/PWM20 pin must be configured as
a PWM output by setting POFSRL[3:2] to “10’.

The period of the PWM output is determined by T2ADRH/T2ADRL, and duty of the PWM output is
determined by T2BDRH/T2BDRL.

Figure 35. 16-bit PPG Mode for Timer 2

T2CRH | T2EN | - |T2MS1 |T2MSO| - | - | - | T2cC | ADDRESS:C3H
INITIAL VALUE : 0000_0000B
1 - 1 1 - - - X
T2CRL | T2CK?2 | 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 |
lCIear
o
T1 A Match———» ™ A Match To interrupt
— T2EN —3 T2FR = hick
) 1y,
i /2 ¢ Comparator
e fd > M - Clear A Match
. A U — o 16-bit Counter R T2CC
f . x/8 X T2CNTH/T2CNTL T2EN
a fx/32 ),
| /128 B Match Pulse T20/
e 5> :t I>—> Generator PWM20
ro| X512
L / Comparator 9
Buffer Register B | T2MS[1:0] T2POL
Reload ~— F——— A Match
T2CC
\A— T2EN
16-bit B Data Register
T2BDRH/T2BDRL
NOTES:

1.  The T2EN is automatically cleared to logic “0” after one pulse is generated at a PPG one-shot mode.
2. T1AMatch is a pulse for the timer 2 clock source if it is selected.
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A96T448 Datasheet

2. Description

Figure 36. 16-bit PPG Mode Timming Chart for Timer 2

R
Set T2EN

Counter

Timer 2 clock

epeat Mode(T2MS = 11b) and "Start High"(T2POL = 0b).
Clear and Start

T2ADRH/L

M

T2 Interrupt

1. T2BDRHIL(5) < T2

PWM20

PWM20

PWM20

2. T2BDRH/L >=T2A

ADRH/L

B Match

<

A Match

DRH/L

3. T2BDRH/L = "0000H"

Low Levjel

A Match

A Match

(0]

Set T2EN

Timer 2 clock

X

Counter

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

T2ADRH/L M

T2 Interrupt

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

PWM20

2. T2BDRH/L >=T2A

B Match

A Match

DRH/L

l

PWM20

PWM20

3. T2BDRHI/L ="0000H"

Low Le\/el

A Match
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2. Description A96T448 Datasheet

Block Diagram

Figure 37. 16-bit Timer 2 Block Diagram

16-bit A Data Register

T2ADRH/T2ADRL
Reload /7— A Match
Q T2CC
T2CK[2:0] T2EN
- INT_ACK
3 | Buffer Register A |

l Clear
To interrupt

T2IFR _>block

Bld ¢ - Clear /7— A Match
(B — o 16-bit Counter R ¢ T2CC
T2CNTH/T2ONTL N

fx/8 T2EN
32y Clear
fx/128 B Match Pulse T20/
X120y, :t [>—> Generator PWM20
fx/512 >
Comparator $ 9 T

EIPOL1[7:6] | BufferRegisters | T2MS[1:0]  T2POL

Reload /7— A Match

iz
T2CNTR T2CC
X o ~—— e
EINT12 [ J—»| X, INT_ACK

n
T1 AMatch———— A Match

T2EN :t

i1,
x/2 >

Comparator

xc=

|—;(D—QJO(IJ('D—K-U|

16-bit B Data Register

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

FLAG12 To interrupt
(EIFLAG1.3)[ > block

\ 4

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

66 \BO\

SEMICONDUCTOR



A96T448 Datasheet 2. Description

2494 Timer3

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

Timer 3 operates in one of the following modes:

. 16-bit timer/counter mode

16-bit capture mode

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

16-bit PPG output mode (repeat mode)

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

* TIMER 3 clock source: fx/1, fx/2, fx/4, fx/8, fx/64, fx/512, fx/2048 and EC3
In capture mode, data is captured into input capture data registers (T3BDRH/T3BDRL) by EINT43.

Timer 3 results in the comparison between counter and data register through T30 port in timer/counter
mode. In addition, timer 3 outputs PWM waveform through PWM3O port in the PPG mode.

Table 13. 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)

\BO\ 67

SEMICONDUCTOR



2. Description A96T448 Datasheet

16-bit Timer/Counter Mode

16-bit timer/counter mode is selected by control registers, and the 16-bit timer/counter has counter
registers and data registers as shown in Figure 38. 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 (T3CKJ[2:0]). When the values of T3CNTH/T3CNTL and T3ADRH/T3ADRL are identical
to each other in timer 3, a match signal is generated, and the interrupt of Timer 3 occurs. The
T3CNTH/T3CNTL values are automatically cleared by the match signal. It can be cleared by software
(T3CC) too.

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 as an input port by configuring P16 10 bit.

Figure 38. 16-bit Timer/Counter Mode for Timer 3

TscRH | TN | - [mawst[mamso| - [ - [ - | 73cc| ADDRESS:1000H
INITIAL VALUE : 0000_0000B
1 - 0 0 - - - X
T3CRL | T3CK2 | T3CK1 | T3CKO | T3IFR | - | T3POL | T3ECE |T30NTR| ADDRESS:1001H
INITIAL VALUE : 0000_0000B
X X X X - X X X
16-bit A Data Register
T3ADRH/T3ADRL
Reload /~ 7— A Match
28 ‘ T3CC
T3CK[2:0] T3EN
T3ECE INT_ACK
3 | Buffer Register A |
Clear
Edge
EC3 l—? ———> A Match i
Detector T3EN :t T3IFR _»leérllterrupt
P —tm—>
r /2 ¢ Comparator
e M ,_l - Clear A Match
s x4 U — o 16-bit Counter R T3CC
fx » | c fx/8 >| x T3CNTH/T3CNTL T3EN
a x/64 ’
U w12 Pulse 1 T30
e Generator _D PWM30
r |x2048 4,
2
T3MS[1:0] T3POL

Figure 39. 16-bit Timer/Counter 3 Example
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2. Description

Match with T3DRH/L
A
T3CNTH/L n
Value
n-1
/ n-2 Count Pulse Period
& Pcp
N\ 6 _’I |‘_
5
4
3
2
1
0
>
|17 Interrupt Period4v| Time
P N -~ -~
TIMER 3
(T3IFR)
Interrupt Occur Occur Occur
Interrupt Interrupt Interrupt
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2. Description A96T448 Datasheet

16-bit Capture Mode

Timer 3 capture mode is set by configuring T3MS[1:0] as ‘01’. It uses an internal/external clock as a
clock source. Basically, the 16-bit timer 3 capture mode has the same function as the 16-bit
timer/counter mode, and the interrupt occurs when T3CNTH/T3CNTL is equal to TSADRH/T3ADRL.
The T3CNTH, T3CNTL values are automatically cleared by a match signal. It can be cleared by software
(T3CC) too.

A timer interrupt in capture mode is very useful when the pulse width of captured signal is wider than
the maximum period of timer. Capture result is loaded into T3BDRH/T3BDRL.

According to EIPOLOL registers setting, the external interrupt EINT43 function is selected. EINT43 pin
must be set as an input port.

Figure 40. 16-bit Capture Mode for Timer 3

T3CRH | T3EN | - |T3MS1 |T3MSO| - | - | - | Tacc | ADDRESS:1000H
INITIAL VALUE : 0000_00008
1 - 0 1 - - - X
T3CRL | T3CKA | T3CK1 | T3CKO | T3FR | - | T3POL | T3ECE |T3CNTR| ADDRESS:1001H
INITIAL VALUE : 0000_00008
X X X X - X X X
16-bit A Data Register
T3ADRH/T3ADRL
Reload A Match
' T3CC
T3CK[2:0] - T3EN
T3ECE INT_ACK
¢ 3 | Buffer Register A |
lCIear
Edge
> [: i
EC3 D—> Detector . A Match TIFR ‘kl)'lo |rl1terrupt
) tx(j . ! [e]o}
t 52 omparator
; ¢ Clear A Match
. | x4 o '\L/j' 16-bit Counter R 4—@T3CC
o S| _tws . T3CNTH/T3CNTL T3EN
a
|
e
r
EIPOLOL[7 6]
1

16-bit B Data Register
T3BDRH/T3BDRL

EINT3 INT_ACK

2 lCIear
T3MS[1:0]

FLAG3
" |(EIFLAGO.3)

—»

NOTES:
1. When using timer capture mode, the debounce function of the External Clock (EC) ports must be enabled.

Tointerrupt
block

2. EC ports that do not support debounce function cannot be used as timer clock sources.
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A96T448 Datasheet

Figure 41. Input Capture Mode Operation for Timer 3

2. Description

T3BDRHI/L Load

T3CNTH/L A
Value
n
n-1 .
Count Pulse Period
/ n-2
P
\’9\ CP
e e
N 5
/ 4
3
2
1
0 | -
-~ - “rime
Ext. EINT3 PIN .1 A|__|—

Interrupt ‘| -| |_|

Request ,
(FLAG3) Interrupt Interval Period
Figure 42. Express Timer Overflow in Capture Mode
FFFFy FFFFy
XXy
T3CNTHIL YYu
004 00, 004 0D 004
Interrupt i i
Request |_| |_|
(T3IFR)

Ext. EINT3 PIN —I_l | l
Interrupt ‘l ‘l

Request
(FLAG3) Interrupt Interval Period = FF+01+FFu+014+YYy+01y
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2. Description A96T448 Datasheet

16-bit Programmable Pulse Generation (PPG) Mode

TIMER 3 has a Programmable Pulse Generation (PPG) function. In PPG mode, T30/PWM30 pin
outputs up to 16-bit resolution PWM output. For this function, T3O/PWM3O pin must be configured as
a PWM output by setting POFSRL[1:0] to ‘10’ or P4AFSRH[3:2] to “10’.

The period of the PWM output is determined by T3ADRH/T3ADRL, and duty of the PWM output is
determined by T3BDRH/T3BDRL.

Figure 43. 16-bit PPG Mode for Timer 3

TsoRd | T3EN | - [ Tamst [ Tamso | | - | - | racc| AbDRESS:t000H

INITIAL VALUE : 0000_0000B

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 e 7— A Match
T3CC
\A— T3EN

T3CK[2:0]

T3ECE INT_ACK
¢ 3 | Buffer Register A | l
Clear
Edge
—> > i
Eca[ —» Detector A Match TIIFR Tointerrupt
5 L fx/1 > T3EN block
P o2 c t
; ¢ omparator
A Match
g 7 ’\L/} — 16-bit Counter R [q—ac" T3CC
f . x/8 X T3CNTH/T3CNTL T3EN
a| fx64 —]
| |12 [> B Match Pulse 190
e ; Generator _| PWM30
r _txlmA_&_>
L Comparator ? 2 T

Buffer Register B | T3MS[1:0] T3POL

Reload /7— A Match
T3CC
\A_ T3EN

16-bit B Data Register
T3BDRH/T3BDRL

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

72 \BO\

SEMICONDUCTOR



A96T448 Datasheet

2. Description

Figure 44. 16-bit PPG Mode Timming Chart for Timer 3

Repeat Mode(T3MS = 11b) and "Start High"(T3POL = 0b).
Clear and Start

Set T3EN

Counter

Timer 3 clock

T3ADRH/L M

T3 Interrupt

1. T3BDRH/L(5) < T3ADRH/L

PWM30 B Match A Match

2. T3BDRHIL >= T3ADRH/L

PWM30 A Match

3. T3BDRHIL = "OOOQH"

PWM30 Low Lev?el A Match
Se-t T3EN Cliar=and Start " - )

Timer 3 clock

Counter X 0 1 3 4 5 6 n M-1 0

T3ADRH/L M

T3 Interrupt

1. T3BDRH/L(5) < T3ADRH/L \

PWM30 B Match

2. T3BDRH/L >= T3ADRH/L

PWM30

3. T3BDRH/L = "0000H"

PWM30 Low Le\)el

A Match
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2. Description A96T448 Datasheet

Block Diagram

Figure 45. 16-bit Timer 3 Block Diagram

16-bit A Data Register
T3ADRH/T3ADRL

Reload ~ — A Match
< T3CC
T3EN

To Timer 4
T3ECE T3CK[2:0] block
INT_ACK
¢ 3 | Buffer Register A | l
Clear
Edge
|—> EEE— .
EC3 Detector :t AMatch | Tointerrupt
2t T3EN > TR block
P
r £x/2 ¢ Comparator
e M : Clear A Match
s —iXE*—y u — o 16-bit Counter R T3CC
x g 8 | X T3CNTH/T3CNTL T3EN
a Ll y Clear Lp| —] T30
' B Mach Pulse
o 512y :t[>—> Generator [ P30
r | x2048 4,
— Comparator }2 T

EIPOLOL[T] | BufferRegisiers | E—

iz

A Match
X T3CNTR Rbosd " f T3CC
— T3EN
EINT3 [} ;_}L oo INT_ACK

16-bit B Data Register

% , T3BDRH/T3BDRL l Clear
T3MS[1:0]

FLAG3 > Tointerrupt
(EIFLAGO.3) block

A 4

NOTES:
1. When using timer capture mode, the debounce function of the External Clock (EC) ports must be enabled.
2. EC ports that do not support debounce function cannot be used as timer clock sources.
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A96T448 Datasheet 2. Description

2495 Timer4

A 16-bit timer 4 consists of a multiplexer, timer 4 A data high/low register, timer 4 B data high/low register
and TIMER 4 control high/low register (T4AADRH, T4ADRL, T4ABDRH, T4BDRL, T4CRH, and T4CRL).

Timer 4 operates in one of the following modes:

. 16-bit timer/counter mode

16-bit capture mode

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

16-bit PPG output mode (repeat mode)

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

e TIMER 4 clock source: fx/1, fx/2, fx4, fx/8, fx/32, fx/128, fx/512 and T3 A Match

In capture mode, data is captured into input capture data registers (T4ABDRH/T4BDRL) by EINT44. In
timer/counter mode, whenever counter value is equal to T4ADRH/L, T40O port toggles. In addition,
TIMER 4 outputs PWM waveform to PWM40 port in the PPG mode.

Table 14. TIMER 4 Operating Modes

T4EN POFSRL[3:2] T4MS[1:0] T4CK[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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2. Description A96T448 Datasheet

16-bit Timer/Counter Mode

16-bit timer/counter mode is selected by control registers, and the 16-bit timer/counter has counter
registers and data registers as shown in Figure 46. The counter register is increased by internal or timer
4 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 to each
other in timer 4, a match signal is generated, and the interrupt of Timer 4 occurs. The TACNTH/T4CNTL
values are automatically cleared by the match signal. It can be cleared by software (T4CC) too.

Figure 46. 16-bit Timer/Counter Mode for Timer 4

TacrH | T4EN | - [Tamst[Tamso| - | - [ - | 7acc | ADDRESS:t008H
INITIAL VALUE : 0000_0000B
1 - 0 0 - - - X
TACRL | TACK2 | TACK1 | T4CKO| TAIFR | - | T4POL| - |T4CNTR| ADDRES 8:1009H
INITIAL VALUE : 0000_0000B
X X X X - X - X
16-bit A Data Register
T4ADRH/T4ADRL
Reload /7— A Match
T4CC
T4CK[2:0] ~N—_&—— T4EN
S/W
3 | Buffer Register A |
lCIear
J-I_ \
T3 A Match——» ; A Match To interrupt
T4EN T4IFR block
P —fXL>
r £x/2 ¢ Comparator A Matoh
atc
o sy "S — 16-bit Counter R e T4CC
. p| o |08 5| T4CNTH/T4CNTL T4EN
a x/32 » D
| Pulse T40
e X128y Generator —— | PWM40
| fxi512 o,
/ 2
T4MS[1:0] T4POL
NOTE:
1. T3 A Match is a pulse for the timer 4 clock source if it is selected.
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Figure 47. 16-bit Timer/Counter 4 Example

2. Description

A

T4CNTH/L
Value

Match with TADRH/L

Count Pulse Period
Pcp

—f

2
1
0
>
|17 Interrupt Pe riod4v| Time
P N -~ -~
TIMER 4
(T4IFR)
Interrupt Occur Occur Occur

Interrupt Interrupt Interrupt
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2. Description A96T448 Datasheet

16-bit Capture Mode

Timer 4 capture mode is set by configuring T4MS[1:0] as ‘01’. It uses an internal clock as a clock source.
Basically, the 16-bit timer 4 capture mode has the same function as the 16-bit timer/counter mode, and
the interrupt occurs when T4CNTH/T4CNTL is equal to TAADRH/T4ADRL. The T4ACNTH, T4CNTL
values are automatically cleared by a match signal. It can be cleared by software (T4CC) too.

A timer interrupt in capture mode is very useful when the pulse width of captured signal is wider than
the maximum period of timer. Capture result is loaded into T4ABDRH/T4BDRL. In the timer 4 capture
mode, timer 4 output (T40) waveform is not available.

According to EIPOLOL registers setting, the external interrupt EINT44 function is selected. EINT44 pin
must be set as an input port.

Figure 48. 16-bit Capture Mode for Timer 4

T4CRH | T4EN | - |T4MS1 | T4MSO| - | - | - | T4CC | ADDRES S:1008H
INITIAL VALUE : 0000_0000B
1 - 0 1 - - - X
T4CRL | T4CK2 | T4CKA | T4CKO | T4IFR | - | T4POL | - |T4CNTR| ADDRES S:1009H
_ INITIAL VALUE : 0000_0000B
X X X X - X X

16-bit A Data Register
T4ADRH/T4ADRL

Reload /7— A Match
T4CC
TACK[2:0] L TaEN

| SIW

3 | Buffer Register A
lCIear
o
T1 A Match ———» : A Match Tointerrupt
o L_fx/1 > T4EN : T4IFR block
P c t
omparator
o2y '
e M Clear A Match
s 24— U — 16-bit Counter R TacC
i >l c fx/8 X T4CNTH/T4CNTL T4EN
x/32 A
T Clear
e >
X512
EIPOLOH[1:0]
2
TACNTR
f 16-bit B Data Register
EINT4[ —» 0 o o T4BDRH/T4BDRL INT ACK
|
2 lCear
T4MS[1:0
o) a| FLAG4 _»Tointerrupt
" | (EIFLAG0.4) block
NOTE:

1. T3 AMatch is a pulse for the timer 4 clock source if it is selected.
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Figure 49. Input Capture Mode Operation for Timer 4

T4ABDRHI/L Load

TACNTHIL &
Value
n
n-1 .
Count Pulse Period
/ n-2
P
\’9\ CP
e e
N 5
/ 4
3
2
1
0 | -
a - “Time
Ext. EINT4 PIN ] .1 A|__|—

Interrupt ‘| -| |_|

Request ,
(FLAG4) Interrupt Interval Period
Figure 50. Express Timer Overflow in Capture Mode
FFFFy FFFFy
XX
TACNTHIL YYu
004 004 004 004 00
Interrupt i i
Request |_| |_|
(T4IFR)

Ext. EINT4 PIN —l_l :
Interrupt : '
Request —l —l
(FLAG4) Interrupt Interval Period = FFy+01y+FFy+014+YYu+01y
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2. Description A96T448 Datasheet

16-bit Programmable Pulse Generation (PPG) Mode

TIMER 4 has a Programmable Pulse Generation (PPG) function. In PPG mode, T4AO/PWM40 pin
outputs up to 16-bit resolution PWM output. For this function, T4O/PWM40 pin must be configured as
a PWM output by setting P2FSRH[7:6] to “10’.

The period of the PWM output is determined by T4ADRH/T4ADRL, and duty of the PWM output is
determined by TABDRH/T4BDRL.

Figure 51. 16-bit PPG Mode for Timer 4

T4CRH | T4EN | - |T4MS1 | T4MSO| - | - | - | T4CC | ADDRES S:1008H
INITIAL VALUE : 0000_0000B
1 - 1 1 - - - X
T2CRL | T4CK2 | T4CK1 | T4CKO | T4IFR | - | T4POL | - |T4CNTR| ADDRES S:1009H
INITIAL VALUE : 0000_0000B
X X X X - X - X

16-bit A Data Register
T4AADRH/T4ADRL

Reload /7— A Match
T4cC
T4CK[2:0] —\ T4EN

S/IW
3 | Buffer Register A |
l Clear
N
T3 A Match———p : A Match i
e TAIFR ;2 (I; rllte rrupt
p 1 » c t
. ¢ omparator
! L2 ) y Clear /7— A Match
. fx/4 > — o 16-bit Counter R [« T4CC
o : /8 )li T4ACNTH/T4CNTL \A— T4EN
a| 32 —|
| [: B Match Pulse T40
R £x/128 4, :t Generator |: PWM40
r _fo51L>
/ Comparator 2
Buffer Register B | T4MS[1:0] T4POL
Reload ~— F— A Match
T4CC
\A— T4EN
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 AMatch is a pulse for the timer 4 clock source if it is selected.
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2. Description

Figure 52. 16-bit PPG Mode Timming Chart for Timer 4
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2. Description

Block Diagram

Figure 53. 16-bit Timer 4 Block Diagram

A96T448 Datasheet

EINT4 [ ]

NOTE:
1.

16-bit A Data Register
T4ADRH/T4ADRL

Reload

O —

A Match

N

T4CC

T4CKJ[2:0] 4EN
S/IW
3 | Buffer Register A |
l Clear
L
At T A Match .
Tointerrupt
[P 1l T4EN —3 TR 100
X2y Comparator
r
; —> M ¢ Clear A Match
S u o o 16-bit Counter R Tace
x—| c B p |y [N TACNTH/T4CNTL e
T > M Pulse _D T40
: :t B Watch Generator |:| PWM4O
r | x512
o Comparator } 5 T
o [ suferRogisers | T4MS[1:0]  T4POL
2
i Reload A Match
T4CNTR A a
X =) O riew
X o o
16-bit B Data Register INT_ACK
ﬂ % 2 T4BDRH/T4BDRL Clear
T4MS[1:0
— »| FLAG4 p Tointerrupt
| (EIFLAGO.4) block

T3 A Match is a pulse for the timer 4 clock source if it is selected.
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249.6 Timer5

A 16-bit timer 5 consists of a multiplexer, timer 5 A data high/low register, timer 5 B data high/low register
and timer 5 control high/low register (TSADRH, TSADRL, T5BDRH, T5BDRL, TSCRH, and T5CRL).

Timer 5 operates in one of the following modes:

. 16-bit timer/counter mode

16-bit capture mode

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

16-bit PPG output mode (repeat mode)

The timer/counter 5 can be a divided clock of a system clock selected from prescaler output. The clock
source is selected by clock selection logic controlled by clock selection bits (TS5CK[2:0]).

* TIMER 5 clock source: fx/1, fx/2, fx/4, fx/8, fx/32, fx/128, fx/512 and HSIRC
In capture mode, data is captured into input capture data registers (TSBDRH/T5BDRL) by EINT45. In

timer/counter mode, whenever counter value is equal to TSADRH/L, T50 port toggles. In addition,
TIMER 5 outputs PWM waveform to PWMS50O port in the PPG mode.

Table 15. TIMER 5 Operating Modes

T5EN POFSRH[5:4] T5MS[1:0] T5CK[2:0] TIMER 5
1 1 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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2. Description A96T448 Datasheet

16-bit Timer/Counter Mode

16-bit timer/counter mode is selected by control registers, and the 16-bit timer/counter has counter
registers and data registers as shown in Figure 54. 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 T5CNTH/T5CNTL and
TS5ADRH/T5ADRL are identical to each other in timer 5, a match signal is generated, and the interrupt
of Timer 5 occurs. The TSCNTH/T5CNTL values are automatically cleared by the match signal. It can
be cleared by software (T5CC) too.

Figure 54. 16-bit Timer/Counter Mode for Timer 5

T5CRH | T5SEN | - |T5MS1 | T5MSO| | - |
1 - 0 0 - - - X

| T5CC | ADDRESS:1010H
INITIAL VALUE : 0000_0000B

|T5CNTR| ADDRESS:1011H

TsCRL | T5CK2 | T5CK1 | T5CKo | TSIFR |
INITIAL VALUE : 0000_00008

| T5POL |

X X X X - X - X

16-bit A Data Register
T5ADRH/T5ADRL

Reload S 7— A Match
< , T5CC

T5CK[2:0] T5EN
S/W
3 | Buffer Register A |
lCIear
HRC ——» \ A Match i
:t T5IFR Tointerrupt
= fx/1 > T5EN block
Comparator
2 v
e M Clear A Match
. | fxja U — 16-bit Counter R T5CC
i | c 8 | X T5CNTH/T5CNTL T5EN
T Pulse D T50
| £x/128 4,
e Generator —D PWM50
r fx/512
/ 2

T5MS[1:0] T5POL
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Figure 55. 16-bit Timer/Counter 5 Example

2. Description

Match with TSDRH/L

A
T5CNTH/L n
Value
n-1
/ n-2 Count Pulse Period
& Pcp
O 6 _’| I‘_
5
/ .
3
2
1
0
|-
. Ll
Iﬂi Interrupt Period4v| Time
F N F N N
TIMER 5
(TSIFR)
Interrupt Occur Occur Occur
Interrupt Interrupt Interrupt
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2. Description A96T448 Datasheet

16-bit Capture Mode

Timer 5 capture mode is set by configuring TSMS[1:0] as ‘01’. It uses an internal clock as a clock source.
Basically, the 16-bit timer 5 capture mode has the same function as the 16-bit timer/counter mode, and
the interrupt occurs when TSCNTH/T5CNTL is equal to TSADRH/T5ADRL. The TSCNTH, T5CNTL
values are automatically cleared by a match signal. It can be cleared by software (T5CC) too.

A timer interrupt in capture mode is very useful when the pulse width of captured signal is wider than
the maximum period of timer. Capture result is loaded into TSBDRH/T5BDRL. In the timer 5 capture
mode, timer 5 output (T50) waveform is not available.

According to EIPOLOH registers setting, the external interrupt EINT45 function is selected. EINT45 pin
must be set as an input port.

Figure 56. 16-bit Capture Mode for Timer 5

T5CRH | T5EN | - |T5MS1 | T5MSO| - | - | - | T5CC | ADDRESS:1010H
INITIAL VALUE : 0000_0000B
1 - 0 1 - - - X
T5CRL | T5CK2 | T5CK1 | T5CKO | T5IFR | - | T5POL | - |T50NTR| ADDRESS:1011H
— INITIAL VALUE : 0000_0000B
X X X X - X X

16-bit A Data Register
T5ADRH/T5ADRL

Reload /7— A Match
T5CC
T5CK[2:0] -\ TSEN

SIW
3 | Buffer Register A |
lCIear
HRC ——» A Match i
_ — | >——» IR L Tointermupt
p 1 T5EN block
Comparator
ey '
e M Clear /7— A Match
S x4 o U — o 16-bit Counter R |¢ T5CC
fx— | ¢ By | & § T5CNTH/T5CNTL N Sy
? > Clear
e >
r X512 4,
EIPOLOH[3:2]
Iz
T5CNTR
f 16-bit B Data Register
EINTS [ W = o T5BDRH/T5BDRL INT_ACK
E l Clear
2
T5MS[1:0
ol o| FLAGS ) Tointerrupt
" | (EIFLAGO.5) block
NOTE:

1. Capture mode is not supported when using HSIRC as the timer clock source.
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Figure 57. Input Capture Mode Operation for Timer 5

T5BDRHI/L Load

T5CNTH/L &
Value
n
n-1 .
Count Pulse Period
/ n-2
P
\’9\ CP
o — b
N
/ 4
3
2
1
0 | -
a - “Time
Ext. EINT5 PIN e - A|__|—

Interrupt ‘| -| |_|

Request ,
(FLAGS) Interrupt Interval Period
Figure 58. Express Timer Overflow in Capture Mode
FFFFy FFFFy
XX
T5CNTH/L YYu
004 004 004 004 00
Interrupt i i
Request |_| |_|
(T5IFR)

Ext. EINT5 PIN —l_l :
Interrupt : '
Request —l —l
(FLAGS) Interrupt Interval Period = FFy+01y+FFy+014+YYu+01y
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16-bit Programmable Pulse Generation (PPG) Mode

TIMER 5 has a Programmable Pulse Generation (PPG) function. In PPG mode, T5O0/PWM50 pin
outputs up to 16-bit resolution PWM output. For this function, TSO/PWM50 pin must be configured as
a PWM output by setting P2FSRH[5:4] to “10’.

The period of the PWM output is determined by TSADRH/T5ADRL, and duty of the PWM output is
determined by TSBDRH/T5BDRL.

Figure 59. 16-bit PPG Mode for Timer 5

T5CRH | T5EN | - |T5MS1 | T5MSO| - | - | - | T5CC | ADDRESS:1010H
INITIAL VALUE : 0000_0000B
1 - 1 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 /7— A Match
T5CC
T5CK[2:0] —\ TSEN

S/IW
3 | Buffer Register A |
l Clear
HRC ———» \ A Match i
5 L_fx/1 ) T5EN :: TSIFR ) ;2:3?6 e
P
r /2 ¢ Comparator
e M Clear ~ 7_ A Match
s x4y, U — o 16-bit Counter R ¢ T5CC
i > c 08 X T5CNTH/T5CNTL N &_ T5EN
a x/32
| |Lwios B Match Pulse (] 50
e :t [>—> Generator ] pwmso
r | fx(512
— / Comparator $ 9 T
Buffer Register B | T5MS[1:0] T5POL
Reload ~ 7— A Match
T5CC
\A— T5EN
16-bit B Data Register
T5BDRH/T5BDRL
NOTE:

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

Figure 60. 16-bit PPG Mode Timming Chart for Timer 5

Repeat Mode(T5MS = 11b) and "Start High"(T5POL = 0b).
Set TSEN _¢ Clear and Start

Counter

Timer 5 clock

TS5ADRH/L M

T5 Interrupt

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

PWM50 B Match A Match

2. T5BDRH/L >= TS5ADRH/L

PWM50 A Match

3. TSBDRHIL = "OOOQH"

PWM50 Low Lev?el A Match
Se-t T5EN Clear=and Start " - )

Timer 5 clock

Counter X 0 1 3 4 5 6 n M-1 0

T5ADRH/L M

T5 Interrupt

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

PWM50 B Match

2. TS5BDRH/L >= T5ADRH/L

PWM50

3. TSBDRH/L = "0000H"

PWMSO  Low Level

A Match
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2. Description

Block Diagram

Figure 61. 16-bit Timer 5 Block Diagram

A96T448 Datasheet

HRC ——

fx —»

|qm—momm-"u|

EIPOLOH[3:2]

T5CK[2:0]

%3

16-bit A Data Register
T5ADRH/T5ADRL

Reload

/7— A Match
T5CC

Buffer Register A |

T5EN

—s

Comparator

xc==

o

v
==
]

16-bit Counter R

T5CNTH

/TSCNTL

Clear

Comparator

Buffer Register B |

‘A T5EN

A Match

Clear

:: B Match Generator |:| PWM50

T5MS[1:0] T5POL

S/W
l Clear
Tointerrupt
T5IFR —» block
A Match
T5CC
T5EN
Pulse I:l T50

fe 1

2
i Reload A Match
T5CNTR T5CC
X .) T5EN
ENTs (> X INT_ACK
16-bit B Data Register T
_P(_ % ) T5BDRH/T5BDRL Clear
TEMS[1:0] FLAG5 p Tointerrupt
» ointerrup
| (EIFLAGO.5) block
NOTE:
1. Capture mode is not supported when using HSIRC as the timer clock source.
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2.4.10 Buzzer Driver

A buzzer of A96T448 consists of 8-bit counter, a buzzer data register (BUZDR), and a buzzer control
register (BUZCR). It outputs square wave (61.035 Hz to 125.0 kHz @ 8 MHz) through P53/BUZO pin,
and its buzzer data register (BUZDR) controls the buzzer frequency (refer to the following expression).
In a buzzer control register (BUZCR), BUCK][1:0] bits select a source clock divided by prescaler.

Oscillator Frequency

H =
fiuz [H2] 2 X PrescalerRatio X (BUZDR + 1)

Table 16. Buzzer Frequency at 8 MHz

Buzzer Frequency (kHz)
BUZDR][7:0]
BUZCR[2:1]=00 BUZCR[2:1]=01 BUZCR[2:1]=10 BUZCR[2:1]=11
0000_0000 125 kHz 62.5 kHz 31.25 kHz 15.625 kHz
0000_0001 62.5 kHz 31.25 kHz 15.625 kHz 7.812 kHz
1111_1101 492.126 Hz 246.063 Hz 123.031 Hz 61.515 Hz
1111_1110 490.196 Hz 245.098 Hz 122.549 Hz 61.274 Hz
1111_1111 488.281 Hz 244141 Hz 122.07 Hz 61.035 Hz
2.4.10.1 Block Diagram
Figure 62. Buzzer Driver Block Diagram
BUZEN
32 ¢ 8-bit Up-Counter .
fx/64 ear
X —> Pre /128 MUX O/o | | Counter
scaler | 1X/1co 4,
fx/256 ,
—{ FIF [ ] BUZO
2 Comparator

\BO\

91
SEMICONDUCTOR
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2.4.11 Combination of USART, SPI, and 12C (USI)

USI stands for the combination of USART, SPI and 12C. The A96T448 has two USI function blocks,
USIO and USI1. Each USI block consists of USI control registers 1/2/3/4, USI status registers 1/2, USI
baud-rate generation register, US| 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, USINSDHR, USINSCHR, USINnSCLR, USInSAR).
The ‘n” means ‘0’ or ‘1’

USI operates in one of the following modes selected by USIn selection bits (USINMS[1:0]):
*  Asynchronous mode (UART)
*  Synchronous mode (USART)
*  SPImode

e |2C mode

%2 \BO\

SEMICONDUCTOR



A96T448 Datasheet 2. Description

2.411.1 USIn UART Mode

Universal synchronous and asynchronous serial receiver and transmitter (USART) are highly flexible
serial communication devices. Key features are listed below:

e 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 Odd or Even Parity Generation and Parity Check are supported by hardware

* Data Over Run Detection

*  Framing Error Detection

*  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. 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.

Transmitter consists of a single write buffer, a serial shift register, parity generator and control logic for
handling different serial frame formats. A write buffer allows continuous transfer of data without any
delay between frames.

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 errors, data overrun
and parity errors.
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2.411.2 USIn SPI Mode

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

e  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.

2.411.3 USIn I2C Mode

The USIn can be set to operate in industrial standard serial communication protocols mode. The 12C
mode uses 2 bus lines for a serial data line (SDAnN) and a serial clock line (SCLn) to exchange data.
Because both SDAn and SCLn lines are open-drain output, each line needs pull-up resistor. The
features are as shown below.

*  Compatible with I12C bus standard

e Multi-master operation

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

*  Both master and slave operation

*  Bus busy detection
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2.412 USARTn

Universal Synchronous and Asynchronous serial Receiver and Transmitter (USARTN) is a highly flexible
serial communication device. USARTnN of A96T448 features the following:

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

*  Master or Slave Clocked Synchronous and SPI Operation

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

* LSB First or MSB First Data Transfer in SPI mode

*  High Resolution Baud Rate Generator

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

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

» Data Over Run Detection

*  Framing Error Detection

* Digital Low Pass Filter

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

*  Double Speed Asynchronous Communication Mode

USARTN has three main parts, such as a Clock Generator, Transmitter and Receiver.

Clock Generation logic consists of a synchronization logic for external clock input used by synchronous
or SPI slave operation, and a baud rate generator for asynchronous or master (synchronous or SPI)
operation.

Transmitter consists of a single write buffer, a serial shift register, parity generator and control logic for
handling different serial frame formats. Write buffer allows a continuous transfer of data without any
delay between frames.

Receiver is the most complex part of the USARTn module due to its clock and data recovery units.
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 (UDATAN) 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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2.4.12.1 Block Diagram

Figure 63. USART1 Block Diagram
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2.4.13 23-Channel Self-Capacitive Touch Sensor

2.4.13.1 Features

10 V Conducted Susceptibility (CS) Immunity
Self-Capacitive Touch Key Sensor.

Total 23-channel Touch Key Support.

16-bits Sensing Resolutions.

Fast Initial Self Calibration.

Key Detection Mode: Single-mode and Multi-mode.

Clock Frequency during Sensing Operation: 16 MHz.

The Improvement of the SNR by Bias-Calibration in Analog Sensing Block.

VDD Operating Voltage: 2.7V ~5.5 V.
Current Consumption: 800 pA
Current Consumption at STOP mode: under 1 pA.

Operation Temperature: -40°C ~ 105°C.
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2. Description A96T448 Datasheet

2.4.13.2 Block Diagram

Figure 64. 16-bit Touch Block Diagram

{TS_CH_SEL_2,
TS_CH_SEL_1,
TS_CH_SEL_0}
(Select input pins
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l l l Start . TS_RUN
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InputPins o+ —»| U |
. —| X Touch l TS_IF
CS21 —» Engine
CS2 —» N com
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CLontrol TS_IF To interrupt
ogic block
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VDAC_STOP
INT_ACK
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SUM_CHO_F0_H
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TS_VREF L - - -
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2.413.3 CPAN 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 are recommended for applications
with severe temperature changes.

Figure 65. CAPN Pin with Cs Capacitor (VDD)

VDD
Cs | P30/
CAPN

Figure 66. CAPN Pin with Cs Capacitor (GND)

1 (P:SAO;N
CsI
GND
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2.4.14 12-bit A/D Converter

The analog-to-digital converter (ADC) allows conversion of an analog input signal to corresponding 12-
bit digital value.

The A/D module has 8 analog inputs. The output of the multiplexer is 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.

2.414.1 Conversion Timing

Figure 67. ADC Converter Timing Chart

A

W input <M&?onvemic‘n Time =30 Cycle
@ Output - >
MCLK teo2 3 4 5 s 28 29 130; i31
NplgipipipNp B/ AN Nal s Nalininly
ADEN { -
ADIN_SEL<2:0> > " % Channel Select
FLAG Ly
AD_OUT ;7 DATAD > DATA1
Il Il ‘

Time

ADC operates at Typical, MCLK = 4 MHz, Sampling CLK = 133 kHz.
Conversion Time consists of 30-cycle by default.

ADC Conversion Time = ADCLK x 30-cycle
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A96T448 Datasheet

2.4.14.2 Block Diagram

Figure 68. 12-bit ADC Block Diagram

2. Description

M
PCLK/(ADPREDR+1) Reference U «— VoD
: X [€«— AVREF
PCLKl 6-bit fanc Voltage |¢  vsS
Prescaler REFSEL
_Cﬁ Power Down Mode
ADCEN
ANO —
ANT ——> v y v ADCIEN
R { B
ANA )L: ,\ 12-bit SAR
ANS —p
ANG —> 1o
AN7 —> S Y
A 3 ADC_DR
4 = (Read only)
ADSEL[2:0]
<«—— ADST
««—— T10 A match signal
M «—— T11 A match signal
U €—— T12 A match signal
X ««—— A/DC trigger Signal from T30
«—— Reserved
«—— Reserved
Py ' «— Reserved
3
TRIG[2:0]

A/DC
interrupt

Figure 69. A/D Analog Input Pin with Capacitor

Analog 0-100Q

Input

!

ANx
0-1000 pF
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2. Description A96T448 Datasheet

2.4.15 Power Down Operation

The A96T448 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, and STOP mode. In three modes, the program stopped.

2.4.15.1 Peripheral Operation in IDLE/STOP Mode

Table 17. 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)
Watchdog Timer Operates Continuously Stop (can be operated with WDTRC OSC)
Watch Timer Operates Continuously Stop (can be operated with LSI clock)
TimerO to 4 Operates Continuously Ha'tegrﬁgg%ﬁ}?&g%ggﬂégﬁﬁﬁgﬁﬁ;’de Is
ADC Operates Continuously Stop
BUZ Operates Continuously Stop
usSI0/1 Operates Continuously Only operate with external clock
Internal OSC Oscillati Stop when the system clock (fx) is Power down
(16 MHz) scillation mode
WE();-;EH(Z))SC Can be ope:’,a;tlicé with setting Can be operated programmable
Touch OSC Oscillati Stop when the system clock (fx) is Power down
(16 MHz) scillation mode
I/O Port Retain Retain
Control Register Retain Retain
Address Data Bus Retain Retain
By RESET, Timer Interrupt (ECO, EC1, EC3),
Release Method By RESET, all Interrupts Us/fétTeg;a:X”,teV'\;;p\tl’VDT
USI0/1 by RX, 12C (Slave mode)
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A96T448 Datasheet 2. Description

2.416 RESET

The following is the hardware setting value.

Table 18. 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

2.4.16.1 Reset Source
The A96T448 has five types of reset sources. The following are the reset sources.
* External RESETB pin
*  Power-On Reset (POR)
*  WDT Overflow Reset (In the case of WDTEN =’1)
* Low Voltage Reset (In the case of LVREN ="0’)

* OCD (On-Chip Debug) Reset

2.4.16.2 Reset Block Diagram

Figure 70. Reset Block Diagram

Ext RESET
Disable by FUSE

RESET Noise

Canceller

Internal
—_

Reset

LVR
LVR Enable

POR RST

WDT RST | R

WDT RSTEN

ol

IFBIT
(BIT Overflow)
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2. Description A96T448 Datasheet

2.417 Memory Programming

The A96T448 has flash memory to which a program can be written, erased, and overwritten while

mounted on the board. Serial ISP mode is supported.

The flash memory of the A96T448 features the following:

Flash memory size: 32Kbytes

Single power supply program and erase

Command interface for fast program and erase operation

Up to 10,000 program/erase cycles at typical voltage and temperature for flash memory
Security feature

Program/erase unit

— Program unit: 32 bits

— Erase unit: 512 bytes for a page, 2 KB for a sector, 32 KB for a MAT
Program or erase operation time

— Program time: 25 ys

— Erase time: 2 ms for each page or for each sector and 8 ms for MAT

Read access time: 30 ns

2.4.17.1 Flash Control and Status Register

Registers to control Flash and Data EEPROM are Mode Register (FEMR), Control Register (FECR),
Status Register (FESR), Address Low Register x (FEARLX), Address Middle Register x (FEARMX).
They are mapped to SFR area and can be accessed only in programming mode.
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2.4.17.2 Memory Map

Flash Memory Map

2. Description

Program memory uses 32 KB of Flash memory. It is read by byte and written by 1-word. One page is

512-byte
Figure 71. Flash Memory Map
7FFFh
P
R
o
g pgm/ers/vfy
A
A =
F MUX
E c - Code Memory
A o i
R 0 (PROGRAM)
N
T
E
R
0000h
Figure 72. Address Configuration of Flash Memory
15 14 13 12 11 10 9 6 5 4 3 1 0
PAGE BYTE
SECT ADDRESS ADDRESS WORD ADDRESS ADDRESS
SECT 31 PAGE 127
SECT 29 PAGE 126
SECT 28 PAGE 125
127
126
125
SECT 3
SECT 2
SECT 1
PAGE 3 3
PAGE 2 2
SECT 0
PAGE 1 1
PAGE 0 WORD 0
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2. Description A96T448 Datasheet

2.5 Development Tools
This section describes a wide range of development tools for A96T448.

ABOV offers software tools, debuggers, and programmers to help a user in generating right results to
match target applications. ABOV supports the entire development ecosystem of the customers.

2.51 Compiler

ABOV semiconductor does not provide any compiler for the A96T448. However, since the A96T448 has
M8051 as its CPU core, you can use all kinds of third-party standard 8051 compilers, such as the Keil
C Compiler. These compilers' output debug information can be integrated with our OCD emulator and
debugger. Please visit our website, www.abovsemi.com, for more information regarding the OCD

emulator and debugger.

2.5.2 E-OCD Il Interface and OCD Debugger

The E-OCD Il interface supports ABOV Semiconductor’s 8051 series microcontroller emulation. It uses
two wires to interface between the host computer and the microcontroller, which is attached to the target
system. The E-OCD Il can read or change the value of the microcontroller’s internal memory and 1/O
peripherals. In addition, it controls the microcontroller’s internal debugging logic. This means E-OCD I
controls emulation, step run, monitoring, and many more functions regarding debugging.

The OCD debugger program runs underneath MS operating systems such as MS Windows NT/ 2000/
XP/Vista/7/8/8.1/10/11 (32-bit, 64-bit).

Programming information using the E-OCD Il is provided in the section, 2.5.5 Circuit Design Guide.
For more detailed information about the E-OCD I, visit our website, www.abovsemi.com, and download

the debugger software and documents.

Figure 73. E-OCD Il and OCD Pin Descriptions

1 o O 2 USER VCC
3 o O 4 USER GND
5 [ o O 6 DSCL

7 o O 8 DSDA

9 o O 10

The following shows the OCD mode connections:

 DSCL (A96T448 P02 port)

* DSDA (A96T448 P01 port)
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2.5.3 Programmer

2.5.31

E-PGM+ and E-PGM Serial

The E-PGM+ and E-PGM Serial are standalone programmers, which allows users to program on the

device directly.

Supports for all ABOV microcontroller devices.

A dedicated tool for mass production

40-pin Textool DIP socket for single-chip programming (E-PGM+ only)
10-pin connector for ISP mode

USB host interface

HEX downloads and controls

Figure 74. E-PGM+ and Pin Descriptions

1
NABOV
E-PGM+ >
SDA —|
VDD 33
DSCL —

DOGDDODDOOGDDD%&&ODD
DDODGDOODDDODDD?DDOD
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2. Description A96T448 Datasheet

2.5.3.2 OCD Emulator

OCD emulator allows a user to write code on the device, too, since the OCD debugger supports In-
System Programming (ISP). It does not require additional hardware except the developer’s target
system.

2.5.3.3 Gang Programmer

The E-Gang4 and E-Gang6 allow users to program on multiple devices at a time. They run in host-
controlled mode and standalone mode without host computer. A USB interface is available, and it is
easy to connect to the handler.

Table 19. Specification of E-Gang4 and E-Gang6

Gang Programmer E-Gang4 E-Gang6
Dimension (x, y, h) 33.5x22.5x 35 mm 148.2 x 22.5 x 35 mm
Weight 2.0 kg 2.8 kg
Input Voltage DC Adaptor 15 V/2 A DC Adaptor 15 V/2 A
Operating Temperature -10 ~ 40°C -10 ~ 40°C
Storage Temperature -30 ~ 80°C -30 ~ 80°C
Waterproof No No

Figure 75. E-Gang4 and E-Gang6 (for Mass Production)

- ABOV R
E-GANGa E-Gancs s

7ify- Iy
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2.5.4 Flash Programming

The program memory of the A96T448 is a flash memory. This flash memory is accessed through four
pins, such as DSCL, DSDA, VDD, and VSS, in serial data format. Table 20 describes each pin and
corresponding I/O status.

Table 20. Pins for Flash Programming

Main Chip Pin During Programming
Pin Name N
aIme /[e] Description
DSCL P02 I Serial clock pin. Input only pin.
Serial data pin
DSDA PO1 I/0 Output port when reading and input port when programming.
It can be assigned as an input/push-pull output port.
VDD, VSS VDD, VSS - Logic power supply pin.

2.5.41 On-Board Programming

The A96T448 needs only four signal lines, including VDD and VSS pins, to program Flash with the
serial protocol. Therefore, on-board programming is possible if the programming signal lines are
considered when the PCB of the application board is designed.
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2. Description

2.5.5 Circuit Design Guide

A96T448 Datasheet

When programming Flash memory, the programming tool needs four signal lines: DSCL, DSDA, VDD,

and VSS. When designing a PCB circuit, you should consider using these four signal lines for onboard

programming.

Figure 76. PCB Design Guide for On-Board Programming

E-PGM+, E-PGM Serial, E-GANG4/E-GANG6

DSCL(1)

DSDA(I/O)

VDD

VSS

NOTES:

]

L]

R1(2kQ ~5kQ)

’\/\/\,—> To application circuit

R2 (2 kQ ~ 5 kQ)

L]

’\/\/\,—> To application circuit

L]

1. In onboard programming mode, a very high-speed signal will be provided to pins DSCL and DSDA. This will cause
some damage to the application circuits connected to the DSCL or DSDA port if the application circuit is designed
as a high-speed response circuit, such as a relay control circuit. If possible, the 1/0 configuration of the DSDA and
DSCL pins should be set to input mode.

2. The value of R1 and R2 is recommended value. It varies with the circuit of the system.
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2.5.5.1 On-Chip Debug System

Detail descriptions for programming via the OCD interface can be found in the following figures. Table
21 describes features of OCD and Figure 77 shows a block diagram of the OCD interface and the on-
chip Debug system.

Table 21. Features of OCD

. * 1 for serial clock input
Two-Wire External Interface

¢ 1 for bi-directional serial data bus

* All internal peripherals

¢ |nternal data RAM

Debugger Accesses
* Program Counter
* Flash memory and EEPROM memory
* Break instruction
* Single step break
Extensive On-chip Debugging * Program memory breakpoints on single-address

for Break iti
SRR el [2IEE] e e s * Programming of Flash, Data Flash, Fuses, and Lock bits through

the two-wire interface

* On-chip Debugging supported by E-OCD II.

Operating Frequency The maximum frequency of a target microcontroller.

Figure 77. On-Chip Debugging System in Block Diagram

Target MCU intemal circuit

Format converter

= L. osa BDC o8t
USE | Control
H:\ : DSDA
g
L CPU DB Register

Address bus

-— Intemal data bus

Code memory
Do am— - SRAM Data memory Peripheral
- Flash

- EEFROM

User I/0
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2. Description A96T448 Datasheet

2.5.5.2 Two-Pins External Interface

10-bit packet transmission using a 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, the host PC makes stop condition and transmits
command which has error again.

Background debugger command is composed of a bundle of packets.

Start condition and stop condition notify the start and the stop of background debugger
command respectively.

Figure 78. 10-bit Transmission Packet

St Do | D1 D2 | D3 | D4 | D5 | D | D7 F A,

D1 D2 ' D3 1 D4 I D5 1 DB ! D7 F A
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Packet Transmission Timing

Figure 79. Data Transfer on Twin Bus

2. Description

DSDA

L XX /XX

XX

LSB acknowledgement

signal from receiver

LSB acknowledgement

signal from receiver

DSCL
st \JT\____/;\_/T\___/I\_/ sp
ACK ACK
START STOP
Figure 80. Bit Transfer on Serial Bus
DSDA / X X
DSCL \
data line
stable: change
data valid of data
except Start and Stop allowed
Figure 81. Start and Stop Conditions
DSDA
................................ DSDA
DSCL -t DSCL
st \—/_ \—/ sp
START condition STOP condition
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2. Description A96T448 Datasheet
Figure 82. Acknowledge on Serial Bus
Data output \ X X ............. X
By transmitter
no acknowledge
Data output
By receiver \ ’
acknowledge
DSCL from
maSter 1 2 ----------------------------- 9 10
clock pulse for acknowledgement
Figure 83. Clock Synchronization During Wait Procedure
Acknowledge bit Acknowledge bit
transmission ) transmission
i Minimum
ﬁ/ <— i wait HIGH start HIGH \/
Host PC :: \ \ /
DSCLOUT rmerrmsrrsmrsrrnrrn s
=\ _Start wait
Target Device
DSCL OUT
minimum 1 Tscik
< Maximum 5 Tscik >< for next byte >
transmission S—
\ / /
< Internal Operation >
114 \BO\

SEMICONDUCTOR
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Connection of Transmission

Two-pin interface connection uses open-drain (wire-AND bidirectional I/O).

Figure 84. Connection of Transmission

? ? VDD

pull -up Rp Rp
resistors
DSDA(Debugger Serial Data Line)
© ©
DSCL(Debugger Serial Clock Line) l
© 0

S I VDD

Host Machine (Master) Target Device (Slave)

Current source for DSCL to fast 0 to 1 transition in high-speed mode
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3. Pinouts and Pin Description A96T448 Datasheet

3. Pinouts and Pin Description

This chapter describes pinouts and pin descriptions of the A96T448 series.

3.1 Pinouts
3.1.1 A96T448FDN (20-SOP)

Figure 85. A96T448 20-SOP Pin Assignment

VDD [ U 20 [ P30/CAPN

VSs [ 19 7 P3URXDIMISOTEINTEICSTT
CS16LEDTPWMOOTOOR [ ] PORESETBITXDIMOSHICS 18
oPs(BotyCstaieDsENTiors ] 4 AIBTA48FDN 47 — poipsparxoomisouscLofecs)
CS14LEDSEINTI1/ECOF25 [ (20-SOP) 16 [ P02/DSCLITXDOMOSIOISDANIT30/PWM30
DP5(Bot)/CS1 3LED4P24 [ 15 7 PO3/BUZOISCKOEINTOIANTICS19
CS12LEDYECIPR [ 14 1 PO4ISSOUEINTH/ANO/CSOMESHYDPO(Bol)
DP4(Bot)/CS1 ILED2P22 [ 1 POSIEINT2T30PWM3O/ANYICST(MESH)
CS22LEDP2 [ 12 7 POSEINTIEC3TA0PWMAOAN2CS2IDP1(Bo)
DP7(Bot)/CS21ILEDOP20 [ 1 POTEINTATS0PWMSO/AN3CS3

—
©o

W O N o Oorn & W N —
—
w

—
o
-
-

NOTE:
1. The programmer (E-PGM+, E-Gang4/6) uses P0[2:1] pin as DSCL, DSDA.
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3.1.2 A96T448FRN (20-TSSOP)

Figure 86. A96T448 20-TSSOP Pin Assignment

VDD [ U 20 [ P30/CAPN

vss 19 3 P3RXDIMISOTEINTBICS!7
CS16LEDTPWMOOTOOR [ 8 [ POORESETBITXDIMOSIICS18
oPe(BotCstsLEDsENTIOPs ] 4 AIBTA4BFRN 17 | poypsorxoomisouscLolecs)
CS14LEDS/EINTIY/ECOIF25 ] (20-TSSOP) 16 7 Po2IDSCLITXDOMOSIOISDAIT30/PWM3O0
DP5(Bot)/CS13LEDP24 [ 15 [ PO3IBUZOISCKOEINTOANTICS19
CS12LEDBECIP2 [ 14 7 PO4ISSOEINTH/ANO/CSO(MESH)DPO(Bol)
DP4(Bot)(CS1 ILED2P22. [ 13 [ POSIEINT2T30/PWMAO/AN/CS(MESH)
CS22LEDP2! [ 12 [ POBIEINTIECSTAOPWIMAOIAN2/CS2IDP (Bot)
DP7(Bot)/CS21ILEDOP2) [ 1 POTEINTATS0PWMSO/ANACS3

W 0 N O O & W N -

—
[e=)
—
—

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

\BO\ 117

SEMICONDUCTOR



3. Pinouts and Pin Description A96T448 Datasheet

3.1.3 A96T448LUN (24-QFN)

Figure 87. A96T448 24-QFN Pin Assignment

P31/RXD1/MISO1/EINT8/CS17
POO/RESETB/TXD1/MOSI1/CS18

Q
o
=
~
Q
o
=
2
a
N
[a]
w
<
©
9]
Q
~
N
o

VSS
VDD
P30/CAPN

T ON - O O
N N N N N
1 ® 18 ] P01/DSDA/RXDO/MISO0/SCLO/(EC3)
17 [ P02/DSCLTXDO/MOSIO/SDAO/T30/PWM30
2 A96T448LUN
37 24.-QFN 16 [ P03/BUZ0/SCKO/EINTO/AN7/CS19
4 ‘;x4 15[ P04/SSO/EINT1/ANO/CSO(MESH)/DPO(Bot)
5 14 ] POS/EINT2/T30/PWM30/AN1/CS1(MESH)
6 13 [ POB/EINT3/EC3/T40/PWMAO/AN2/CS2/DP1 (Bot)

DP6(Bot)/CS15/LEDG/EINT10/P26
CS14/LEDS/EINT11/ECO/P25
DP5(Bot)/CS13/LED4/P24
CS12/LED3/EC1/P23
DP4(Bot)/CS11/LED2/P22
CS22/LED1/P21

DP7(Bot)/CS21/LEDO/P20 ] 7
CS10/(TXD1)(MOSI1yP17 ] 8

DP3(Bot)/CS9/(RXD1)/(MISO1yP16 ] 9

EINT5/T10/PWM10/ANS5/(TXDO0)/(MOSI0Y (SDA0)/CS5/P11 [ 10
EINT4/T50/PWM50/AN3/CS3/P07 [ 12

DP2(Bot)/AN4/(RXD0)/(MISO0)/(SCLO)/CS4/P10 ——] 11

NOTE:
1. The programmer (E-PGM+, E-Gang4/6) uses P0[2:1] pin as DSCL, DSDA.
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3.1.4 A96T448GDN/A96T448GD2N (28-SOP)

Figure 88. A96T448 28-SOP Pin Assignment

voD [ 1 U 28 [ P30/CAPN
vss [ 2 27 [ P31RXDIMISO1EINTSICS17
CS16/LED7/PWMOOITOORP27 [ 3 26 [ POO/RESETBITXDIMOSH/CS18
DP6(Bot)/CS15/LEDG/EINT10/P26 [ 4 25 [ PO1/DSDA/RXDO/MIS O0/SCLO/(EC3)
CS14/LEDSIEINTTECOP2S (] 5  A9BT448GDN 24 [ P02/DSCLTXDO/MOSIO/SDAO/T30/PWM3O
DP5(Bot)CS13LED4P24 ] 6  AQGT448GD2N 23 ] PO3/BUZOISCKOEINTOANT/CS19
CS12LEDI/ECIP23 [ 7 (28-SOP) 22 [ PO4/SSOEINTIANOICSOMESH)IDPO(BoY
DP4(BotyCS1/LED2IP22 [] 8 21 [ POS/EINT2T30/PWM3O/AN1ICS 1(MESH)
CS22ILED1P21 [] 9 20 [ POG/EINTY/ECHT40/PWMAOAN2ICS2/DP1(Bot)
DP7(Bot)CS21/LEDOP20 [ 10 19 ] PO7/EINT4ITS0/PWMS5O0/AN3ICS3
CS10/(TXD1)(MOSI1)/P17 ] 11 18 .1 P10/AN4/(RXDO)(MISO0)(SCLO)CS4/DP2(Bot)
DP3(Bot)/CS9/(RXD1)(MISO1)/P16 [ 12 17 [ PM/EINTSIT10/PWM1O/ANSI(TXDO)(MOSI0)/(SDAO)/CS5
CS8(MESH)YSCK1/P15 [ 13 16 [ P12/EINT12/T20/PWM20/ANGICS6
CST(MESHYSS1/P14 [ 14 15 ] P13/0S20

NOTES:
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.

3.1.5 A96T448GRN/A96T448GR2N (28-TSSOP)

Figure 89. A96T448 28-TSSOP Pin Assignment

VDD [ 1 U 28 [ P30/CAPN
vss [ 2 27 [ P31RXDIMISO1EINTSICS17
CS16/LED7/PWMOO/TOOP27 [ 3 26 ] POO/RESETB/TXDIMOSH/CS18
DP6(Bot)/CS15/LEDB/EINT10/P26 [ 4 25 ] PO1/DSDA/RXDO/MISOO/SCLO/(EC3)
CS14/LEDS/EINTI1ECOP25 [] 5  A96T448GRN 24 [ P02/DSCLTXDO/MOSIO/SDAOIT30PWM3O
DP5(Bot/CS13LED4P24 ] 6 AQST448GR2N 23 [ PO3/BUZOISCKOEINTOANT/CS19
CS1ZLEDYECIPZ [] 7 (28.TSSOP) 22 [ PO4ISSOEINTIANOICSOMESH)IDPO(BoY
DP4(Bot)/CS11/LED2IP22 [ 8 21 ] POS/EINT2IT30/PWM30/AN1/CS 1(MESH)
CS22ILED1P2Y [ 9 20 ] POB/EINTS/EC3/T40/PWMA O/AN2/CS2/DP1(Bot)
DP7(Bot)/CS21/LEDOP20 ] 10 19 1 PO7/EINTA/IT50/PWM50/AN3ICS3
CS10/(TXD1)(MOSH)P17 [ 11 18 1 P10/AN4/(RXDO)(MISO0)(SCLO)CS4/DP2(Bot)
DP3(Bot/CSY/(RXD1)(MISO1)/P16 [ 12 17 [ P1EINTS/T10/PWM10/ANS/(TXDO)/(MOSI0)/(SDA0)/CS5
CS8(MESHY/SCK1/P15 [ 13 16 1 P12/EINT12/T20/PWM20/ANG/CS6
CST(MESHYSS1/P14 [] 14 15 [ P13/CS20

NOTES:
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.
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A96T448 Datasheet

3.2 Pin Description
Table 22. Pin Description
Pin . .
Name 1/10 Function @RESET Shared With
P00 Port PO RESETB/TXD1/MOSI1/CS18
P01 8-bit I/O Port DSDA/RXDO/MISO0/SCLO/(EC3)
Can be set in input or
P02 output mode in 1-bit units. DSCL/TXD0/MOSI0/SDAO/T30/PWM30
P03 Internal pull-up register can BUZO/SCKO/EINTO/AN7/CS19
/O | be used via software when Input
P04 this port is used as input SSO/EINT1/ANO/CSO(MESH)/DPO(Bot)
rt.
P05 po ) . EINT2/T30/PWM30/AN1/CS1(MESH)
Open Drain enable register
P06 can be used via software EINT3/EC3/T40/PWM40/AN2/CS2/DP1(Bot)
when this port is used as
PO7 output port EINT4/T50/PWM50/AN3/CS3
P10 Port P1 AN4/CS4/(RXD0)/(MISO0)/(SCLO0)/CS4/DP2(Bot)
8-bit I/0O Port
P11 Can be set in input or EINT5/T10/PWM10/AN5/CS5/(TXDO0)/(MOSI0)/(SDAO)
P12 output mode in 1-bit units. EINT12/T20/PWM20/AN6/CS6
Internal pull-up register can
P13 be used via software when €S20
Tle) this port is used as input Input
P14 port. SS1/CS7(MESH)
Open Drain enable register
P15 can be used via software SCK1/CS8(MESH)
when this port is used as
P16 output port. (RXD1)/(MISO1)/CS9/DP3(Bot)
The P12 — P15 are not in
P17 the 24-pin package. (TXD1)/(MOSI1)/CS10
P20 Port P2 LEDO0/CS21/DP7(Bot)
P21 8-bit /O Port LED1/CS22
Can be set in input or
P22 output mode in 1-bit units. LED2/CS11/DP4(Bot)
P23 Internal pull-up register can LED3/EC1/CS12
/O | be used via software when Input
P24 this port is used as input LED4/CS13/DP5(Bot)
P25 port. . . LED5/EINT11/EC0/CS14
Open Drain enable register
P26 can be used via software LEDG6/EINT10/CS15/DP6(Bot)
when this port is used as
P27 output port. LED7/TOO/PWMO0O/CS16
Port P3
2-bit 1/0 Port
P30 Can be set in input or CAPN
output mode in 1-bit units.
Internal pull-up register can
/O | be used via software when Input
this port is used as input
port.
P31 Open Drain enable register RXD1/MISO1/EINT8/CS17
can be used via software
when this port is used as
output port.
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Table 22. Pin Description (continued)

Pin . .
Name 110 Function @RESET Shared With
EINTO I/0 P03/BUZ0/SCKO/AN7/CS19
External interrupt inputs Input
EINT1 I/0 P04/SSOANO/CSO(MESH)/DP0(Bot)
External interrupt input
EINT2 I/O | and Timer 3 capture Input P05/T30/PWM30O/AN1/CS1(MESH)
input
External interrupt input
EINT3 I/O | and Timer 4 capture Input PO6/EC3/T40/PWM40O/AN2/CS2/DP1(Bot)
input
External interrupt input
EINT4 I/O | and Timer 5 capture Input PO7/T50/PWM50O/AN3/CS3
input
External interrupt input
EINT5 I/O | and Timer 1 capture Input P11/T10/PWM10/AN5/CS5/(TXDO0)/(MOSI0)/(SDAO)
input
EINT8 I/O | External Interrupt input Input P31/RXD1/MISO1/CS17
EINT10 | I/O | External interrupt input Input P26/LED6/CS15/DP6(Bot)
EINT11 | I/O | External interrupt input Input P25/LED5/EC0/CS14
External interrupt input
EINT12 | I/O | and Timer 2 capture Input P12/T20/PWM20/AN6/CS6
input
TOO I/O | Timer 0O interval output Input P27/LED7/TOO/PWMO0O/CS16
T10 I/O | Timer 1 interval output Input P11/EINT5/PWM10/AN5/CS5/(TXD0)/(MOSI0)/(SDAO)
T20 I/O | Timer 2 interval output Input P12/EINT12/PWM20/AN6/CS6
) . P02/DSCL/TXD0/MOSI0/SDA0/PWM30
T30 I/O | Timer 3 interval output Input POS/EINT2/PWM3O/AN1/CS1(MESH)
T40 I/O | Timer 4 interval output Input PO6/EINT3/EC3/PWM40O/AN2/CS2/DP1(Bot)
T50 I/O | Timer 5 interval output Input PO7/EINT4/PWM50O/AN3/CS3
PWMOO | I/0O | Timer 0 PWM output Input P27/LED7/TOO/CS16
PWM10O | I/O | Timer 1 PWM output Input P11/EINT5/T10/AN5/CS5/(TXD0)/(MOSI0)/(SDAO)
PWM20O | I/0O | Timer 2 PWM output Input P12/EINT12/T20/AN6/CS6
) P02/DSCL/TXD0/MOSI0/SDAO/T30
PWM3O0 | I/0O | Timer 3 PWM output Input POS/EINT2/T30/AN1/CS 1(MESH)
PWM40 | 1/0 | Timer 4 PWM output Input PO6/EINT3/EC3/T40/AN2/CS2/DP1(Bot)
PWM50 | 1/0O | Timer 5 PWM output Input PO7/EINT4/T50/AN3/CS3
ECO | IO iTni")'Letr 0 event count Input | P25/LED5/EINT11/CS14
EC1 | 10 .Tnmr 1 event count Input | P23/LED3/CS12
EC3 e Timer 3 event count Inout P01/DSDA/RXD0O/MISO0/SCLO
input Pu PO6/EINT3/T40/PWM40O/AN2/CS2/DP1(Bot)
BUZ0 I/O | Buzzer signal output Input P03/SCKO/EINTO/AN7/CS19
scko | o | Serial O clock Input | PO3/BUZO/EINTO/AN7/CS19
input/output
sck1 | o | Serial 1 clock Input | P15/CS8(MESH)
input/output
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Table 22. Pin Description (continued)

Pin 1 o Function @RESET Shared With
Name
Mosio | yo | SP1 0 master output, ot | PO2/DSCLTXDO/SDAOT30/PWM3O
slave input P P11/EINT5/T10/PWM10/AN5/CS5/(TXD0)/(SDAO)
SPI 1 master output, POO/RESETB/TXD1/CS18
MOSIT 1 10 1 sjave input NPUt | b47TxD1)CS 10
SPI 0 master input, P01/DSDA/RXD0/SCLO/(EC3)
MISOO 1 110 gjave output NPUL | b1 0/AN4/CS4/(RXDO)/(SCLOYCS4
SPI 1 master input, P16/(RXD1)/CS9/DP3(Bot)
MISOT 1 10 slave output NPUt | b31/RXD1/EINTSICS17
sso | 1o | SP!0slave selectinput Input | PO4/EINT1/ANO/CSO(MESH)/DPO(Bot)
(Slave mode only)
SPI 1 slave select input
SST | 10 | (Giave mods o) Input | P14/CS7(MESH)
P02/DSCL/MOSI0/SDAO/T30/PWM30
TXDO | /O | UART 0 data output NPUL 1 14 /EINTS5/T10/PWM1O/ANS/CS5/(MOSI0)/(SDAD)
POO/RESETB/MOSI1/CS18
TXD1 I/O | UART 1 data output Input P17/(MOSI)/CS10
. P01/DSDA/MISO0/SCLO/(EC3)
RXDO | I ART 0 data input Input
0 | VO | UARTO datainpu neu P10/AN4/CS4/(MISO0)/(SCLO)/CS4/DP2(Bot)
P31/MISO1/EINT8/CS17
RXD1 | I ART 1 data input Input
/o1 u data inpu neu P16/(MISO1)/CS9/DP3(Bot)
. P01/DSDA/RXDO/MISO0/(EC3)
SCLO | 1O | 12C O clock input/output NPUL 1 b 1 0/AN4/CS4/(RXDO)/(MISO0)/CS4/DP2(Bot)
. P02/DSCL/TXDO/MOSIOT30/PWM30
SDAO | /O | 12C 0 data input/output NPUL | b 14 /EINT5/T10/PWM1O/ANS/CSS5/(TXDO)/(MOSIO)
ANO | 1O Input | PO4/SSO/EINT1/CSO(MESH)/DPO(Bot)
AN1 | 1O Input | POS/EINT2/T30/PWM30/CS1(MESH)
AN2 | 10 Input | POB/EINT3/EC3/T40/PWM40/CS2/DP1(Bot)
AN3 | 10 | A/D converter analog Input | PO7/EINT4/T50/PWM50/CS3
AN4 | 1O | input channels Input | P10/CS4/(RXDO0)/(MISOO)/(SCLO)/CS4/DP2(Bot)
AN5 | 10 Input | P11/EINTS/T10/PWM10/CS5/(TXDO)/(MOSI0)/(SDAO)
AN6 | 110 Input | P12/EINT12/T20/PWM20/CS6
AN7 | 10 Input | PO3/BUZO/SCKO/EINTO/CS19
CAPN I/O | Modulation CAP Input P30
DPO | /O Input | PO4/SSO/EINT1/CSO(MESH)/ANO
DP1 | IO Input | POB/EINT3/EC3/T40/PWM4O/CS2/AN2
DP2 | 10 Input | P10/CS4/(RXDO0)/(MISOO)/(SCLO)/CS4/AN4
DP3 | 10 | piff Switch input Input | P16/(RXD1)/(MISO1)/CS9
DP4 /0 | channels Input P22/LED2/CS11
DP5 | /O Input | P24/LED4/CS13
DP6 | /O Input | P26/LEDG/EINT10/CS15
DP7 | 10 Input | P20/LEDO/CS21
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Table 22. Pin Description (continued)

NF;ir:e 110 Function @RESET Shared With
CSo P04/ SSO/EINT1/ANO/(MESH)/DPO(Bot)
Cs1 P05/ EINT2/T30/PWM30O/AN1/(MESH)
CSs2 PO6/EINT3/EC3/T40/PWM40/AN2/DP1(Bot)
CS3 PO7/EINT4/T50/PWM50/AN3
Cs4 P10/AN4/CS4/(RXD0)/(MISO0)/(SCL0)/DP2(Bot)
CS5 P11/EINT5/T10/PWM10/AN5/(TXDO0)/(MOSI0)/(SDAQ)
CS6 P12/EINT12/T20/PWM20/AN6
Cs7 P14/SS1/(MESH)

CS8 P15/ SCK1/(MESH)
CS9 P16/(RXD1)/(MISO1)/DP3(Bot)

CS10 P17/(TXD1)/(MOSI1)

CS11 I/O | Touch Switch Inputs Input P22/LED2/DP4(Bot)

CS12 P23/LED3/EC1
CS13 P24/LED4/DP5(Bot)

CsS14 P25/LED5/EINT11/ECO
CSs15 P26/LEDG6/EINT 10/DP6(Bot)

CS16 P27/LED7/TOO/PWMOO
Cs17 P31/RXD1/MISO1/EINT8
CS18 POO/RESETB/TXD1/MOSI1
CS19 P03/BUZ0/SCKO/EINTO/AN7/

CS20 P13
CS21 P20/LEDO/DP7(Bot)

CS22 P21/LED1

System reset pin with a

pull-up resistor when it

RESETB | /O | is selected as the Input P0O0/TXD1/MOSI1/CS18

RESETB by

CONFIGURE OPTION

In-system

DSDA I/O | programming data Input P01/RXDO0O/MISOO0/SCLO/(EC3)

input/output

In-system

DSCL I/0 ip:]rglgjjtramming clock Input P02/TXD0/MOSI0/SDAO/T30/PWM30
\\//%ES) - Power input pins - -

NOTES:

1. The P10-P17 are not in the 20-pin package.
The P12-P15 are not in the 24-pin package.
POO/RESETB pin is configured as one of the P00 and RESETB pin by the “CONFIGURE OPTION.”

If the PO1/DSDA/RXD0/MISO0/SCLO/(EC3) and P02/DSCL/TXD0/MOSI0/SDAO/T30/PWM3O0 pins are connected to
the programmer during power-on reset, the pins are automatically configured as In-system programming pins.

5. P01/DSDA/RXD0/MISO0/SCLO/(EC3) and P02/DSCL/TXD0/MOSI0/SDAO/T30/PWM30 pins are configured as
inputs with internal pull-up resistor only during the reset or power-on reset.

6. The POO/RESETB/TXD1/MOSI1/CS18, P27/LED7/TOO/PWM00/CS16, and P26/LED6/EINT10/CS15 pins are
configured as a function pin by software control.

> oen
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4. Electrical Characteristics

4.1 Absolute Maximum Ratings

Table 23. Absolute Maximum Ratings

Parameter Symbol Rating Unit Remark
Supply Voltage VDD -0.3~+6.5 \% -
-0.3 ~
Vi vop+03 | Y
Voltage on any pin with respect to VSS
Vo 0.3~ \%
VDD+0.3
loH 10 mA | Maximum current output sourced by (lon per 1/0
pin)
Normal Voltage Pin ;
Ylon 100 mA | Maximum current (¥ low)
loL1 25 mA | Maximum current (loL1 per I/O pin)
YloL 100 mA | Maximum current (3 loL1)
loL2 130 mA | Maximum current sunk by (loL2 per I/O pin)
Ylot2 130 mA | Maximum current by LED Drive (3 loL2)
Storage Temperature Tstc -65 ~ +150 °C -

NOTE:

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.

4.2 Recommended Operating Conditions

Table 24. Recommended Operating Conditions

Parameter Symbol Conditions Min Typ Max | Unit
fx= 16 MHz HSIRC 2.0 - 5.5
Operating Voltage VDD fx= 32 kHz LSIRC 2.0 - 55 \%
Touch, ADC 27 - 5.5
Operating Temperature Toprr VDD=2.0 ~ 5.5V -40 - 85 °C
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4.3 Touch Sensing Characteristics

Table 25. Touch Switch Characteristics

Parameter Symbol Condition Min. Typ. Max. Unit
Operating Voltage VDDEXT - 2.7 5 5.5 Vv
Operating Temperature TOP - -40 25 105 °C
Maximum junction o
temperature T ) . ) 125 C
Load Capacitance Cioad - - - 100 pF

"Coad=50 pF (@2 MHz) ) 4 4
Operating Frequency Fop Croad=100 pF (@1 MHz) MHz

VDDEXT < 3.3 V" 0.125 2 2

VSTART/VSTOP AVDD-
Reference Voltage ) ) 200 mv ) 200mv | V
COMP Reference o
Voltage - - - AVDDx*50% - \Y
High-SenOperating - DAC enable, CAPN 22 nF - 1514 1931 MA
current - DAC disable, CAPN 22 nF - 805 897 pA

\BO\ 125

SEMICONDUCTOR



4. Electrical Characteristics

A96T448 Datasheet

4.4 A/D Converter Characteristics
Table 26. Operating Condition of A/D Converter
Parameter Symbol Min Typ. Max Units
Operating voltage Vob 24 5.0 5.5 \Y
Operating temperature Ta -40 25 105 °C

NOTE:

1. If 12-bit ADC uses voltage of less than 2.4 V, measurement error may be big. To avoid this, it is recommended to use

voltage ranging from 2.4 V to 5.5 V for the ADC which is used for precision sensing of analog voltage.

Table 27. A/D Converter Characteristics

Parameter Symbol Condition Min Typ. Max unit
Resolution - - - - 12 Bit
Number of channels - - - 8 - CH
Analog input range ViN V\?::E;:G\:ED VSS - AVREF Y
Operating current lop VDD = 5V - 1 2 mA
Standby current Ist - - 20 1500 nA
Differential nonlinearity DNL - - 11 14 LSB
Integral nonlinearity INL Ta=25°C - 14 +10 LSB
Top offset error (FSE) TOE - - 16 +12 LSB
Zero offset error ZOE - - 4 18 LSB
Operating frequency ACLK - - - 4.5 MHz
Conversion frequency fconv - - - 133 Ksps

NOTE:

1. The specifications of the parameters are guaranteed by design.
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4.5 Power-On Reset Characteristics

Table 28. Power-On Reset Characteristics

4. Electrical Characteristics

Parameter Symbol Conditions Min Typ Max Unit
RESET Release Level VpPor - - 1.48 - \Y
RESET SET Level - - - 1.28 - \Y
VDD Voltage Rising Time tr - 0.05 - 50.0 Vims
VDD Voltage Falling Time te - 0.05 - 50.0 Vims
Minimum Pulse Width tw - - - 5 us
POR Current Ipor - - 0.2 - MA

NOTE:
1. Guaranteed by design.
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4.6 Low-Voltage Reset and Low Voltage Indicator Characteristics

Table 29. LVR and LVI Characteristics
(TA=-40°C ~ +85°C or TA=-40°C ~ 105°C, VDD=2.0V ~ 5.5V, VSS=0V)

Parameter Symbol Conditions Min Typ Max | Unit
VLVR_RO 1.550 1.700 1.800
VLVR_R1 2.608 | 2.860 | 3.029
VDD rising
VLVR R2 3.575 | 3.920 | 4.151
Low-Vo|tage Reset VLVR_RS 4.077 4.47 4.734 v
Level VLVR_Fo 1.520 1.600 1.760
VLVR_F1 2.533 2.700 1.970
VDD falling
VLVR_F2 3.470 | 3.700 | 4.070
VLVR_F3 3.958 | 4.220 | 4.642
VLwvi_Rro 2134 | 2.340 | 2.478
VLivi_R1 2.909 3.190 3.378
VDD rising
Vivi_Rr2 3.867 | 4.240 | 4.490
|_ow-V0|tage Indicator VLVI_R3 4.359 4.780 5.062 v
Level Vivi_Fo 2.073 | 2.200 | 2.431
Vivi_F1 2.823 3.000 3.311
VDD falling
Vivi_F2 3.752 | 4.000 | 4.400
Vivi_F3 4230 | 4.510 | 4.961
Minimum Pulse Width tw - - - 5 us
Enable (Both) - 4.0 -
LVR and LVI Current IsL Enable (One of two) - - 3.5 - MA
Disable (Both) - - - 0.1
NOTE:

1. Guaranteed by design.
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4.7 High Speed Internal RC Oscillator Characteristics

Table 30. High-Speed Internal RC Oscillator Characteristics
(TA=-40°C ~ +85°C, VDD=2.0 V ~ 5.5V, VSS=0 V)

Parameter Symbol Conditions Min. Typ. Max. Unit
Frequency fHsire Vop=2.0-55V - 16 - MHz
Ta=+0°C ~ +60°C -1.5 - +1.5
Tolerance - %
Ta=-40°C ~ +105°C -3.5 - +3.5
Clock Duty Ratio TOD - 40 50 60 %
Stabilization Time THFs - - - 5 us
Enable - 280 - MA
HSIRC Current IHsIRC
Disable - - 15 nA
NOTE:

1. Guaranteed by design.

4.8 Low-Speed Internal RC Oscillator Characteristics

Table 31. Internal WDTRC Oscillator Characteristics
(TA=-40°C ~ +85°C or TA=-40°C ~ 105°C, VDD=2.0V ~ 5.0 V)

Parameter Symbol Conditions Min Typ Max Unit
Frequency fLsire Ta=-40°C ~ +85°C 224 32 41.6 kHz
Stabilization Time Tisire - - - 0.2 ms
Enable - 0.15 -
LSIRC Current ILsirc MA
Disable - - 0.01
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4.9 DC Characteristics

Table 32. DC Characteristics
(TA= -40°C ~ +85°C,VDD=2.0V~ 5.5V, VSS=0V, fSCLK= 16 MHz)

Parameter Symbol Conditions Min Typ Max Unit
Input High Voltage VIH All input pins 0.8vDD - - \Y,
Input Low Voltage VIL All input pins - - 0.2vDD \%

. VDD=5.0V,
Output High Voltage VOH All output ports; 0.8vDD - - \%
VDD=5.0V, 4 mA;
VOL1 m - ~ |oa2vop| v
All output ports except VOL2
Output Low Voltage
VDD=5V, IOL= 72 mA, TA= 25°C;
VOLZ | pox L ED High sink current output - L - v
. VDD=5.0V, VOH=0.8*VDD,
Output High Current IOH All output ports: -4 - - mA
Input High Leakage . _ _
Current IIH All input ports 1 MA
Input Low Leakage .
Current lIL All input ports -1 - - MA
Pull-Up Resistor R VDD=5.0, 30 50 70 kQ
ull- i
P FU All Input ports
IDD1
fHSIRC= 16 MHz, VDD= 5 V+10% 0.7 - 4 mA
(RUN)
IDD2
fHSIRC= 16 MHz, VDD= 5 V+10% 0.5 - 3 mA
Power Supply (IDLE)
Current IDD3 STOP @ WDT on, VDD= 5.5 B B 290
(STOP1) V+10%, TA= 25°C .
MA
IDD4 STOP @ WDT off & LVR off, 7
(STOP2) VDD= 5.5 V+10%, TA= 25°C
NOTES:

1. All supply current items do not include the current of an internal Watchdog timer RC (WDTRC) oscillator and a
peripheral block.

2. All supply current items include the current of the power-on reset (POR) block.
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4.10 AC Characteristics

Table 33. AC Characteristics
(TA= -40°C ~ +85°C or TA=-40°C ~ 105°C, VDD=2.0V ~ 5.5 V)

4. Electrical Characteristics

Parameter Symbol Conditions Min Typ Max Unit
RESETB input low width trsL Input, VDD= 5V 10 - - us
. . . tiINTH, .
Interrupt input high, low width ¢ All interrupt, VDD= 5V 200 - -
INTL
External Counter Input High, tECWH, ECn, VDD =5V 200 B B ns
Low Pulse Width tECWL (n=0,1,3)
External Counter Transition tREC, ECn,VDD =5V 20 B B
Time tFEC (n=0,1, 3)
Figure 90. AC Timing
’ tiwL g tIWH N
External 0.8vDD
Interrupt
K + 0.2vDD
’ tRST N
RESETB
K + 0.2vDD
tECWL 1 L tECWH N
<« tFEC —> <« tREC
s
ECn 0.8vDD
K + 0.2vDD
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4.1

USART Characteristics

A96T448 Datasheet

The following table and figures show USART timing condition in SPI or Synchronous mode operation.

Table 34. USART Timing Characteristics in SYNC. or SPI Mode Operations

(Ta=-40°C ~ +85°C or Ta=-40°C ~ 105°C, VDD=1.8 V ~ 5.5 V)

Parameter Symbol Min. Max. Unit
System clock period (0.5 MHz~16 MHz) tscik 62.5 2000 ns
Clock (XCK) period txek 4 x tscLk 1028 x tscik ns
Clock (XCK) high time txckH 2 x tscLk 514 x tscik ns
Clock (XCK) low time txcke 2 x tscik 514 x tscik ns
. Master tLeAD 0.5 x txck 0.5 x txck
Lead time ns
Slave tLeAD 2 x tscLk -
. Master tLac 0.5 x txck 0.5 x txck
Lag time ns
Slave tLac 2 x tscLk -
Master tsim 2 x tscLk 2 x tscLk
Data setup time (inputs ns
P (inputs) Slave tsis 2 x tscLk 2 x tscLk
Master tHim 10 -
Data hold time (inputs ns
ime (inputs) Slave this 10 -
Master t 2xt 2xt
Data setup time (outputs) oM SCHK SCHK ns
Slave tsos 2 x tscLk 2 % tscLk
Master t -10 -
Data hold time (outputs) Hom ns
Slave tHos -10 -
Disable time tois 1 % tscLk 2 % tscLk ns
NOTES:
1. In synchronous mode, Lead and Lag time for SS pin is ignored. And the case of “UCPHA=0" is also only applied to
SPI mode.

2. Alltiming is shown between 20% VDD and 80% VDD.
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Figure 91. SPl Master Mode Timing (UCPHA = 0, MSB First)

“— [
SS2 \ tLAG
(Output/Input) B
>
CC
tLead < tXCK N
XCK — — 1 0.8VDD
(UCPOL=0) 7
(Output) T — — N 4+ 0.2vDD
txcKL tXCKH
— i —
XCK — - - | -
(UCPOL=1) K
(Output) A AN |
\ / 7
M'psugz BIT6...1 LSB
tsom tois
S — > i
CC J
z\él)?tth) BIT6...1 LSB
>> J
< C
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Figure 92. SPI/Synchronous Master Mode Timing (UCPHA = 1, MSB First)

«—>
SS2 ttaG +
(Output) 3
>>
T<

tean P txcK R
xCK ) [\ osvoD
(UCPOL=0) X
(Output) — 0.2VDD

tXCKH
“«—>
XCK =
(UCPOL=1)
(Output) - |
7
MISO2/RXD2 LSB
(Input)
tois
MOSI2/TXD2
(Output) LSB
NOTE:
1. When in Synchronous mode, the START bit becomes MSB and the 1st or 2nd STOP bit becomes LSB.
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Figure 93. SPI Slave Mode Timing (UCPHA = 0, MSB First)

SS2 tLAG
(Output) 3

>>
[ <
tiean < tXCK N
XCK — — /_<> - 1_ 0.8vVDD
(UCPOL=0) X

(Output) 7— H 7‘— — ] —0.2VDD

tXcKL tXCKH
— [ —>

XCK
(UCPOL=1)
(Output)

MISO2/RXD2
(Input)

tois

MOSI2/TXD2
(Output)

\BO\ 135

SEMICONDUCTOR



4. Electrical Characteristics A96T448 Datasheet

Figure 94. SPI/Synchronous Slave Mode Timing (UCPHA =1, MSB First)

“—>
S82 tLAG —F
(Input) B

[ <
tiean txCK

XCK — —
(UCPOL=0) 7 X B

(Input) 7— = 7— — —0.2VDD

tXCKL tXCKH
— [ —>

A
v

A
v
:/‘

i 0.8VDD

XCK
(UCPOL=1) 0.2vDD

(Input)

MISO2/RXD2
(Output)

MOSI2/TXD2
(Input)

NOTE:
1. When in Synchronous mode, the START bit becomes MSB and the 1st or 2nd STOP bit becomes LSB.
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4.12 SPI0 Characteristics

Table 35. SPI0 Characteristics
(TA=-40°C— +85°C or TA=-40°C ~ 105°C, VDD=2.0 V - 5.5 V)

4. Electrical Characteristics

Parameter Symbol Conditions Min | Typ | Max | Unit
Output Clock Pulse Period scK Internal SCK source 200 - -
t
Input Clock Pulse Period External SCK source 200 - -
Output Clock High, Low Pulse Width | t{SCKH, 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 - -
Figure 95. SP10/1/2 Timing
SSn
(Output/Input)
>>
T<
tSCK
—» {FOD i« < >
£ S F 1 08VDD
SCKn
(CPOLN=0)
Output/Input
(Outputinpu + + + 4 0.2VDD
tSCKL | i tSCKH_
SCKn
(CPOLn=1)
(Output/Input)
<L
tDIS tDIH
MISOn/MOSIn
(Data Input) LSB
> DS _
T<
MISOn/MOSiIn
(Data Output) MSB LSB
> >
T<
NOTE:
1. n=0,1and?2
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4.13 UARTN Characteristics

Table 36. UARTO Characteristics

A96T448 Datasheet

(TA=-40°C ~ +85°C or TA=-40°C ~ 105°C, VDD=2.0 V ~ 5.5V, fSCLK=8 MHz)

_/

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 tH1 tepu- 50 tcpu - ns
Input data hold after clock rising edge th2 0 - - ns
Serial port clock High, Low level width tHiGH, tLow 720 tcpu x 8 1280 ns
Figure 96. Waveform for UARTO Timing Characteristics
tsck
P tHIGH _ P tLow g
/ x\ / \

Figure 97. Timing Waveform for UARTO0 Module

tsck

Shift Clock / \ [ \ / \ / \ / \_/_\_/_\_/_\__

Data Out \ |:.)0 X D:H‘I_NX:‘_ D2 X D3 X D4 X D5 X D6 X D7
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4. Electrical Characteristics

4.14 12C0 Characteristics
Table 37. 12C0 Characteristics
(TA=-40°C ~ +85°C or TA=-40°C ~ 105°C, VDD=2.0 V ~ 5.5 V)
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 - V&
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
Figure 98. 12C0 Timing
P tscL -
tSCLH  tsCLL
—>» €—tsSTSU < > i > — ¢— {DIH —>» <€— tSPSU
- - - = E— -
SCLn X / /L <— tSPHD
SDAn \ / >< ] \
X- Z tBF i
—>» €« {STHD —> <4— tDIS < >
—p €—tvD
SDAnN / X X
Out j
—> <€— tvD '
NOTE:
1 n=0
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4.15 Data Retention Voltage in Stop Mode

Table 38. Data Retention Voltage in STOP Mode
(TA=-40°C ~ +85°C or TA=-40°C ~ 105°C, VDD=2.0 V ~ 5.5 V)

Parameter Symbol Conditions Min Typ Max Unit
Data retention supply voltage VbDDR - 2.0 - 5.5 \%
VDDR= 2.0V,
Data retention supply current IobDR (Ta=25°C), - - 1 pA
STOP mode

Figure 99. STOP Mode Release Timing When Initiated by Interrupts

Idle Mode
X (Watchdog Timer Active)
|¢—————— Stop Mode >4
Normal
Operating Mode
l4—— Data Retention ——p
Vop it
T VDDDR
Execution of
STOP Instruction
0.8VDD7L
INT Request
—P{twAarTfd—

NOTE:
1. tWAIT is the same as (the selected bit overflow of BIT) x 1/(BIT Clock).

Figure 100. STOP Mode Release Timing When Initiated by RESETB

RESET
Occurs
i Oscillation
) > <> T .
- Stop Mode N Stabillization Time
_ g Normal
l¢—— Data Retention ———p Operating Mode
VDD 1
\/DDDR
Execution of
RESETB STOP Instruction
s Z‘ 0.8VDD
0.2VD
—P TWAIFE—
NOTE:

1. tWAIT is the same as (4096 x 4 x 1/fx) (16.4 ms @ 1 MHz).
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4.16 Internal Flash ROM Characteristics

Table 39. Internal Flash ROM Characteristics
(TA=-40°C ~ +85°C or TA=-40°C ~ 105°C, VDD=2.0 V ~ 5.5V, VSS=0 V)

Parameter Symbol Condition Min. Typ. Max. Unit

M ilable clock

ax available cloc B B B B 16 MHz
Frequency
Normal Program Cycle Time tPGMBUSY - 21 25 32.5 us
Normal Page Erase Cycle Time tPERSBUSY - 1.4 2 26 ms
Sector Erase Cycle Time tSERSBUSY - 1.4 2 2.6 ms
Chip Erase Cycle Time tMERSBUSY - 5.6 8 10.4 ms

. TA=25°C, .
Endurance of Write/Erase NFwe . 10,000 - - times
page unit
Retention time tFRT - 10 - - years
NOTE:

1. During a Flash operation, SCLK[1:0] of SCCR must be set to “00” or “01” (INT-RC OSC for system clock).

4.17 Input/Output Capacitance

Table 40. Input/Output Capacitance
(TA=-40°C ~ +85°C or TA=-40°C ~ 105°C, VDD=0 V)

Parameter Symbol Condition Min Typ Max Unit
Input C it C
nput Capacitance IN fx= 1 MHz
Output Capacitance Cout Unmeasured pins are - - 10 pF
ted to VSS
I/O Capacitance Cio connected fo
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418 Recommended Circuit and Layout

A96T448 Datasheet

Figure 101. Recommended Voltage Range

8Yv.196V

This 0.1 yF capacitor shoud be
/4 within 1cmfrom the VDD pin of MCU {

onthe PCB layout.

VDD VCC )

vbD :'/1> 0.1yF

vss g o

— DC Power

o -o—

VCC

_~High-Current
A Infrared LED,
{ FND(7-Segment),

etc

1/0

) This 0.01 pF capecitor is altematively
for noise immunity.

Part

}

}

shoud be separated from the high-
current part ata DC power node on

The MCU pbwer line (VDD and VSS)
{the PCB layout }
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4.19 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 is out of the 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.

Figure 102. IDD1 (RUN) Current

IDD1(RUN])
L7
1.65
LE /’
< 1.55 //
E
15 —
1.45
1.4
2.0V 3.3V 5.5V
-40°C 25°C 105°C
Figure 103. IDD2 (IDLE) Current
IDD2(IDLE)
1.4
1.35 /
1.3 /
E —
1.2
115
11
200 3.3V 5.5V
-40°C 25°C 105°C

\BO\ 143

SEMICONDUCTOR



4. Electrical Characteristics A96T448 Datasheet

Figure 104. IDD3 (STOP1) Current

IDD3(STOP1)
]
7
6 /
L]
< 4 —
E
3
2
1
0
20 3.3V 5.5V
-40°C 25°C 105°C

Figure 105. IDD5 (STOP2) Current

IDD4(STOP2)

35

3 - —

25

15

0.5

2.0V 3.3V 5.5V

-40°C 25%C 105°C
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5. Package Information

20-SOP Package Information

5.1

20-SOP is a 20-pin, 300-mil Small Outline Package.

Figure 106. Package Dimension (20-SOP)
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5. Package Information

Figure 107. Package Dimension (20-TSSOP)

20-TSSOP Package Information
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5. Package Information

24-QFN Package Information

5.3

24-QFN is a 24-pin, 4x4 mm Quad Flat No-lead Package.

Figure 108. Package Dimension (24-QFN)
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A96T448 Datasheet

28-SOP Package Information

5.4

28-SOP is a 28-pin 300-mil Small Outline Package.

Figure 109. Package Dimension (28-SOP)

8]

[ _JHAAAAAAAAAAAANA

PN E 1 INDEX

BASE METAL “\__WITH PFLATING

SECTION B-B

REW. DESCRIFTION DATE ENG APFROVAL

—_ QEMERATE QI T | JH E il CHAE

COMMON DIMENSIONS
{UNITS OF MEASURE=MILLMETER)

GAUGE PLANE 0.25

_ SYMBOL M oM WA K
A - - 280
A .10 - 030
i a2 208 - -
b 031 - 054
B 027 — 050
¢ .10 - 133
&1 .10 - 030
D 17.40 — 18.20
E 1000 — 10,60
El 7.30 - 770
L] 1278BEC
) L 0.40 — 127
e ) T - 3
—

8 8 NOTES:
1. ALL DIMENSIONS REFER TO JEDEC STANDARD MS-013-AE.

2. DIMENSION "Cr DOES NOT INCLUDE MOLD FLASH, PROTRUSION OR
GATE BURRS. MOLD FLASH, PROTRUSIONS OR GATE BURRS SHALL
NOT EXCEED 0.15MM PER END. DIMENSION "E1"DOES NOT INCLUDE
INTERLEAD FLASH OR PROTRUSION. INTERLEAD FLASH OR
PROTRUSION SHALL NOT EXCEED 0.25MM PER SIDE,

3. DIMENSION o' DOES NOT INCLUDE DAMBAR PROTRUSION.
ALLOWABLE DAMBAR FPROTRUSION SHALL BE D 10MM TOTAL IN
EXCESS OF THE b' DIMENSION MAXIMUM CONDITION,

4,'A1" 15 DEFINED AS THE VERTICAL DISTANCE FROM THE SEATING
PLANE TO THE LOWEST POINT ON THE PACKAGE BODY.

USTOF MATERIAL AND AFFUCABLE DOCUMENTS

BCALE SHE ] o 15 RaG | T

A i L

s | TR ke SOP 300MIL 28LD
FHEmEC Freesa PACKAGE QUTLINE

a Wl CHAE
ES - o8
WECIFED — ey FAONEE ) CHEE

ABOV SEMICONDUCTOR MO NARE. A W ol A REY MR,
SO 300 R0 3000028 - 1 CF 1

149

\BO\

SEMICONDUCTOR



A96T448 Datasheet

5. Package Information

28-TSSOP Package Information

28-TSSOP is a 28-pin 170-mil Small Outline Package.

5.5

Figure 110. Package Dimension (28-TSSOP)
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6. Ordering Information

6. Ordering Information
Figure 111. A96T448 Device Numbering Nomenclature
A96T4 X X F D () N (T)
Device family name
A96T4 Family Name
Version
3 version
Memory
0 64 KB
Pin count
G 28-pin
L 24-pin
F 20-pin
A 16-pin
Package type
D SOP (1.27 mm pin pitch)
Y QFN2
R TSSOP (0.65 mm pin pitch)
Temperature
None -40°C to +85°C
2 -40°C to +105°C
Bonding wire
None Au wire
N Pd-Cu wire
Packing
() Tape & reel
(W) Wafer
(C) Chip carrier
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Revision History

Revision Date Notes
1.00 Dec. 17, 2025 Initial release
1.01 Jan. 27, 2026 Spec updates for items 4.6 and 4.16 of the Electrical Characteristics
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