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CMOS Single-Chip 8-bit Microcontroller, Flash Memory
32 KB, SRAM 768 bytes, 12-bit ADC

Features

Core and Memory

* 8-bit M8051 core (8051 Compatible, 2 clocks
per cycle)

* 32 KB On-chip Flash (ISP)
» 256 bytes IRAM, 512 bytes XRAM

General-Purpose 1/0 (GPIO)
* Normal I/O: 30 Port

Timer/Counter

* Basic Interval Timer (BIT) 8-bit x 1-ch
* Watchdog Timer (WDT) 8-bit x 1-ch

* 16-bit x 4-ch (TO/T1/T2/T3)

* 16-bit x 1-ch (T4) with complementary PWM
output

Programmable Pulse Generation
* Pulse generation (by TO/T1/T2/T3/T4)

Buzzer

e 8-bit x 1-channel

12-bit A/D Converter

* 8 Input channels
System Clock Monitoring

16-bit CRC/Checksum Generator
¢ Auto and User CRC/Checksum mode

8-bit UART x 2 Channels

128-bit Unique ID

DS Rev. 1.00

Power-on Reset

* Resetrelease level (1.4 V)

Low-Voltage Reset
+ 14-level detect (1.60 V, 2.00 V, ..., 4.40 V)

Low-Voltage Indicator
 13-level detect (2.00V, 2.10V, ..., 4.40 V)

Interrupt Sources

e External Interrupts (EINT10/11/0-3/12/13) (5)
* Timer 0/1/2/3/4 (5), WDT (1), BIT (1)

« UARTO/1 (4), ADC (1), SCM (1)

Internal High Frequency RC
Oscillator

* 16 MHz £1.0% (TA=-20 to +70°C, User-trim)

Power-down Mode
e STOP, IDLE mode

Operating Voltage and Frequency

s 22V1t055V(@0.4 to 4.2 MHz with X-tal)
24V105.5V (@0.4 to 8 MHz with X-tal)
2.7V105.5V (@0.4 to 12 MHz with X-tal)
1.8 Vto 5.5V (@0.5 to 16 MHz with IRC)

* Voltage dropout converter included for core

Operating Temperature
e —40°Cto +105°C

Global Top Smart MCU Innovator, ABOV Semiconductor
www.abovsemi.com



https://www.abovsemi.com/

Product Selection Table A96G198 Datasheet

Package Type
* 32-LQFP-0707
* Pb-free package

Product Selection Table

Table 1. Device Summary
Part Number Flash IRAM/XRAM UART Timer ADC 110 Package
A96G198KN 32KB 256/512B 2 5 8-ch 30 32-LQFP
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1. Introduction A96G198 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.

2. Description

The A96G198 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. This provides the following features : 32 Kbytes of flash memory, 256 bytes of
IRAM, 512 bytes of XRAM, general purpose |/O, Basic Interval Timer, Watchdog Timer, 16-bit
timer/counter, 16-bit PPG output, 16-bit PWM output, buzzer driving port, UART, system clock
monitoring function, 16-bit CRC/Checksum generator, 12-bit A/D converter, on-chip POR, LVR, LVI, on-
chip oscillator and clock circuitry. The A96G198 also supports power saving modes to reduce power
consumption.

21 Product Category Definition
Table 2 provides an overview of the memory capacity for available devices in the A96G198 series.

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

Table 2. A96G198 Series Memory Density

Memory Density
Flash RAM
32 KB 768 bytes A96G198

Category

8 \BO\
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A96G198 Datasheet

2.2 Device Overview

2. Description

Table 3 describes the features of the A96G198 and peripherals.

Table 3. A96G198 Device Features and Peripherals

Peripheral A96G198
CPU 8-bit M8051 core (2-clock per cycle)
» 32 Kbytes with self r/'w capability
* On-chip debug and ISP
Flash * Endurance:
- 1,000 times (Sector 0~495)
- 100,000 times (Sector 496~511)
IRAM 256 bytes
XRAM 512 bytes
GPIO * Normal /0O
* 30 ports: PO[5:0], P1[7:0], P2[7:0] , P3[7:0]
* BIT 8-bit x 1-ch
Timer/counter * WDT 8-bit x 1-ch: 5kHz internal RC oscillator for WDT
* 16-bit x 5-ch (TO/T1/T2/T3/T4)
BUZZER 8-bit x 1-ch

Programmable pulse generation

Pulse generation (by TO/T1/T2/T3/T4)

System Clock Monitoring

Supports System Clock Monitoring function

ADC

12-bit ADC, 8 input channels

CRC and checksum generator

* 16-bit

¢ Auto and user CRC/Checksum mode

Power-on Reset

Reset release level (1.4 V)

Reset

Low-voltage reset

14-level detect (1.60V, 2.0V, ..., 4.4 V)
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2. Description A96G198 Datasheet

Table 3. A96G198 Device Features and Peripherals (continued)

Peripheral A96G198
Low-voltage indicator 13-level detect (2.0 V, ..., 4.4 V)
Seral interface Two UARTs
Power consumption Stop and Idle modes
Internal RC oscillator 16 MHz +1.0% (Ta = -20°C to +70°C, User trim)

* 22V1t055V @ 0.4 to 4.2 MHz with X-tal
* 24V1t0o55V @ 0.4 to 8.0 MHz with X-tal
27Vto55V @ 0.4 to 12.0 MHz with X-tal
1.8Vto55V @ 0.5 to 16 MHz with IRC

Operating voltage and frequency

* Voltage dropout converter included for core

Minimum instruction execution time 0.125 ys @ 16 MHz IRC

Operating temperature -40°C to +105°C

* 32-LQFP-0707
* Pb-free package

Package type
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A96G 198 Datasheet 2. Description

Table 4. Summary of A96G198 Peripherals

Peripheral A96G198KN
Code Flash memory 32 KB
IRAM/XRAM 256/512 bytes
General-purpose 5 (16-bit)
Timers WDT 1
BIT 1
Communication UART >
interface
Buzzer 1
GPIO 30
ADCs 50 ksps
Number of channels 8
Max. CPU frequency 16 MHz
128 Unique ID 1
CRC/Checksum 1 (16-bit)
Operating voltage 1.8Vto55V
Operating temperature (ambient) -40°C to 105°C
Package 32-LQFP-0707
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2. Description A96G198 Datasheet

2.3 A96G198 Block Diagram

Figure 1 describes the A96G198 in a block diagram.

Figure 1. A96G198 Block Diagram

DSDA DSCL
ANO-AN3/P00-P03 ¢ ey
AN4-AN7/P10-P13 { 12-Bit ¢  Low Voliage
AVREF/PO4 ¢ > A/D Converter Indicator
On-Chip Debug
TOO/PWMOO/P33 ¢ ¢ CRC/Checksum
EINT10/P33 ¢—>| 16-Bit Timer0 K=> Generator
ECO/P31 o—> M8051 Core
Sl o svzors
EINT11/P34 o—>| 16-Bit Timer1 K=
EC1/P32 ] 32K Bytes Flash - k=50 4o UARTO > TXDO/P26
> RXDO/P25
T20/PWM20/P37 ¢
EINT12/P37 ¢—>| 16-BitTimer2 K=k XRAM IRAM sy N UART1 ), TXD1/P36/P20
EC2/P05 o—>| (5612 Bytes)| ((256 Bytes) > RXD1/P35/P21
. »o P30/EINT13/T30/PWM30
T30/Pél|\l’\l‘\{lr38;$gg ) 16 - Bit Timer3 K= | Basic Interval Timer | P31/TAOUTB/ECO
EC3/P24 __,' P32/TAOUTA/EC1
- P3 Port P33/EINT10/TOO/PWMOO
P onR P34/EINT11/T10/PWM10
TAOUTA/P32 de ower On Reset P35/RXD1/XOUT
Ta0UTBIPa] 16-BitTmera K= >3 P36/TXD1/XIN
it Timer <«<—>¢ P37/EINT12/T20/PWM20/RESETB
T4INP/P27
Low Voltage Reset
< P20/TXD1
< P21/RXD1
POO/ANO/EINTO <«—> P22/DSDA
PO1/AN1/EINT1 Watchdog Timer <= P2 Port <«—>5 P23/DSCL
PO2/AN2/EINT2 3 P24/EC3
PO3/AN3/EINT3 $—> PO Port = 5KHz INT-RC OSC < P25/RXDO0
P0O4/AVREF <«—>p P26/TXD0
P05/BUZO/EC2 P27/TAINP
INT-RC OSC
P10/AN4 > 16MHz
P11/AN5
P12/AN6
P13/AN7
P14 de—> P1 Port <#> V[())Itage CLOCK/ »b RESETB
P15 own SYSTEM XIN
P16 Converter CONTROL XOUT
P17 f i
VDD VSS
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A96G 198 Datasheet 2. Description

2.4 Functional Overview

2.4.1 Port Structures
2.41.1 GPIO Port Structure

Figure 2. General-Purpose 1/O Port Structure

B Level shift (1.5V to ExtvDD)
[7] Level shift (ExtvDD to 1.5V)

VDD

PULL-UP
REGISTER

VDD VDD

OPEN DRAIN
REGISTER
DATA o — - Zags
REGISTER MUX ! PAD
)

SUB-FUNC DATA OUTPUT ——————————
=] >—ra

SUB-FUNC ENABLE L 2

SUB-FUNC DIRECTION — 1

DIRECTION >

REGISTER T 2

PULL-DOWN [
REGISTER |

CMOS or
Schmitt Level
Input

; ' ca @2
PORTx INPUT or ‘/I

SUBFUNC DATA INPUT

rCP | DEBOUNCE

CLK
DEBOUNCE

ENABLE
ANALOG CHANNEL
ENABLE -

ANALOG INPUT llgg—
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2. Description

2.41.2 External Interrupt I/O Port Structure

Figure 3. External Interrupt I/O Port Structure

A96G198 Datasheet

EZ Level Shift (1.5 to ExtvDD)
[Z] Level Shift (ExtvDD to 1.5V)

VDD

PAD

PULL-UP
REGISTER > - O|
VDD VbD
OPEN DRAIN
REGISTER -
DATA 0 —Oj
REGISTER MUX p
SUB-FUNC DATA OUTPUT 1
= —H
SUB-FUNC ENABLE L 4
SUB-FUNC DIRECTION 1
MUX
DIRECTION 0
REGISTER §
PULL-DOWN | |
REGISTER | - ! |:
VDD
EXTERNAL a o
INTERRUPT ”
—‘ cP POLARITY
) _G REG
INTERRUPT
ENABLE
FLAG
CMOS or
CLEAR Schmitt Level
Input
-7 ’ can @2
PORTXx INPUT or
SUBFUNC DATA INPUT Mox
1 Q D
rCP | DEBOUNCE
CLK
DEBOUNCE _T
ENABLE
ANALOG CHANNEL
ENABLE a

ANALOG INPUT
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A96G 198 Datasheet 2. Description

24.2 Memory Organization

The A96G198 addresses four separate memory spaces:

*  Program memory
*  Flash user memory
* Data memory

*  XRAM memory

By means of this logical separation of the memory, an 8-bit CPU address can access the data memory
more rapidly. 16-bit data memory address is generated through the DPTR register.

The A96G198 provides on-chip 32 Kbytes of ISP type Flash program memory, which is readable and
writable. Internal data memory (IRAM) is 256 bytes, and it includes the stack area. External data
memory (XRAM) is 512 bytes.

2421 Program Memory

A 16-bit program counter can address up to 64 Kbytes, but the A96G198 has only 32 Kbytes program
memory space. After reset, CPU begins execution from location 0000H. Each interrupt is assigned to a
fixed location of the program memory. The interrupt causes the CPU to jump to that location, where it
commences an execution of a service routine.

For example, an External Interrupt 10 is assigned to location 0003H. If the External Interrupt 10 is going
to be used, its service routine must begin at location 0003H. If the interrupt is not going to be used, its
service location is available as general-purpose program memory. If an interrupt service routine is short
enough (frequent cases with a control application), the service routine can reside entirely within an 8
bytes interval.

A longer service routine can use a jump instruction to skip over subsequent interrupt locations if other
interrupts are in use. Figure 4 shows a map of the lower part of the program memory.
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2. Description A96G198 Datasheet

Figure 4. Program Memory

FFFFH

\\\\\\\\\%

32 KB

Sector 1 J 003FH

\\\ / | 0000H
0000H k Sector 0

(Flash Program Memory) (Flash User Memory)

NOTE:

1. The user memory is accessible through the user memory related registers.

More detailed description of program memory is described in 2.4.16 Flash Memory.

24.2.2 Flash User Memory

Flash user memory has 128-byte memory space. This memory is accessible through the user memory
related registers.
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A96G 198 Datasheet 2. Description

2.4.2.3 Internal Data Memory

Internal data memory is divided into three spaces as shown in Figure 5. Those three spaces are
generally called as,

* Lower 128 bytes
e  Upper 128 bytes

*  Special Function Registers (SFR space)

Internal data memory addresses are always one byte wide, which implies an address space of 256
bytes.

In fact, the addressing modes of the internal data memory can accommodate up to 384 bytes by using
a simple trick. Direct addresses higher than 7FH access one memory space and indirect addresses
higher than 7FH access a different memory space. By means of this method, the upper 128 bytes and
SFR space can occupy the same block of addresses, 80H through FFH, although they are physically
separate entities as shown in Figure 5.

Figure 5. Internal Data Memory Map

FFH FFH
Upper 128bytes Special Function Registers
Internal RAM 128bytes
(Indirect Addressing) (Direct Addressing)
80H 80H
7FH
Lower 128bytes
Internal RAM
(Direct or Indirect
Addressing)
00H
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2. Description A96G198 Datasheet

The lower 128 bytes of RAM are present in all 8051 devices as mapped in Figure 6. 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
instructions set includes a wide selection of single-bit instructions, and the 128 bits in this area can be
directly addressed by these instructions. The bit addresses in this area are 00H through 7FH.

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

Figure 6. Lower 128 Bytes Internal RAM

[ 7FH S| 7F{7E|7D|7C|7B|7A |79 | 78
7 767574 |73|72|71(70
6F | 6E |6D |6C | 6B | 6A | 69 | 68
p 67 |66 65|64 |63|62(61|60
80 bytes < General-_Purpose 5F [5E|5D|5C |5B|5A |59 |58
Register 57|56 |55(54|53|52|51|50
g 4F |4E | 4D |4C | 4B |4A | 49| 48
47 |46 | 45|44 (4342 |41|40
p 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(21|20
agé’ﬁ; Bit Addressable F[1E|1D[1C|1B| 1A |19 ] 18
1711615114113 (12|11 ] 10
20H oF [oE|oD|oc|oB|0A]| 09|08
1FH . S lo7]os|o5]04l03]02]01]00
8 bytes Register Bank 3
18H (8 bytes)
17H Register Bank 2
egister Ban
8 bytes { o (8 bytes)
ot Register Bank 1 R7
egister Ban
8 bytes { . g(8bytes) =%
o7H Register Bank 0 | ij
egister Ban
8 bytes { g(s bytes) R3
00H R2
R1
RO
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A96G198 Datasheet

2.4.2.4 Extended SFR and Data Memory Area

2. Description

The A96G198 has 512 bytes XRAM and XSFR registers. Extended SFR area has no relation with RAM

nor Flash. This area can be read or written to by using SFR in 8-bit unit.

Figure 7. Extended SFR (XSFR) Area

505FH

5040H

107FH

1000H

01FFH

0000H

Extended
Special Function Registers
(Indirect Addressing)

Not used

Extended
Special Function Registers
(Indirect Addressing)

Not used

External RAM
512 bytes
(Indirect Addressing)
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2. Description A96G198 Datasheet

2425 SFR Map

In this section, information of SFR map and map summaries are described through Table 5, Table 6,
Table 7, and Table 8.

SFR Map Summary

Table 5. SFR Map Summary

El Reserved |:| M8051 compatible

00H/08H " 01H/09H 02H/0AH 03H/0BH 04H/0CH 05H/0DH 06H/0EH 07H/OFH
OF8H IP1 - FSADRH FSADRM FSADRL FIDR FMCR -
OFOH B T4IDR T4CRL T4CRH T4ADRL T4ADRH T4BDRL T4BDRH
OE8H RSTFR - T4PDRL T4PDRH T4APREDR | T4OUTCR T4DLY T4INTCR
OEOH ACC FCDIN UARTOCR1 | UARTOCR2 | UARTOCR3 | UARTOST UARTOBD UARTODR
O0D8H LVRCR - T3CRL T3CRH T3ADRL T3ADRH T3BDRL T3BDRH
ODOH PSW - - POFSR P1FSR P2FSR P3FSRL P3FSRH
0C8H OSCCR - UART1CR1 | UART1CR2 | UART1CR3 | UART1ST UART1BD | UART1DR
0COH EIFLAGO P3I10 T2CRL T2CRH T2ADRL T2ADRH T2BDRL T2BDRH
0B8H P P210 T1CRL T1CRH T1ADRL T1ADRH T1BDRL T1BDRH
0BOH EIFLAG1 P110 TOCRL TOCRH TOADRL TOADRH TOBDRL TOBDRH
0A8H IE IE1 IE2 IE3 POPU P1PU P2PU P3PU
0AOH T4IFLAG POIO EO P1DB P2DB - EIPOLO EIPOL1
98H P3 PODB P3DB - ADCCRL ADCCRH ADCDRL ADCDRH
90H P2 POOD P10D P20D P30D - - BUZDR
88H P1 - SCCR BITCR BITCNT WDTCR Vv\\llli?'-lfgl\?/l' BUZDR
80H PO SP DPL DPH DPLA1 DPH1 LVICR PCON

NOTE:
1. Registers 00H/08H are bit-addressable except OSCCR.
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A96G 198 Datasheet 2. Description

Extended SFR Map Summary

Table 6. XSFR Map Summary

El Reserved

00H/8H 01H/9H 02H/0AH 03H/0BH 04H/0CH 05H/0DH 06H/0EH 07H/OFH
5058H FCDRL - - - - - - LVRIDR
5050H FCSARH FCEARH FCSARM FCEARM FCSARL FCEARL FCCR FCDRH
5040H | USERMCR | USERMSSR | USERMIDR - - - - -
1068H | UNIQUEIDS | UNIQUEID9 |UNIQUEID10|UNIQUEID11 |UNIQUEID12|UNIQUEID13 | UNIQUEID14| UNIQUEID15
1060H | UNIQUEIDO | UNIQUEID1 | UNIQUEID2 | UNIQUEID3 | UNIQUEID4 | UNIQUEIDS | UNIQUEID6 | UNIQUEID7
1038H XTFLSR SCMST LDDRVSR - POPD P1PD P2PD P3PD
1020H - - - - T4ACNTL T4CNTH T4CAPL T4CAPH
1018H - - - - - - T3CAPL T3CAPH
1010H - - - - - - T2CAPL T2CAPH
1008H - - - - - - T1CAPL T1CAPH
1000H - - - - - - TOCAPL TOCAPH
\BO\ 21
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2. Description

A96G198 Datasheet

SFR Map
Table 7. SFR Map
Address Function Symbol R/W @ Reset

7|16|5|4|3 |2 1|0
80H PO Data Register PO RW|-|-(0]|0|O0O|O0O|O0]|O
81H Stack Pointer SP RW|0|O0]|]O0O]|]O|O |1 [|1]1
82H Data Pointer Register Low DPL RW|0|0O|]O0O|]O0O|O0O|O0O|O0]|O
83H Data Pointer Register High DPH RW|0O|O0O|]O|]O|O|O|O0O]|O
84H Data Pointer Register Low 1 DPLA1 RW|0O|O0O|]O]|]O0O|O|O|O0O]|O
85H Data Pointer Register High 1 DPH1 RW|0O|O0O|]O|]O0O|O|O|O0]|O
86H Low-VoItagSelgicéitc;e:’tor Control LVICR Rwl—-l-lolololololo
87H Power Control Register PCON RW | -|-|-|-]-]-101]0
88H P1 Data Register P1 RW|O0O|O|O|JO|O|O|O]|O

89H Reserved - - -
8AH System and Clock Control Register SCCR RW | -|-|-|-]-]-101]0
8BH BIT Control Register BITCR RW|0|O0O|]O|-|0|O0|O0]|1
8CH Basic '“teg:gizgrer Counter BITCNT | R |(o|o|lo|o|o|o|o]|o
8DH Watchdog Timer Control Register WDTCR RW|O0O|O|]O|-|-|-|0]0
8EH Watchdog Timer Data Register WDTDR w 1111111 11]1
8EH Watchdog Timer Counter Register | WDTCNT R ojofofojo0|j0o0jo0o}o
8FH Buzzer Data Register BUZDR RW | 1|1 |11 (11 |1]1
90H P2 Data Register P2 RW| O0O|O[O|JO|O|O|O]|O
91H PO Open-drain Selection Register POOD RW|-|-]0]0|0|O0|0]O0
92H P1 Open-drain Selection Register P10D RW|0O|O0O|]O|]O0O|O|O|O0]|O
93H P2 Open-drain Selection Register P20D RWi|O0O|O|O|]O]J]O|O]|]O]|O
94H P3 Open-drain Selection Register P30D RW|O0O|O|O|]O]|J]O|O]|]O]|O

95H Reserved - - -

96H Reserved - - -
97H BUZZER Control Register BuzcR |RW [ - |- -[-|-]ofo]o
2 \BO\
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A96G 198 Datasheet 2. Description

Table 7. SFR Map (continued)

Address Function Symbol R/W @l

7/6 |54 3|2(1]|0
98H P3 Data Register P3 RW|0|O0O|]O0O]O0O|O0O|O0O]O0]O
99H PO Debounce Enable Register PODB RW|O0O|O|]O|O]O]O|O]|O
9AH P3 Debounce Enable Register P3DB RW|O0O|O|]O|O]O]O|O]|O
9BH Reserved - - -
9CH A/D Converter Control Low Register | ADCCRL |RW | 0O | O | 0O | O0O|O0O|O0O]| OO
9DH AD CO”"Fe{gZirsfe‘;“tro' High ADCCRH |[RW [0 |- |-|-|-]0|0]o0
9EH A/D Converter Data Low Register ADCDRL R X | x| x| x| x| x| x]|Xx
9FH A/D Converter Data High Register ADCDRH R X | X | X | x| x| x|Xx]|X
AOH Timer 4 Interrupt Flag Register T4FLAG [ RW | O | O |O0O|O0O|-]0|-10
A1H PO Direction Register POIO RW|-|-]0]0]0jO0|O0]|0O0
A2H Extended Operation Register EO RW|-|-]-]0]-]0|01|0
A3H P1 Debounce Enable Register P1DB RW|O|O|]O|O]|]O]O|O]|O
A4H P2 Debounce Enable Register P2DB RW|O0O|O0O|]O|]O]O]O|O]|O
A5H Reserved - - -
A6H External Interrupt Polarity O Register EIPOLO RW|O0O|O|]O|O]O]O|O]|O
A7TH External Interrupt Polarity 1 Register EIPOL1 RW|O|O|]O|O]|]O]O|O]|O
A8H Interrupt Enable Register IE RW|O0O|-]0]|]0]O0|-|0]|0
A9H Interrupt Enable Register 1 IE1 RW|-|-]-]0]0|-|01|0
AAH Interrupt Enable Register 2 IE2 RW | -] -]1]0]0]0]O0}|O0]|-
ABH Interrupt Enable Register 3 IE3 RW|-|-]-]0]0|-|01|0
ACH PO PuII-upézsii;tec;r Selection POPU Rwl-l—-lolololololo
ADH P P“”'“pFiZﬁi:‘g Selection PiPU |RW |0 |lo|o|o|olo]o]o
AEH P2 P“”'“pézsgzg Selection p2PrU |RW | o0|lo|o|o|olo]o]o
AFH P3 P””'”pé‘zs;zg Selection P3PU |RW |0 |o|o|o|olo]o]o
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2. Description A96G198 Datasheet

Table 7. SFR Map (continued)

Address Function Symbol R/W gl

7|16 |54 3|2 (1]0
BOH External Interrupt Flag 1 Register EIFLAG1 RW|-|-|-]|=-]0]0|0]O0
B1H P1 Direction Register P110 RW|O|O|O|]O]|]O]O|O]|O
B2H Timer 0 Control Low Register TOCRL RW|O|O|O|]O]|]O]O|O]|O
B3H Timer 0 Control High Register TOCRH RW|O0O|-|0]|]O|-]-|0]0
B4H Timer 0 A Data Low Register TOADRL RW |11 |1]|1]1]1[1]1
B5H Timer 0 A Data High Register TOADRH RW | 1 (1|11 ]1]1[1]1
B6H Timer O B Data Low Register TOBDRL RW | 111|111 1]1
B7H Timer 0 B Data High Register TOBDRH RW | 1 (1|11 ]1]1[1]1
B8H Interrupt Priority Register IP RW|-|-|0]0]0]O0O|0]O
B9H P2 Direction Register P210 RW|O0O|O|O|]O]O]O|O]|O
BAH Timer 1 Control Low Register T1CRL RW|O0O|O|O|]O]|]O]O|O]|O
BBH Timer 1 Control High Register T1CRH RW|O0O|-|0]|]O|-]-|0]0
BCH Timer 1 A Data Low Register T1ADRL RW | 111|111 1]1
BDH Timer 1 A Data High Register T1ADRH RW |11 |1]1]1]1[1]1
BEH Timer 1 B Data Low Register T1BDRL RW |11 |1]1]1]1[1]1
BFH Timer 1 B Data High Register T1BDRH RW |1 (1|11 ]1]1[1]1
COH External Interrupt Flag 0 Register EIFLAGO RW | -|-|-]|-]0]0|0]O0
C1H P3 Direction Register P3IO RWjol0O|O|O|]O|O|O]O
C2H Timer 2 Control Low Register T2CRL RW|O0O|O|O|]O]O]O|O]O
C3H Timer 2 Control High Register T2CRH RW|O0O|-|0]|]O|-]-|0]0
C4H Timer 2 A Data Low Register T2ADRL RW | 111|111 1]1
C5H Timer 2 A Data High Register T2ADRH RW |1 (11|11 ]1[1]1
Ce6H Timer 2 B Data Low Register T2BDRL RW |11 (1|11 ]1|1]1
C7H Timer 2 B Data High Register T2BDRH RW |11 |1 ]1]1]1[1]1
C8H Oscillator Control Register OSCCR RW | -] -]0]0|1]0]|0]|-
C9H Reserved - - -
CAH UART1 Control Register 1 UARTICR1T |R'W |0 | O | O | 0|0 | O] O|-
CBH UART1 Control Register 2 UARTICR2 |RW | O | O |O0O|O0O|O0O|O0|O0]O
CCH UART1 Control Register 3 UARTICR3 | RW | - | O | -| -] 0| OO |O
CDH UART1 Status Register UARTIST |RW |1 |0 |0 |O|O|O0O|O0]O
CEH UARTI Bafe;izr(;e”era“o” UARTIBD | RW | 1 |1 [ 1 [ 1 [ 1|1 [1]1
CFH UART1 Data Register UARTIDR |RW |0 |0 |O|O|O0O|O0]|O0]O

24 \BO\

SEMICONDUCTOR




A96G 198 Datasheet 2. Description

Table 7. SFR Map (continued)

Address Function Symbol R/W @l

7|6 |5|4(3|2|1/|0
DOH Program Status Word Register PSW RW|0|O0O|O|]O]JO]O]|]O]O
D1H Reserved - - -
D2H Reserved - - -
D3H PO Function Selection Register POFSR RW|-]-]0]0]J0]O0]O0]O
D4H P1 Function Selection Register P1FSR RW | -|-]|-]-]1]0]0]0]0
D5H P2 Function Selection Register P2FSR RW|-10]|]0|-]|-]-]01]0
D6H P3 F””Ctigggsiset':rcm” Low P3FSRL  |[RW |- |0 |-|o0|-|0|-|0
D7H P3 F“”Cti;ré;:t'grction High P3FSRH | RW |- |0 |0 |o0|0|0|-]|0
D8H Low-VoItaI_g:gi?:ret Control LVRCR rRwlol-l—-lololololo
D9H Reserved - - -
DAH Timer 3 Control Low Register T3CRL RW|0|O0O|]O|]O]J]O|]O]|]O]O
DBH Timer 3 Control High Register T3CRH RW|0|-]0]|]O0]|-]|-]01]0
DCH Timer 3 A Data Low Register T3ADRL RW |1 |1]|1]1]1]1]1]1
DDH Timer 3 A Data High Register T3ADRH RW |1 (1|1 ]1]1]1|1]1
DEH Timer 3 B Data Low Register T3BDRL RW |1 |1]|1]1]1]1]1]1
DFH Timer 3 B Data High Register T3BDRH RW |1 (1|1 ]1]1]1|1]1
EOH Accumulator A Register ACC RW|O0O|]O|]O]O]O]O]O]O
E1H Flash CRC Data In Register FCDIN RW|0|0O|JO|]O0O]J]O]O]|]O]O
E2H UARTO Control Register 1 UARTOCR1 RW|O0|lO0O|O|O|O]|O]|O]-
E3H UARTO Control Register 2 UARTOCR2 RW|O0O|O|O|]O|O|O|O]|O
E4H UARTO Control Register 3 UARTOCR3 RW|-|0|-]|-]0]0|0]O0
E5H UARTO Status Register UARTOST RW| 1|(0]|0]0|0]|O0O|O0]|O
E6H UARTO Ba‘fegRizinge”era“O” UARTOBD | RW [ 1|1 |1 [1[1][1]1]1
E7H UARTO Data Register UARTODR RW|O0O|O|O|]O|O|O|O]|O
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2. Description A96G198 Datasheet

Table 7. SFR Map (continued)

Address Function Symbol R/W @l

7,6 |5 |4|3 |2 [1]0
E8H Reset Flag Register RSTFR RW | 1| x|0]|]0]|x|—-|-1|-
E9H Reserved - - -
EAH Timer 4 Period Data Low Register T4PDRL RW | 1] 1 111 11111 1
EBH Timer 4 Period Data High Register T4PDRH RW | 1] 1 111 1111 1
ECH Timer 4 Prescaler Data Register T4PREDR RW | 1] 1 111 1111 1
EDH Timer 4 Output Control Register T4OUTCR | RW | O | O|-|0|O0O|-]01]0
EEH Timer 4 Delay Data Register T4DLY RW|O|O|]O|]O|]O]O|O]|O
EFH Timer 4 Interrupt Control Register T4INTCR RW|O|O|]O|O|]O]O|O]|O
FOH B Register B RW|O|O|O|O|O]|]O|O0O]O
F1H Timer 4 Vgggié?;”tiﬁcaﬁo” TAaDR  |[RW [0 |0|0|o0|0o|o0|0]oO
F2H Timer 4 Control Low Register T4CRL RW|O|-]0|]0]|]-]0|0]|0O0
F3H Timer 4 Control High Register T4CRH RW|O0O|-]0|]0]O0]O0O|O0]|O
F4H Timer 4 A Data Low Register T4ADRL RW | 1|11 ] 1]1]1]1]1
F5H Timer 4 A Data High Register T4ADRH RW | 1|11 ] 1]1]1]1]1
F6H Timer 4 B Data Low Register T4BDRL RW | 1] 1 111 11111 1
F7H Timer 4 B Data High Register T4BDRH RW | 1|1 (1] 1]1]1]1]1
F8H Interrupt Priority Register 1 IP1 RW|-|-]0]0]0]0|O0]|O0
FOH Reserved - - -
FAH Flash Secéggiﬁé(tj:rress High FSADRH |RW |- |-|-|-|0]0|0]oO
FBH Flash Secg;g‘igf;fss Middle FSADRM | RW |0 [0 |0 |0 |0 |0|0]0O
FCH Flash Sector Address Low Register FSADRL RW|O|O|]O|]O]|]O]O|O]|O
FDH Flash Identification Register FIDR RW|O0O|O|]O|]O]O]O|O]|O
FEH Flash Mode Control Register FMCR RW|O|-|-|-|-]10]0]0
FFH Reserved - - -
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A96G 198 Datasheet 2. Description

Extended SFR Map

Table 8. XSFR Map

@ Reset
Address Function Symbol R/W

7]e|s]af3]2][1]0

1006H | Timer O Capture Data Low Register TOCAPL R ojo0o(0|0}jO0O]J0O]O0O]O

1007H Timer 0 Capture Data High TOCAPH | R |0 |o|lo|lo|o|o]o]o
Register

100EH | Timer 1 Capture Data Low Register T1CAPL R ojo0o|j0j0|j0O0j0O0]|O0]|O

100FH Timer 1 Capture Data High TICAPH | R |0|o0|lo|lo|o]|o]o]o
egister

1016H | Timer 2 Capture Data Low Register T2CAPL R ojo0o|j0j0|jO0OjO0O]|O0O]|O

1017H Timer 2 Capture Data High T2CAPH R|o|lo|lolo|o|o|o]o
Register

101EH | Timer 3 Capture Data Low Register T3CAPL R o|jfofofo0oj0jO0]|]O]O

101FH Timer 3 Capture Data High T3CAPH R|o|o|o|lo|lo|lo|o]o
Register

1024H Timer 4 Counter Low Register T4CNTL R ofofofo0oj0jO0O]|]O]O

1025H Timer 4 Counter High Register T4CNTH R ofofofo0oj0jO0O]|]O]O

1026H | Timer 4 Capture Data Low Register T4CAPL R o|fofof0OjO0O|jO]O]O

1027H Timer 4 Capture Data High T4CAPH R|o|o|o|lo|lo|o|o]o
Register

1038H X-tal Filter Selection Register XTFLSR RW|iO|O|O|J]O]O]O0O|O0]O

1039H System Clock Monitoring Status SCMST RIl-l_-l_-l-l-l-|-1lo
Register

103AH LED DiSp';y Drive Selection LDDRVSR |[RW| o |o|o|o|olo|lo]o
egister

103BH Reserved - - -

103CH PO Pull-down Resistor Selection POPD Rwl -l —-lolololololo
Register

103DH P1 PuII-dowE Rgsstor Selection P1PD rRwlolololololololo
egister

103EH P2 Pull-down R¢S|stor Selection P2PD rRwlolololololololo
Register

103FH P3 Pull-down Rgsistor Selection P3PD rRwlolololololololo
Register
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2. Description

Table 8. XSFR Map (continued)

A96G198 Datasheet

@ Reset
Address Function Symbol R/W

4 |32 |1|0

1060H Unique ID Register 0 UNIQUEIDO R X | X | X | x| X

1061H Unique ID Register 1 UNIQUEID1 R X | X | X | x| X

1062H Unique ID Register 2 UNIQUEID2 R X | X | X | x| X

1063H Unique ID Register 3 UNIQUEID3 R X | X | x| x| x

1064H Unique ID Register 4 UNIQUEID4 R X | x| x| x| x

1065H Unique ID Register 5 UNIQUEID5 R X | X | X | x| X

1066H Unique ID Register 6 UNIQUEID6 R X | X | X | x| X

1067H Unique ID Register 7 UNIQUEID7 R X | X | X | x| X

1068H Unique ID Register 8 UNIQUEID8 R X | X | x| x| x

1069H Unique ID Register 9 UNIQUEID9 R X | x| x| x| x

106AH Unique ID Register 10 UNIQUEID10 | R X | x| x| x| x

106BH Unique ID Register 11 UNIQUEID11 R X | x| x| x| x

106CH Unique ID Register 12 UNIQUEID12 | R X | x| x| x| x

106DH Unique ID Register 13 UNIQUEID13 R X | X | x| x| x

106EH Unique ID Register 14 UNIQUEID14 | R X | x| x| x| x

106FH Unique ID Register 15 UNIQUEID15 | R X | x| x| x| x

5040H User Memory Control Register USERMCR | RIW Oj]0j0|0]O

5041H User Memory Sector Selection USERMSSR | R/W ololololo
Register

5042H User Memory. Identification USERMIDR | R/W ololololo
Register

5050H Flash CRC Start Address High FCSARH RIW S A A R
Register

5051H Flash CRC End Address High FCEARH RIW S I N I
Register

5052H Flash CRC %tart.Address Middle FCSARM RIW ololololo
egister

5053H Flash CRC End.Address Middle FCEARM RIW ololololo
egister

5054H Flash CRCRStaﬁ Address Low FCSARL RIW ololololo
egister

5055H Flash CRC Enq Address Low FCEARL RIW ol 1 1 1 1
Register

5056H Flash CRC Control Register FCCR R/W -/0]0]0]O0

5057H Flash CRC Data High Register FCDRH 1 1 1 1 1

5058H Flash CRC Data Low Register FCDRL R 1 1 1 1 1

505FH | LVR Write Identification Register wriDR  [rRw| o [ofofofofo]o]o
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A96G 198 Datasheet 2. Description

2.4.3 Ports
2.4.3.1 /0 Ports

The A96G198 has four groups of I/0O ports, PO, P1, P2 and P3. Each port can be easily configured as
an input pin, an output, or an internal pull-up/pull-down and open-drain pin by software.

The port configuration pursues to meet various system configurations and design requirements.

2.4.3.2 Port Description of PO
As a 6-bit I/O port, PO controls the following registers:
* PO data register (P0O)
* PO direction register (P0IO)
* PO pull-up resistor selection register (POPU)
* PO pull-down resistor selection register (POPD)
* PO debounce enable register (PODB)
* PO open-drain selection register (POOD)

* PO Function selection register (POFSR)

2.4.3.3 Port Description of P1

As an 8-bit I/0O port, P1 controls the following registers:
* P1 data register (P1)
*  P1 direction register (P110)
*  P1 pull-up resistor selection register (P1PU)
*  P1 pull-down resistor selection register (P1PD)
*  P1 debounce enable register (P1DB)
* P11 open-drain selection register (P10D)

*  P1 Function selection registers (P1FSR)
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2.4.3.4 Port Description of P2

As an 8-bit I/0 port, P2 controls the following registers:

P2 data register (P2)

P2 direction register (P210)

P2 pull-up resistor selection register (P2PU)
P2 pull-down resistor selection register (P2PD)
P2 debounce enable register (P2DB)

P2 open-drain selection register (P20D)

P2 Function selection register (P2FSR)

2.4.3.5 Port Description of P3

As an 8-bit I/O port, P3 controls the following registers:

P3 data register (P3)

P3 direction register (P310)

P3 pull-up resistor selection register (P3PU)
P3 pull-down resistor selection register (P3PD)
P3 debounce enable register (P3DB)

P3 open-drain selection register (P30D)

P3 Function selection registers (P3FSRL/P3FSRH)

2.4.3.6 LED Display Drive Selection

As an 8-bit I/O port for LED display drive pins (P1[7:0])

30
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2.4.4 Interrupt Controller

Up to 18 interrupt sources are available in the A96G198. Allowing software control, each interrupt source
can be enabled by defining separate enable register bit associated with it. It can also have four levels
of priority assigned. 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 features the following:

* Receives requests from 18 interrupt sources
e Six group priority

*  Four priority levels

*  Multi interrupt possibility

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

* Each interrupt source can be controlled by an EA bit and an IEx bit

* Interrupt latency varies ranging from 3 to 9 machine cycles in a single interrupt system.

Non-maskable interrupt is always enabled, while maskable interrupts can be enabled through four pairs
of interrupts enable registers (IE, IE1, IE2, and IE3). Each bit of the four registers can individually enable
or disable a particular interrupt source. Especially bit 7 (EA) in the register IE provides overall control.
It must be setto ‘1’ to enable interrupts as described in the followings:

e WhenEAissetto ‘0" = all interrupts are disabled.

*  When EAis setto ‘1" = a particular interrupt can be individually enabled or disabled by the
associate bit of the interrupt enable registers.

EA is always cleared to ‘0’ jumping to an interrupt service vector and set to ‘1’ executing the [RETI]
instruction. A96G198 supports a four-level priority scheme. Each maskable interrupt is individually
assigned to one of the four levels according to IP and IP1.

\BO\ 31

SEMICONDUCTOR



2. Description A96G198 Datasheet

Figure 8. Interrupt Group Priority Level

Interrupt Highest Lowest
Group >

0 (Bit0) Interrupt O Interrupt 6 Interrupt 12 Interrupt 18 Highest
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 vLowest

Figure 8 describes interrupt groups and their priority levels that is available for sharing interrupt priority.
Priority of a group is set by 2 bits of Interrupt Priority (IP) registers: 1 bit from IP and another 1 bit from
IP1.

Interrupt Service Routine serves an interrupt having higher priority first. If two requests of different
priority levels are received simultaneously, the request with a higher priority level is served prior to the
lower one.
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2.4.41 External Interrupt

2. Description

External interrupts on pins of INTO, INT1, INT5 to INT7 receive various interrupt requests in accordance

with the external interrupt polarity 0 register (EIPOLO) and external interrupt polarity 1 register (EIPOL1)

as shown in Figure 9. Each external interrupt source has enable/disable bits. An external interrupt flag
register (EIFLAGO/EIFLAG1) provides the status of the external interrupts.

Figure 9. External Interrupt Description

FLAG10 INTO Interrupt

FLAG11 INT1 Interrupt

FLAG12 INT6 Interrupt

EINT1 Pin

EINT2 Pin

EINT3 Pin

EIPOLO

FLAG13 INT7 Interrupt

EIPOLA
2 f
EINT10 Pin >
D L, x
2 | s
EINT11 Pin [ | M3
e
EINT12 Pin [ ] R {
| s
EINT13 Pin [ | "3
bR
EINTO Pin

INT5 Interrupt
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2.4.4.2 Interrupt Controller Block Diagram

In Figure 10, release signal for STOP and IDLE mode can be generated by all interrupt sources which
are enabled without reference to priority level. An interrupt request will be delayed while data is written
to one of the registers IE, IE1, IE2, IE3, IP, IP1, and PCON.
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Figure 10. Interrupt Controller Block Diagram

EIPOL1
EIFLAG1.0

EINT10 [ H FLAG10

EIFLAG1.1
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' o—>» 0 0 Priority High
1L

EINT11 [ H FLAG11 = |1/,
° o—> 1 1
Reserved > 2
[[ = | |%|2
Uart1 Rx [ o—> 2
o—p 3 3
EIPOLO o —p 4
o—
g~ B =N
EINTO D_ f EIFLAGO0.0 HI 5 5
EIFLAGO.1 o—>» 5
EINT1[ H 5
EINTZD_ x EIFLAG0.2
EINT3D_ ﬂ EIFLAG0.3
EIPOL1
EIFLAG1.2 Ho—b 6 6 6
EINT12 [ H FLAG12 — 6

EIFLAG1.3

X
~_
XY HFLAG3]

EINT13 [ H

Reserved

Uart0 Rx

Uart0 Tx

Level 0
Level 1
Level 2
Level 3 Release

Stop/Sleep

Reserved

Reserved

Timer 0

Timer 1

Timer 2

Timer 3

Timer 4

ADC

SCM

Reserved

WDT WDTIFR — 20159
= |21

o—>
o——p 21

BIT BITIFR —>» 21 21
—>

b |22
| %222

22

122023 Priority Low

NOTES:

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

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

A96G198 Datasheet

When a certain interrupt occurs, a LCALL (Long Call) instruction pushes the contents of the PC

(Program Counter) onto the stack and loads the appropriate vector address. CPU pauses from its

current task for some time and processes the interrupt at the vector address.

The Interrupt controller supports 24 interrupt sources, and each interrupt source has a determined

priority order as shown in Table 9.

Table 9. Interrupt Vector Address Table

Interrupt source Symbol é:;ﬁt‘gtit Priority Mask a\cliziosrs
Hardware RESET RESETB - 0 Non-Maskable 0000H
External Interrupt 10 INTO IE.O 1 Maskable 0003H
External Interrupt 11 INT1 IE.1 2 Maskable 000BH
- INT2 IE.2 3 Maskable 0013H

UART1 Rx Interrupt INT3 IE.3 4 Maskable 001BH
UART1 Tx Interrupt INT4 IE.4 5 Maskable 0023H
External Interrupt 0 — 3 INT5 IE.5 6 Maskable 002BH
External Interrupt 12 INT6 IE1.0 7 Maskable 0033H
External Interrupt 13 INT7 IE1.1 8 Maskable 003BH
- INT8 IE1.2 9 Maskable 0043H

UARTO Rx Interrupt INT9 IE1.3 10 Maskable 004BH
UARTO Tx Interrupt INT10 IE1.4 11 Maskable 0053H
- INT11 IE1.5 12 Maskable 005BH

- 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 Interrupt INT17 IE2.5 18 Maskable 008BH
ADC Interrupt INT18 IE3.0 19 Maskable 0093H
SCM Interrupt INT19 IE3.1 20 Maskable 009BH

- INT20 IE3.2 21 Maskable 00A3H

WDT Interrupt INT21 IE3.3 22 Maskable 00ABH
BIT Interrupt INT22 IE3.4 23 Maskable 00B3H

- INT23 IE3.5 24 Maskable 00BBH

To execute the maskable interrupts, both EA bit and a corresponding bit of IEx associated with a specific

interrupt source must be set to ‘“1°. When an interrupt request is received, a particular interrupt request

flag is set to “1” and maintains its status until CPU accepts the interrupt. After the interrupt acceptance,

the interrupt request flag will be cleared automatically.
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2.4.5 Clock Generator

As shown in Figure 11, a clock generator produces basic clock pulses which provide a CPU and
peripherals with a system clock. It contains a main clock oscillator. The main clock operation can be
easily obtained by attaching a crystal between the XIN and XOUT pin. The main clock can also be
obtained from the external oscillator. In this case, it is necessary to put the external clock signal into the
XIN pin and open the XOUT pin. The default system clock is a 1 MHz INT-RC oscillator and the default
division rate is sixteen. To stabilize the system internally, it uses 1 MHz INT-RC oscillator on POR.

A96G198 incorporates three types of oscillators:

*  Calibrated Internal RC Oscillator (16 MHz)
— INT-RC OSC/32 (0.5 MHz)
— INT-RC OSC/16 (1 MHz, default system clock)
— INT-RC OSC/8 (2 MHz)
— INT-RC OSC/4 (4 MHz)
— INT-RC OSC/2 (8 MHz)
— INT-RC OSC/1 (16 MHz)
*  Main Crystal Oscillator (0.4~12 MHz)

* Internal WDTRC Oscillator (5 kHz)

2451 Clock Generator Block Diagram

Figure 11. Clock Generator in Block Diagram

XIN D . XN DCLK S| system
xour [J—{ " O%° " | ClockGen. [ > SCLK(®)
7'y (Core, System,
STOP Moge Peripheral)
XCLKE
IRCS[2:0] Stabilization Time
é Clock Generation
» Change BITCK[1:0] BIT
> overflow
12 096 ¢ l WDT clock
- X
Internal RC OSC m > '\lj' fir s R l
(16MHz) » W U BIT clock BIT WDT
1/16 | X _fx/128 o] ™ "
1732 _tJ16 ] v
— T
STOP Mode
WDTRC OSC
IRCE (5KHz) /256
2 T I
SCLK[1:0] L g WDTRC
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2. Description

2.4.6 Basic Interval Timer (BIT)

A96G198 Datasheet

The A96G198 has a free-running 8-bit Basic Interval Timer (BIT). BIT generates the time base for

Watchdog Timer counting and provides a basic interval timer interrupt (BITIFR).

BIT of the A96G 198 features the following:

*  During Power-on, BIT gives a stable clock generation time

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

* As atimer, BIT generates a timer interrupt.

2.4.6.1 Basic Interval Timer Block Diagram

Figure 12. Basic Interval Timer in Block Diagram

BCK[2:0]

A 20 4

BIT Clock —»

8-Bit Up Counter

BITCNT

RESET j j I
STOP

clear

selected bit
overflow

» Start CPU

BCLR

WDT

BITIFR ——» To interrupt block

Tclear

INT_ACK
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247 Watchdog Timer (WDT)

Watchdog Timer (WDT) is used to rapidly detect CPU malfunctions such as endless looping caused by
noise. In addition, it is used to resume the CPU in a normal state. Watchdog Timer signal for malfunction
detection can be used as either a CPU reset or an interrupt request. When the WDT is not being used
for the detection of the CPU malfunctions, it can be used as a timer generating an interrupt at fixed
intervals.

The WDT can be used in a free running 8-bit timer mode or in a Watchdog Timer mode by setting
WDTRSON bit, which is WDTCR][6]. If ‘1’ is written to WDTCR[5], WDT counter value is cleared and
counts. 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 an
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 of CPU in accordance with a bit WDTRSON.

The input clock source of Watchdog Timer is BIT overflow and WDTRC. The interval of Watchdog Timer
interrupt is decided by the BIT overflow period and WDTDR set value. Equation of the WDT interrupt
interval is described in the following:

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

*  WDT Interrupt Interval = 256/fwpotrc * (WDTDR Value+1) when WDTRC

2.4.71 Watchdog Timer Block Diagram

Figure 13. Watchdog Timer in Block Diagram

WDT ——p clear To
Clook — D—» WDTCNT <—<] — > REsET

WDTEN Circuit

:l> S S |_>

To
WDTIFR — interrupt
block
WDTDR
WDTCL WDTRSON clear
WDTCR INT_ACK
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248 TIMER 0/1/2/3

A 16-bit timer 0/1/2/3 incorporates a multiplexer and eight registers such as timer A data register
high/low, timer B data register high/low, timer capture data register high/low, and timer control register
high/low (TnADRH, ThnADRL, TnBDRH, TnBDRL, TnCAPH, TnCAPL, TnCRH, TnCRL).

TIMER 0/1/2/3 operates in one of four operating modes:

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

*  16-bit PPG output mode (repeat mode)

Specifically in capture mode, data is captured into capture data register (TNCAPH/TnCAPL) by EINT1n.
Timer n outputs the comparison result between counter and data register through TnO port in
timer/counter mode. Timer n outputs PWM waveform through PWMnO port in the PPG mode).

A timer/counter n uses an internal clock or an external clock (ECn) 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 (TNCK][2:0]).

e Timer n clock sources: fx/1, 2, 4, 8, 64, 512, 2048 and ECn

Table 10. TIMER n Operating Modes

TnEN TnMS[1:0] TnCK[2:0] Timer n
1 00 XXX 16-bit Timer/Counter Mode
1 01 XXX 16-bit Capture Mode
1 10 XXX 16-bit PPG Mode (One-shot Mode)
1 11 XXX 16-bit PPG Mode (Repeat Mode)
NOTE:

1. Wheren=0,1,2,and 3.
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2.4.81 Block Diagram

Figure 14. 16-Bit Timer 0/1/2/3 in Block Diagram
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2E TnCAPH/TRCAPL lCIear
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FLAG1n To interrupt
(EIFLAG1.n) > block

\4
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NOTES:
1.  The TnEN is automatically cleared to logic ‘0’ after one pulse is generated at a PPG one-shot mode.
2. The RLDnEN bit should be “Ob” when the TnEN bit is changed ‘0’ to ‘1.
3. Wheren=0,1,2,and 3.
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249 TIMER 4

A 16-bit timer 4 incorporates a multiplexer and eighteen registers such as timer 4 A data high/low register,
timer 4 B data high/low register, timer 4 capture data high/low register, timer 4 prescaler data register,
Timer 4 counter high/low register, timer 4 output control register, timer 4 delay data register, timer 4
interrupt control register, timer 4 interrupt flag register, timer 4 write identification register, timer 4 period
data high/low register, and timer 4 control high/low register (T4AADRH, T4AADRL, T4BDRH, T4BDRL,
T4CAPH, T4CAPL, T4APREDR, T4CNTH, T4CNTL, T4OUTCR, T4DLY, T4INTCR, T4IFLAG, T4IDR,
T4PDRH, T4PDRL, T4CRH, T4CRL).

TIMER 4 operates in one of four operating modes:

* Interval timer mode

*  One-shot timer mode

*  Back-to-back mode

e Capture mode
Timer/counter 4 uses an internal clock source. The clock source is controlled by T4PREDR (Timer 4
Prescaler Data Register).

*  Timer 4 clock source: fx/(TAPREDR+1)
In Capture mode, by T4INP, data is captured into a corresponding capture data register (T4CAPHIL).
Timer 4 outputs the comparison result between counter and data register through T4AOUTA/T40UTB

ports in Interval mode and Back-to-back mode. The outputs, TAOUTA/T40UTB, can be forced to a fixed
level during an external force input signal by hardware when T4FRCEN=1.

Table 11. TIMER 4 Operating Modes

T4EN T4MS[1:0] Timer 4
1 00 16-bit Interval timer Mode
1 01 16-bit Capture Mode
1 10 16-bit Back-to-back Mode
1 11 16-bit one-shot Interval Mode
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2491 Timer 4 Block Diagram

Figure 15. 16-Bit Timer 4 in Block Diagram
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T4MS[1:0] -2 T40UTCR
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(Capture Data Register) .
x 'T4 Force Input Force Level Signal >
NOTES:

The Period/A/B match interrupts except for Bottom can occur in the interval mode.
The Period match interrupt only can occur in the capture mode.

3.  The 16-bit up/down counter in the capture mode is cleared to “0000H” after the counter value is loaded to the
T4CAPR register at valid edge.

4.  The T4EN bit is automatically cleared to logic ‘0’ after one pulse is generated at a one-shot interval mode.
After the T4EN bit is set, the counting of T4ACNT may be delayed two clocks or more.
6.  Timer 4 related registers are written only during T4IDR == 0x96.
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2.4.10 Buzzer

The Buzzer consists of an 8-bit counter, buzzer data register (BUZDR) and buzzer control register
(BUZCR). The Square Wave (61.035 Hz to 125.0 kHz @ 8 MHz) is output through PO5/BUZO pin. The
buzzer data register (BUZDR) controls the buzzer frequency (look at the following expression). In
buzzer control register (BUZCR), BUCK]1:0] selects source clock divided by prescaler.

Oscillator Frequency
2 x Prescaler Ratio x (BUZDR +1)

fBUZ (Hz) =

Table 12. Buzzer Frequency at 8 MHz

Buzzer Frequency (kHz)
BUZDR][7:0]
BUZCR[2:1]=00 BUZCR[2:1]=01 BUZCRI[2:1]=10 BUZCR[2:1]=11

0000_0000 125 kHz 62.5 kHz 31.25kHz 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 Buzzer Block Diagram

Figure 16. Buzzer Driver Block Diagram
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2.4.11 12-Bit A/D Converter

Analog-to-Digital (A/D) converter allows conversion of an analog input signal to a corresponding 12-bit
digital output. The A/D module has 8 analog inputs, and the output of the multiplexer becomes the input
into the converter, which generates a result via successive approximation.

The A/D module incorporates four registers as listed in the following.

Each register can be selected for the corresponding channel by setting ADSEL[3:0]. When conversion
is completed, two registers ADCDRH and ADCDRL contain the results of the conversion, the conversion
status bit AFLAG is set to “1’, and A/D interrupt is set. During the A/D conversion, AFLAG bit is read as
‘0.

*  A/D converter control high register (ADCCRH)

*  A/D converter control low register (ADCCRL)

*  A/D converter data high register (ADCDRH)

*  A/D converter data low register (ADCDRL)
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2.4.11.1 ADC Block Diagram

A96G198 Datasheet

Figure 17. 12-bit ADC Block Diagram
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2412 UART 011

The A96G198 has built-in two channels of UART module (Universal Asynchronous Receiver/
Transmitter).

UART 0/1 of the A96G198 features the following:

*  Full-duplex and half-duplex operations

*  Supports Synchronous mode (Half duplex serial communication)

*  Baud rate generator

*  Supports serial frames with 5,6,7, or 8 Data bits and 1 or 2 Stop bits

* Odd or even parity generation, and parity check supported by hardware
»  Data OverRun Detection

*  Framing Error Detection

*  Double Speed Asynchronous Communication Mode
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2.412.1 UARTnN Block Diagram

Figure 20. UARTn Block Diagram (where n = 0 and 1)
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Figure 21. Synchronous Mode Block Diagram (where n = 0 and 1)

M\
[ UARTNBD |<
SCLK Baud Rate Generator |
Edge Detector
TXDn [« » And

DIRSELR Controller |

RXEn N

T

e - - - E

I:l — Direction ‘ Data 3 Receive Shift Register |

RXDn Selector Rx Control 1 Recovery (RXSR) <€ E
A RXCn A A

RXCIEN Y L

—)I DORn Checker UARTNDR[0], (Rx) N

)| B

UARTNDR([1], (Rx) “lu

S

To interrupt block ORD L

MSB/LSB-1st |

TXEn N

E

Tx Control |« Transm|(t_|_§(hS|th{)Reg|ster< ¢
INT_ACK Empty signal T
UARTNDR, (Tx) |<::

~J

TXCIEn UDRIEn

To interrupt block

\BO\ 49

SEMICONDUCTOR



2. Description A96G198 Datasheet

2.4.13 Flash CRC and Checksum Generator

Flash CRC (Cyclic Redundancy Check) generator of the A96G 198 generates 16-bit CRC code bits from
flash memory with a generation polynomial. The CRC code for each input data frame is appended to
the frame.

Specifically, CRC-based technique is used to verify data transmission or storage integrity. In the scope
of the functional safety standards, this technique offers a means of verifying the flash memory integrity.
The Flash CRC generator helps compute a signature of software during runtime, to be compared with
a reference signature.

The CRC generator has the following features:

*  Auto CRC and User CRC Mode
*  CRC Clock: fire, fire/2, firc/4, firc/8 and fx (System clock)

*  CRC-16 polynomial: 0x8C81 (X6 + X5 + XM + X0 + X7 +1)

Figure 22. CRC-16 Polynomial Structure

CRC: G(X) =x" + x"® + x"" + x"0+ X" +1

L O] H H H J« el H H J«4
ro rs r7

rs Ma M3 rnz2 m ro I's I5 r4 I3 r2 M o

2.4.13.1 Flash CRC and Checksum Generator Block Diagram

Figure 23. Flash CRC/Checksum Generator Block Diagram

Flash CRC Start Address Register
FCSARH/M/L
(Only Auto CRC Mode)
FCSADR[23:0] CDCL(Only User CRC Mode)
A 4
firc > Clear
firRg2 ) l Flash CRC Data Register
fi M Result FCDR[15:0]
1RC/4 esult 3
> | U »|  Flash CRC Generator > FCDRH/L
fircs > X 8
fx >
y P 8 FCDIN
FCEADR[23:0] YR (Only User CRC Mode)
u
CKSEL[2:0] FCEARH/M/L X 8
(Only Auto CRC Mode) l
CRCRUN Flash CRC End Address Register
(Only Auto CRC Mode) T
INTERNAL BUS /
CRCMOD
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2.414 Power Down Operation

The A96G198 offers two power-down modes to minimize power consumption of itself. Programs under
the two power saving modes IDLE and STOP, are stopped and power consumption is reduced
considerably.

2.4.14.1 Peripheral Operation in IDLE/STOP Mode

Peripheral’'s operations during IDLE/STOP mode are described in Table 13.

Table 13. 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
Watchdog Timer Operates Continuously StoP
(Can be operated with WDTRC OSC)
Halted
Timer0~4 Operates Continuously (Only when the Event Counter Mode is
Enabled, Timer operates Normally)
ADC Operates Continuously Stop
BUZ Operates Continuously Stop
UART Operates Continuously Stop
Internal OSC (16MHz) Oscillation Stop when the system clock (fx) is firc
WD;ESRk(Iiz())SC Can be operated with setting value Can be operated with setting value
(0“./|4a~i~q 2O|\/?|-C|;z) Oscillation Stop when fx = fxin
I/0 Port Retain Retain
Control Register Retain Retain
Address Data Bus Retain Retain
By RESET, Timer Interrupt (ECO, EC1,
Release Method By RESET, all Interrupts EC2, EC3), External Interrupt, UART by
RX, WDT, ADC
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2.4.15 Reset

When a reset event occurs, an internal register is selected to be initialized in accordance with a reset
value. Each reset value described in Table 14 indicates a corresponding on-chip Hardware that is to be
initialized.

Table 14. Reset Value and Relevant On-Chip Hardware

On-chip Hardware Reset Value
Program Counter (PC) 0000H
Accumulator OOH
Stack Pointer (SP) 07H
Peripheral clock On
Control register Refer to peripheral registers.

A96G198 has 5 types of reset sources as listed in the following:

* External RESETB

* Power-on RESET (POR)

*  WDT overflow reset (in a case of WDTEN="1")
* Low-voltage reset (in a case of LVREN='0")

* OCDRESET

2.4.15.1 Reset Block Diagram

Figure 24 shows the reset block of the A96G198.

Figure 24. Reset Block Diagram
Ext RESET RESET
Disable by FUSE Noise Canceller
LVR RESET
LVR Enable Noise Canceller |

POR RST

s a——Internal Reset

WDT RST |—> R
OCD RST IFBIT
OCD RSTEN (BIT Overflow)
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2.4.16 Flash Memory

The A96G198 incorporates flash memory inside. Program can be written, erased, and overwritten on

flash memory while it is mounted on a board. The flash memory can be read by ‘MOVC’ instruction and

programmed in OCD, serial ISP mode or user program mode.

Main features of the Flash memory are listed below:

NOTE:

Flash Size: 32 Kbytes
Single power supply program and erase
Command interface for fast program and erase operation

Minimum 1,000 (Sector 0~495)/100,000 (496~511) program/erase cycles at typical voltage
and temperature for flash memory

It must be DI by software before accessing Flash user memory.
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2. Description

2.4.16.1 Flash Program ROM Structure

A96G198 Datasheet

Figure 25. Flash Program ROM Structure

/

ROM
Address

\

Accessed by

only

NOTES:

O7FFFH

07FCOH
07FBFH

07F80H
07F7FH

07F40H
07F3FH

00080H
0007FH

00040H
0003FH

00000H

MOVX instruction

Sector 511
07FCOH
Sector 510
07F80H
Sector 509
07F40H
Sector 508
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
Sector 2
00080H
Sector 1
00040H
Sector 0
00000H

Flash Program Memory

64 bytes

Flash
Sector
Address

Flash Page Buffer

(External Data Memory, 64 bytes)

Flash Controller

/| 003FH
Sector 1 i
| 0000H
Sector 0 /
Flash User Memory
64bytes
803FH Page(Sector)
Buffer
8000H Address
FSADRH/MI/L
FIDR
FMCR
USERMCR

1. The flash memory does not support byte erase mode.
2. It must be DI by software before accessing Flash user memory.
3. The Flash user memory is not hard-lock even if the Flash program memory is hard-lock.
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2.5 Development Tools

This chapter describes a wide range of development tools for the A96G198. ABOV offers software tools,
debuggers, and programmers to help a user in generating the 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 AS6G198. However, since the A96G198
has M8051 as its CPU core, you can use all kinds of third party's standard 8051 compiler such as Keil
C Compiler. These compilers' output debug information can be integrated with our OCD emulator and
debugger. For more information regarding the OCD emulator and debugger, visit our website

www.abovsemi.com.
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2.5.2 E-OCD Il Interface and OCD Debugger

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

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

Programming information using the E-OCD Il is provided in section 2.5.5 Circuit Design Guide, later

part in this chapter. More detailed information about the E-OCD II, please visit our website
www.abovsemi.com and download the debugger software and documents.

Figure 26. E-OCD Il and OCD Pin Descriptions

1 (o] 2 UserVCC

3 (o] 4 User GND

5 D o | 6 DscL
DSDA

7 o 8

9 O 10

Following are the OCD mode connections:

«  DSCL (A96G198 P23 port)
«  DSDA (A96G198 P22 port)
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2.5.3 Programmer
2,531 E-PGM+

E-PGM+ is a single programmer and allows a user to program on the device directly.

e Supports for all ABOV microcontroller devices

e Dedicated tool for mass production

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

* USB host interface

J HEX downloads and controls

Figure 27. E-PGM+ (Single Writer) and Pin Descriptions

1
NABOV
E-PGM+ >
DSDA —
VDD SS
DSCL —

STATUS
c

OOGDDGDDDDGDOD%EIgC?DD

DDODGODODDDOODD?ODOD

2.5.3.2 OCD Emulator

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

E-Gang4 and E-Gangb6 allow a user to program on multiple devices at a time. They run not only in PC
controlled mode but also in standalone mode without host computer control. A USB interface is available,
and it is easy to connect to the handler.

Table 15. Specification of E-Gang4 and E-Gang6

Gang Programmer E-Gang4 E-Gang6
Dimension (x, y, h) 33.56x22.5x 35 mm 148.2 x 22.5 x 35 mm
Weight 2.0 kg 2.8 kg
Input Voltage DC Adaptor 15 V/2A DC Adaptor 15 V/2A
Operating Temperature -10 to 40°C -10 to 40°C
Storage Temperature -30 to 80°C -30 to 80°C
Waterproof No No

Figure 28. E-Gang4 and E-Gang6 (for Mass Production)

NBOV
E-GANGa

IiiT- Iiiiii-

i
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2.5.4 Flash Programming

Program memory of the A96G198 is a Flash Type. This Flash is accessed through four pins such as
DSCL, DSDA, VDD, and VSS in serial data format. Table 16 describes each pin and corresponding I/O
status.

Table 16. Pins for MTP Programming

Main Chip Pin During Programming
Pin Name N
ane o Description
DSCL P23 | Serial clock pin. Input only pin.
DSDA P22 /0 Serial datg pin. Output port when rgadlng and input port when
programming. Can be assigned as input/push-pull output port.
VDD, VSS VDD, VSS - Logic power supply pin.

2.5.41 On-Board Programming

The A96G198 needs only four signal lines including VDD and VSS pins for programming Flash with
serial protocol. Therefore, on-board programming is possible if the programming signal lines are
considered when the PCB of application board is designed.
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2.5.5 Circuit Design Guide

When programming Flash memory, the programming tool needs four signal lines, DSCL, DSDA, VDD,
and VSS. When you design a PCB circuit, you should consider the usage of these four signal lines for
the on-board programming.

Figure 29. PCB Design Guide for On-Board Programming

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

R1 (2kQ ~ 5kQ)

DSCL(I) j ’\/\/\,—> To application circuit

R2 (2kQ ~ 5kQ)

DSDA(/0) | | . AN\— Toapplication circuit

VDD

L]

VSS

L]
||}—¢

NOTES:

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

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

2. Description

Detail descriptions for programming via the OCD interface can be found in the following figures. Table

17 describes features of OCD and Figure 30 shows a block diagram of the OCD interface and the on-

chip Debug system.

Table 17. Features of OCD

Two Wire External Interface

* One for serial clock input

¢ One for bi-directional serial data bus

Debugger Accesses

* All internal peripherals
* Internal data RAM
* Program Counter

* Flash memory and EEPROM memory

Extensive On-chip Debugging
Supports for Break Conditions

* Break instruction
* Single step break
* Program memory break points on single address

* Programming of Flash, Data Flash, Fuses, and Lock bits through
the two-wire interface

* On-chip Debugging supported by Dr. Choice®

Operating Frequency

The maximum frequency of a target microcontroller.

Figure 30. On-Chip Debugging System in Block Diagram

Format converter

User /0 Code memory

DBG
DSCL
| BbC Control
= DSDA
CPU DB Register

W

Target MCU intemal circuit

Address bus

-— Intemal data bus

—h - SRAM Data memary Peripheral

- Flash
- EEFROM
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2.5.5.2 Two-Pin External Interface

Basic Transmission Packet

10-bit packet transmission using a two-pin interface.
1-packet consists of 8-bit data, 1-bit parity and 1-bit acknowledge.
Parity is even of ‘1’ for 8-bit data in transmitter.

Receiver generates acknowledge bit as ‘0’ when transmission for 8-bit data and its parity has
no error.

When transmitter has no acknowledge (Acknowledge bit is ‘1’ at tenth clock), error process is
executed in transmitter.

When acknowledge error is generated, the host PC makes stop condition and transmits
command which has error again.

The 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 31. 10-Bit Transmission Packet

Do | D1 D2 | D3 | D4 | D5 | D8 | D7 F A,

=]
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Packet Transmission Timing

Figure 32. Data Transfer on Twin Bus

pspA R
acknowledgement acknowledgement
signal from receiver signal from receiver
DSCL
st \ ,1\ ,10\ /1\ ,10\ / sp
ACK ACK
START STOP
Figure 33. Bit Transfer on Serial Bus
- / X -_——— X
dataline
: stable: change :
data vaiid : of data
except Start and Stop ! dllowed
Figure 34. Start and Stop Condition
DsSDA
DSDA
pscL | - -——- . psaL

X X

START condition

W

STOP condition

\BO\

63
SEMICONDUCTOR



A96G198 Datasheet

2. Description
Figure 35. Acknowledge "on Serial Bus
Dataoutput GEREEEEERERES
By transmitter \ X X X X
no acknowledge
Data output
By receiver \ f
acknowledge
DSCL from
master \ f 1 \ f 2 \ g 10
clock pulse for ackr:IMedgemen’[
Figure 36. Clock Synchronization During Wait Procedure
Acknowledge bit Acknowledge bit
transmission transmission
;Minimum : : : T
ﬁf i {owatHIGH | gartHIGH o
ns i : : 1
HostPC ¢ \ H j
pscLout i
. Startwait ; ?
Target Device % /
5 minimum 1 Tezw
Maximum 5 Tacwx —}{_ for next byte E
j_\t'ransmission f7

DSCL OUT
“—

DSCL \
: Internal Operation ﬁ
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2.5.5.3 Connection of Transmission

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

Figure 37. Connection of Transmission

VDD
pull -up Rp Rp
resistors
DSDA(Debugger Serial Datz Line)
O o
DSCL{Debugger Serial Clock Line) l

DSCL DSDA DSCL DSDA
i ol el ol
DSCL DSDA DSCL DSDA
IN N IN IN
Host Madhine{Master) Target Devicel Slave)

Current source for DSCL o fast 0 to 1 transition in high speed mode
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3. Pinouts and Pin Descriptions

In this chapter, the A96G198 pinouts and pin descriptions are described.

3.1 Pinouts

Figure 38. A96G198KN 32-LQFP Pinouts

< < -
[N alNe N~
0 X X b4
Qrx <
N ™ O~ © 0O < ™
N NN - - - «
[ I o AR o AR o RN o AR o R o B 0 Y
T M N «— O O 0 ©~
N N N N N «~ «— «—
P23/DSCL [ 25 16 ] P12/AN6
P24/EC3 [—] 26 15 [ P11/AN5
P25/RXD0 [ 27 14 3 P10/AN4
p2erTxp0 —] 28 A9B6G198KN 13 3 Poo/aNo/EINTO
P27/T4INP ] 29 (32LQFP-0707) 12 [C3 POUANTEINT!
P30/EINT13/T30/PWM30 [ 30 11 1 PO2ANZ/EINT2
P31/T4OUTB/ECO [ 31 10 1 PO3/ANZ/EINT3
P32/T4AOUTAECT [ 32 @ 9 [] PO4/AVREF
~ N MO < IO © ~ ©

uuuuuuty

352288
> oo s wuw s

P36/TXD1/X

P37/EINT12/T20/PWM20/RESET
P05/BUZO/EC.

P33/EINT10/TOO/PWMOO
P34/EINT11/T10/PWM10
P35/RXD1/XOUT
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3.2 Pin Description

Table 18. Pin Description

3. Pinouts and Pin Descriptions

Pin Name /0 Function @reset Shared With
POO ANO/EINTO
PO1 Port 0 is a bit-programmable 1/O port AN1/EINT1
which can be configured as a
P02 /0 Schmitt-Trigger input, a push-pull Inout ANZ/EINT2
P03 output, or an open-drain output. P AN3/EINT3
A pull-up/down resistor can be
P04 specified in 1-bit unit. AVREF
P05 BUZO/EC2
P10 AN4
P11 AN5
P12 Port 1 is a bit-programmable 1/O port ANG6
which can be configured as a
P13 /0 Schmitt-Trigger input, a push-pull Inout AN7
P14 output, or an open-drain output. P _
A pull-up/down resistor can be
P15 specified in 1-bit unit. -
P16 -
P17 -
P20 TXD1
P21 RXD1
P22 Port 2 is a bit-programmable 1/O port DSDA
which can be configured as a
P23 /0 Schmitt-Trigger input, a push-pull Inout DSCL
P24 output, or an open-drain output. P EC3
A pull-up/down resistor can be
P25 specified in 1-bit unit. RXDO
P26 TXDO
P27 T4INP
P30 EINT13/T30/PWM30
P31 T40OUTB/ECO
P32 Port 3 is a bit-programmable 1/O port T40OUTA/EC1
which can be configured as a
P33 /0 Schmitt-Trigger input, a push-pull Inout EINT10/TOO/PWMOO
P34 output, or an open-drain output. P EINT11/T10/PWM10
A pull-up/down resistor can be
P35 specified in 1-bit unit. RXD1/XOUT
P36 TXD1/XIN
P37 EINT12/T20/PWM20O/RESETB
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Table 18. Pin Description (continued)

Pin Name 110 Function @reset Shared With
EINTO POO/ANO
EINTT I/O | External interrupt inputs Input POTANT
EINT2 P02/AN2
EINT3 PO3/AN3
EINT1I0 | 1/O E;‘;?L?:"I;]’gﬁ{ rupt and Timer 0 Input | P33/TOO/PWMOO
EINT11 | 1/0 E:;?L?:'I:‘ptﬁ{ rupt and Timer 1 Input | P34/T10/PWM10
EINT12 | 1/O E;‘;?S;:'Iggﬁ{ rupt and Timer 2 Input | P37/T20/PWM20/RESETB
EINT13 | 1/0 E;‘;‘f;?:'lggﬁ{ rupt and Timer 3 Input | P30/T30/PWM30
TOO I/O | Timer O interval output Input P33/EINT10/PWMOO
T10 I/O | Timer 1 interval output Input P34/EINT11/PWM10
T20 I/O | Timer 2 interval output Input P37/EINT12/PWM20/RESETB
T30 I/O | Timer 3 interval output Input P30/EINT13/PWM30
T40UTA I/O | Timer 4 pulse output Input P32/ECA1
T40UTB I/O | Timer 4 complementary pulse output Input P31/ECO
PWMOO I/O | Timer O pulse output Input P33/EINT10/TOO
PWM10 I/O | Timer 1 pulse output Input P34/EINT11/T10
PWM20 I/O | Timer 2 pulse output Input P37/EINT12/T20/RESETB
PWM30 I/O | Timer 3 pulse output Input P30/EINT13/T30
ECO I/O | Timer O event count input Input P31/T40UTB
EC1 I/O | Timer 1 event count input Input P32/T4A0OUTA
EC2 I/O | Timer 2 event count input Input P05/BUZO
EC3 I/O | Timer 3 event count input Input P24
T4INP I/O | Timer 4 capture/force input Input P27
BUZO I/O | Buzzer signal output Input P0O5/EC2
TXDO I/0 | UART data output Input P26
RXDO I/0O | UART data input Input P25
TXD1 I/O | UART data output Input P20, P36
RXD1 I/O | UART data input Input P21, P35
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3. Pinouts and Pin Descriptions

Table 18. Pin Description (continued)

Pin Name 110 Function @reset Shared With
AVREF I/O | A/D converter reference voltage Input P04
ANO POO/EINTO
AN1 PO1/EINTA1
AN2 PO2/EINT2
AN3 PO3/EINT3
ANG I/O | A/D converter analog input channels Input 510
AN5 P11
ANG P12
AN7 P13
System reset pin with a pull-up
RESETB | IO | REarTa b CONTGURE Input | P37/EINT12/T20/PWM20
OPTION”
DSDA I/O | On-chip debugger data input/output Input P22
DSCL I/O | On-chip debugger clock input Input P23
XIN P36/TXD1
YOUT I/O | Main oscillator pins Input 535/RXD1
VDD, VSS - Power input pins - -
NOTES:

1. The P37/RESETB pin is configured as one of the P37 and the RESETB pin by the “CONFIGURE OPTION”.

2.  Ifthe P22/DSDA and P23/DSCL pins are connected to an emulator during Power-on Reset, the pins are automatically
configured as the debugger pins.

3. The P22/DSDA and P23/DSCL pins are configured as inputs with internal pull-up resistor only during the reset or
Rower-on Reset.

4. The P35/XOUT, P36/XIN pins are configured as a function pin by software control.
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4. Electrical Characteristics

4.1 Absolute Maximum Ratings

Table 19. Absolute Maximum Ratings

Parameter Symbol Rating Unit Remark
Supply voltage VIN -0.3~+6.5 -
Vi -0.3 ~VDD+0.3 \Y
Vo 03~ VDD+03 Voltage on any pin with respect to VSS
IOH 25 Maximum current output sourced by (lon per
Normal voltage Pin I/ pin)
>IOH -200 mA | Maximum current (3 Iow)
IOL 180 Maximum current sunk by (loL per 1/0 pin)
>10L 200 Maximum current (3 loL)
Total power dissipation PT 600 mwW | —
Operating temperature TOP -40 ~ +105 . -
Storage temperature TSTG -65 ~ +150 ¢ -

CAUTION:

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 those or any other conditions above those indicated in
the operation listings of this specification is not implied. Exposure above maximum rating conditions for extended
periods may affect device reliability.

4.2 Recommended Operating Conditions

Table 20. Recommended Operating Conditions
(TA=-40°C to +105°C)

Parameter Symbol Conditions Typ. Max. Unit
fx=0.4 to 4.2 MHz 2.2 5.5
fx = 0.4 to 8 MHz X-tal 2.4 5.5
Operating voltage VDD \%
fx=0.4 to 12 MHz 2.7 5.5
fx =0.5t0 16 MHz Internal RC 1.8 5.5
Operating temperature Toprr VDD=1.8t055V -40 105 °C
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4.3 ADC Characteristics

Table 21. ADC Characteristics
(Ta=-40°C to +105°C, VDD=1.8 V t0 5.5V, VSS=0 V)

Parameter Symbol Conditions Min. Typ. Max. Unit
Resolution - - - 12 - bit
Integral Non-linear INL - - 16
Differential Non-linearity DNL VDD =27t055V, - - 11 LSB
Top offset error TOE f=8 MHz - - +5
Zero offset error ZOE - - 5

VDD=4.0to 5.5V 20 - -
Conversion time tcon VDD =3.0t0 5.5V 30 - - us
VDD=2.7t055V 60 - -
Analog input voltage VaN - VSS - AVREF
Analog reference voltage AVREF @ 1.8 - VDD \Y
VDD15 - - - 1.59 -
A/DC input leakage current lan AVREF =5.12V - - 2 MA
A/DC current laoc i VY 1 2 mA
Disable - - 0.1 MA

NOTES:
1. Zero offset error is the difference between 0000000000 and the converted output for zero input voltage (VSS).
2. The top offset error is the difference between 1111111111 and the converted output for top input voltage (VDD).

3. IfAVREF is less than 2.7 V, the resolution degrades by 1-bit whenever AVREF drops 0.1 V (@ADCLK = 0.5 MHz,
under 2.7 V resolution has no test.)
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4.4 Power-On Reset

Table 22. Power-On Reset Characteristics
(Ta=-40°C to +105°C, VDD=1.8 V t0 5.5V, VSS=0 V)

Parameter Symbol Conditions Min. Typ. Max. Unit
RESET release level VpPor - - 1.4 -
Hysteresis AV - - 0.1 - v
VDD Voltage Rising Time tr 05v-2V 0.05 - 100 V/ms
POR current IPor - - 0.2 - MA

Figure 39. Power-On Reset Timing

Voltage
A
VDD

Low Limit: 1.8 V / \\ /
LVR=16V Wcase of LVR Disable by s/w \

POR(R)=1.4V
2V

POR(F)=1

Time

Internal nPOR

LVR RESETB

Internal RESETB |
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4.5 Low-Voltage Reset and Low-Voltage Indicator Characteristics

Table 23. LVR and LVI Characteristics
(Ta=-40°C to +105°C, VDD=1.8 V t0 5.5V, VSS=0 V)

Parameter Symbol Conditions Min. Typ. Max. Unit
- 1.60 1.79
1.84 2.00 2.16
1.93 210 2.27
2.02 2.20 2.38
2.13 2.32 2.51
» LVR: All levels 2.24 244 2.64
Detection level \\//II_\\//T * LVI: other levels except 1.60 V 2.38 2.59 2.80 v
* 1.60V level: Rising edge voltage 2.53 2.75 297
» Other levels: Falling edge voltage 2.70 2.93 3.16
2.89 3.14 3.39
3.1 3.38 3.65
3.37 3.67 3.97
3.68 4.00 4.32
4.06 4.40 4.74
LVR/LVI Hysteresis AV - - 100 180 mV
Minimum pulse width tw - 100 - - us
LVR and LVI current IBL Enable vbb=sy — 100 189 MA
Disable VDD =3V - - 0.1

\BO\ 73

SEMICONDUCTOR




4. Electrical Characteristics A96G198 Datasheet

4.6 Internal RC Oscillator Characteristics

Table 24. Internal RC Oscillator Characteristics
(Ta=-40°C to +105°C, VDD=1.8 V t0 5.5V, VSS=0 V)

Parameter Symbol Conditions Min. Typ. Max. Unit
Frequency firc Vob=1.8Vto55V - 16 - MHz
Ta =-20°C to +70°C £1.0
(User-trim only using E-PGM+)
Tolerance - Ta=-20°C to +70°C - - +1.5 %
Ta =-40°C to +85°C 2.0
Ta =-40°C to +105°C 3.0
Clock duty ratio Tob - 40 50 60 %
Stabilization time tHFs - - - 100 us
Internal RC Current FIRC Enable — 05 — mA
Disable - - 0.1 WA
NOTES:

1. User Trimming means the calibration of IRC frequency. Using E-PGM+.
2. Toensure £1.0% tolerance of IRC frequency, it is necessary to do User Trimming.

3.  Guaranteed by design but might be On-board programming after SMT process.
(IRC Calibration with high temperature can cause the shift of the frequency, be sure to calibrate enough to cool to
near room temperature after SMT process)

4.7 Internal Watchdog Timer RC Oscillator Characteristics

Table 25. Internal WDTRC Oscillator Characteristics
(Ta=-40°C to +105°C, VDD=1.8 V t0 5.5V, VSS=0 V)

Parameter Symbol Conditions Min. Typ. Max. Unit
Frequency fwbTrc - 2 5 10 kHz
Stabilization time twoTs - - - 1 ms

Enable - 1 -
WDTRC current IwoTrRC A
Disable - - 0.1
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4.8 DC Characteristics

Table 26. DC Characteristics
(Ta=-40°C to +105°C, VDD=1.8 V t0 5.5V, VSS=0 V)

Parameter Symbol Conditions Min. Typ. Max. Unit
Input high voltage ViH All input pins, RESETB 0.8vDD - VDD \%
Input low voltage Vi All input pins, RESETB - - 0.2vDD \%
VDD =4.5V, IOH =-20 mA,
Vou1 Ta=25°C VDD-2.0 - - \Y

All output ports except Vonz/Vors
VDD =4.5V, IOH =-10 mA,

Output high voltage

Vore Ta=25°C, P1[7:0] vbD-20 1 - - v
VDD =4.5V, IOH = -15 mA,

Vors Ta=25°C, PO[5, 3]and P37 | VDP20 | = B v
VDD =4.5V, IOL = 15 mA,

Vo1 Ta=25°C, - - 1.2 v

All output ports except Vor2/VoLs

VDD = 4.5V, IOL = 160 mA,

Ta=25°C, - 1.5 3.0 %

Output low voltage v LDDRVx =1 (x=0to 7)
OoL2

VDD =4.5V, IOL = 15 mA,

Ta=25°C, - - 1.2 Y%

LDDRVx =0 (x = 0 to 7)

v VDD = 4.5V, IOL = 10 mA, _ _ 12 Vv
oLs Ta=25°C, PO[5, 3] and P37 '

Input high leakage _ _
current I All output ports 1.0 MA
Input low leakage
current I All output ports -1.0 - - WA
VI=0V, vDD=5V 25 50 100
Rpu1 Ta=25°C,
All Input ports vDD=3V 50 100 200
Pull-up resistor k&
VI=0V, vDD=5V 150 250 400
Rpuz Ta=25°C,
RESETB vDD=3V 300 500 700
Pull-down resistor Rep VI=VDD, TA=25C, 15 30 45 kS
All Input ports
. XIN = VDD, XOUT = VSS
OSC feedback resistor Rx1 600 1200 2000 k&

Ta=25°C, VDD =5V
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4.9 Supply Current Characteristics

Table 27. Supply Current Characteristics
(Ta=-40°C to +105°C, VDD=1.8 V t0 5.5V, VSS=0 V)

A96G198 Datasheet

Parameter Symbol Conditions Min. Typ. Max. Unit
fxin = 12 MHz, VDD = 5 V+10% - 2.5 5.0
Iop1 (RUN) fxin = 10 MHz, VDD = 3 V+10% - 1.8 3.6 mA
firc = 16 MHz, VDD =5 V+10% - 2.0 4.0
fxn =12 MHz, VDD =5 V+10% - 1.5 3.0
Supply current lob2
fxin = 10 MHz, VDD = 3 V+10% - 0.7 1.4 mA
(IDLE) XIN V4 (]
firc = 16 MHz, VDD =5 V+10% - 1.0 2.0
loos VDD = 5 V+10%, Ta= 25°C - 15 5.0 A
(STOP) =10 IR ' ' H
NOTES:

1. Where the fxin is an external main oscillator. The IRC is an internal RC oscillator, and the fx is the selected system

clock.

2. All supply current items do not include the current of an internal Watch-dog timer RC (WDTRC) oscillator and a

peripheral block.

3. All supply current items include the current of the Power-on Reset (POR) block.
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4.10 AC Characteristics

4. Electrical Characteristics

Table 28. AC Characteristics
(Ta=-40°C to +105°C, VDD=1.8 V to 5.5 V)

Parameter Symbol Conditions Min. Typ. Max. | Unit
RESETB input low width trsT VDD =5V 10 - - us
Interrupt input high, low width tiwh, tiwe All interrupt, VDD =5V 200 - -
External counter input high, low tecwH, ECn,VDD =5V 200 _ _
pulse width tecwL (n=0,1, 2, 3) ns
s . trEC, ECn,VDD =5V
External counter transition time tree (n=0, 1, 2, 3) 20 - -
VDD =5V, CL = 30pF,
1/0 frequenc f - - 2 MH
quency ° RXDn/TXDn (n =0, 1) z
Figure 40. AC Timing
P tiwL | | tIWH N
External 0.8vDD
Interrupt
K £ 0.2VDD
tRST R
RESETB
K £ 0.2VDD
P tECWL R | tECWH
«— tFEC —> tREC
ECn
¥ 7
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4.11 UART Timing Characteristics

Table 29. UART Timing Characteristics
(Ta=-40°C to +105°C, VDD=2.2 V t0 5.5 V, fx=11.1 MHz)

Parameter Symbol Min. Typ. Max. Unit
Serial port clock cycle time tsck 1250 tcpu X 16 1650
Output data setup to clock rising edge ts1 590 tepu x 13 -
Clock rising edge to input data valid ts2 - - 590
Output data hold after clock rising edge tH1 tcpu — 50 tcpu - e
Input data hold after clock rising edge th2 0 - -
Serial port clock High, Low level width thicH, tLow 470 tcpu X 8 970

Figure 41. UART Timing Characteristics

tsck .

A

thieH tLow

A
\ 4

/ N\

Figure 42. Timing Waveform of UART Module

tsck

o [\ N\ S\

T

Y.

Data Out \ DO X D1 X D2 X D3 X D4 X D5 X D6 X D7
iots2 i
b S— tHo—p —

S () 0 (1) 0 20 O ) 1) 0 O (0 O
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4.12 Data Retention Voltage in STOP Mode

Table 30. Data Retention Voltage in STOP Mode
(Ta=-40°C to +105°C, VDD=1.8 V0 5.5 V)

Parameter Symbol Conditions Min. Typ. Max. Unit
Data retention supply voltage VDDDR - 1.8 - 55 \%
Data retention supply current I VDDDR =18V 1 A
PPl PPOR | (Ta= 25°C), STOP mode H

Figure 43. STOP Mode Release Timing When Initiated by Interrupt

IDLE Mode
N (Watchdog Timer Active)

d—b»
«»

A

Stop Mode

\ 4

Normal
Operating Mode

l¢—— Data Retention ——p]

Vb it
T VDDDR /
Execution of
STOP Instruction
VIH 7L
INT Request

—P{twATE—

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

Figure 44. STOP Mode Release Timing When Initiated by RESETB

RESET
Occurs
l Oscillation
P> lizati i
i Stop Mode N Stabillization Time
) g Normal
|¢—— Data Retention ——p| Operating Mode
VDD 1
\/DDDR
Execution of
RESETB STOP Instruction
s /‘ 0.8VDD
0.2VD r
—» TWAIFE—
NOTE:
1. tWAIT is the same as (4096 x 4 x 16/fIRC) = (16.4 ms at fx = 1 MHz)

\BO\ 79

SEMICONDUCTOR




4. Electrical Characteristics A96G198 Datasheet

4.13 Internal Flash Characteristics

Table 31. Internal Flash Characteristics
(Ta=-40°C to +105°C, VDD=1.8 V to 5.5 V)

Parameter Symbol | Conditions Min. Typ. Max. Unit
Sector write time trsw - - 3.0 3.5
Sector erase time trse - - 3.0 3.5 ms
Code write protection time trHL - - 3.0 3.5
Page buffer reset time trer - - - 5 V]
System clock frequency fsck - 0.4 - - MHz
anscﬂg?—nocicg)g \;vrlte/erase 1,000
Endurance of write/erase Newe - - - fimes
(Sector 496~511) 100,000
Flash Retention Time trrT - 10 - - years

4.14 Input/Output Capacitance Characteristics

Table 32. I1/0 Capacitance Characteristics
(Ta=-40°C to +105°C, VDD=0 V)

Parameter Symbol Conditions Min. Typ. Max. Unit
Input capacitance Cin fx=1 MHz
Output capacitance Court Unmeasured pins are - - 10 pF
I/O capacitance Cio connected to VSS.
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4.15 Main Oscillator Characteristics

Table 33. Main Oscillator Characteristics
(Ta=-40°C to +105°C, VDD=2.2 V t0 5.5 V)

Oscillator Parameter Conditions Min. Typ. Max. Unit
Crystal/ 22V-55V 0.4 - 42
Ceramic Main oscillation frequency 24V -55V 0.4 - 8.0

Oscillator 27V-55V 0.4 - | 120

MHz
22V-55V 0.4 - 42
External .
Clock XIN input frequency 24V -55V 0.4 - 8.0
27V-55V 0.4 - 12.0

Figure 45. Crystal/Ceramic Oscillator

XIN XOouT

Figure 46. External Clock

C1

‘ XIN XOuUT

T T

External  Open
Clock
Source
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4.16 Main Oscillator Stabilization Characteristics

A96G198 Datasheet

Table 34. Main Oscillator Stabilization Characteristics

(Ta=-40°C to +105°C, VDD=2.2 V to 5.5 V)

Oscillator Conditions Min. Typ. Max. Unit
Crystal fXIN = 1 MHz - - 60 ms
Oscillation stabilization occurs when _ _ 10
Ceramic VDD is equal to the minimum
oscillator voltage range.
External Clock fXIN=0.4 to 12 MHz 42 — 1,250 ns
XIN input high and low width (tXL, tXH)
Figure 47. Clock Timing Measurement at XIN
. 1/XIN R
P XL | | tXH _
XIN % 0.8VDD
K 0.2vDD
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4.17 Operating Voltage Range

Figure 48. Operating Voltage Range

(fxiIN=0.4 to 12 MHz)

12.0 MHz-

8.0 MHz -

4.2 MHz |
0.4 MHz -

22 2'42.7 5.5

Supply voltage (V)
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4.18 Typical Characteristics

Figures and tables described in this chapter can be used only for design guidance and are not tested
or guaranteed. In graphs or tables some data may exceed the specified operating range and can be
only for information. The device is guaranteed to operate properly only within the specified range.

The data presented in this chapter is a statistical summary of data collected on units from different lots
over a period. “Typical” represents the mean of the distribution while “max” or “min” represents (mean
+ 30) and (mean - 30) respectively where o is standard deviation.

Figure 49. MAIN RUN (IDD1) Current

mA
2.80

2.60

y A
/.
2.40 /// e HFIRC 16MHz -40°C
2.20

e==HFIRC 16MHz +25°C

2.00 ~ e=HFIRC 16MHz +105°C

1.80

/ e X-TAL 12MHz -40°C
1.60 / e X-TAL 12MHz +25°C
1.40

s X -TAL 12MHz +105°C

1.20
100 T T T T T T 1

25V 3.0V 35V 40V 45/ 50V 55V

Figure 50. MAIN IDLE (IDD2) Current

mA
2.00
1.80
1.60 i = HFIRC 16MHz -40°C

1.40 /// = HFIRC 16MHz +25°C
// e HFIRC 16MHz +105°C
1.20
/ e X -TAL 12MHz -40°C
1.00

e X-TAL 12MHz +25°C

0.80 e X-TAL 12MHz +105°C

0.60
25V 3.0v  35v  40v  45Y 5.0V 55V

84 ABOV

SEMICONDUCTOR



A96G198 Datasheet 4. Electrical Characteristics

Figure 51. STOP (IDD5) Current

uA
4.0

35 e

3.0 =

2.5 X-TAL 12MHz -40°C
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419 Recommended Circuit and Layout

A96G 198 Datasheet

The Figure 52 is a recommended circuit and layout for the A96G198.

Figure 52. Recommended Circuit and Layout

VDD
VSS

>
©
o
@ o=
©
o
XIN 3
XouTt

1

This 0.1 yF capacitor shoud be
within 1 cm from the VDD pin of MCU
onthe PCB layout.

b

DD vCC )

0.1pF

= 'DC Power

I~ -

VCC

_~High-Current P
' Infrared LED,
FND(7-Segment),

[+

etc

{

X-tal

separated in the layout, itis acceptable

The MCU power line (VDD and VSS)
shoud be separated fromthe high-
current part ata DC power node on
the PCB layout

{ }

art

}

This capacifbor can be selectively applied toimprove naise Immunity.
If the VDD for MCU and the power for high-current parts are well

notto useitinthe system.

-+ The main crysta shoud be within 1 cm from the pins of MCU on the PCB layout.
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4.20 Recommended Circuit and Layout with SMPS Power

Figure 53. Recommended Circuit and Layout with SMPS Power

SMPS Side <«— i —» Microcontroller Side
VCC VDD
SMPS MW —
R1
1‘ Option I I McU

VSS

-

= C1 Cc2 C3 =

1. The C1 capacitor is to flatten out the voltage of the SMPS power, VCC.
v Recommended C1: 470 uF/25 V more.
2. The R1 and C2 are the RC filter for VDD and suppress the ripple of VCC.
v Recommended R1: 10 Q-20 Q
v Recommended C2: 47 uF/25 V more
\ The R1 and C2 should be as close by the C3 as possible.
+ The R1 is optional so it may not apply.
3. The C3 capacitor is used for temperature compensation because an electrolytic capacitor
becomes worse characteristics at low temperature.
v Recommended C3: ceramic capacitor 2.2 uF more
\ The C3 should be within 1 cm from VDD pin of microcontroller on the PCB layout.
4. The above circuit is recommended to improve noise immunity (EFT, Surge, ESD, efc) when the
SMPS supplies the VDD of the microcontroller.
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5. Package Information

Package Information

5.

32-LQFP Package Information

5.1

Figure 54. 32-LQFP Package Outline

7 REV. DESCRIPTION DATE ENG | APPROVAL
7 — | GENERATE. 04120717 | JH.KIM | YJ.CHAE
! U
D1 A2 COMMON DIMENSIONS
(UNITS OF MEASURE=MILLIMETER)
SYMBOL | MIN NOM MAX
AR ARAAAR R
—1 Al 0.05 - 020
I I A2 1.35 140 145
i 1 b 0.30 0.37 042
[ i} b1 0.30 035 0.40
i o - c 0.09 - 0.20
T - - Fo w cl 0.09 — 016
m. . D 8.80 9.00 9.20
i LR ] D1 6.80 7.00 7.20
O - E 8.80 9.00 9.20
- E1 6.80 7.00 7.20
U FEHEHE :
le] | b L 045 0.60 075
—1 —[¢ox®) A A L1 1.00 REF
B o 35 7
NOTES:
1. ALL DIMENSIONS REFER TO JEDEC STANDARD MS-026-BBA.
o 2. DIMENSIONS 'D1' AND 'E1' DO NOT INCLUDE MOLD PROTRUSIONS.
M ALLOWABLE PROTRUSION IS 0.25MM PER SIDE. 'D1' AND 'E1' ARE MAXIMUM
w b PLACTIS BODY SIZE DIMENSIONS INCLUDING MOLD MISMATCH.
|
M b1 | BASE METAL 3. DIMENSION 'b' DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE
w DAMBAR PROTRUSION SHALL NOT CAUSE THE LEAD WIDTH TO EXCEED
w THE MAXIMUM 'b' DIMENSION BY MORE THAN 0.08MM.
m ©|° 4.'A1' 1S DEFINED AS THE DISTANCE FROM THE SEATING PLANE TO THE
1 LOWEST POINT ON THE PACKAGE BODY.
WITH PLATING
SECTION A- A
_— LIST OF MATERIAL AND APPLICABLE DOCUMENTS
SCALE: DATE: DRAWN: J—

LEAD FORM PART

NONE

0472007

JS. KANG

G U -t L LQFP 7X7MM 32LD
nnmmnzoz Wﬁ CHEGKED: vy cHAE PACKAGE OUTLINE
mnmnimc@lm Py APPROVED: vy CHAE

CAD NAME: DRAWING NUMEER. REV. SHEET,
ABQOV SEMICONDUCTOR| = oLa-o707032 OLQ-0707032 7 _ 1 OF 1
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6. Ordering Information

Figure 55. A96G198 Device Numbering Nomenclature

A9G198 K N 2 N (T)

A96G198 Family Name

Pin count

K 32 pins

Package type

N LQFP3

Temperature

None -40 to +85°C (commercial grade)
2 -40 to +105°C (industrial grade)
Bonding wire

none Au wire

N Pd-Cu wire
Packing

(T) Tape & reel
(W) Wafer

(©) Chip carrier

NOTE:

1. For more information on any aspect of this device, please contact your nearest distributor or ABOV sales office.

\BO\ 89

SEMICONDUCTOR



Revision History

Revision History

A96G198 Datasheet

Revision

Date

Notes

1.00

June. 20, 2025

Initial release

90

\BO\

SEMICONDUCTOR




A96G198 Datasheet

Korea

Regional Office, Seoul
R&D, Marketing & Sales

8th FI., 330, Yeongdong-daero, Gangnam-gu, Seoul,

06177, Korea

Tel: +82-2-2193-2200
Fax: +82-2-508-6903
www.abovsemi.com

Domestic Sales Manager
Tel: +82-2-2193-2206

Fax: +82-2-508-6903
Email: sales kr@abov.co.kr

Global Sales Manager
Tel: +82-2-2193-2281

Fax: +82-2-508-6903
Email: sales gl@abov.co.kr

HQ, Ochang
R&D, QA, and Test Center

Important Notice

37, Gangni 1-gil, Ochang-eup, Cheongwon-gun,
Chungcheongbuk-do, 28126, Korea

Tel: +82-43-219-5200
Fax: +82-43-217-3534
www.abovsemi.com

China Sales Manager

Tel: +86-755-8287-2205
Fax: +86-755-8287-2204
Email: sales _cn@abov.co.kr

Japan Sales Manager
Tel: +81-50-6883-8679

Email: sales _jp@abov.co.kr

ABOV Disclaimer
IMPORTANT NOTICE - PLEASE READ CAREFULLY

ABOV Semiconductor (“ABOV”) reserves the right to make changes, corrections, enhancements, modifications, and
improvements to ABOV products and/or to this document at any time without notice. ABOV DOES NOT GIVE WARRANTIES
AS TO THE ACCURACY OR COMPLETENESS OF THE INFORMATION INCLUDED HEREIN. Purchasers should obtain the
latest relevant information on ABOV products before placing orders. Purchasers are entirely responsible for the choice, selection,
and use of ABOV products and ABOV assumes no liability for application assistance or the design of purchasers’ products. NO
LICENSE, EXPRESS OR IMPLIED, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY ABOV HEREIN. ABOV
DISCLAIMS ALL EXPRESS AND IMPLIED WARRANTIES AND SHALL NOT BE RESPONSIBLE OR LIABLE FOR ANY
INJURIES OR DAMAGES RELATED TO USE OF ABOV PRODUCTS IN SUCH UNAUTHORIZED APPLICATIONS. ABOV
and the ABOV logo are trademarks of ABOV. For additional information about ABOV trademarks, please refer to
https://www.abov.co.kr/en/about/corporate _identity.php. All other products or service names are the property of their respective owners.
Information in this document supersedes and replaces the information previously supplied in any former versions of this document.

© 2025 ABOV Semiconductor — All rights reserved

\BO\ o1

SEMICONDUCTOR


https://www.abov.co.kr/en/about/corporate_identity.php
https://www.abovsemi.com/
https://www.abovsemi.com/
mailto:sales_kr@abov.co.kr
mailto:sales_gl@abov.co.kr
mailto:sales_cn@abov.co.kr
mailto:sales_jp@abov.co.kr

	Features
	Product Selection Table
	1. Introduction
	2. Description
	2.1 Product Category Definition
	2.2 Device Overview
	2.3 A96G198 Block Diagram
	2.4 Functional Overview
	2.4.1 Port Structures
	2.4.1.1 GPIO Port Structure
	2.4.1.2 External Interrupt I/O Port Structure

	2.4.2 Memory Organization
	2.4.2.1 Program Memory
	2.4.2.2 Flash User Memory
	2.4.2.3 Internal Data Memory
	2.4.2.4 Extended SFR and Data Memory Area
	2.4.2.5 SFR Map
	SFR Map Summary
	Extended SFR Map Summary
	SFR Map
	Extended SFR Map


	2.4.3 Ports
	2.4.3.1 I/O Ports
	2.4.3.2 Port Description of P0
	2.4.3.3 Port Description of P1
	2.4.3.4 Port Description of P2
	2.4.3.5 Port Description of P3
	2.4.3.6 LED Display Drive Selection

	2.4.4 Interrupt Controller
	2.4.4.1 External Interrupt
	2.4.4.2 Interrupt Controller Block Diagram
	2.4.4.3 Interrupt Vector Table

	2.4.5 Clock Generator
	2.4.5.1 Clock Generator Block Diagram

	2.4.6 Basic Interval Timer (BIT)
	2.4.6.1 Basic Interval Timer Block Diagram

	2.4.7 Watchdog Timer (WDT)
	2.4.7.1 Watchdog Timer Block Diagram

	2.4.8 TIMER 0/1/2/3
	2.4.8.1 Block Diagram

	2.4.9 TIMER 4
	2.4.9.1 Timer 4 Block Diagram

	2.4.10 Buzzer
	2.4.10.1 Buzzer Block Diagram

	2.4.11 12-Bit A/D Converter
	2.4.11.1 ADC Block Diagram

	2.4.12 UART 0/1
	2.4.12.1 UARTn Block Diagram

	2.4.13 Flash CRC and Checksum Generator
	2.4.13.1 Flash CRC and Checksum Generator Block Diagram

	2.4.14 Power Down Operation
	2.4.14.1 Peripheral Operation in IDLE/STOP Mode

	2.4.15 Reset
	2.4.15.1 Reset Block Diagram

	2.4.16 Flash Memory
	2.4.16.1 Flash Program ROM Structure


	2.5 Development Tools
	2.5.1 Compiler
	2.5.2 E-OCD II Interface and OCD Debugger
	2.5.3 Programmer
	2.5.3.1 E-PGM+
	2.5.3.2 OCD Emulator
	2.5.3.3 Gang Programmer

	2.5.4 Flash Programming
	2.5.4.1 On-Board Programming

	2.5.5 Circuit Design Guide
	2.5.5.1 On-Chip Debug System
	2.5.5.2 Two-Pin External Interface
	Basic Transmission Packet
	Packet Transmission Timing

	2.5.5.3 Connection of Transmission



	3. Pinouts and Pin Descriptions
	3.1 Pinouts
	3.2 Pin Description

	4. Electrical Characteristics
	4.1 Absolute Maximum Ratings
	4.2 Recommended Operating Conditions
	4.3 ADC Characteristics
	4.4 Power-On Reset
	4.5 Low-Voltage Reset and Low-Voltage Indicator Characteristics
	4.6 Internal RC Oscillator Characteristics
	4.7 Internal Watchdog Timer RC Oscillator Characteristics
	4.8 DC Characteristics
	4.9 Supply Current Characteristics
	4.10 AC Characteristics
	4.11 UART Timing Characteristics
	4.12 Data Retention Voltage in STOP Mode
	4.13 Internal Flash Characteristics
	4.14 Input/Output Capacitance Characteristics
	4.15 Main Oscillator Characteristics
	4.16 Main Oscillator Stabilization Characteristics
	4.17 Operating Voltage Range
	4.18 Typical Characteristics
	4.19 Recommended Circuit and Layout
	4.20 Recommended Circuit and Layout with SMPS Power

	5. Package Information
	5.1 32-LQFP Package Information

	6. Ordering Information
	Revision History

