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Introduction

This user's manual contains complete information for application developers who use
A96L414/A96L416 for their specific needs.

A96L414/A96L416 is an advanced 8-bit CMOS MCU with 8/16Kbytes of Flash. Offering the

convenience of Flash multi-programming features, this device can provide fire alarm and single type

smoke detectors systems with a simple, robust, and cost effective solution as a complete set of

semiconductor product to implement the smart alarm systems.

' A96L414/A96L416 Block Diagram

M8051 Core HFIRC4MHz
Up to 4 MHz

IRAM: 256Bytes WDT OSC 1kHz
XRAM: 256/768Bytes
Data Flash: 256Bytes LFIRC32kHz

Code Flash
8/16KB

On-Chip Debug Interrupt Controller

16-bit Timer/Counter 10-bit ADC
External Interrupts OP-AMP

Reset Pin

Figure 1. A96L414/A96L416 Block Diagram

Reference documents

A96L414/A96L416 Datasheet: It includes information on mechanical characteristics,
development methods, and ordering information. It is available at ABOV website,

https://www.abovsemi.com.

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

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

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

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

Global Top Smart MCU Innovator
www.abovsemi.com
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1. Description

1 Description

A96L414/A96L.416 User’'s manual

A96L414/A96L416 is an advanced CMOS 8-bit microcontroller with 8/16Kbytes of FLASH. This is a

powerful microcontroller which provides low power consumption and cost effective solution to smoke

detector applications. A96L.414/A96L416 supports power down modes to reduce power consumption.

Table 1 introduces features of A96L414/A96L416 and peripheral counts.

1.1 Device overview

Table 1. A96L414/A96L416 Device Features and Peripheral Counts

Peripheral A96L414/A96L416
CPU 8-bit CISC core (M8051, 2 clocks per cycle)
Flash * 8/16Kbytes with self r/w capability
* On chip debug and ISP
* Endurance: 10,000 cycles
IRAM 256 bytes
XRAM 256/768 bytes
Data Flash * 256 bytes
* Endurance: 100,000 cycles
GPIO * Normal I/Os

« 18 ports: P0[7:0], P1[5:0], P2[3:0]

Timer/ counter

* BIT 8-bitx 1-ch

*  WDT 8-bit x 1-ch: 1KHz internal RC oscillator for WDT or
LF internal RC oscillator for WDT

* 16-bit x 3-ch (TO/T1/T2)

Programmable pulse generation

Pulse generation (by TO/T1/T2)

12C

8-bit x 1-ch

ADC

* 10-bit ADC, 7 input channels
*  Vaer: 0.92V £3%(Ta = -40°C to +85°C)
* LDO: 2.32V +3.45%(Ta = 25°C)

Operational amplifier e 2-ch
e Rail-to-rail output
CRC and checksum generator e 16-bit

e Auto and user CRC/ checksum mode

Reset Power on reset

Reset release level (1.4V)

Low voltage reset

4 level detect (1.60V/ 2.20V/ 2.40V/ 2.70V)

14

\BO\

SEMICONDUCTOR




A96L414/A96L416 User’s manual

1. Description

Table 1. A96L414/A961L416 Device Features and Peripheral Counts (continued)

Peripheral

A96L414/A961L416

Constant sink current generator

e 2-ch
* 16-steps selectable

e  Max. 274mA sink current

USART

UART + SPI
* 8-bit UART x 1-ch
* 8-bit SPIx 1-ch

Interrupt sources

e External interrupts: EINT0/1/2/3/10/11/12, 7
* Timer0/1/2, 3

* WDT1

* BIT1

* 12C1

» ADC1

* USARTRx/ Tx 2

Internal RC oscillator

4MHz + 3.0% (Ta = -40°C to +85°C)

Power down mode

STOP, IDLE

Operating voltage and frequency

* 2.0Vto3.6V@ 0.5to 4.0MHz with HFIRC
* 2.0Vto 3.6V @ 32KHz with LFIRC

* Voltage dropout converter included for core

Minimum instruction execution time

0.25us @ 4MHz HFIRC

Operating temperature

-40°C to +85°C

Package type

» 20 TSSOP
* 16 SOPN
* Pb-free package
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1. Description

1.2 Block diagram
Figure 2 describes A96L414/A96L416 in a block diagram.

Flash
> 8/16KB
CORE IRAM + XRAM
M8051 - 256B + 256/768B
Data Flash
256B

On-chip debug'
In-system programming

General purpose I/O
18 ports normal 1/0
Power control
Power on reset
> Low voltage reset
Power down mode

Watchdog timer

1 channel, 8-bit
1kHz or 32kHz, -
Internal RC OSC Clock generator
—p 4MHz, HFIRC OSC
32kHz, LFIRC OSC

Basic interval timer
[ ——

1 channel, 8-bit
Operational Amplifier

—p
2 channels

Timer / Counter | |
ADC

3 channels, 16-bit
<> 7 Input channels, 10-bit
Sample and Hold circuit

CRC/Checksum Generator
12C

16-bit CRC/Checksum
Auto/User CRC/Checksum Mode [ » <
1 channel, 8-bit

Const. Sink Ics Generator

USART
1 channel, UART > <
2 channels

1 channel, SPI

Figure 2. A96L.414/A96L416 Block Diagram
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2 Pinouts and pin descriptions
In this chapter, A96L414/A96L416 pinouts and pin descriptions are introduced.

2.1 Pinouts

S

VDD [
POB/EINT2/ICSO ]
PO7/EINT3/ICS1 ]

P10/(SCK)/RESETB ]

P12/ECO/(TXD/MOSI)/DSCL [
P13/EC1/(RXD/MISO)/DSDA [
P14/T10/PWM1O/SCL/EINT11 ]
P20/T20/PWM20/SDA/EINT12 ]

1
2
3
4
P11/TOO/PWMOO/EINT10 []5
6
7
8
9

P21/EC2/SCK/(SCL) ] 10

(dOSS1-02)
d49T¥ 196V
d4vTy 196V

20 ] vss

19 ] POS/OPOP

18 1 P04/OPON

17 1 PO3/AN3/OPOOUT

16 ] PO2/AN2/OP1P

15 1 PO1/AN1/OPIN/EINT1

14 [—1 POO/ANO/OP1OUT/EINTO
13 ] P15/AN6/LDO23/SS/(SDA)
12 ] P23/ANS/TXD/MOSI

11 [ P22/AN4/RXDIMISO

NOTE: For the On-Chip Debugging, ISP assigns P1[2:3] pins for DSCL and DSDA respectively.

Figure 3. A96L414FR/A96L416FR 20 TSSOP Pinouts

VDD [

PO6/EINT2/ICS0 ]
PO7/EINT3/ICS1 ]
P10/(SCK)/RESETB [
P11/TOO/PWMOO/EINT10 ]
P12/ECO/(TXD/MOSI)/DSCL ]
P13/EC1/(RXD/MISO)/DSDA ]
P14/T10/PWM1O/SCL/EINT11 ]

(NdOS-9T)

IVITv 196V

16 [ Vss

15 [~—] PO5/OPOP

14 ] PO4/OPON

13 [] PO3/AN3/OPOOUT

12 1 P0O2/AN2/OP1P

11 ] POL/ANL/OPIN/EINTL

] POO/ANO/OP10OUT/EINTO

9 [ P15/AN6/LDO23/SS/(SDA)

NOTES:

1. For the On-Chip Debugging, ISP assigns P1[2:3] pins for DSCL and DSDA respectively.
2.  The P20-P23 pins should be selected as a push-pull output or an input with pull-up resistor by software

when the 16-pin package is used.

Figure 4. A96L414AE/A96L416AE 16 SOPN Pinouts
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2.2 Pin description
Table 2. 20 TSSOP Pin Description
Pin name | I/O | Function @reset | Shared with
P00 /O | The port 0 is a bit-programmable | Input ANO/OP1OUT/EINTO
PO1 1/0O port which can be configured AN1/OP1N/EINT1
P02 as an input (P00/P01/P06/P07: AN2/OP1P
P03 Schmitt trigger input), a push- AN3/OPOOUT
P04 pull output, or an open-drain AN4/OPON
P05 output. AN5/OPOP
P06 A pull-up resistor can be EINT2/ICSO
PO7 specified in 1-bit unit. EINT3/ICS1
P10 I/O | The port 1 is a bit-programmable | Input (SCK)/RESETB
P11 I/0O port which can be configured TOO/PWMOO/EINT10
P12 as a Schmitt-trigger input, a ECO/(TXD/MOSI)/DSCL
P13 push-pull output, or an open- EC1/(RXD/MISO)/DSDA
P14 drain output. T10/PWM10O/SCL/EINT11
P15 A pull-up resistor can be ANG/LDO23/SS/(SDA)
specified in 1-bit unit.
P20 I/O | The port 2 is a bit-programmable | Input T20/PWM20O/SDA/EINT12
P21 I/0 port which can be configured EC2/SCK/(SCL)
P22 as a Schmitt-trigger input, a AN4/RXD/MISO
P23 push-pull output, or an open- AN5/TXD/MOSI
drain output.
A pull-up resistor can be
specified in 1-bit unit.
EINTO I/O | External interrupt inputs Input POO/ANO/OP10OUT
EINT1 PO01/AN1/OP1N
EINT2 P06/ICSO
EINT3 PO7/1CS1
EINT10 /O | External interrupt input and Input P11/TOO/PWMOO
Timer 0 capture input
EINT11 I/O | External interrupt input and P14/T10/PWM10/SCL
Timer 1 capture input
EINT12 I/O | External interrupt input and P20/T20/PWM20O/SDA
Timer 2 capture input
TOO I/O | Timer O interval output input P11/PWMOO/EINT10
T10 I/O | Timer 1 interval output P14/PWM10O/SCL/EINT11
18 \BO\
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2. Pinouts and pin descriptions

Table 2. 20 TSSOP Pin Description (continued)

Pin name | I/O | Function @reset | Shared with

T20 I/O | Timer 2 interval output P20/PWM20O/SDA/EINT12

PWMOO I/O | Timer O pulse output P11/TOO/EINT10

PWM10 I/O | Timer 1 pulse output P14/T10/SCL/EINT11

PWM20 I/O | Timer 2 pulse output P20/T20/SDA/EINT12

ECO I/O | Timer 0 event count input P12/(TXD/MOSI)/DSCL

EC1 I/O | Timer 1 event count input P13/(RXD/MISO)/DSDA

EC2 I/O | Timer 2 event count input P21/SCK/(SCL)

ANO I/O | AID converter analog input | Input POO/OP10OUT/EINTO

ANA1 channels PO1/OP1N/EINT1

AN2 P02/OP1P

AN3 P03/OPOOUT

AN4 P22/RXD/MISO

AN5 P23/TXD/MOSI

ANG6 P15/LDO23/SS/(SDA)

LDO23 I/0 | LDO voltage output Input P15/AN6/SS/(SDA)

OPOP /0 | OP-AMP 0 positive input Input P05

OPON /O | OP-AMP 0 negative input Input P04

OPOOUT | I/O | OP-AMP 0 output Input PO3/AN3

OP1P I/O | OP-AMP 1 positive input Input P0O2/AN2

OP1N /0 | OP-AMP 1 negative input Input PO1/AN1/EINT1

OP10UT | I/O | OP-AMP 1 output Input POO/ANO/EINTO

TXD I/0 | UART data output Input P23/AN5/MOSI
(P12/ECO/MOSI/DSCL)

RXD I/O | UART data input Input P22/AN4/MISO
(P13/EC1/MISO/DSDA)

MOSI I/0 | SPI master output, slave input Input P23/AN4/RXD
(P12/ECO/TXD/DSCL)

MISO I/0 | SPI master input, slave output Input P22/AN4/RXD
(P13/EC1/RXD/DSDA)

SCK /0 | SPI clock input/output Input P21/EC2(SCL)
(P10/RESETB)

SS I/O | SPI slave select input Input P15/AN6/LDO23/(SDA)

ICSO I/O | Constant sink current pins Input POG6/EINT2

ICS1 PO7/EINT3

\BO\
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Table 2. 20 TSSOP Pin Description (continued)

Pin name | I/O | Function @reset | Shared with

SCL I/O | 12C clock input/output Input P14/T10/PWM10/SCL
(P21/EC2/SCK)

SDA I/0 | 12C data input/output Input P20/T20/PWM20/SDA
(P15/AN6/LDO23/SS)

RESETB | I/O | System reset pin with a pull-up Input P10/SCK
resistor when it is selected as
the RESETB by CONFIGURE

OPTION.
DSCL I/O | On chip debugger clock input Input P12/ECO/(TXD/MOSI)
DSDA I/O | On chip debugger data Input P13/EC1/(RXD/MISO)
input/output
VDD, VSS | - Power input pins - -
NOTES:
1. g;%ﬁ'/’_RESETB pin is configured as one of the P10/SCK and the RESETB pin by the “CONFIGURE

2. If the P13/DSDA and P12/DSCL pins are connected to an emulator during reset or power-on reset, the
pins are automatically configured as the debugger pins.

3. The P13/DSDA and P12/DSCL pins are configured as inputs with an internal pull-up resistor only during
the reset or power-on reset.
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3 Port structures

3.1

GPIO port structure

3. Port structures

PULL-UP
REGISTER

7 Level shift (vDC to ExtvDD)

[7] Level shift (ExtvDD to VDC)

VDD

OPEN DRAIN
REGISTER

DATA
REGISTER

7

VbD

SUB-FUNC DATA OUTPUT

SUB-FUNC ENABLE

SUB-FUNC DIRECTION

MUX p

DIRECTION
REGISTER

MUX

PORTXx INPUT or
SUB-FUNC DATA INPUT

ANALOG CHANNEL
ENABLE

ANALOG INPUT

-

VDD

CMOS or
Schmitt Level
Input

PAD

z @2
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Figure 5. General Purpose 1/O Port Structure
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3.2 External interrupt 1/O port structure

B Level shift (vDC to ExtvDD)
[7] Level shift (ExtvDD to VDC)

VDD

PULL-UP
REGISTER

E—

VoD VDD

OPEN DRAIN

REGISTER

DATA —

0 H
REGISTER MUX > BAD
1
@—mi

LY

SUB-FUNC DATA OUTPUT

[
SUB-FUNC ENABLE ! 3
SUB-FUNC DIRECTION ——— 1
MUX
DIRECTION 0
REGISTER
VDD

EXTERNAL Q b uy
INTERRUPT
—‘ cp POLARITY
r ¢— ‘ REG.
INTERRUPT T

ENABLE
FLAG
CLEAR Gl o7
Schmitt Level
Input

SUB-FUNC DATA INPUT

- ! ZH__E
00—
PORTX INPUT or MUX
1

I DEBOUNCE

T CLK
DEBOUNCE

ENABLE
ANALOG CHANNEL
ENABLE -

ANALOG INPUT ll;g_

—

Figure 6. External Interrupt 1/O Port Structure
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4 Memory organization

A96L414/A96L416 addresses three separate memory spaces:
*  Program memory
e Data memory
e XRAM memory

By means of this logical separation of the memory, 8-bit CPU address can access the data memory

more rapidly. 16-bit data memory address is generated through the DPTR register.

A96L414/A96L416 provides on-chip 8/16 Kbytes of the 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 256/768 bytes.

4.1 Program memory

A 16-bit program counter is capable of addressing up to 64 Kbytes, but A96L414/A96L416 has only
8/16 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 1 is assigned to location 000BH. If the external interrupt 1 is going
to be used, its service routine must begin at location 000BH. If the interrupt is not going to be used, its
service location is available as general purpose program memory. If an interrupt service routine is short
enough (frequent cases with a control application), the service routine can reside entirely within an 8

byte interval.

A longer service routine can use a jump instruction to skip over subsequent interrupt locations, if other

interrupts are in use. Figure 7 shows a map of the lower part of the program memory.
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3FFFH ——
§ 16K Bytes § NOTE: 16 Kbytes memory
% \\\\\\\\\ ggg‘lg‘;s Interrupt Vector

0000H

Figure 7. Program Memory

More detailed description of program memory is introduced in chapter 19. Flash memory later part in

this document.

4.2 Internal data memory

Internal data memory is divided into three spaces as shown in Figure 8. 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 8.
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4. Memory organization

FFH
Upper 128bytes
Internal RAM
(Indirect Addressing)
80H
7FH
Lower 128bytes
Internal RAM
(Direct or Indirect
Addressing)
00H

&8

80H

Special Function Registers
128bytes
(Direct Addressing)

Figure 8. Internal Data Memory Map

The lower 128 bytes of RAM are present in all 8051 devices as mapped in Figure 9. The lowest 32

bytes are grouped into 4 banks of 8 registers. Program instructions call out these registers as RO

through R7. Two bits in the Program Status Word select which register bank is in use. This allows more

efficient use of code space, since register instructions are shorter than instructions that use direct

addressing.

The next 16 bytes above the register banks form a block of bit-addressable memory space. The 8051

instruction set includes a wide selection of single-bit instructions, and the 128 bits in this area can be

directly addressed by these instructions. The bit addresses in this area are 00H through 7FH.

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.
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[ TFH S| 7F[7E|7D|7C|7B|[7A| 79| 78
“[77l76] 75 (7473 72 ] 71 ] 70
6F | 6E | 6D |6C | 6B [ 6A | 69 | 68
. 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 |43 |42 |41 40
. 3F|3E|{3D|3C|3B[3A[39]38
\ 30H 37|36(35[34 (33323130
2FH 2F|2E (2D |2C|2B[2A |29 28
27|26|25[24|23[22]21]20
(1162533/@ Bit Addressable 1F[1E|1D|1C|1B|1A[ 1918
17 (16 |15(14 13|12 {1110
20H oF [oE|oD|oc|0B|0A|09]08
1FH _ .. |o7]o6|o05|04a[03]02]01]00
8 Bytes Register Bank 3
18H (8 Bytes)
L Register Bank 2
egister Ban
8 Bytes { o (8 Bytes)
okt Register Bank 1 R7
egister ban
8 Bytes { o g(SBytes) =6
egister ban
8 Bytes { 9(8 Bytes) R3
00H =
R1
RO

Figure 9. Lower 128 bytes Internal RAM
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4.3 Extended SFR and data memory area

A96L414/A96L416 has 256/768 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.

S05FH Extended

Special Function Registers
5050H (Indirect Addressing)

Not used

30FFH Data Flash

256 Bytes

(Erase/Write through Buffer)
3000H

Not used

02FFH External RAM
768 Bytes
(Indirect Addressing)

0000H

Figure 10. Extended SFR (XSFR) Area

44 Data Flash area

Data Flash area has no relation with RAM nor FLASH. This area can be read by using DPTR. Data

Flash area can be erased or written to by using a buffer.

30FFH Data Flash
256 Bytes
(Erase/Write through Buffer)
3000H

Figure 11. Data Flash Area

Detailed information about the Data Flash, please refer to Chapter 20 Data Flash memory.
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4.5 SFR map

In this section, information of SFR map and map summaries are introduced through Table 3, Table 4,
Table 5, and Table 6.

45.1 SFR map summary
Table 3. SFR Map Summary
- | Reserved M8051 compatible
OOH/8HNOTE | 01H/9H 02H/0AH 03H/0BH 04H/0CH 05H/ODH 06H/OEH O7H/OFH
OF8H | IP1 - FSADRH FSADRM FSADRL FIDR FMCR -
OFOH | B [2CSAR1 | DFSADRL | DFSADRH | DFIDR DFMCR - -
OE8H | RSTFR I2CCR I2CSR I2CSARO I2CDR [2CSDHR | I2CSCLR [2CSCHR
OEOH | ACC - ICSCR ICSDRO ICSDR1 - - -
OD8H | LVRCR - USTCR1 USTCR2 USTCR3 USTST USTBD USTDR
ODOH | PSW - P20D P2PU P2FSR - - FCDIN
0C8H | OSCCR - ADCCRL ADCCRH | ADCDRL ADCDRH LDOCR -
OCOH | - - T2CRL T2CRH T2ADRL T2ADRH T2BDRL T2BDRH
0B8H | IP - T1CRL T1CRH T1ADRL T1ADRH T1BDRL T1BDRH
O0BOH | - - TOCRL TOCRH TOADRL TOADRH TOBDRL TOBDRH
OA8SH | IE IE1 IE2 IE3 - CHPCR AMPCRO AMPCR1
OAOH | EIFLAG P210 EO - EIPOLO EIPOL1 - -
98H - P110 P10D P1PU P1FSRL P1FSRH P12DB IRCIDR
90H P2 POIO POOD POPU POFSRL POFSRH PODB IRCTRM
88H P1 - SCCR BITCR BITCNT WDTCR WDTDR/ IRCTCR
WDTCNT
80H PO SP DPL DPH DPL1 DPH1 - PCON
NOTE: Registers 00H/8H are bit-addressable.
45.2 Extended SFR map summary
Table 4. XSFR Map Summary
- Reserved
O0H/8HNOTE | 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

NOTE: Registers 00H/8H are bit-addressable.

28
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4. Memory organization

453 SFR map
Table 5. SFR Map
Address | Function Symbol | RW | @ Reset
7|6 [(5(4|3|2(1]0
80H PO Data Register PO Rw (0|0 |0 |0 |O0O]|O|O]|O
81H Stack Pointer SP RW |0 |0 |0 |0 |0 (1|11
82H Data Pointer Register Low DPL Rw (0|0 (0|0 |0 |00 O
83H Data Pointer Register High DPH Rw (0|0 (0|0 |0 |00 O
84H Data Pointer Register Low 1 DPL1 RwW (0|0 (0|0 |0 |00 O
85H Data Pointer Register High 1 DPH1 Rw (0|0 (0|0 |0 |00 O
86H Reserved - - -
87H Power Control Register PCON RW |- |- |-|-1]|-|-1010
88H P1 Data Register P1 RW (- |-]10 |0 |0 |0 |0 ]O
89H Reserved - - -
8AH System and Clock Control Register | SCCR R - |=|=-1-1-1- 0
8BH Basic Interval Timer Control | BITCR Rw (0|0 |0|-]0|O 1
Register
8CH Basic Interval Timer Counter | BITCNT R 0O|j0|j0|0OfO0O]O]|0O0O
Register
8DH Watchdog Timer Control Register | WDTCR RwW (0|00 |-1|-|0]0 O
8EH Watchdog Timer Data Register WDTDR T 11 (1|1 (1111111
8EH Watchdog Timer Counter Register | WDTCNT | R 0O|l0|0|O0O|O|O]O0O]O
8FH Internal RC Trim Control Register | IRCTCR RwW |0 |0|0|O0O|O0O|O]|0O|O
90H P2 Data Register P2 RW |- |- |-|-10]|01]0 |0
91H PO Direction Register P0IO RwW |0 |0|0|O0O|O0O|O|0O|O
92H PO Open-drain Selection Register | POOD RwW |0 |0|0|O0O|O0O|O]|0O|O
93H PO Pull-up Resistor Selection | POPU RW (0|0 (0|0 |0 |00 O
Register
94H Port 0 Function Selection Low | POFSRL RwW |0 |0|0|O0O|O0O|O]|0O|O
Register
95H Port 0 Function Selection High | POFSRH RwW |0 |0|0|O0O|O0O|O]|0O|O
Register
96H PO Debounce Enable Register PODB RW |0 |0]JO|J0O]|JO]|JO]|0O]O
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Table 5. SFR Map (continued)
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Address | Function Symbol | RW | @ Reset
7|6 (5 (4|3|2(1]0
97H Internal RC Trim Register IRCTRM RW |[x | x [x | X | X |X |[X |X
98H Reserved - - -
99H P1 Direction Register P110 RW (- |- (0|0 |0 |00 O
9AH P1 Open-drain Selection Register | P10D RW |- |- 0 0 0
9BH P1 Pull-up Resistor Selection | P1PU RW |- |-]0]0]|J0 |0 ]|0]|O
Register
9CH Port 1 Function Selection Low | P1FSRL RW |- 10 |-]0|-|0|-1|0
Register
9DH Port 1 Function Selection High | PIFSRH RW |- |- |-|-10]|01]0 |0
Register
9EH P1/P2 Debounce Enable Register | P12DB RW |- |-]10]|0|-|0|0|O
9FH Internal RC Trim Identification | IRCIDR RW |0 |0 0|0 |0 0
Register
AOH External Interrupt Flag Register EIFLAG Rw |0 |0|0|O0O|O0O|O|0O|O
A1H P2 Direction Register P2I0 RW |- |- |- |- 0 0
A2H Extended Operation Register EO RW |- |- |-]10|-|0|0|O
A3H Reserved - - -
A4H External Interrupt Polarity 0 | EIPOLO Rw (0|0 (0|0 |0 |00 O
Register
A5H External Interrupt Polarity 1 | EIPOL1 RW |- |-]10]|0 |0 |0 |0O|O
Register
AGH Reserved - - -
A7H Reserved - - -
A8H Interrupt Enable Register IE RW |0 |-]0|0 |0 |0 |0|O
A9H Interrupt Enable Register 1 [E1 RW |- |- 10 |- |- |-1|01|0O0
AAH Interrupt Enable Register 2 IE2 RW |- |-]10]|0|-|0|0|O
ABH Interrupt Enable Register 3 IE3 RW |- |- 1|-10|0 |- |-|-
ACH Reserved - - -
ADH Chopper Control Register CHPCR RW |- |- |-|-1]|-|-1010
AEH OP-AMP Control Register 0 AMPCRO |RW |- |0 |- |- |- |- 0
AFH OP-AMP Control Register 1 AMPCR1 Rw (0|0 (0|0 |0 |-1]0]/0
BOH Reserved - - -
B1H Reserved - - -
B2H Timer 0 Control Low Register TOCRL Rw (0|0 (0|0 |0 |00 O
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Table 5. SFR Map (continued)

Address | Function Symbol | RW | @ Reset

7|6 (5 (4|3|2(1]0
B3H Timer 0 Control High Register TOCRH RwW (0 |- (0|0 |- |-1]-1|0
B4H Timer 0 A Data Low Register TOADRL RwW |1 (1 (1|11 [1|1]1
B5H Timer 0 A Data High Register TOADRH |[RW |1 |1 (1 |1 |11 ]1]|1
B6H Timer 0 B Data Low Register TOBDRL RwW (1 {1 (1|11 |1]1]1
B7H Timer 0 B Data High Register TOBDRH |RW |1 (1 |1 ({1 |1 |1 ]1]1
B8H Interrupt Priority Register IP RW |- |-]10]|0 |0 |0 |0|O
BOH Reserved - - -
BAH Timer 1 Control Low Register T1CRL Rw |0 |0|0|O0O|O|O]|0O|O
BBH Timer 1 Control High Register T1CRH RW |0 |-1]10]|0|-|-|-10
BCH Timer 1 A Data Low Register T1ADRL RwW (1 (1 (1|11 |1]1]1
BDH Timer 1 A Data High Register TIADRH |[RW |1 (1 |1 {1 |1 |1 ]1]1
BEH Timer 1 B Data Low Register T1BDRL RW (1 |1 ]|1 1 ]1]1 |11
BFH Timer 1 B Data High Register TBDRH |[RW |1 |1 (1 |1 |1 ]1]1]|1
COH Reserved - - -
C1H Reserved - - -
C2H Timer 2 Control Low Register T2CRL Rw (0|0 (0|0 |0 |00 O
C3H Timer 2 Control High Register T2CRH RwW {0 |-1]0]|0 |- |-|-10
C4H Timer 2 A Data Low Register T2ADRL RW (1 |1 ]|1 1 ]1]1 |11
C5H Timer 2 A Data High Register T2ADRH |[RW |1 |1 (1 |1 |1 ]1]1]|1
C6H Timer 2 B Data Low Register T2BDRL RW |1 (1 {111 1|11
C7H Timer 2 B Data High Register T2BDRH RW |1 (1 {111 1|11
C8H Oscillator Control Register OSCCR RW |0 |- 1|-]10 (1|0 |- |-
C9H Reserved - - -
CAH A/D  Converter Control Low | ADCCRL |R/W |0 |0 |0 |O |O |O |0 ]|O

Register
CBH A/D Converter Control High | ADCCRH |RW [0 (- |- |- |0 |0 |0 |O
Register

CCH A/D Converter Data Low Register | ADCDRL | R X | X [ X [ X [ X | X [ X |X
CDH A/D Converter Data High Register | ADCDRH | R X | X [ X [ X | X | X |X |X
CEH LDO Control Register LDOCR RW |- |- |-|-1|-|-1]-10
CFH Reserved - - -
DOH Program Status Word Register PSW RW (0|0 (0|0 |0 |00 O
D1H Reserved - - -
D2H P2 Open-drain Selection Register | P20D RW |- |-1|-|-10|0|0|O
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Table 5. SFR Map (continued)
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Address | Function Symbol | RW | @ Reset
7|6 |5 4 21110
D3H P2 Pull-up Resistor Selection | P2PU RW |- |- |- |- 0
Register
D4H Port 2 Function Selection Low | P2FSR Rw |0 |0|0|O0O|O0O|O|0O|O
Register
D5H Reserved - - -
D6H Reserved - - -
D7H Flash CRC Data In Register FCDIN Rw (0|0 (0|0 |0 |00 O
D8H Low Voltage Reset Control | LVRCR RW |0 |- 1|-1|-1|-1|0 0
Register
D9H Reserved - - -
DAH USART Control Register 1 USTCR1 Rw |0 |0|0|O0O|O|O]|0O|O
DBH USART Control Register 2 USTCR2 |R/W |0 |O |O O |O |O |O |O
DCH USART Control Register 3 USTCR3 |R/W |0 |O |O O |O |O |O |O
DDH USART Status Register USTST Rw (10|00 |0 |0 |00
DEH USART Baud Rate Generation | USTBD RW |1 (1 {1 (|1 |1 1|11
Register
DFH USART Data Register USTDR RW |0 0|0 |0 0
EOH Accumulator Register ACC Rw (0|0 (0|0 |0 |00 O
E1H Reserved - - -
E2H Constant Sink Current Control | ICSCR RW |- |- |-|-1]0(0]0 |0
Register
E3H Constant Sink Current Data | ICSDR0 RW |- |- |-|-1]0(0]0 |0
Register 0
E4H Constant Sink Current Data | ICSDR1 RW |- |- 1|-|-10|0|0|O
Register 1
ESH Reserved - - -
E6H Reserved - - -
E7H Reserved - - -
E8H Reset Flag Register RSTFR RW |1 |{x |0 |0 |x |- |- |-
E9H I2C Control Register [2CCR RwW (0|0 |0 |0 |O0O]|O|O]|O
EAH I2C Status Register I2CSR Rw |0 |0|0|O0O|O|O]|O|O
EBH I2C Slave Address 0 Register 2CSARO |R/W |0 |O |O |0 |O|O |0 |O
ECH I2C Data Register [2CDR RwW (0 |0|O0O |0 |O0O]|O|O]|O
EDH I2C SDA Hold Time Register 2CSDHR |R/W |0 |O |O |O O [|O |O |1
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Table 5. SFR Map (continued)

4. Memory organization

Address | Function Symbol | RW | @ Reset
7|6 (5 (4|3|2(1]0

EEH I12C SCL Low Period Register 2CSCLR |RW |0 [0 |1 [1 |1 |11 |1

EFH I2C SCL High Period Register 2CSCHR |R/'W |0 |0 |1 |1 |1 |1 |1 ]1

FOH B Register B Rw (0|0 |0 |0 |O0O]|O|O]|O

F1H I2C Slave Address 1 Register [2CSAR1 Rw (0|0 (0|0 |0 |00 O

F2H Data Flash Sector Address Low | DFSADRL |[R'W |0 |0 |0 |- |- |- |- |-
Register

F3H Data Flash Sector Address High | DFSADRH |[R/W |0 |0 |0 |O |O O |O |O
Register

F4H Data Flash Identification Register | DFIDR Rw (0|0 (0|0 |0 |00 O

F5H Data Flash Mode Control Register | DFMCR RW (0 |- |-|-1]-101]0 /|0

F6H Reserved - - -

F7H Reserved - - -

F8H Interrupt Priority Register 1 IP1 RW (- |- (0|0 |0 |00 O

FOH Reserved - - -

FAH Flash  Sector Address High | FSADRH RW (- |- |-|-10]|01]0 |0
Register

FBH Flash Sector Address Middle | FSADRM |R/W |0 |0 |O [0 |O |O |O |O
Register

FCH Flash  Sector Address Low | FSADRL RwW |0 |0 |0|O0O|O0O (0|0 |O
Register

FDH Flash Identification Register FIDR Rw |0 |0|0 |0 ]|0|O 0

FEH Flash Mode Control Register FMCR RW |0 |- |-1|-|-1]0 0

FFH Reserved - - -
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454 Extended SFR map
Table 6. XSFR Map
Address |Function Symbol |R/W |@ Reset
7 |6 |5 (4 |3 |2 |1
5050H Flash CRC Start Address High|FCSARH |[RWW |- |- |- |- |- |- |- |O
Register
5051H Flash CRC End Address High|FCEARH |[RW |- |- |- |- |- |- |- |O
Register
5052H Flash CRC Start Address Middle [FCSARM |R/W |0 [0 |0 |0 (O |0 |0 (O
Register
5053H Flash CRC End Address Middle |FCEARM |R/W (O (O |0 |0 |0 (O |0 |O
Register
5054H Flash CRC Start Address Low|FCSARL |(R/W |0 |0 |0 |0 |- |- |- |-
Register
5055H Flash CRC End Address Low|FCEARL |(R/W |0 |0 [0 |0 (1 |1 |1 |1
Register
5056H Flash CRC Control Register FCCR RW (0 |0 (0O |- |0 |O |0 |O
5057H Flash CRC Data High Register FCDRH R 1 11 (1 |1 (1 |1 |1
5058H Flash CRC Data Low Register FCDRL R 1T /1 |1 (1 (1 (1 |1 [1
505FH LVR Write Identification Register | LVRIDR RWw |0 (0O (O |0 |0 |O |O |O
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455 SFR map

ACC (Accumulator Register): EOH

4. Memory organization
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7 6 5 4 3 2 1 0
ACC
R/W R/W R/W R/W R/W R/W R/W R/W
Initial value: O0OH
ACC Accumulator
B (B Register): FOH
7 6 5 4 3 2 1 0
B
R/W R/W R/W R/W R/W R/W R/W R/W
Initial value: 0O0OH
B B Register
SP (Stack Pointer): 81H
7 6 5 4 3 2 1 0
SP
R/W R/W R/W R/W R/W R/W R/W R/W
Initial value: 07H
SP Stack Pointer
DPL (Data Pointer Register Low): 82H
7 6 5 4 3 2 1 0
| DPL
R/W R/W R/W R/W R/W R/W R/W R/W
Initial value: 00H
DPL Data Pointer Low
DPH (Data Pointer Register High): 83H
7 6 5 4 3 2 1 0
| DPH
R/W R/W R/W R/W R/W R/W R/W R/W
Initial value: O0OH
DPH Data Pointer High
DPL1 (Data Pointer Register Low 1): 84H
7 6 5 4 3 2 1 0
| DPL1
R/W R/W R/W R/W R/W R/W R/W R/W
Initial value: 00H
DPL1 Data Pointer Low 1

35



4. Memory organization A96L.414/A96L416 User's manual

DPH1 (Data Pointer Register High 1): 85H

7 6 5 4 3 2 1 0

DPH1

R/W R/W R/W R/W R/W R/W R/W R/W
Initial value: OOH
DPH1 Data Pointer High 1

PSW (Program Status Word Register): DOH

7 6 5 4 3 2 1 0
cy | ac | Fr | RS1T | RSO oV F1 P
R/W R/W R/W R/W R/W R/W R/W R/W

Initial value: O0OH
CY Carry Flag
AC Auxiliary Carry Flag
FO General Purpose User-Definable Flag
RS1 Register Bank Select bit 1
RSO Register Bank Select bit 0
oV Overflow Flag
F1 User-Definable Flag
P Parity Flag. Set/Cleared by hardware each instruction cycle to indicate an

odd/even number of ‘1’ bits in the accumulator

EO (Extended Operation Register): A2H

7 6 5 4 3 2 1 0
- | - | - | TRAP EN | - | DPSEL2 | DPSEL1 DPSELO
- - - R/W - R/W R/W R/W
Initial value: O0OH
TRAP_EN Select the Instruction (Keep always ‘0°).
0 Select MOVC @(DPTR++), A
1 Select Software TRAP Instruction
DPSEL[2:0] Select Banked Data Pointer Register
DPSEL2 DPSEL1 SPSELO  Description
0 0 0 DPTRO
0 0 1 DPTR1
Reserved
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5 Ports

5.1 I/O ports

A96L414/A96L416 has three groups of I/O ports, PO, P1 and P2. Each port can be easily configured as
an input pin, an output, or an internal pull up and open-drain pin by software. The port configuration
pursues to meet various system configurations and design requirements. PO, P1 and P2 have a function

generating interrupts in accordance with a change of state of the pin.

5.2 Port registers
5.2.1 Data register (Px)

Data register (Px) is related to a bidirectional I/O port. If a port is configured as an output port, data can
be written to the corresponding bit of the Px. If a port is configured as an input, data can be read from

the corresponding bit of the Px.
5.2.2 Direction register (PxIO)

Each I/O pin can be used as an input or an output independently by setting a PxIO register. If a bit is
cleared in this read/write register, the corresponding pin of Px will be an input. While setting bits in this

register will configure the corresponding pins to output.
Most bits are cleared by a system reset, but some bits are set by the system reset.
5.2.3 Pull-up register selection register (PxPU)

On-chip pull-up resistors can be connected to 1/O ports individually by configuring a pull-up resistor
selection register (PxPU). Setting a PxPU register can enable or disable a pull-up resister of each port.
If a certain bit in PxPU register is 1, a pull-up resister of the corresponding pin is enabled. While the bit

is 0, the pull-up resister is disabled. All bits are cleared by a system reset.
5.24 Open-drain selection register (PxOD)

There are internal open-drain selection registers (PxOD) for Px. Setting a PxOD register can enable or

disable an open-drain of each port.

Most ports become push-pull by a system reset, but some ports become open-drain by the system

reset.
5.2.5 Debounce enable register (PODB, P12DB)

P00, P01, P06, P07, P11, P14, P20 and P21 support a debounce function. Debounce clocks of the
ports are fx/1, fx/4, fx/16, and fx/64 respectively.
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5.2.6
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Port function selection register (POFSRH, POFSRL, P1FSRH, P1FSRL, P2FSR)

Port function selection registers define alternative functions of ports. Please remember that these

registers must be set properly for alternative port functions. A reset clears the POFSRH, POFSRL,
P1FSRH, P1FSRL and P2FSR register to ‘00H’, which makes all pins to normal 1/O ports.

5.2.7 Register map
Table 7. Port Register Map
Name Address Direction Default Description
PO 80H R/W O00H PO Data Register
POIO 91H R/W O00H PO Direction Register
POOD 92H R/W O00H PO Open-drain Selection Register
POPU 93H R/W O00H PO Pull-up Resistor Selection Register
PODB 96H R/W O00H PO Debounce Enable Register
POFSRH 95H R/W O00H PO Function Selection High Register
POFSRL 94H R/W O00H PO Function Selection Low Register
P1 88H R/W O00H P1 Data Register
P110 99H R/W 00H P1 Direction Register
P10D 9AH R/W O00H P1 Open-drain Selection Register
P1PU 9BH R/W O00H P1 Pull-up Resistor Selection Register
P12DB 9EH R/W O00H P1/P2 Debounce Enable Register
P1FSRH 9DH R/W O00H Port 1 Function Selection High Register
P1FSRL 9CH R/W O0H Port 1 Function Selection Low Register
P2 90H R/W 00H P2 Data Register
P2I10 A1H R/W 00H P2 Direction Register
P20D D2H R/W O0H P2 Open-drain Selection Register
P2PU D3H R/W 00H P2 Pull-up Resistor Selection Register
P2FSR D4H R/W 00H Port 2 Function Selection High Register
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5.3 Port PO
5.3.1 Port description of PO
As an 8-bit I/0 port, PO controls the following registers:
* PO data register (P0)
e PO direction register (P0IO)
* PO debounce enable register (PODB)
* PO pull-up resistor selection register (POPU)
* PO open-drain selection register (POOD)
* PO Function selection registers (POFSRH/POFSRL)
5.3.2 Register description of PO

PO (PO Data Register): 80H

5. Ports

7 6 5 4 3 2 1 0
| pPo7 | pPos | Pos P04 P03 P02 PO1 P00
RIW RIW RIW RIW RIW RIW RIW RIW
Initial value: OOH
PO[7:0] I/O Data

POIO (PO Direction Register): 91H

7 6 5 4 3 2 1 0
| po7io | pPosio | Posio | Poslo P03IO P0210 PO1I0 POOIO
RIW RIW RIW RIW RIW RIW RIW RIW
Initial value: 00H
POIO[7:0] PO Data I/O Direction.
0 Input
1 Output

NOTE: EINTO/EINTL/EINT2/EINT3 function possible when input

POPU (PO Pull-up Resistor Selection Register): 93H

7 6 5 4 3 2 1 0
| porpu | PosPu | Pospu | Po4Pu | PO3PU P0O2PU PO1PU POOPU
RIW RIW RIW RIW RIW RIW RIW RIW
Initial value: O0H
POPUJ[7:0] Configure Pull-up Resistor of PO Port
0 Disable
1 Enable
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POOD (P0 Open-drain Selection Register): 92H

7 6 5 4 3 2 1 0
| porop | Posob | Posob | Po4oD | P0O3OD P020D P0O10D P00OD
R/W R/W R/W R/W R/W R/W R/W R/W
Initial value: OOH
POODI[7:0] Configure Open-drain of PO Port

0 Push-pull output
1 Open-drain output

PODB (PO Debounce Enable Register): 96H

7 6 5 4 3 2 1 0
| peciki | pBCLKO | - | - | Po7DB PO6DB PO1DB POODB
R/W R/W — — R/W R/W R/W R/W
Initial value: O0OH
DBCLK][1:0] Configure Debounce Clock of Port
DBCLK1 DBCLKO Description
0 0 fx/(SCLK)
0 1 fx/4
1 0 fx/16
1 1 fx/64
PO7DB Configure Debounce of P07 Port
0 Disable
1 Enable
P0O6DB Configure Debounce of P06 Port
0 Disable
1 Enable
P01DB Configure Debounce of PO1 Port
0 Disable
1 Enable
POODB Configure Debounce of POO Port
0 Disable
1 Enable
NOTES:

40

1. Ifthe same level is not detected on enabled pin three or four times in a row at the
sampling clock, the signal is eliminated as noise.
2. Anpulse level should be input for the duration of 3 clocks or more to be actually
detected as a valid edge.
3. The port debounce is automatically disabled at stop mode and recovered after
stop mode release.
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POFSRH (Port 0 Function Selection High Register): 95H

7 6 5 4 3 2 1 0
- | POFSRH6 | - | POFSRH4 | - | POFSRH2 - POFSRHO
- R/W - R/W - R/W - R/W
Initial value: 00H
POFSRH6 P07 Function select
POFSRH6 Description
0 I/O Port (EINT3 function possible when input)
1 ICS1 Function
POFSRH4 P06 Function select
POFSRH4 Description
0 I/O Port (EINT2 function possible when input)
1 ICSO0 Function
POFSRH2 P05 Function Select
POFSRH2 Description
0 1/O Port
1 OPOP Function
POFSRHO P04 Function Select
POFSRHO Description
0 1/O Port
1 OPON Function

NOTE: If OP-AMPO is used, the P04 and P05 pins must be set to OPON and OPOP
functions regardless of using internal or external gain resistors.
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POFSRL (Port 0 Function Selection Low Register): 94H

7 6 5 4 3 2 1 0
| PoFsRL7 | POFSRL6 | POFSRL5 | PoFSRL4 | PoFSRL3 | PoFsrL2 | PoFSRL1 | PoFSRLO
RIW RIW RIW RIW RIW RIW RIW RIW

Initial value: O0H

POFSRL[7:6] P03 Function select
POFSRL7 POFSRL6 Description

0 0 I/O Port

0 1 OPOOUT Function
1 0 AN3 Function

1 1 Not used

POFSRL[5:4] P02 Function Select
POFSRL5 POFSRL4 Description

0 0 I/O Port

0 1 OP1P Function
1 0 AN2 Function
1 1 Not used

POFSRL[3:2] P01 Function select
POFSRL3 POFSRL2 Description

0 0 I/O Port (EINT1 function possible when input)
0 1 OP1N Function

1 0 AN1 Function

1 1 Not used

POFSRL[1:0] POO Function select
POFSRL1 POFSRLO Description

0 0 I/O Port (EINTO function possible when input)
0 1 OP10UT Function

1 0 ANO Function

1 1 Not used

NOTES:

1. If OP-AMPO is used, the P03 pin must be set to OPOOUT function regardless of
using internal or external gain resistors.

2. If OP-AMP1 is used, the P00, P01, and P02 pins must be setto OP10UT, OP1N,
and OP1P functions regardless of using internal or external gain resistors.
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54 Port P1
5.4.1 Port description of P1
As a 6-bit I/O port, P1 controls the following registers:
e  P1 data register (P1)
e P1 direction register (P110)
e P1 pull-up resistor selection register (P1PU)
*  P1/P2 debounce enable register (P12DB)
¢ P11 open-drain selection register (P10D)
*  P1 Function selection registers (P1FSRH/P1FSRL)
542 Register description of P1

P1 (P1 Data Register): 88H

5. Ports

7 6 5 4 3 2 1 0
| - | - | P15 P14 P13 P12 P11 P10
- - RIW RIW RIW RIW RIW RIW
Initial value: 00H
P1[5:0] I/O Data

P110 (P1 Direction Register): 99H

7 6 5 4 3 2 1 0
| - | - | pPisio | pPuaio P1310 P1210 P1110 P1010
- - RIW RIW RIW RIW RIW RIW
Initial value: 00H
P1IO[5:0] P1 Data I/O Direction.
0 Input
1 Output

NOTE: EINT10/EINT11/ECO/EC1/SS function possible when input

P1PU (P1 Pull-up Resistor Selection Register): 9BH

7 6 5 4 3 2 1 0
| - | - | pispu | pPuapu | P13PU P12PU P11PU P10PU
- - RIW RIW RIW RIW RIW RIW
Initial value: OOH
P1PUI[5:0] Configure Pull-up Resistor of P1 Port
0 Disable
1 Enable
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P10D (P1 Open-drain Selection Register): 9AH

7 6 5 4 3 2 1 0
| - - | p1sob | P14oD | P130D P120D P110D P100D
- - R/W R/W R/W R/W R/W R/W
Initial value: OOH
P10ODI[5:0] Configure Open-drain of P1 Port
0 Push-pull output
1 Open-drain output

P12DB (P1/P2 Debounce Enable Register): 9EH

7 6 5 4 3 2 1 0
| - - | pP2ipB | P2oDB | - P14DB P11DB P10DB
- - R/W R/W - R/W R/W R/W
Initial value: O0OH
P21DB Configure Debounce of P21 Port
0 Disable
1 Enable
P20DB Configure Debounce of P20 Port
0 Disable
1 Enable
P14DB Configure Debounce of P14 Port
0 Disable
1 Enable
P11DB Configure Debounce of P11 Port
0 Disable
1 Enable
P10DB Configure Debounce of P10 Port
0 Disable
1 Enable
NOTES:
1. Ifthe same level is not detected on enabled pin three or four times in a row at the
sampling clock, the signal is eliminated as noise.
2. Anpulse level should be input for the duration of 3 clocks or more to be actually
detected as a valid edge.
3. The port debounce is automatically disabled at stop mode and recovered after
stop mode release.
4. Refer to the port 0 debounce enable register (PODB) for the debounce clock of
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port 1 and 2.
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P1FSRH (Port 1 Function Selection High Register): 9DH

5. Ports

7 6 5 4 3 2 1 0
- - | - | - | piFsrH3 | P1FSRH2 | P1FSRH1 | P1FSRHO
- - - - R/W R/W R/W R/W
Initial value: 00H
P1FSRHI[3:2] P15 Function select
P1FSRH3 P1FSRH2 Description
0 0 I/0O Port(SS function possible when input)
0 1 LDO23 Function
1 0 ANG6 Function
1 1 (SDA) Function
P1FSRH[1:0] P14 Function select
P1FSRH1 P1FSRHO Description
0 0 I/0 Port (EINT11 function possible when
input)
0 1 T10/PWM10 Function
1 0 SCL Function
1 1 Not used
P1FSRL (Port 1 Function Selection Low Register): 9CH
7 6 5 4 3 2 1 0
| - | P1FSRL6 | - | P1FSRL4 | - P1FSRL2 - P1FSRLO
- R/W - R/W - R/W - R/W
Initial value: OOH
P1FSRL6 P13 Function select
0 1/0 Port (EC1 function possible when input)
1 (RXD/MISO) Function
P1FSRL4 P12 Function select
0 1/0 Port (ECO function possible when input)
1 (TXD/MOSI) Function
P1FSRL2 P11 Function select
0 1/0 Port (EINT10 function possible when input)
1 TOO/PWMOO Function
P1FSRLO P10 Function select
0 1/0 Port
1 (SCK) Function

NOTE: For more information settings of PLO/RESETB, please refer to Appendix:

Configure option.

\BO\

SEMICONDUCTOR

45



5. Ports A96L414/A96L.416 User’'s manual

5.5 Port P2

5.5.1 Port description of P2

As a 4-bit /0 port, P2 controls the following registers:
e P2 data register (P2)
e P2 direction register (P210)
e P2 pull-up resistor selection register (P2PU)
e P2 open-drain selection register (P20D)
e P2 function selection register (P2FSR)

56.5.2 Register description of P2

P2 (P2 Data Register): 90H

7 6 5 4 3 2 1 0
| _ | _ | - - P23 P22 P21 P20
_ _ _ - R/W R/W RIW R/W

Initial value: OOH
P2[3:0] I/O Data

P210 (P2 Direction Register): A1H

7 6 5 4 3 2 1 0
I R P23I10 P22I0 P2110 P20I0
- - = = R/W R/W R/W R/W
Initial value: OOH
P2I0[3:0] P2 Data I/O Direction.
0 Input
1 Output

NOTE: EINT12 /EC2 function possible when input

P2PU (P2 Pull-up Resistor Selection Register): D3H

7 6 5 4 3 2 1 0
| - | - | - | - | P23pu P22PU P21PU P20PU
- - - - R/W R/W R/W R/W
Initial value: O0OH
P2PUJ[3:0] Configure Pull-up Resistor of P2 Port
0 Disable
1 Enable
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P20D (P2 Open-drain Selection Register): D2H

7 6 5 4 3 2 1 0
| - | - | - | - | P230D P220D P210D P200D
- - - - R/W R/W R/W R/W
Initial value: OOH
P20DI[3:0] Configure Open-drain of P2 Port
0 Push-pull output
1 Open-drain output

P2FSR (Port 2 Function Selection Register): D4H

7 6 5 4 3 2 1 0
| P2rsr7 | P2Fsr6 | P2FsRs | P2FsrR4 | P2FsrR3 | P2FsrR2 | P2FsR1 | P2FSRo
R/W R/W R/W R/W R/W R/W R/W R/W
Initial value: OOH
P2FSR[7:6] P23 Function select
P2FSR7 P2FSR6  Description
0 0 I/O Port
0 1 TXD/MOSI Function
1 0 ANS5 Function
1 1 Not used
P2FSR[5:4] P22 Function select
P2FSR5 P2FSR4  Description
0 0 I/O Port
0 1 RXD/MISO Function
1 0 AN4 Function
1 1 Not used
P2FSR[3:2] P21 Function select
P2FSR3 P2FSR2  Description
0 0 I/0 Port(EC2 function possible when input)
0 1 SCK Function
1 0 (SCL) Function
1 1 Not used
P2FSR[1:0] P20 Function select
P2FSR1  P2FSRO  Description
0 0 I/O Port (EINT12 function possible when input)
0 1 T20/PWM20 Function
1 0 SDA Function
1 1 Not used
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6 Interrupt controller

Up to 16 interrupt sources are available in the A96L414/A96L416. 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 sources, and is not controllable by software.
The interrupt controller features the followings:

* Receives requests from 16 interrupt sources

e 6 group priority

* 4 priority levels

e Multi interrupt possibility

e Ifrequests of different priority levels are received simultaneously, a request with 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 interrupt 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 introduced in the followings:
*  When EAis setto ‘O = All interrupts are disabled.

e  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. A96L414/A96L416 supports a four-level priority scheme. Each maskable interrupt is

individually assigned to one of the four levels according to IP and IP1.
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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 12. Interrupt Group Priority Level

Figure 12 introduces 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 higher priority level is served prior to the

lower one.

6.1 External interrupt

External interrupts on pins of INTO to INT5 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 13. Each external interrupt source has enable/disable bits. An external interrupt flag

register (EIFLAG) provides status of the external interrupts.

EIPOLO/M

EINTO [ H — FLAGO | » INTO Interrupt
EINTT [ ol —{ FLAG1 } » INT1 Interrupt
ENT2 [ H —[ FLAG2 } » INT2 Interrupt
EINT3 [ | ™~ HFLAG3 ] » INT3 Interrupt
EINT10 [ H — FLAG10 | » INT4 Interrupt
ENT11 [ — FLAG11 } > INT5 Interrupt
EINT12 D—ﬂm > INT11 Interrupt

Figure 13. External Interrupt Description
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6.2 Interrupt controller block diagram

EIPOLO/1
EIFLAG.0

Ento [ H
EIFLAG.1
EINTL [ H
EINT2 [ H
EINT3 [ H
EIFLAG.4

EINT10 [ H FLAG10

EIFLAG.5 o—>Pp 4
EINT11 [ H H FLAG11 }—D_\ fa— 44
—b

—> 0 Priority High
EIFLAG.2

EIFLAG.3

FLAG3

R

ADC

12C

Reserved ° >
o—Pp 8
o———p 8 8
Reserved ° > 8
[LDX"_’ 9

Reserved |,

o— 10

5.4 EIFLAG.6 o—p 10
EINT12 4 HFLAG12 Fe— 10}
ﬂ o—Pp

o—1p 11 11 Level O
11 Level 1

11

[EPOLT ] T Level2

EIPOL1 Level 3 Release
Stop/Sleep

> 12

a—— 12
Fe— 12|,

°°_>’ 13 ’:' —>
13

o—Pp

a— 13 13

% |14 EA

14
o—Pp
== | Ml

[ o 15
F— 15
USART Rx L!D_;\A ° > 1545
= 16
Fom— 16
USART Tx pa— 16|,6
o—> 17

17
o——Pp
— 1717

Timer O

Timer 1

Timer 2

Reserved

Reserved [

o—p 18
(B S =g iy
Reserved o—p 19
W T

o—>p 19
Reserved

o—p 20
a— 20

— 2 20 20
P 21

°—>| 21 21

o 22

| |22

WDT WDTIFR

BIT BITIFR

21

Reserved 2 y

=23 Priority Low

Figure 14. Interrupt Controller Block Diagram
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In Figure 14, 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.

6.3 Interrupt vector table

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.

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

order as shown in Table 8.

Table 8. Interrupt Vector Address Table

Interrupt source Symbol Interrupt Priority Mask Vector
Enable Bit address
Hardware RESET RESETB - 0 Non-Maskable 0000H
External Interrupt O INTO IE.O 1 Maskable 0003H
External Interrupt 1 INT1 IEA 2 Maskable 000BH
External Interrupt 2 INT2 IE.2 3 Maskable 0013H
External Interrupt 3 INT3 IE.3 4 Maskable 001BH
External Interrupt 10 INT4 IE.4 5 Maskable 0023H
External Interrupt 11 INT5 IE.5 6 Maskable 002BH
ADC Interrupt INT6 IE1.0 7 Maskable 0033H
12C Interrupt INT7 IE1.1 8 Maskable 003BH
- INT8 IE1.2 9 Maskable 0043H
- INT9 IE1.3 10 Maskable 004BH
- INT10 IE1.4 11 Maskable 0053H
External Interrupt 12 INT11 IE1.5 12 Maskable 005BH
TO Interrupt INT12 IE2.0 13 Maskable 0063H
T1 Interrupt INT13 IE2.1 14 Maskable 006BH
T2 Interrupt INT14 IE2.2 15 Maskable 0073H
- INT15 IE2.3 16 Maskable 007BH
USART Rx Interrupt INT16 IE2.4 17 Maskable 0083H
USART Tx Interrupt INT17 IE2.5 18 Maskable 008BH
- INT18 IE3.0 19 Maskable 0093H
- 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
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To execute the maskable interrupts, both EA bit and a corresponding bit of IEx associated with a specific
interrupt source must be setto ‘“1’. When an interrupt request is received, a particular interrupt request
flag is setto ‘1’ and maintains its status until CPU accepts the interrupt. After the interrupt acceptance,

the interrupt request flag will be cleared automatically.

6.4 Interrupt sequence

An interrupt request is held until the interrupt is accepted or the interrupt latch is cleared to ‘0’ by a
reset or an instruction. The interrupt acceptance always happens at the last cycle of the instruction
process. So rather than fetching the current instruction, CPU executes internally LCALL instruction and

saves a PC onto the stack.

To begin an ISR (Interrupt Service Routine), the interrupt controller uses a branch instruction LIMP
(Long Jump). The interrupt controller gives address of LIMP instruction to CPU. Since the end of the
execution of current instruction, it needs 3~9 machine cycles to go to the interrupt service routine. The
interrupt service task is terminated by the interrupt return instruction [RETI]. Once an interrupt request

is generated, the following process is performed.
Table 9 introduces LIMP example code.

Table 9. LIMP Description and Example Code

Instruction LJMP
Example code LJMP 4000H
Address Data Instruction
1280H 02 LJMP 4000H
1281H 40
1282H 00
'I28.3H Er.4 CLI.:{ A NOTE:
i After finishing
: : : LJMP, NOP
4000H 00 NOP located at the
address 400H will
4001H 23 RL A be executed as
the next
instruction.
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Figure 15 shows a flow diagram of an ISR process.

6. Interrupt controller

1

B B0 A

B B

IE.EAFlag <0

Y

Program Counter low byte
SP <SP + 1
M(SP) < (PCL)

Program Counter high byte
SP <SP + 1
M(SP) < (PCH)

Saves PC valuein orderto
> continue the current process
again after executing ISR.

v

(PCL) € (Interrupt Vector Address L)
(PCH) < (Interrupt Vector Address H)

Y

ISR execution

v

Return from ISR
RETI

v

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

Y

Program Counter low byte recovery
(PCL) € M(SP), SP < SP - 1

A 4

IE.EAFlag <1

Y

Main program execution

\BO\

SEMICONDUCTOR

Figure 15. Interrupt Sequence Flow
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6.5 Effective timing after controlling interrupt bit

Case A in Figure 16 shows an effective time of Control Interrupt Enable Register (IE, IE1, IE2, and IE3).

Interrupt Enable Register
command

After executing |IE set/clear,

-
-

Next Instruction

Next Instruction

v

an enable register is effective.

Figure 16. Case A: Effective Timing of Interrupt Enable Register

Case B in Figure 17 shows an effective time of Interrupt Flag Register.

Interrupt Flag Register
command

Next Instruction

-
-

Next Instruction

v

After executing next instruction,
interrupt flag result is effective.

Figure 17. Case B: Effective Timing of Interrupt Flag Register
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6.6 Multi interrupt

If two requests of different priority levels are received simultaneously, the request with higher priority
level is served first. If more than one interrupt request are received, the interrupt polling sequence
determines which request is served first by hardware. However, for special features, multi-interrupt

processing can be executed by software.

Main Program
Service
INT1 ISR
INTO ISR
SetEA
Occur »
INT1 Interrupt Oceur
INTO Interrupt
RETI

RETI

Figure 18. Effective Timing of Multi Interrupt

Figure 18 shows an example of multi-interrupt processing. While INT1 is served, INTO which has higher
priority than INT1 is occurred. Then INTO is served immediately, then remain part of INT1 service routine
is executed. If the priority level of INTO is same or lower than INT1, INTO will be served after the INT1

service has completed.

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

be determined by the scan order.
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6.7 Interrupt enable accept timing

Figure 19 implies that some period of time is required to response to the latched interrupt signal. In this

figure, 4 machine cycles will be taken for the processes of LCALL and LIMP.

Mazx 4 Machine 4 Machine
Cycle Cycle
System ¥
Clock | | | | | |
Y
L3N
Interrupt T
goes " AN
Active Interrupt I ";" . hd
Latched nterrupt Processing ’
CLCALL & LIMP Interrupt Routine
Figure 19. Interrupt Response Timing Diagram
6.8 Interrupt Service Routine address

As shown in Figure 20, ISR can be placed at any other location in program memory, and program
memory must provide an unconditional jump to the starting address of ISR from the corresponding

vector address.

Basic Interval Timer Basic Interval Timer
Vector Table Address Service Routine Address
00B3H 02H 1 0125H OEH
00B4H 01H : 0126H 2EH
00B5H 25H J
.-"'_"‘--\‘____.
.-'-'—‘--—..\‘_‘_‘_‘

Figure 20. Correspondence between Vector Table Address and ISR Entry Address
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6.9 Saving/ restore general-purpose registers

Let’'s assume there occurs an urgent condition. CPU needs to pause from its current task (Main Task
in Figure 21) for some time to execute something else (Interrupt Service Task in Figure 21). After

finishing the something else, CPU will return to the current task (Main Task).

INTxx = PUSH PSW

PUSH DPL
PUSH DPH
PUSH B | | :
PUSH acc T Saving
' A Register
Interrupt_Processing: Restori
estoring
| |___ Register
POP ACC Interrupt
PP B Main Task Service Task
POP DPH
POP DPL
POP  PSW
RETI

Figure 21. Saving and Restore Process Diagram and Example Code
Example code in Figure 21 performs the followings:

1. Interrupt INTXX occurs.

2. PUSH PSW: the SP is incremented by one, and the value of the specified byte operand is
stored at the internal RAM address indirectly referenced by the SP.

3. PUSH DPL, PUSH DPH: PSW in memory stack by help of PUSH instruction.

4. CPU stores low

5. CPU pops the value of flag register and stores it in register H by help of POP Instruction.
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6.10  Interrupt timing

As seen in Figure 22 below, an interrupt source is sampled at the last cycle of a command. Upon the

sampling, low 8-bit of interrupt vector is decided.

M8051W core makes the interrupt acknowledge at the first cycle of a command, executes LCALL

instruction to jump interrupt routine at the address referenced by INT_VEC.

Interrupt sampled here

CLP2 CLP1 \ CLP2 : C1PNeTE C1p2notE C2P{NOTE . C2p2MoTE

SCLK

INT_SRC

INTR_ACK

LAST_CYC

INTR_LCALL |

INT_VEC X B-DIt interrupt Vector >

PROGA : X TeRUT, TRT_VETT >

NOTE: Command cycle CLPx imply the followings:
. L = Last cycle
. 1 =» 1stcycle or 15t phase
e 2= 2" cycle or 2" phase

Figure 22. Timing Chart of Interrupt Acceptance and Interrupt Return Instruction
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6.11  Interrupt register

Interrupt registers are memory space used to control interrupt functions. As shown in Table 10, the
interrupt registers consist of Interrupt Enable Registers, Interrupt Priority Registers, External Interrupt

Flag Registers, and External Interrupt Polarity Register.
6.11.1 Interrupt Enable registers (IE, IE1, IE2, IE3)

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

Total 24 peripherals are able to control interrupts.
6.11.2 Interrupt Priority registers (IP, IP1)

24 interrupts are divided into 6 groups where each group has 4 interrupt sources respectively. A group
can be assigned 4 levels of interrupt priority by using an interrupt priority register. Level 3 is the highest
priority, while level 0 is the lowest priority. After a reset, IP and IP1 are cleared to ‘O0H’. If interrupts

have the same priority level, lower number interrupt is served first.
6.11.3 External Interrupt Flag register (EIFLAG)

External interrupt flag (EIFLAG) is setto ‘1’ when the external interrupt generating condition is satisfied.
The flag is cleared when the interrupt service routine is executed. Alternatively, the flag can be cleared

by writing ‘0’ to it.
6.11.4 External Interrupt Polarity registers (EIPOLO, EIPOL1)

External interrupt polarity 0 register (EIPOLO) and external interrupt polarity 1 register (EIPOL1)
determine one from rising edge, falling edge, and both edges for interrupt. No interrupt is at any edge
by default.
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6.11.5 Register map
Table 10. Interrupt Register Map
Name Address Direction Default Description
IE A8H R/W O0OH Interrupt Enable Register
IE1 A9H R/W O0OH Interrupt Enable Register 1
IE2 AAH R/W OOH Interrupt Enable Register 2
IE3 ABH R/W O0OH Interrupt Enable Register 3
IP B8H R/W O0OH Interrupt Priority Register
IP1 F8H R/W O0H Interrupt Priority Register 1
EIFLAG AOH R/W O0OH External Interrupt Flag Register
EIPOLO A4H R/W O00OH External Interrupt Polarity O Register
EIPOLA1 A5H R/W O0OH External Interrupt Polarity 1 Register
6.11.6 Interrupt register description
IE (Interrupt Enable Register): ASH
7 6 5 4 3 2 1 0
| ea | —_ | INT5E | INT4E INT3E INT2E INT1E INTOE
R/W - R/W R/W R/W R/W R/W R/W
Initial value: O0OH
EA Enable or Disable All Interrupt bits
0 All Interrupt disable
1 All Interrupt enable
INTS5E Enable or Disable External Interrupt 11 (EINT11)
0 Disable
1 Enable
INT4E Enable or Disable External Interrupt 10 (EINT10)
0 Disable
1 Enable
INT3E Enable or Disable External Interrupt 3 (EINT3)
0 Disable
1 Enable
INT2E Enable or Disable External Interrupt 2 (EINT2)
0 Disable
1 Enable
INT1E Enable or Disable External Interrupt 1 (EINT1)
0 Disable
1 Enable
INTOE Enable or Disable External Interrupt O (EINTO)
0 Disable
1 Enable
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IE1 (Interrupt Enable Register 1): ASH

7 6 5 4 3 2 1 0
— | —_ [ INTH1E | - — - | INT7E INT6E
- - R/W - - - R/W R/W
Initial value: O0OH
INT11E Enable or Disable External Interrupt 12 (EINT12)
0 Disable
1 Enable
INT7E Enable or Disable 12C Interrupt
0 Disable
1 Enable
INT6E Enable or Disable ADC Interrupt
0 Disable
1 Enable

IE2 (Interrupt Enable Register 2): AAH

7 6 5 4 3 2 1 0
| - | - | INT1I7E | INT16E - INT14E INT13E INT12E
- - R/W R/W - R/W R/W R/W
Initial value: O0OH
INT17E Enable or Disable USART Tx Interrupt
0 Disable
1 Enable
INT16E Enable or Disable USART RXx Interrupt
0 Disable
1 Enable
INT14E Enable or Disable Timer 2 Interrupt
0 Disable
1 Enable
INT13E Enable or Disable Timer 1 Interrupt
0 Disable
1 Enable
INT12E Enable or Disable Timer O Interrupt
0 Disable
1 Enable

IE3 (Interrupt Enable Register 3): ABH

7 6 5 4 3 2 1 0
| _ | _ | _ | INT22E INT21E _ _ _
- - - R/W R/W - - -
Initial value: O0OH
INT22E Enable or Disable BIT Interrupt
0 Disable
1 Enable
INT21E Enable or Disable WDT Interrupt
0 Disable
1 Enable
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IP (Interrupt Priority Register): B8H

7 6 5 4 3 2 1 0
| - | - | s | P4 IP3 IP2 IP1 IPO
- - R/W R/W RIW RIW RIW RIW

Initial value: O0H

IP1 (Interrupt Priority Register 1): F8H

7 6 5 4 3 2 1 0
| — | — | P15 | P14 P13 | IP12 P11 IP10
- - RIW RIW RIW RIW RIW RIW

Initial value: O0OH
IP[5:0], IP1[5:0] Select Interrupt Group Priority

IP1x IPx Description

0 0 level O (lowest)
0 1 level 1

1 0 level 2

1 1 level 3 (highest)

EIFLAG (External Interrupt Flag Register): AOH

7 6 5 4 3 2 1 0
| uciFR | FLAG12 | FLAG11 | FLAG10 | FLAG3 FLAG2 FLAG1 FLAGO
R/W R/W R/W R/W R/W R/W R/W R/W
Initial value: O0OH
IICIFR This is an 12C interrupt flag bit. When the interrupt occurs, this bit
becomes ‘1’. This bit is cleared when write any values in the I2CSR
register.
0 12C Interrupt not occurred
1 12C Interrupt occurred
EIFLAG[6:0] When an external interrupt (EINT0/1/2/3/10/11/12) is occurred, the flag

becomes ‘1’. The flag is cleared by writing a ‘0’ to the bit or
automatically cleared by INT_ACK signal. Writing “1” has no effect.
0 External Interrupt 0/1/2/3/10/11/12 not occurred

1 External Interrupt 0/1/2/3/10/11/12 occurred

EIPOLO (External Interrupt Polarity O Register): A4H

7 6 5 4 3 2 1 0
| POL3 | POL2 | POL1 | POLO
R/W R/W R/W R/W R/W R/W R/W R/W
Initial value: 00H
EIPOLO[7:0] External interrupt (EINTO, EINT1, EINT2 and EINT3) polarity selection
POLN[1:0] Description
0 0 No interrupt at any edge
0 1 Interrupt on rising edge
1 0 Interrupt on falling edge
1 1 Interrupt on both of rising and falling edge

Wheren=0,1,2and 3
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EIPOL1 (External Interrupt Polarity 1 Register): ASH

7 6 5 4 3 2 1 0
— | - | POL12 | POL11 | POL10
- - R/W R/W R/W R/W R/W R/W
Initial value: O0OH
EIPOL1[5:0] External interrupt (EINT10, EINT11 and EINT12) polarity selection
POLN[1:0] Description
0 0 No interrupt at any edge
0 1 Interrupt on rising edge
1 0 Interrupt on falling edge
1 1 Interrupt on both of rising and falling edge

Where n =10, 11 and 12
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As shown in Figure 23, a clock generator produces basic clock pulses which provide a CPU and

peripherals with a system clock. A default system clock is a 1MHz HF INT-RC oscillator and default

division rate is four. To stabilize system internally, it is used 1MHz HF INT-RC oscillator on POR.

A96L414/A96L416 incorporates three types of oscillators:
e  Calibrated HF Internal RC Oscillator (4MHz)
— HF INT-RC OSC/8 (0.5MHz)
— HF INT-RC OSC/4 (1MHz, default system clock)
— HF INT-RC OSC/2 (2MHz)
— HF INT-RC OSC/1 (4MHz)
* Internal WDTRC Oscillator (1KHz)

* LF INT-RC Oscillator(32KHz)

7.1 Block diagram

SCLK (fx) System (Core, System
b ' ) il
STOP Mode "| Clock Gen. Peripheral)
LFIRCE i
LF INT-RC fLFIRC N
(32KH2) " Stabilization Time
Internal BITCK[1:0] Generation
RC OSC AN Clock 2 BIT
d oc
HF INT-RC 1;[21 P> ’\Lljl fHFIRC Change %/4096 overflow
(4MHz) > /1024 | M
sy x/128 l' y [ BT clock BIT »| | WDT clock
X
STOP Mode 2 e fLriRe M l
HFIRCE HFIRCS[L0] [/2048}—> g wDT
WDTRC OSC
(1KH2) f64
i 2 |
05— WDTCK[L:0]

3

SCLK([1:0]

Figure 23. Clock Generator in Block Diagram
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7.2 Register map
Table 11. Clock Generator Register Map
Name Address Direction Default Description
SCCR 8AH R/W O0H System and Clock Control Register
OSCCR C8H R/W 08H Oscillator Control Register
IRCTCR 8FH R/W O0OH Internal RC Trim Control Register
IRCTRM 97H R/W xxH Internal RC Trim Register
IRCIDR 9FH R/W OOH Internal RC Identification Register
7.3 Register description

SCCR (System and Clock Control Register): 8AH

7 6 5 4 3 2 1 0
| - | - | - | - | - - SCLK1 SCLKO
- - - - - - RAW RAW

Initial value: OOH

SCLK][1:0] System Clock Selection Bit
SCLK1 SCLKO Description
0 0 HFIRC(furirc) for system clock
1 1 LFIRC(fLrirc) for system clock
Other Values Not available(No effect)

NOTE: If a target system clock is disabled by the OSCCR register, the SCCR register
won’t be changed in case of selecting the corresponding clock as a system clock.

OSCCR (Oscillator Control Register): C8H

7 6 5 4 3 2 1 0
| LFIRCE | _ | _ | IRcs1 IRCSO HFIRCE _ _
R/W - - R/W R/W R/W - -
Initial value: 08H
LFIRCE Control the operation of the low frequency internal RC oscillator
0 Disable operation of LFIRC OSC
1 Enable operation of LFIRC OSC
HFIRCS[1:0] Internal RC Oscillator Post-divider Selection
HFIRCS1 HFIRCSO Description
0 0 furirc/8 (0.5MHZz)
0 1 furirc/4 (IMHZ)
1 0 furrc/2 (2MHZ)
1 1 furre/1 (AMHZ)
HFIRCE Control the operation of the high frequency internal RC oscillator
0 Enable operation of HFIRC OSC
1 Disable operation of HFIRC OSC

NOTE: The system clock is not disabled by the corresponding bit of the OSCCR register.

Ex) The high frequency internal RC oscillator won't be disabled by the HFIRCE
bit during the furirc is selected as the system clock.
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IRCIDR (Internal RC Trim Identification Register): 9FH

7 6 5 4 3 2 1 0
| IRcib7 | IRciD6 | IRcID5 | IRCID4 | IRCID3 IRCID2 IRCID1 IRCIDO
R/W R/W R/W R/W R/W R/W R/W R/W
Initial value: O0OH
IRCID[7:0] Internal RC Trim Identification.
Others No identification value
01000110b Identification value for IRC Trim

(These bits are automatically cleared to logic ‘00H’ immediately after
one time operation.)

IRCTRM (Internal RC Trim Register): 97H

7 6 5 4 3 2 1 0
| mrRM7 | 1TRMe | 1ITRM5 | ITRM4 ITRM3 ITRM2 ITRM1 ITRMO
R/W R/W R/W R/W R/W R/W R/W R/W
Initial value: xxH
ITRM[7:0] Internal RC Trim bits.
These bits are read from “Configure Area” when a system reset
occurs. These bits provide a user programmable trimming value on
operation. The range is -128 to +127. The ITRM7 is sign bit. The IRC
frequency is faster by minus value and slower by plus. The frequency
is changed by about 11[kHz] step-by-step. This register can be written
with valid ID value and IRCTCR=0xB3.
IRCTRM value[hex] vs HFIRC frequency[MHZz]
6
5~
4 \\
3 —
——HFIRC 4MHz
2
1
0
00 O T NOOWW O TTNON T OV O NI OV 0O N I
N 1 O OO0 O N < M N ! — N < N O N0 O N
\—I| |—I| |—I| 1 1 1 1 1 1 1 — —
Figure 24. IRCTRM Value vs. IRC Frequency Graph
NOTE: Due to the HFIRC 4MHz filter, more than 5.5MHz frequency range can’t measure.
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IRCTCR (Internal RC Trim Control Register): 8FH

7. Clock generator

7 6 5 4 3 2 1 0
| mcrz | 1mcre | 1mcrs | 1mcra | ITCR3 ITCR2 ITCR1 ITCRO
R/W R/W R/W R/W R/W R/W R/W R/W
Initial value: OOH
ITCR[7:0] Internal RC Trim Control Register.
Others No effect
10110011b IRCTRM register is used for IRC frequency.
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8 Basic Interval Timer (BIT)

A96L414/A96L416 has a free running 8-bit Basic Interval Timer (BIT). This BIT generates the time base

for Watchdog Timer counting, and provides a basic interval timer interrupt (BITIFR).
The BIT of A96L414/A961L416 features the followings:

*  During Power On, BIT gives a stable clock generation time

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

e As atimer, BIT generates a timer interrupt.

8.1 Block diagram

BCK[2:0]

» Start CPU

vy

selected bit
_Bi overflow .
BIT Clock ———| o0t Up Counter BITIFR — To interrupt block
BITCNT
A
clear clear
RESET
:[>L> BCLR WDT | INT ACK
STOP

Figure 25. Basic Interval Timer in Block Diagram

8.2 Register map
Table 12. Basic Interval Timer Register Map
Name Address Direction Default Description
BITCNT 8CH R 00H Basic Interval Timer Counter Register
BITCR 8BH R/W 01H Basic Interval Timer Control Register
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8.3 Register description

BITCNT (Basic Interval Timer Counter Register): 8CH

7 6 5 4 3 2 1 0
| BITCNT7 | BITCNT6 | BITCNT5 | BITCNT4 | BITCNT3 | BITCNT2 | BITCNT1 | BITCNTO
R R R R R R R R

Initial value: O0H
BITCNT[7:0] BIT Counter

BITCR (Basic Interval Timer Control Register): 8BH

7 6 5 4 3 2 1 0
| BmFR | BITckt | BITCKO | - | BCLR BCK2 BCK1 BCKO
R/W R/W R/W - R/W R/W R/W R/W
Initial value: 01H
BITIFR When BIT Interrupt occurs, this bit becomes ‘1’. For clearing bit, write
‘0’ to this bit or auto clear by INT_ACK signal. Writing “1” has no effect.
0 BIT interrupt no generation
1 BIT interrupt generation
BITCK[1:0] Select BIT clock source
BITCK1 BITCKO Description
0 0 fx/4096
0 1 x/1024
1 0 fx/128
1 1 fx/16
BCLR If this bit is written to ‘1’, BIT Counter is cleared to ‘0’
0 Free Running
1 Clear Counter
BCK[2:0] Select BIT overflow period

BCK2 BCK1 BCKO Description

Bit 0 overflow (BIT Clock * 2)

Bit 1 overflow (BIT Clock * 4) (default)
Bit 2 overflow (BIT Clock * 8)

Bit 3 overflow (BIT Clock * 16)

Bit 4 overflow (BIT Clock * 32)

Bit 5 overflow (BIT Clock * 64)

Bit 6 overflow (BIT Clock * 128)

Bit 7 overflow (BIT Clock * 256)

P PP POOOO
PP, OORFrRPFr OO
P OPFPOPFROFr O
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9 Watchdog Timer (WDT)

Watchdog Timer (WDT) is used to rapidly detect the CPU malfunctions such as endless looping caused
by noise. In addition, it is used to resume the CPU in a normal state. A 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 the detection of the CPU malfunctions, it can be used as a timer generating

an interrupt at fixed intervals.

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

and counts up. After 1 machine cycle, this bit is cleared to ‘0’ automatically.

The Watchdog Timer consists of an 8-bit binary counter and the Watchdog Timer Data Register. When
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, LFIRC, WDTRC. Interval of the watchdog
timer interrupt is decided by the BIT overflow period and WDTDR set value. Equation of the WDT

interrupt interval is described in the followings:
WDT Interrupt Interval = (BIT Interrupt Interval) X (WDTDR Value+1)
WDT Interrupt Interval = 2048/fL.rirc X (WDTDR Value+1) when LFIRC

WDT Interrupt Interval = 64/fwotrc X (WDTDR Value+1) when WDTRC

9.1 Block diagram

WDT ——p clear To
Clock — WDTCNT '_64— ) RESET

WDTEN Circuit
— > a
|_> To
WDTIFR — interrupt
block
WDTDR
WDTCL WDTRSON clear
WDTCR INT_ACK

NOTE: Watchdog timer clock depends on WDTCK bit in WDTCR register. For detailed information of the
WDTCR register, please refer to Watchdog timer register description later part in this chapter.

Figure 26. Watchdog Timer in Block Diagram
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9.2 WDT interrupt timing waveform

9. Watchdog Timer (WDT)

Figure 27 shows a timing diagram when a Watchdog Timer generates system reset signal and an

interrupt signal.

Source Clock [
BIT Overflow

WDTCNT[7:0]

D00 S N Y ENE

i Counter Clear

WDTDR[7:0]

n

3

WDTIFR
Interrupt

WDTCL
Occur

WDTDR € 0000_0011b

Match
Detect -|

WDTRESETB

RESET

Figure 27. Watchdog Timer Interrupt Timing Waveform

9.3 Register map

Name Address Direction Default Description

WDTCNT 8EH R O00H Watchdog Timer Counter Register
WDTDR 8EH W FFH Watchdog Timer Data Register
WDTCR 8DH R/W 00H Watchdog Timer Control Register
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9.4 Register description

WDTCNT (Watchdog Timer Counter Register: Read Case): 8EH

7 6 5 4 3 2 1 0
| woTeNT7 | WDTONT6 | WDTONTS | WDTONT4 | WDTONT3 | WDTCNT2 | WDTONT1 | WDTONTO
R R R R R R R R

Initial value: O0H
WDTCNT[7:0] WDT Counter

WDTDR (Watchdog Timer Data Register: Write Case): 8EH

7 6 5 4 3 2 1 0
| womr7 | womrs | womrs | womr4a | womrs | womre | womrt | wotDRO
W W W W w w W W

Initial value: FFH
WDTDR([7:0] Set a period
WDT Interrupt Interval is as follows:
. (BIT Interrupt Interval) x(WDTDR Value+1)
e 64/fwpotrc X (WDTDR Value+1) when WDTRC
e 2048/fLrirc X (WDTDR Value+1) when LFIRC
NOTE: Do not write “0” in the WDTDR register.

WDTCR (Watchdog Timer Control Register): 8DH

7 6 5 4 3 2 1 0
| wpTeN | wbpTRsoN| wpTcL | - | - WDTCK1 | WDTCKO | WDTIFR
R/W R/W R/W - - R/W R/W R/W
Initial value: O0OH
WDTEN Control WDT Operation
0 Disable
1 Enable
WDTRSON Control WDT RESET Operation
0 Free Running 8-bit timer
1 Watchdog Timer RESET ON
WDTCL Clear WDT Counter
0 Free Run
1 Clear WDT Counter (auto clear after 1 Cycle)

WDTCK]J1:0] Control WDT Clock Selection Bit
WDTCK1 WDTCKO description

0 0 BIT overflow for WDT clock (WDTRC disable)
0 1 LFIRC for WDT clock(WDTRC disable)
1 0 WDTRC for WDT clock (WDTRC enable)
1 1 Not available(No effect)

WDTIFR When WDT Interrupt occurs, this bit becomes ‘1’. For clearing bit, write
‘0’ to this bit or auto clear by INT_ACK signal. Writing “1” has no effect.
0 WDT Interrupt no generation
1 WDT Interrupt generation
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10  TIMER 0/1/2

A 16-bit timer 0/1/2 incorporates a multiplexer and six registers such as timer 0/1/2A data register
high/low, timer 0/1/2B data register high/low, and timer 0/1/2 control register high/low (TnADRH,
TnADRL, TnBDRH, TnBDRL, TnCRH, TnCRL).

TIMER 0/1/2 operates in one of four operating modes:
e 16-bit capture mode
*  16-bit timer/ counter mode
e  16-bit PPG output mode (one-shot mode)
e  16-bit PPG output mode (repeat mode)

Specifically in capture mode, data is captured into input capture data register (TnBDRH/TnBDRL) by
EINT10/EINT11/EINT12. Timer 0/1/2 outputs the comparison result between counter and data register
through TnO port in timer/counter mode. Timer 0/1/2 outputs PWM wave form through PWMnO port in
the PPG mode).

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

e Timer 0/1/2 clock sources: fx/1, 2, 4, 8, 64, 512, 2048 and ECn

Table 13. TIMER 0/1/2 Operating Modes

TnEN | PAFSRL[2](TO)/ TnMS[1:0] | TnCK[2:0] | Timer n
P1FSRH[1:0)(T1)/
P2FSR[1:0](T2)

1 1/01/01 00 XXX 16 Bit Timer/Counter Mode

1 0/00/00 01 XXX 16 Bit Capture Mode

1 1/01/01 10 XXX 16 Bit PPG Mode(one-shot mode)
1 1/01/01 11 XXX 16 Bit PPG Mode(repeat mode)
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10.1 16-bit timer/ counter mode

16-bit timer/counter mode is selected by control register as shown in Figure 28. This figure shows that
a 16-bit timer has a counter and data registers. Counter registers have increasing values by internal or
external clock input. TIMER 0/1/2 can use the input clock with one of 1, 2, 4, 8, 64, 512 and 2048

prescaler division rates (TnCK][2:0]).

When the value of TNnCNTH, TnCNTL and the value of TNnADRH, TnADRL are identical each other in

Timer 0/1/2, a match signal is generated and the interrupt of Timer 0/1/2 occurs.

The TnCNTH, TnCNTL value is automatically cleared by match signal. It can be cleared by software
(TnCC) too.

The external clock (ECn) counts up the timer at the rising edge. If the ECn is selected as a clock source
by TnCKJ[2:0], ECn port should be set to the input port by P1110/P1410/P2010 bit.

G D ) ) R Iy

1 - 0 0 - X - X

TnCRL| TnCK2 | TnCK1 | TnCKO | TnIFR |RLDnEN| TnPOL | TnECE |TnCNTR| ADDRESS : B2H/BAH/C2H
INITIAL VALUE : 0000_0000B

X X X X X X X X

16-bit A Data Register

TnADRH/TnADRL
A Match
Reload TnCC
RLDNnEN TnEN
TnCK2:0]
TnECE | Y— | Toother INT_ACK
3 uffer Register
¢ % block lCIear
Edge .
[ —» —>
EC Detector | » TN TnlFR _>'tl)'|0|r|1(terrupt
1, ocl
': 2 ¢ Comparator
e[ o | M —] 16-bit Count sl
|4, — -bit Counter  Rrlqg TnCC
s
| ol os | Y ° TRCNTHTRONTL | Clear 7/ N\ 3¢
al fue4
H pas12 Pulse —|:|Tn0
e[~ —» Generator
r | 2048 } T
- 2

TnMS[1:0] TnPOL

NOTE: RLDnEN bit must be ‘Ob’ when TnEN bit is changed from ‘Ob’ to “1b’.

Figure 28. 16-bit Timer/ Counter Mode of TIMER 0/1/2
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A Match with TnADRH/L
TRCNTHIL /
Value el
n-2 Count Pulse Period
/ Pcp
Up-count 6 _>| |<_
/ 5
4
3
2
1
0 »
,4_ Interrupt Period _,| TIME
= Pcp x (n+1)
Timer n T
(TnIFR)
Interrupt Occur Occur Occur

Figure 29. 16-bit Timer/ Counter 0/1/2 Interrupt Example
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10.2  16-bit capture mode

16-bit timer 0/1/2 capture mode is set by configuring TnMS[1:0] as ‘01". It uses an internal/external clock
as a clock source. Basically, the 16-bit timer 0/1/2 capture mode has the same function as the 16-bit
timer/counter mode, and the interrupt occurs when TnCNTH/TnCNTL is equal to TnADRH/TnADRL.
The TnCNTH, TnCNTL values are automatically cleared by match signal. It can be cleared by software
(TnCC) 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 TnBDRH/TnBDRL. According to EIPOL1
registers settings, the external interrupt EINT10/EINT11/EINT12 function is selected.
EINT10/EINT11/EINT12 pin must be set as an input port.

e N 22 N O O

1 - 0 1 - - - X

TnCRL | ™ck2 | ekt | Tncko | TniFR | RLDNEN | TnPOL | TnECE | TnCNTR | ADDRESS : B2H/BAH/C2H
INITIAL VALUE : 0000_0000B
X X X X X X X X
16-bit A Data Register
TnADRH/TnADRL
A Match
TnCC
TnEN
ThCK2:0]
TnECE Toother INT_ACK
3 block l Clear
E Edge .
G} Detector TnIFR Zl(élcrl](termpt

A Match
TnCC
TnEN

16-bit Counter R
TnCNTH/TnCNTL

xcZ

fx—»

P
v
e
s
c
a
|

e
v

TnMS[1:0] TnPOL

16-bit B Data Register
TnBDRH/TnBDRH

EINT1n INT ACK

l Clear

te
TnMg1:0] FLAG1n To interrupt
*| (EIFLAG.m) block

NOTE: RLDnEN bit must be ‘Ob’ when TnEN bit is changed from ‘Ob’ to “1b’.

Figure 30. 16-bit Capture Mode of TIMER 0/1/2 (Where n=0, 1, and 2, m=4, 5, and 6)
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TnBDRH/L Load

TnCNTHI/L Value

n-2 Count Pulse Period

/ Pcp
Up-count 6 —>| |<—

Ext. EINT1n PIN

TIME

Interrupt Request

(FLAG1n) - -
Interrupt Interval Period
Figure 31. Input Capture Mode Operation of TIMER 0/1/2
FFFFu FFFFu
XXu
TnCNTH/L

YYu
00H 00H 00k 00k 00H

Interrupt Request —| —|

(TnIFR)

Interrupt Request

Ext. EINT1n PIN

(FLAG1n)
Interrupt Interval Period = FFFFu+014+FFFFH +014+YYR+01H

\/

Figure 32. Express Timer Overflow in Capture Mode
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10.3  16-bit PPG mode

TIMER 0/1/2 has a PPG (Programmable Pulse Generation) function. In PPG mode, TnO/PWMnO pin
outputs up to 16-bit resolution PWM output.

For this function, TNO/PWMnO pin must be configured as a PWM output by setting P1IFSRL[2] to “1’(T0),
P1FSRH[0] to ‘1'(T1), P2FSR [0] to ‘1'(T2). Period of the PWM output is determined by
TnADRH/TnADRL, and duty of the PWM output is determined by TnBDRH/TnBDRL.

i N 2 v

1 - 1 x . - - X

TnCRLl TnCK2 | TnCK1 | TnCKO | TnIFR |RLDnEN| TnPOL | TnECE |TnCNTR| ADDRESS : B2H/BAH/C2H
INITIAL VALUE : 0000_0000B

X X X X X X X X

16-bit A Data Register
TnADRH/TnADRL

A Match
TnCC

RLDnEN TnEN

ThECE TnCK2:0]

I .

To other INT_ACK
block l Clear

Buffer Register A

E:
EC —» De?e%?or TEN A Match ThiER 'll)'lo ir;(terrupt
ocl
¢ Comparator
M 16-bit Count A Mateh
— o -bit Counter  r TnCC
—» ¥ TnCNTH/TRCNTL Clear ThEN

P
¢
e
s
c
a
|

e
r

Pulse
A Match Generator TnO/PWMnNO
1x/2048

o1

TnMS[1:0] TnPOL

Buffer Register B

A Match
TnCC

RLDnEN\A_ TnEN

Reload

16-bit B Data Register
TnBDRH/TnBDRL

NOTES:
1. TnEN is automatically cleared to logic ‘O’ after one pulse is generated at a PPG one-shot mode.
2. RLDnEN bit must be ‘Ob’ when TnEN bit is changed from ‘Ob’ to “1b’.

Figure 33. 16-bit PPG Mode of TIMER 0/1/2
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Repeat Mode(TnMS = 11b) and "Start High"(TnPOLA = 0b).
Set TREN _¢ Clear and Start

Timer n clock :

TnADRH/L M

Tn Interrupt _‘

1. TnBDRH/L(5) < TNnADRH/L

PWMnO B Match A Match

2. TnBDRH/L >= TnADRH/L

PWMNO A Match

3. TNnBDRH/L = "0000H"

PWMNO A Match

Low Level

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

Set TNnEN

Timer n clock
Counter X nn....n.ﬂ

TnADRH/L M

Tn Interrupt /K H

1. TnBDRH/L(5) < TnADRH/L

PWMnO B Match A Match
2. TnBDRH/L >= TnADRH/L )
PWMnO A Match

3. TnBDRH/L = "0000H"

PWMnO A Match

Low Level

Figure 34. 16-bit PPG Mode Timing Chart of TIMER 0/1/2
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10.4

Block diagram

16-bit A Data Register
TnADRH/TnADRL

/7— A Match
Reload TnCC

RLDNEN A ToEN
TnECE TnCK[2:0]

- INT_ACK
¢ 3 | Buffer Register A |
To other block Clear
Ecn [ —»| E99% X
>
Detector > A Match THIER To interrupt
| i1, ThEN — " > block
P
£x/2 ¢ Comparator
r b ’ M Clear A Match
2 x4 U 16-bit Counter R Thee
. plolfus |y TnCNTH/TRCNTL ThEN
a x/64
> Clear
e | 512 B Match Pulse TnO/
; = —> Generator PWMnO
M’ —>
Comparator ?2 T
POL1n of EIPOLL | Buffer Register B | TNMS[1:0]  TnPOL
A Match
iz Reload TnCC
TnCNTR RLDREN ThEN
EINT1n |—> X INT ACK
0 16-bit B Data Register A
%2 TnBDRH/TnBDRL lCIear
TnMS[1:0]
(L | FLAGIn To interrupt
"1 (EIFLAG.m) block

NOTES:

1. TnEN is automatically cleared to logic ‘0’ after one pulse is generated at a PPG one-shot mode.

2. RLDnEN bit must be ‘Ob’ when TnEN bit is changed from ‘Ob’ to “1b’.

Figure 35. 16-bit Timer n in Block Diagram (Where n =0, 1, and 2, m=4, 5, and 6)
10.5 Register map
Table 14. TIMER n Register Map (Where n =0, 1, and 2)
Name Address Direction | Default Description
TnCRH B3H/BBH/C3H | R/W O0H Timer n Control High Register
TnCRL B2H/BAH/C2H | R/IW O0OH Timer n Control Low Register
TnADRH B5H/BDH/C5H | R/W FFH Timer n A Data High Register
TnADRL B4H/BCH/C4H | R/IW FFH Timer n A Data Low Register
TnBDRH | B7H/BFH/C7H | RIW FFH Timer n B Data High Register
TnBDRL B6H/BEH/C6H | R/W FFH Timer n B Data Low Register
80

\BO\

SEMICONDUCTOR

A96L414/A96L.416 User’'s manual




A96L414/A96L416 User’s manual

10.6  Timer/counter 0/1/2 register description

TnADRH (Timer n A data High Register): BSH/BDH/C5H, Where n =0, 1, and 2

1

10. TIMER 0/1/2

0

R/W

R/W

Initial value: FFH

7 6 5 4 3 2
| TnADRH7 | TnADRH6 | TnADRH5 | TnADRH4 | TnADRH3 | TnADRH2 | TnADRH1 | TnADRHO
RIW RIW RIW RIW RIW RIW
TnADRH[7:0] Tn A Data High Byte

TnADRL (Timer n A Data Low Register): B4H/BCH/C4H, Where n =0, 1, and 2

1

0

R/W

R/W

Initial value: FFH

7 6 5 4 3 2
| TnaDRL7 | TnADRL6 | TnADRLS | TnADRL4 | TnADRL3 | TnADRL2 | ThADRL1 | TnADRLO
RIW RIW RIW RIW RIW RIW
TnADRL[7:0] Tn A Data Low Byte

NOTE: Do not write “0000H” in the TnADRH/TnADRL register when PPG mode

TnBDRH (Timer n B Data High Register): B7H/BFH/C7H, Where n =0, 1, and 2

1

0

R/W

R/W

Initial value: FFH

7 6 5 4 3 2
| TnBDRH7 | TnBDRH6 | TnBDRH5 | TnBDRH4 | TnBDRH3 | TnBDRH2 | TnBDRH1 | TnBDRHO
RIW RIW RIW RIW RIW RIW
TnBDRH[7:0] Tn B Data High Byte

TnBDRL (Timer n B Data Low Register): B6H/BEH/C6H, Where n =0, 1, and 2

1

0

R/W

R/W

Initial value: FFH

7 6 5 4 3 2
| TnBDRL7 | TnBDRL6 | TnBDRL5 | TnBDRL4 | TnBDRL3 | TnBDRL2 | TnBDRL1 | TnBDRLO
RIW RIW RIW RIW RIW RIW
TnBDRL[7:0] Tn B Data Low Byte

TnCRH (Timer n Control High Register): B3H/BBH/C3H, Where n =0, 1, and 2

7 6 5 4 3 2 1 0
| TnEn | - | toams: | Ttnmso | - | - | - TnCC
R/W - R/W R/W - - - R/W
Initial value: 00H
TnEN Control Timer n
0 Timer n disable
1 Timer n enable (Counter clear and start)
TnMSJ[1:0] Control Timer n Operation Mode
TnMS1 TnMSO  Description
0 0 Timer/counter mode (TnO: toggle at A match)
0 1 Capture mode (The A match interrupt can occur)
1 0 PPG one-shot mode (PWMnO)
1 1 PPG repeat mode (PWMnO)
TnCC Clear Timer n Counter
0 No effect
1 Clear the Timer n counter (When write, automatically

cleared “0” after being cleared counter)
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TnCRL (Timer n Control Low Register): B2H/BAH/C2H, Where n =0, 1, and 2

7 6 5 4 3 2 1 0
| Tnck2 | Tnck1 | Tncko | TnIFR | RLDnEN | TnPOL | TnECE TnCNTR
R/W R/W R/W R/W R/W R/W R/W R/W
Initial value: 00H
TnCK][2:0] Select Timer n clock source. fx is main system clock frequency
TnCK2 TnCK1l TnCKO  Description
0 0 0 fx/2048
0 0 1 fx/512
0 1 0 fx/64
0 1 1 fx/8
1 0 0 fx/4
1 0 1 fx/2
1 1 0 fx/1
1 1 1 External clock (ECn)
TnIFR When Tn Interrupt occurs, this bit becomes ‘1'. For clearing bit, write ‘0’
to this bit or auto clear by INT_ACK signal. Writing “1” has no effect.
0 Tn Interrupt no generation
1 Tn Interrupt generation
RLDNnEN Control Timer n Reload Signal
0 Enable Timer n reload signal
1 Disable Timer n reload signal
TnPOL TnO/PWMnO Polarity Selection
0 Start High (TnO/PWMnO is low level at disable)
1 Start Low (TnO/PWMnO is high level at disable)
TnECE Timer n External Clock Edge Selection
0 External clock falling edge
1 External clock rising edge
TnCNTR Timer n Counter Read Control
0 No effect
1 Load the counter value to the B data register (When write,

automatically cleared “0” after being loaded)
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11 10-bit A/D Converter

Analog-to-digital (A/D) converter allows conversion of an analog input signal to a corresponding 10-bit
digital output. The A/D module has 9 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 followings. 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)

e LDO control register (LDOCR)

11.1  Conversion timing

A/D conversion process requires 6 clocks to sample and hold, 2 steps (2 clock edges) to convert each
bit, and 2 clocks to set up A/D conversion. Therefore, total of 28 clocks are required to complete a 10-

bit conversion.

For example, in a case that conversion clock operates with a 2MHz ADC clock frequency, one clock

cycle is 0.5 us. Each bit conversion requires 2 clocks, the conversion rate is calculated as follows:

‘6 clocks for S&H’ + ‘2 clocks/bit x 10 bits’ + set-up time = 28 clocks
28 clock x 0.5 us = 14 us at 2 MHz
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11.2  Block diagram

0.5MHz
gl MDD LDOEN —p| E;Dok LDO23
fHFIRC_’ Pre > U fancck Vss u o
(4MHz) ~ | Scaler | —2MHz_,, X |
4MHz | X
> Reference f— REFSEL
2 Voltage
ANO O—» STOP (Power Down)
AN1 O—p! CKSEL[L:0] AVREF STBY
\ v A
f M Sample To OP-Amp block i
5 hi . To interrupt
ANG C——» g »> sgﬁj 10-hit SAR »| ADCIFR —» block
OPOOUT —»| y
OP10UT —»] i 4 J v TCIear
Clear
Veer —¥ »| AFLAG INT_ACK

TRIG
4

ADSEL[3:0] ADST 3
TO A match X

ADCDRH (R), ADCDRL (R)

NOTES:
1. The conversion clock is 14-clock including ADC sample and hold.
2. The time of ADC sample/hold and conversion is at least 8usec.
3. When the LDO is enabled, a 0.1uF capacitor should be connected between LDO23 pin and VSS.
4. The LDO should only be used as the reference voltage of A/D converter and OP-amp.

Figure 36. 10-bit ADC Block Diagram

A | 0~100 Q
nalog o An . ANX
Input L

0~1000pF

Figure 37. AD Analog Input Pin with Capacitor

T LDO

0.1~1uF

Figure 38. LDO23 Pin with Capacitor
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11.3  ADC operation

In this section, ADC operation is described through figures 39 to 41. As shown in Figure 39, ADC
conversion starts after configuring ADC Control High/ Low registers. By checking AFLAG, it is defined
whether the conversion is completed or not. If AFLG is ‘1’, the conversion is completed and ADC Data

High/ Low registers are read to finish ADC operation.

‘ SET ADCCRH ‘ |:> Set ADC clock and data align bit.
‘ SET ADCCRL ‘ |:> ADC enable & select ADC input channel

Y
‘ Converting START ‘ |:> Start ADC conversion.

-

Y

AFLAG = 17 ED If conversion is completed, AFLAG is set to ‘1" and

ADC interruptis occurred.

READ ADCDRHIL |:> After conversion is completed, read ADCDRH and

ADCDRL.

Y

( ADCEND |

Figure 39. ADC Operation Flow
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Align bit set “0”

| ADCO9 | ADCO8 | ADCO7 | ADCO6 | ADCO5 | ADCO4 | ADCO3 | ADCO2 | ADCO1 | ADCOO0 |

A 4 y 4 y A y A 4 y
| ADCDRH7 | ADCDRH6 | ADCDRH5 | ADCDRH4 | ADCDRH3 |ADCDRH2 | ADCDRH1 | ADCDRHO | ADCDRL7 | ADCDRL6 |

~ \(_/

ADCDRH][7:0] ADCDRLI7:6]
ADCDRLI[5:0] bits are “0”

Align bit set “1”

| ADCO9 | ADCO8 | ADCO7 | ADCO6 | ADCOS5 | ADCO4 | ADCO3 | ADCO2 | ADCO1 | ADCO0 |

4 y A 4 y A 4 y A 4 y
|ADCDRH1 | ADCDRHO | ADCDRL7 |ADCDRL6 | ADCDRL5 | ADCDRL4 | ADCDRL3 | ADCDRL2 | ADCDRL1 | ADCDRLO |

— ~

ADCDRHJ1:0] ADCDRL][7:0]
ADCDRH][7:2] bits are “0”

Figure 40. ADC Operation for Align Bit

Trigger  Start Stop Start Conversion
Signal Sampling Sampling Conversion Complete
v
Trigger P tset-up ple tsampling >ig tconversion o
S.&H S&H Clock = 6 Conversion Clock = 20
Conversion
faocek | | | =L

ADCIFR

Figure 41. ADC Timing Chart
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11. 10-bit A/D Converter

11.4  Register map

Table 15. 10-bit ADC Register Map
Name Address Direction Default Description
ADCCRH CBH R/W 00H A/D Converter Control High Register
ADCCRL CAH R/W 00H A/D Converter Control Low Register
ADCDRH CDH R xxH A/D Converter Data High Register
ADCDRL CCH R xxH A/D Converter Data Low Register
LDOCR CEH R/W 00H LDO Control Register
11.5 Register description

ADCDRH (A/D Converter Data High Register): CDH

7 6 5 4 3 2 1 0
ADDM9 ADDMS8 ADDM7 ADDM®6 ADDM5 ADDM4 ADDM3 ADDM2
ADDL9 ADDL38
R R R R R R R R
Initial value: xxH
ADDM[9:2] MSB align, A/D Converter High Result (8-bit)
ADDL][9:8] LSB align, A/D Converter High Result (2-bit)

ADCDRL (A/D Converter Data Low Register): CCH

7 6 5 4 3 2 1 0
ADDM1 ADDMO
ADDL7 ADDL6 ADDL5 ADDL4 ADDL3 ADDL2 ADDLA1 ADDLO
R R R R R R R R
Initial value: xxH
ADDM[1:0] MSB align, A/D Converter Low Result (2-bit)
ADDL[7:0] LSB align, A/D Converter Low Result (8-bit)
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ADCCRH (A/D Converter Control High Register): CBH

7 6 4 3 2 1 0
| ADCIFR | - | | - | TRIG ALIGN CKSEL1 CKSELO
R/W - - R/W R/W R/W R/W
Initial value: OOH

ADCIFR When ADC Interrupt occurs, this bit becomes ‘1’. For clearing bit, write
‘0’ to this bit or auto clear by INT_ACK signal. Writing “1” has no
effect.
0 ADC Interrupt no generation
1 ADC Interrupt generation

TRIG A/D Trigger Signal Selection
0 ADST
1 Timer 0 A match signal

ALIGN A/D Converter data align selection.
0 MSB align (ADCDRH[7:0], ADCDRL[7:6])
1 LSB align (ADCDRH[1:0], ADCDRL[7:0])

CKSEL[1:0] A/D Converter Clock selection

88

CKSEL1 CKSELO Description

0 0 4MHz
0 1 2MHz
1 0 1MHz
1 1 0.5MHz
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ADCCRL (A/D Converter Control Low Register): CAH

7 6 5 4 3 2 1 0
stBY | ADST | REFSEL | AFLAG | ADSEL3 | ADSEL2 | ADSEL1 | ADSELO
R/W R/W R/W R R/W R/W R/W R/W
Initial value: 00H
STBY Control Operation of A/D
(The ADC module is automatically disabled at stop mode)
0 ADC module disable
1 ADC module enable
ADST Control Trigger Signal for Conversion Start.
0 No effect
1 Trigger signal generation for conversion start
REFSEL A/D Converter Reference Selection
0 Internal Reference (VDD)
1 Internal LDO out (LDO23)
AFLAG A/D Converter Operation State (This bit is cleared to ‘0’ when the STBY
bit is set to ‘0’ or when the CPU is at STOP mode)
0 During A/D Conversion
1 A/D Conversion finished
ADSEL[3:0] A/D Converter input selection
ADSEL3 ADSEL2 ADSEL1 ADSELO Description
0 0 0 0 ANO
0 0 0 1 AN1
0 0 1 0 AN2
0 0 1 1 AN3
0 1 0 0 AN4
0 1 0 1 AN5
0 1 1 0 ANG6
1 0 0 1 Output of OP-AMP 0
1 0 1 0 Output of OP-AMP 1
1 1 1 1 Veer(0.92V)
Other values Not available
LDOCR (LDO Control Register): CEH
7 6 5 4 3 2 1 0
- | - | - | - - - - LDOEN
- - - - - - - R/W
Initial value: 00H
LDOEN Control Operation of LDO
0 Disable LDO block
1 Enable LDO block
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12 Operational amplifier

A96L414/A96L416 offers two channels of an operational amplifier (OP-Amp). OP-Amp consists of three
registers such as OP-AMP control register 0 (AMPCRO0), OP-AMP control register 1 (AMPCR1), and
Chopper control register (CHPCR).

12.1  Block diagram

From A/DC Block

AMPOEN (A/DC Convert Signal)
AUTODO

OPOP [}

AMPO p—>» To A/DC Block
OPON [} * /\

. GAINO[1:0]
l ¢ l (Dis, x5, x10, x20)
OPOOUT [} -

From A/DC Block

AMPlEE(mGj‘ (A/DC Convert Signal)
AUTOD1 FILEN
OP1P []

AMP1 » M

° U
OPIN [ I /\ ‘ "

< *—o GAIN1[2:0]
I (Dis, x1, x2, x10, x15, x20, x30, x60)
[,

Chopper 2, .
Controller CHPCK[1:0]

To A/DC Block

<4

OP10UT [}

NOTE: Feedback resistors for gain on each Amp are disconnected during one or more Amp and gain are
disabled.

Figure 42. OP Amp Block Diagram
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12. Operational amplifier

VDD VDD
R5
C3, 200N ca 0on | M
VDD T '
T8k M — ADC
AAA AAAA
\AA} VVVYV
=R2
== 10N = 1M R6
Lioop L C1, 150P 20k
R1
470k
Figure 43. Recommend Circuit for Internal Gain.
VDD VDD
R5 .
AMPO T
P05 Po3 c3, 2,O,ON oo AMP1 . Ca 100N M
VDD '
75k am 10M Po4 " — ADC
AAA AAAA AAAA PO1
\AA} VVVYV vy I
1T 11
1T
L C1,150P <R4 $R6 C2, 56P
—= 10N A R2200kZ 2y > 10k R7 620k = R6
— 100P S 20k
R1 R3 20k R830k =
470k <
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Figure 44. Recommend Circuit for External Gain.
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12.2 Register map

Table 16. OP Amp Register Map

Name Address Direction Default Description

CHPCR ADH R/W OOH Chopper Control Register
AMPCRO AEH R/W 00H OP-AMP Control Register 0
AMPCR1 AFH R/W O0OH OP-AMP Control Register 1

12.3  Register description

AMPCRO (Operational Amplifier Control Register 0): AEH

7 6 5 4 3 2 1 0
| — | FLEN | _ | — | _ | _ AUTOD1 | AUTODO
= RIW — = = = RIW RIW
Initial value: 00H
FILEN Filter Control bit
0 Disable filter and select no filtered OP1OUT for ADC
1 Enable filter and select the filtered OP1OUT for ADC
AUTOD1 Control disable of OP-AMP1 Block
0 Not automatically disable
1 Automatically disable by A/DC convert signal
AUTODO Control disable of OP-AMPO Block.
0 Not automatically disable
1 Automatically disable by A/DC convert signal

NOTE: The FILEN bits should always be ‘0.

92 \BO\

SEMICONDUCTOR




A96L414/A96L416 User’s manual

12. Operational amplifier

AMPCR1 (Operational Amplifier Control Register 1): AFH

7 6 5 4 3 2 1 0
| aMPiEN | cAN12 | GAINT1 | GAIN1O | AMPOEN | - GAINO1 GAINOD
R/W R/W R/W R/W R/W - R/W R/W
Initial value: 00H
AMP1EN Control operation of OP-AMP1 Block, This bit is automatically cleared
by A/DC convert signal when the AUTOD1 bit is “1”.
0 OP-AMP1 block disable
1 OP-AMP1 block enable
GAIN1[2:0] Select Gain of OP-AMP1
GAIN12 GAIN11 GAIN10  Description
0 0 0 Disable gain
0 0 1 x1
0 1 0 X2
0 1 1 x10
1 0 0 x15
1 0 1 x20
1 1 0 x30
1 1 1 x60
AMPOEN Control operation of OP-AMPO Block, This bit is automatically cleared
by A/DC convert signal when the AUTODO bit is “1”.
0 OP-AMPO block disable
1 OP-AMPO block enable
GAINO[1:0] Select Gain of OP-AMPO
GAINO1 GAINOO Description
0 0 Disable gain
0 1 x5
1 0 x10
1 1 x20

CHPCR (Chopper Control Register): ADH

7 6 5 4 3 2 1 0
- T - ] - - — - CHPCK1 | CHPCKO
- - - - - - R/W R/W
Initial value: OOH
CHPCK][1:0] Chopper Clock Selection bits

\BO\
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CHPCK1 CHPCKO Description
0 0 125 kHz
0 1 167 kHz
1 0 Not used
1 1 Not used
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13 USART

USART (Universal Synchronous/Asynchronous Receiver/Transmitter) is a microchip that facilitates
communication through a computer's serial port using RS-232C protocol. A96L414/A96L416
incorporates a USART function block inside. The USART function block consists of USART control
register1/2/3/4, USART status register, USART baud-rate generation register and USART data register.

Operation mode is selected by the operation mode of USART selection bits (USTMS[1:0]).
It has three operating modes as listed in the followings:

¢  Asynchronous mode (UART)

e Synchronous mode (USART)

e SPI mode

13.1  USART UART mode

Universal Asynchronous serial Receiver and Transmitter (UART) is a highly flexible serial

communication device. Its main features are listed below:
¢ Full Duplex Operation (Independent Serial Receive and Transmit Registers)
* Baud Rate Generator
e Supports Serial Frames with 5, 6, 7, 8, or 9 Data Bits and 1 or 2 Stop Bits
e 0Odd or Even Parity Generation and Parity Check Supported by Hardware
* Data Overrun Detection
e  Framing Error Detection
e Three Separate Interrupts on TX Complete, TX Data Register Empty and RX Complete

The UART has a baud rate generator, a transmitter and a receiver. A baud rate generator is used for
asynchronous operation. A transmitter consists of a single write buffer, a serial shift register, parity
generator and control logic, and is used for handling different serial frame formats. A write buffer allows
continuous transfer of data without any delay between frames. A receiver is the most complex part of
the UART module because of its clock and data recovery units. A 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 (USTDR) and control logic. The receiver supports identical frame formats to the

transmitter’s and can detect frame error, data overrun and parity errors.
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13.2 UART block diagram

Master
ACK
+“—>
SCkO Control
2
USTMS[L:0] SCLK | USTBD | :
To interrupt (fx: System clock)
block ¢
p| Baud Rate Generator | ¢— DBLS
WAKEIE RXCIE v
Clock
At Stop mode "|_Sync Logic [
WAKE | Low level RXC
detector |: l ’
|
D—l—> N
RXD M Rx o Clock T
Control 7| Recovery | E
—»| X
T USTS[2:0] E
4 3
A
Loops RXE " L
Data Receive Shift Register
1 Recovery (RXSR) 9 y B
X | 4— 0
! % :
DOR/PE/FE
—>| " Checker USTDRI0], USTRX8[0], (RX) | USTMS[1:0] > L
[
USTSB —¢ USTDR([1], USTRX8[1], (RX) ’L
. E
: . USTMSJ1:0
TXE Stop bit | USTPILO] USTS[2:0] 2[ ]
¢ Generator 2 3
TXD [] < TX ¢ Parity Transmit Shift Register 4 I\L/JI ¢
<
+—
Control Generator (TXSR) X
Clear E : | T
INT_ACK —»[ TXC ] mpty signa
USTDR, USTTX8, (0 |[{————1
RY,
TXCIE — DRIE

To interrupt
block

Figure 45. UART Block Diagram
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13.3  Clock generator

A clock generation logic generates a base clock for the transmitter and the receiver. The USART
supports four modes of clock operation such as normal asynchronous mode, double speed

asynchronous mode, master synchronous mode and slave synchronous mode.

A clock generation scheme for master SPI and slave SPI mode is the same as master synchronous
and slave synchronous operation mode. By configuring USTMS[1:0] bits in USTCR1 register,
asynchronous operation or synchronous operation can be selected. Asynchronous double speed mode
is controlled by the DBLS bit in the USTCR2 register.

MASTER bit in USTCRS register controls whether the clock source is internal (master mode, output pin)
or external (slave mode, input pin). The SCK pin is active only when the USART operates in

synchronous or SPI mode.

USTBD
DBLS
Y fSCLK
: (USTBD+1)
Prescaling _ _ _
Up-Counter > /8 > 2 IS M
= X U txclk
X
SCLK > MASTER
Y Y
: Ed
Sync Register - Dete?:‘taor N N 't‘;' | USTMS[1:0]
} v /—f\—" X
sek[ 1 CPOL P
L M
U [— rxclk
X
Figure 46. Clock Generator Block Diagram
Table 17 introduces equations for calculating baud rate (in bps).
Table 17. Equations for Baud Rate Register Settings
Operating mode Equation for calculating baud rate
Normal Mode(DBLS=0) Baud Rate= fx/(16(USTBD+1))
Double Speed Mode(DBLS=1) Baud Rate= fx/(8(USTBD+1))
Synchronous or SPI Master Mode Baud Rate= fx/(2(USI0BD+1))
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13.4  External clock (SCK)

External clocking is used in the synchronous mode of operation.

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

frequency of the external SCK pin is limited up to 1MHz.

13.5  Synchronous mode operation

When synchronous or SPI mode is used, the SCK pin will be used as either a clock input (slave) or a
clock output (master). Data is sampled and transmitter is issued on different edges of SCK clock

respectively.

For example, if data input on RXD (MISO in SPI mode) pin is sampled on the rising edge of SCK clock,
data output on TXD (MOSI in SPI mode) pin is altered on the falling edge.

By configuring CPOL bit in USTCR1 register, an edge of SCK clock for data sampling and for data
change can be selected. As shown in the Figure 47 below, when CPOL is zero, the data will be changed

at rising SCK edge and sampled at falling SCKO edge.

CPOL=1
5CK
TXD/RXD X ) X “ X X:
Sample
CPOL=0
5CK
TXD/RXD X N X “ X X:
Sample

Figure 47. Synchronous Mode SCK Timing (USART)
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13.6 Data format

A serial frame is defined as a single character of data bits that consist of synchronization bits (start and

stop bits), and optionally a parity bit for error detection.
The UART supports 30 combinations of the followings as valid frame formats.
e 1 start bit
* 5,6,7,8or9data bits
*  no, even or odd parity bit
* 1 or 2 stop bits

A frame starts with a start bit, followed by the least significant data bit (LSB). Then the next data bits,
up to nine, are succeeding, ending with the most significant bit (MSB). If parity function is enabled, the
parity bit is inserted between the last data bit and the stop bit. A high-to-low signal transition on a data
pin is considered as start bit. When a complete frame is transmitted, it can be directly followed by a new

frame, or the communication line enters to an idle state. The idle means high state of data pin.

The following Figure 48 shows possible combinations of the frame format. Bits inside brackets are

optional.

[ 1 data frame

idle| St | Do | D1 | D2 | D3 | D4 | [D5] | [D6] | (D71 [DS]- Sp1 'sp2 | Ide /st
P |
=1

|- Character bits

Figure 48. Frame Format Diagram
Every single frame will have the following bits:
* Idle: no communication on communication line (TxD/RxD)
e St: starting the frame (Start bit: Low)
e Dn: data bits (0 to 8)
e Parity bit: even parity, odd parity, no parity
e Stop bit(s): end of the frame (1 bit or 2 bits)

Frame format of the UART is defined by configuring USTS [2:0], USTP [1:0] and USTSB in registers
USTCR1 and USTCR3. The transmitter and the receiver use the same settings.
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13.7  Parity bit
The parity bit is calculated by doing XOR of all data bits. If odd parity is used, result of the XOR is
inverted. The parity bit is located between the MSB and the first stop bit of a serial frame.

Peven =Dn1 ™ ... AD3*"D22D1*Do "0

Podd = Dn-1 A ... A D3~ D22 D1 Do "1

Peven: Parity bit using even parity
Podd: Parity bit using odd parity
Dn: Data bit n of the character

13.8 UART transmitter

UART transmitter is enabled by setting TXE bit in USTCR2 register. When the Transmitter is enabled,
TXD pin must be set to TXD function for the serial output pin of UART. This can be done by configuring
P2FSR[7:6]. Baud-rate, operation mode and frame format must be set once before starting any

transmission.
13.8.1  Sending Tx data

Data transmission is initiated by loading a transmit buffer (USTDR register 1/O location) with data to be

transmitted.

The data written in transmit buffer is moved to the shift register when the shift register is ready to send
a new frame. The shift register is loaded with the new data if it is in idle state or immediately after the
last stop bit of the previous frame is transmitted. When the shift register is loaded with new data, it will
transfer one complete frame according to the settings of control registers. If the 9-bit characters are
used, the ninth bit must be written to the TX8 bit in USTCRS3 register before it is loaded to the transmit
buffer (USTDR register).

13.8.2 Transmitter flag and interrupt

The UART transmitter has 2 flags indicating its status. One is a UART data register empty flag (UDRE)
and the other is transmit complete flag (TXC). Both flags can be interrupt sources. UDRE flag indicates
whether the transmit buffer is ready to receive new data. This bit is set when the transmit buffer is empty,
and cleared when the transmit buffer contains data to be transmitted but has not yet been moved into
the shift register. This flag can be cleared by writing ‘0’ to this bit position too. Writing ‘1’ to this bit

position is prevented.

When the data register empty interrupt enable (UDRIE) bit in USTCR2 register is set and the global
interrupt is enabled, UART data register empty interrupt is generated while UDRE flag is set.
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The transmit complete (TXC) flag bit is set when the entire frame in the transmit shift register has been
shifted out and there is no more data in the transmit buffer. The TXC flag is automatically cleared when
the transmit complete interrupt service routine is executed, or it can be cleared by writing ‘0’ to TXC bit
in USTST register.

When the transmit complete interrupt enable (TXCIE) bit in USTCR2 register is set and the global

interrupt is enabled, UART transmit complete interrupt is generated while TXC flag is set.
13.8.3 Parity generator

A parity generator calculates a parity bit for the serial frame data to be sent. When parity bit is enabled
(USTP[1] = 1), the transmitter control logic inserts the parity bit between the MSB and the first stop bit

of the frame to be sent.
13.8.4 Disabling transmitter

Disabling the transmitter by clearing TXE bit will not be effective until ongoing transmission is completed.

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

UART receiver is enabled by setting RXE bit in USTCR2 register. When the receiver is enabled, the
RXD pin must be set to RXD function for the serial input pin of UART. This can be done by configuring
by P2FSR [5:4]. Baud-rate, mode of operation and frame format must be set before starting serial

reception.
13.9.1 Receiving Rx data

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

The receive buffer is read by reading the USTDR register.

If 9-bit characters are used (USTS[2:0] = “111”), the ninth bit is stored in the RX8 bit position in the
USTCRS register. The 9th bit must be read from the RX8 bit before reading the low 8 bits from the
USTDR register. Likewise, the error flags FE, DOR, PE must be read before reading the data from

USTDR register. It's because the error flags are stored in the same FIFO position of the receive buffer.
13.9.2 Receiver flag and interrupt

The UART receiver has one flag that indicates the receiver's status. Receive complete (RXC) flag
indicates whether there are unread data in the receive buffer. This flag is set when there are unread
data in the receive buffer, and cleared when the receive buffer is empty. If the receiver is disabled
(RXE=0), the receiver buffer is flushed and the RXC flag is cleared.

When receive complete interrupt enable (RXCIE) bit in register USTCR2 is set and global interrupt is

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

The UART receiver has three error flags which are frame error (FE), data overrun (DOR) and parity
error (PE). These error flags can be read from the USTST register. As received data are stored in the
2-level receive buffer, these error flags are also stored in the same position of receive buffer. So, before

reading received data from USTDR register, read the USTST register first which contains error flags.

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

flag can be used for detecting out-of-sync conditions between data frames.
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The data overrun (DOR) flag indicates data loss due to a receive buffer full condition. DOR occurs when
the receive buffer is full, and another new data is present in the receive shift register which are to be
stored into the receive buffer. After the DOR flag is set, all the incoming data are lost. To prevent data

loss or clear this flag, read the receive buffer.

The parity error (PE) flag indicates that the frame in the receive buffer had a parity error when received.
If parity check function is not enabled (USTP[1] = 0), the PE bit is always read ‘0.

13.9.3  Parity checker

Parity checker calculates the parity of the data bits in incoming frame and compares the result with the

parity bit from the received serial frame, if parity bit is enabled (USTP[1]=1).
13.9.4 Disabling receiver

Unlike the transmitter, disabling the Receiver by clearing RXE bit makes the receiver inactive
immediately. When the receiver is disabled, the receiver flushes the receive buffer, the remaining data

in the buffer is all reset, and the RXD pin can be used as a normal general purpose I/O (GPIO).
13.9.5 Asynchronous data reception

To receive asynchronous data frame, the UART has a clock and data recovery unit. The clock recovery
logic is used for synchronizing the internally generated baud-rate clock to the incoming asynchronous
serial frame on the RXD pin. The data recovery logic samples and low pass filters the incoming bits, to

remove the noise of RXD pin.

Figure 49 illustrates the sampling process of the start bit of an incoming frame. The sampling rate is 16
times the baud-rate for normal mode (DBLS=0) and 8 times the baud-rate for double speed mode
(DBLS=1). The horizontal arrows show the synchronization variation due to the asynchronous sampling

process. Note that larger time variation is shown when using the double speed mode.

RO pLe START / BITO
II‘-T"IT Pt TTTTTTTTTTI

R B R A

1 @ 7 8

Sample (DBLS = 0)

Sample (DBLS = 1)

|
|

D — O —

H

Figure 49. Start Bit Sampling

When the receiver is enabled (RXE=1), the clock recovery logic tries to find a high-to-low transition on
the RXD line, the start bit condition.
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After detecting high to low transition on RXD line, the clock recovery logic uses samples 8, 9, and 10
for normal mode, and samples 4, 5, and 6 for double speed mode to decide if a valid start bit is received.
If more than 2 samples have logical low level, it is considered that a valid start bit is detected and the
internally generated clock is synchronized to the incoming data frame. And the data recovery can begin.

The synchronization process is repeated for each start bit.

As described in Figure 50, when the receiver clock is synchronized to the start bit, the data recovery
can begin. Data recovery process is almost similar to the clock recovery process. The data recovery
logic samples 16 times for each incoming bits for normal mode and 8 times for double speed mode.
And uses sample 8, 9, and 10 to decide data value for normal mode, and samples 4, 5, and 6 for double
speed mode. If more than 2 samples have low levels, the received bit is considered to a logic ‘0’ and if
more than 2 samples have high levels, the received bit is considered to a logic ‘1’. The data recovery
process is then repeated until a complete frame is received including the first stop bit. The decided bit

value is stored in the receive shift register in order.

Note that the Receiver only uses the first stop bit of a frame. Internally, after receiving the first stop bit,

the Receiver is in idle state and waiting to find start bit.

RXD >< BIT n X
sampe 0pts =0yt § Pttt

3 6 7 [8]ofw]1 12 13 14 15 16 1
Sample (DBLS = 1) |4—T—>| T T
2

SRR

] 51 [ 7 e

|
|

Figure 50. Data and Parity Bit Sampling

The process for detecting stop bit is like clock and data recovery process. That is, if 2 or more samples
of 3 center values have high level, correct stop bit is detected, else a frame error (FE) flag is set. After
deciding whether the first stop bit is valid or not, the Receiver goes to idle state and monitors the RXD

line to check a valid high to low transition is detected (start bit detection).

Sample (DBLS = 0) h#"l T
Sample (DBLS = 1) I‘—T—'I

Figure 51. Stop Bit Sampling and Next Stop Bit Sampling
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13.10 USART SPI mode

USART can be configured to operate in industrial standard SPI compliant mode. The SPI mode has the

following features.
e Full Duplex, Three-wire synchronous data transfer
e Mater and Slave Operation
e Supports all four SPI 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 (USTMS[1:0]="11"), the slave select (SS) pin becomes active LOW input in

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

Note that during SPI mode of operation, the pin RXD is renamed as MISO and TXD is renamed as
MQOSI for compatibility to other SPI devices.
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13.11 SPI block diagram
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Figure 52. SPI Block Diagram

13.12 SPI clock formats and timing

To accommodate a wide variety if synchronous serial peripherals from different manufacturers, the
USART has a clock polarity bit (CPOL) and a clock phase control bit (CPHA) to select one of four clock
formats for data transfers. CPOL selectively insert an inverter in series with the clock. CPHA chooses
between two different clock phase relationships between the clock and data. Note that CPHA and CPOL
bits in USTCR1 register have different meanings according to the USTMS[1:0] bits which decides the
operating mode of USART.

\BO\ 105

SEMICONDUCTOR



13. USART A96L414/A96L416 User's manual

Table 18 introduces four combinations of CPOL and CPHA for SPI mode 0, 1, 2 and 3.

Table 18. CPOL Functionality

SPI Mode CPOL CPHA Leading Edge Trailing Edge

0 0 0 Sample (Rising) Setup (Falling)

1 0 1 Setup (Rising) Sample (Falling)
2 1 0 Sample (Falling) Setup (Rising)

3 1 1 Setup (Falling) Sample (Rising)

SCK
(CPOL=0)

/_\ x /_ \\_n/_\ /_\ \ /_\ \ /_\ \
w5 U UL
T

SAMPLE

-
-

NN

/ T\ T\ \
S U G O O D O
MSB First BIT7 BIT6 . i BmM BIT1 BITO
LSB First BITO BIT L | BITS BIT6 BIT7
mso — | \ / / \ \("‘\._
4 S N 2 O B &
/SS OUT \ Zi
(MASTER) { — 7
(sﬁig { ) 7[

n_ Fi

Figure 53. SPI Clock Formats when CPHA=0

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

is because the slave can prepare the first data bit when it detects falling edge of SS input.
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Figure 54. SPI Clock Formats when CPHA=1

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

level between transfers.

Because the SPI logic reuses the USART resources, SPlI mode of operation is similar to that of
synchronous or asynchronous operation. An SPI transfer is initiated by checking for the USART Data
Register Empty flag (DRE=1) and then writing a byte of data to the USTDR Register. In master mode
of operation, even if transmission is not enabled (TXE=0), writing data to the USTDR register is

necessary because the clock SCK is generated from transmitter block.
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13.13 Register map

Table 19. USART Register Map

Name Address Direction Default Description

USTCR1 DAH R/W 00H USART Control Register 1

USTCR2 DBH R/W 00H USART Control Register 2

USTCR3 DCH R/W O00H USART Control Register 3

USTST DDH R/W 80H USART Status Register

USTBD DEH R/W FFH USART Baud Rate Generation Register
USTDR DFH R/W 00H USART Data Register

13.14 Register description

USTBD (USART Baud-Rate Generation Register): DEH

7 6 5 4 3 2 1 0
| usteD7 | ustBD6 | usTBD5 | usTBD4 | usTBD3 | USTBD2 | USTBD1 | USTBDO
RIW RIW RIW RIW RIW RIW RIW RIW
Initial value: FFH

USTBD[7:0] The value in this register is used to generate internal baud rate in

UART mode or to generate SCK clock in SPI mode. To prevent
malfunction, do not write ‘0’ in UART mode and do not write ‘0’ or ‘1’ in
synchronous or SPI mode.

USTDR (USART Data Register): DFH

7 6 5 4 3 2 1 0
| ustbr7 | ustbre | usTDRs | usTDR4 | usTDR3 | ustDrR2 | usTDR1 | UsTDRO
RIW RIW RIW RIW RIW RIW RIW RIW
Initial value: O0H
USTDRJ[7:0] The USART Transmit buffer and Receive buffer share the same 1/O

address with this DATA register. The Transmit Data Buffer is the
destination for data written to the USTDR register. Reading the
USTDR register returns the contents of the Receive Buffer. Write to
this register only when the DRE flag is set. In SPI master mode, the
SCK clock is generated when data are written to this register.
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USTCR1 (USART Control Register 1): DAH

7 6 5 4 3 2 1 0
USTSH1 USTSO
USTMS1 USTMSO USTP1 USTPO USTS2 ORD CPHA CPOL
R/W R/W R/W R/W R/W R/W R/W R/W
Initial value: 00H
USTMS[1:0] Selects Operation Mode of USART
USTMS1  USTMSO Operation mode
0 0 Asynchronous Mode (UART)
0 1 Synchronous Mode
1 0 Reserved
1 1 SPI mode
USTP[1:0] Selects Parity Generation and Check method (only UART mode)
USTP1 USTPO Parity
0 0 No Parity
0 1 Reserved
1 0 Even Parity
1 1 Odd Parity
USTS[2:0] When in Asynchronous or Synchronous mode of operation, selects
the length of data bits in a frame.
USTS2 USTS1 USTSO Data Length
0 0 0 5 bit
0 0 1 6 bit
0 1 0 7 bit
0 1 1 8 bit
1 1 1 9 bit
Other values Reserved
ORD This bit is in the same bit position with USTS1. The MSB of the data
byte is transmitted first when set to ‘1’ and the LSB when set to ‘0’
(only SPI mode)
0 LSB-first
1 MSB-first
CPOL This bit determines the clock polarity of ACK in synchronous or SPI
mode
0 TXD Change @Rising Edge, RXD Change @Falling
Edge
1 TXD Change @Falling Edge, RXD Change @Rising
Edge
CPHA This bit is in the same bit position with USTSO0. This bit determines if
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data are sampled on the leading or trailing edge of SCK (only SPI

mode)

CPOL CPHA Leading edge Trailing edge

0 0 Sample (Rising) Setup
(Falling)

0 1 Setup (Rising) Sample
(Falling)

1 0 Sample (Falling) Setup
(Rising)

1 1 Setup (Falling) Sample
(Rising)
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USTCR2 (USART Control Register 2): DBH

7 6 5 4 3 2 1 0
| brE | wxciE | Rrxcie | wakele |  TxE RXE USTEN DBLS
R/W R/W R/W R/W R/W R/W R/W R/W
Initial value: 00H
DRIE Interrupt enable bit for Data Register
0 Interrupt from DRE is inhibited (use polling)
1 When DRE is set, request an interrupt
TXCIE Interrupt enable bit for Transmit Complete
0 Interrupt from TXC is inhibited (use polling)
1 When TXC is set, request an interrupt
RXCIE Interrupt enable bit for Receive Complete
0 Interrupt from RXC is inhibited (use polling)
1 When RXC is set, request an interrupt
WAKEIE Interrupt enable bit for Asynchronous Wake in STOP mode. When
device is in stop mode, if RXD goes to Low level, an interrupt can be
requested to wake-up system (only UART mode)
0 Interrupt from Wake is inhibited
1 When WAKE is set, request an interrupt
TXE Enables the Transmitter unit
0 Transmitter is disabled
1 Transmitter is enabled
RXE Enables the Receiver unit
0 Receiver is disabled
1 Receiver is enabled
USTEN Activate USART Function Block by supplying.
0 USART is disabled
1 USART is enabled
DBLS This bit selects receiver sampling rate (only UART mode)
0 Normal asynchronous operation
1 Double speed asynchronous operation
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USTCRS3 (USART Control Register 3): DCH

7 6 5 4 3 2 1 0
| MAasTER | Loops | pissck | ustsseN | FxcH USTSB USTTX8 | USTRX8
R/W R/W R/W R/W R/W R/W R/W R/W
Initial value: 00H
MASTER Selects master or slave in SPI or Synchronous mode operation and
controls the direction of SCK pin.
0 Slave operation (External clock for SCK)
1 Master operation (Internal clock for SCK)
LOOPS Control the Loop Back mode of USART for test mode
0 Normal operation
1 Loop Back mode
DISSCK In synchronous mode operation, selects the waveform of SCK output.

SCK is free-running while UART is enabled in synchronous

0 master mode

1 SCK is active while any frame is on transferring
USTSSEN This bit controls the SS pin operation (only SPI mode)

0 Disable

1 Enable (The SS pin should be a normal input)
FXCH SPI port function exchange control bit (only SPI mode)

0 No effect

1 Exchange MOSI and MISO function

USTSB Selects the length of stop bit in Asynchronous or Synchronous mode of
operation.

0 1 Stop bit
1 2 Stop bit

USTTX8 The ninth bit of data frame in Asynchronous or Synchronous mode of
operation. Write this bit first before loading the USTDR register.
0 MSB (9th bit) to be transmitter is ‘0’

1 MSB (9th bit) to be transmitter is ‘1’

USTRX8 The ninth bit of data frame in Asynchronous or Synchronous mode of
operation. Read this bit first before reading the receive buffer (only UART
mode)

0 MSB (9th bit) to be received is ‘0’
1 MSB (9th bit) to be received is ‘1’
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USTST (USART Status Register): DDH

7 6 5 4 3 2 1 0
| bre | 1™c | Rrxc | wake USTRST poR | FE | PE
R/W R/W R R/W R/W R R/W R/W
Initial value: 80H
DRE The DRE flag indicates if the transmit buffer (USTDR) is ready to
receive new data. If DRE is ‘1’, the buffer is empty and ready to be
written. The flag can generate a DRE interrupt.
0 Transmit buffer is not empty
1 Transmit buffer is empty
TXC This flag is set when the entire frame in the transmit shift register has
been shifted out and there is no new data currently present in the
transmit buffer. This flag is automatically cleared when the interrupt
service routine of a TXC interrupt is executed. This flag can generate a
TXC interrupt.
0 Transmission is ongoing
1 Transmit buffer is empty and the data in transmit shift
register are shifted out completely
RXC This flag is set when there are unread data in the receive buffer and
cleared when all the data in the receive buffer are read. The RXC flag
can be used to generate a RXC interrupt.
0 There is no data unread in the receive buffer
1 There are more than 1 data in the receive buffer
WAKE This flag is set when the RXD pin is detected low while the CPU is in
STOP mode. This flag can be used to generate a WAKE interrupt (only
UART mode)
0 No WAKE interrupt is generated
1 WAKE interrupt is generated
USTRST This is an internal reset and only has effect on USART. Writing ‘1’ to
this bit initializes the internal logic of USART and is automatically
cleared to ‘0’.
0 No effect
1 Reset USART
DOR This bit is set if data OverRun occurs. While this bit is set, the
incoming data frame is ignored. This flag is valid until the receive
buffer is read.
0 No Data OverRun
1 Data OverRun detected
FE This bit is set if the first stop bit of next character in the receive buffer
is detected as ‘0’. This bit is valid until the receive buffer is read (only
UART mode)
0 No Frame Error
1 Frame Error detected
PE This bit is set if the next character in the receive buffer has a Parity
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Error while Parity Checking is enabled. This bit is valid until the receive
buffer is read (only UART mode)

0 No Parity Error

1 Parity Error detected
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14 Inter Integrated Circuit (12C)

Inter Integrated Circuit (I12C) is one of industrial standard serial communication protocols. It uses two
bus lines such as Serial Data Line (SDA) and Serial Clock Line (SCL) to exchange data. Because both

SDA and SCL lines are open-drain output, each line needs pull-up resistor.
Features of the 12C are shown below:

e Compatible with I12C bus standard

e  Multi-master operation

e Up to 400kHz data transfer read speed

e 7 bitaddress

e Support two slave address

* Both master and slave operation

e Bus busy detection

14.1  Block diagram

Clear ™
INT_ACK —p To interrupt
block :
Slave Address Register
f 12CSAR C:'
RXACK, GCALL, Interrupt
TEND, STOPD, | ¥ |Generator| "C1E ¢
SSEL, MLOST
' : General Call And
BUSY, TMODE T Address Detector «— IICGCE |
t t :
- " - T
Receive Shift Register
—
SDA (RXSR) T I2CDR, (RX) — g
- N
SDA In/Out ACK Signal
- «—— «—
N-ch —p»| | Controller Generator 4— ACKEN ﬁ
VSs STOPISTART | 4— STOPC 5
—> +— P
Condition Generator | q4— STARTC u
S
Transmit Shift Register
<«
Q (TXSR) 12CDR, (TX) —— ]
SDA Hold Time Register N
<—
12CSDHR C:' E
Time Generator - - -
SCL Out SCL High Period Register
<
ScL > | Controller | € _And < 12CSCHR —=
Time Controller
SCL Low Period Register
<—
N-ch —p] | ¢ I2CSCLR CZ'
SCLK
VSS (fx: System clock) -J
NOTE: When the corresponding port is a sub-function for SCL/SDA pin, the SCL/SDA pins are automatically set
to the N-channel open-drain outputs and the input latch is read in the case of reading the pins. The
corresponding pull-up resistor is determined by the control register.

Figure 55. 12C Block Diagram
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14.2 12C bit transfer

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

SDA / X :: X
scL — \

Data line Stable: Change of Data
Data valid allowed
except S, Sr, P

Figure 56. Bit Transfer in the 12C-Bus

14.3  Start/ Repeated Start/ Stop

One master can issue a START (S) condition to recognize other devices connected to the SCL, SDA
lines that it will use the bus. A STOP (P) condition is generated by the master to release the bus lines

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

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

identical.

o NS GV

ALY

S U e W

START Condition STOP Condition

Figure 57. START and STOP Condition
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14.4 Data

transfer

14. Inter Integrated Circuit (12C)

Every byte put on the SDA line must be 8-bits long. The number of bytes that can be transmitted per

transfer is unlimited. Each byte has to be followed by an acknowledge bit. Data is transferred with the

most significant bit (MSB) first. If a slave can’t receive or transmit another complete byte of data until it

has performed some other function, it can hold the clock line SCL LOW to force the master into a wait

state. Data transfer then continues when the slave is ready for another byte of data and releases clock

line.

SDA

SCL

o

/X G XOC

or

B

MSB Acknowledgement Acknowledgement
Signal form Slave Signal form Slave

yte Complete, Interrupt Clock line held low while
\ / 1\ R / 9 \ l l / 1\ N /9 \ /
s Sr

START or Repeated

START Condition

or

STOP or Repeated
START Condition
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Figure 58. Data Transfer on the 12C-Bus
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14.5 12C acknowledge

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

or a repeated START condition to start a new transfer.

If a master receiver is involved in a transfer, it must signal the end of data to the slave transmitter by
not generating an acknowledge on the last byte that was clocked out of the slave. The slave transmitter

must release the data line to allow the master to generate a STOP or repeated START condition.

Data Output \ X X 3 J x

By Transmitter A

Data Output ' X 7

By Receiver ACK
SCL From MASTER \ /1 \ /2 \ /8 \ /9 \
L Clock pulse for ACK

Figure 59. Acknowledge on the 12C-Bus
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14.6  Synchronization/ arbitration

Clock synchronization is performed using the wired-AND connection of [2C interfaces to the SCL line.
This means that a HIGH to LOW transition on the SCL line will cause the devices concerned to start
counting off their LOW period and it will hold the SCL line in that state until the clock HIGH state is
reached. However the LOW to HIGH transition of this clock may not change the state of the SCL line if
another clock is still within its LOW period. In this way, a synchronized SCL clock is generated with its
LOW period determined by the device with the longest clock LOW period, and its HIGH period
determined by the one with the shortest clock HIGH period.

A master may start a transfer only if the bus is free. Two or more masters may generate a START
condition. Arbitration takes place on the SDA line, while the SCL line is at the HIGH level, in such a way
that the master which transmits a HIGH level, while another master is transmitting a LOW level will
switch off its DATA output state because the level on the bus doesn’t correspond to its own level.
Arbitration continues for many bits until a winning master gets the ownership of 12C bus. Its first stage

is comparison of the address bits.

Wait High Start High
i Counting Counting

Fast Device
SCLOUT

High Counter

Slow Device \ ™"
SCLOUT \

1
1
1
-
-
-

SCL \

Figure 60. Clock Synchronization during Arbitration Procedure

Arbitration Process Device 1 loses Device1 outputs
not adaped........ Arbitration High

Device1 R

DataOut \ / \ /

Device2

\/ A
SDA on BUS __\—_/_\ /__\—/_

s /S ] SN

SCL on BUS

Figure 61. Arbitration Procedure of Two Masters.
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14.7 Operation

The 12C operates in byte units and is based on interrupts. The interrupts are issued after all bus events
except for a transmission of a START condition. Because the 12C is interrupt based, the application

software is free to carry on other operations during an 12C byte transfer.

Please remember that when the 12C interrupt is generated, IICIFR flag in IIFLAG register is set and it
is cleared when all interrupt source bits in the I2CSR register are cleared to “0Ob”. When the 12C interrupt
occurs, the SCL line is hold LOW until clearing “Ob” all interrupt source bits in I2CSR register. When the
IICIFR flag is set, the I2CSR contains a value indicating the current state of the 12C bus. According to

the value in I2CSR, software can decide what to do next.

The 12C can operate in 4 modes by configuring master/slave, transmitter/receiver. The operating mode

is configured by a winning master. A more detailed explanation follows below.

14.8 Master transmitter
To operate 12C in master transmitter, follow the recommended steps below.
1. Enable I12C by setting IICEN bit in I2CCR. This provides main clock to the peripheral.

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

both address and data.

3. Configure baud rate by writing desired value to both I2CSCLR and I2CSCHR for the Low and
High period of SCL line.

4. Configure the I2CSDHR to decide when SDA changes value from falling edge of SCL. If SDA
should change in the middle of SCL LOW period, load half the value of I2CSCLR to the
I2CSDHR.

5. Setthe STARTC bit in I2CCR. This transmits a START condition. And also configure how to
handle interrupt and ACK signal. When the STARTC bit is set, 8-bit data in 12CDR is

transmitted out according to the baud-rate.

6. This is ACK signal processing stage for address packet transmitted by master. When 7-bit
address and 1-bit transfer direction is transmitted to target slave device, the master can know
whether the slave acknowledged or not in the 9th high period of SCL. If the master gains bus
mastership, 12C generates GCALL interrupt regardless of the reception of ACK from the slave
device. When 12C loses bus mastership during arbitration process, the MLOST bit in I2CSR is

set, and 12C waits in idle state or can be operate as an addressed slave.
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To operate as a slave when the MLOST bit in I2CSR is set, the ACKEN bit in I2CCR must be
set and the received 7-bit address must equal to the SLA bits in I2CSAR. In this case 12C
operates as a slave transmitter or a slave receiver (go to appropriate section). In this stage,
12C holds the SCL LOW. This is because to decide whether 12C continues serial transfer or
stops communication. The following steps continue assuming that 12C does not lose

mastership during first data transfer.

12C (Master) can choose one of the following cases regardless of the reception of ACK signal

from slave.

1) Master receives ACK signal from slave, so continues data transfer because slave can

receive more data from master. In this case, load data to transmit to I2CDR.

2) Master stops data transfer even if it receives ACK signal from slave. In this case, set the
STOPC bit in I2CCR.

3) Master transmits repeated START condition with not checking ACK signal. In this case,
load SLA+R/W into the I2CDR and set STARTC bit in I2CCR.

After doing one of the actions above, clear to “Ob” all interrupt source bits in I2CSR to release
SCL line. In case of 1), move to step 7. In case of 2), move to step 9 to handle STOP interrupt.
In case of 3), move to step 6 after transmitting the data in I2CDR and if transfer direction bit is

‘1’ go to master receiver section.

7. 1-Byte of data is being transmitted. During data transfer, bus arbitration continues.

8. This is ACK signal processing stage for data packet transmitted by master. 12C holds the SCL
LOW. When 12C loses bus mastership while transmitting data arbitrating other masters, the
MLOST bit in 12CSR is set. If then, 12C waits in idle state. When the data in I2CDR is

transmitted completely, 12C generates TEND interrupt.

I12C can choose one of the following cases regardless of the reception of ACK signal from

slave.

1) Master receives ACK signal from slave, so continues data transfer because slave can

receive more data from master. In this case, load data to transmit to I2CDR.

2) Master stops data transfer even if it receives ACK signal from slave. In this case, set the
STOPC bit in I2CCR.

3) Master transmits repeated START condition with not checking ACK signal. In this case,
load SLA+R/W into the I2CDR and set the STARTC bit in I2CCR.
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14.9

After doing one of the actions above, clear to “Ob” all interrupt source bits in I2CSR to release
SCL line. In case of 1), move to step 7. In case of 2), move to step 9 to handle STOP interrupt.
In case of 3), move to step 6 after transmitting the data in I2CDR, and if transfer direction bit

is “1’ go to master receiver section.

This is the final step for master transmitter function of 1I2C, handling STOP interrupt. The STOP
bit indicates that data transfer between master and slave is over. To clear [2CSR, write “0” to
I2CSR. After this, I12C enters idle state.

Master receiver

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

120

1.

2.

Enable 12C by setting IICEN bit in I2CCR. This provides main clock to the peripheral.

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

both address and data.

Configure baud rate by writing desired value to both I2CSCLR and I2CSCHR for the Low and
High period of SCL line.

Configure the I2CSDHR to decide when SDA changes value from falling edge of SCL. If SDA
should change in the middle of SCL LOW period, load half the value of I2CSCLR to the
I2CSDHR.

Set the STARTC bit in I2CCR. This transmits a START condition. And also configure how to
handle interrupt and ACK signal. When the STARTC bit is set, 8-bit data in 12CDR is

transmitted out according to the baud-rate.

This is ACK signal processing stage for address packet transmitted by master. When 7-bit
address and 1-bit transfer direction is transmitted to target slave device, the master can know
whether the slave acknowledged or not in the 9t high period of SCL. If the master gains bus
mastership, 12C generates GCALL interrupt regardless of the reception of ACK from the slave
device. When 12C loses bus mastership during arbitration process, the MLOST bit in I2CSR is
set, and 12C waits in idle state or can be operate as an addressed slave. To operate as a slave
when the MLOST bit in I2CSR is set, the ACKEN bit in I2CCR must be set and the received
7-bit address must equal to the SLA bits in I2CSAR. In this case I12C operates as a slave
transmitter or a slave receiver (go to appropriate section). In this stage, 12C holds the SCL
LOW. This is because to decide whether I12C continues serial transfer or stops communication.
The following steps continue assuming that 12C does not lose mastership during first data

transfer.
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I12C (Master) can choose one of the following cases according to the reception of ACK signal

from slave.

1) Master receives ACK signal from slave, so continues data transfer because slave can
prepare and transmit more data to master. Configure ACKEN bit in I2CCR to decide

whether 12C Acknowledges the next data to be received or not.

2) Master stops data transfer because it receives no ACK signal from slave. In this case, set
the STOPC bit in I2CCR.

3) Master transmits repeated START condition due to no ACK signal from slave. In this case,
load SLA+R/W into the I2CDR and set STARTC bit in I2CCR.

After doing one of the actions above, clear to “Ob” all interrupt source bits in I2CSR to release
SCL line. In case of 1), move to step 7. In case of 2), move to step 9 to handle STOP interrupt.
In case of 3), move to step 6 after transmitting the data in I2CDR and if transfer direction bit is

‘0’ go to master transmitter section.
7. 1-Byte of data is being received.

8. This is ACK signal processing stage for data packet transmitted by slave. 12C holds the SCL
LOW. When 1-Byte of data is received completely, 12C generates TEND interrupt.

I12C can choose one of the following cases according to the RXACK flag in I2CSR.

1) Master continues receiving data from slave. To do this, set ACKEN bit in I2CCR to

Acknowledge the next data to be received.

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

3) Because no ACK signal is detected, master terminates data transfer. In this case, set
the STOPC bit in I2CCR.

4) No ACK signal is detected, and master transmits repeated START condition. In this
case, load SLA+R/W into the I2CDR and set the STARTC bit in I2CCR.

After doing one of the actions above, clear to “Ob” all interrupt source bits in I2CSR to release
SCL line. In case of 1) and 2), move to step 7. In case of 3), move to step 9 to handle STOP
interrupt. In case of 4), move to step 6 after transmitting the data in I2CDR, and if transfer

direction bit is ‘O’ go to master transmitter section.

9. This is the final step for master receiver function of I12C, handling STOP interrupt. The STOP
bit indicates that data transfer between master and slave is over. To clear I2CSR, write “0”
value to [2CSR. After this, I2C enters idle state.
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14.10 Slave transmitter

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

122

1.

If the main operating clock (SCLK) of the system is slower than that of SCL, load value 0x00
into I2CSDHR to make SDA change within one system clock period from the falling edge of
SCL. Note that the hold time of SDA is calculated by SDAH x period of SCLK where SDAH is
multiple of number of SCLK coming from I2CSDHR. When the hold time of SDA is longer than

the period of SCLK, 12C (slave) cannot transmit serial data properly.

Enable 12C by setting IICIE bit and IICEN bit in I2CCR. This provides main clock to the

peripheral.

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

with value 0x00, the general call address.

If the received address does not equal to SLA bits in I2CSAR, 12C enters idle state i.e., waits
for another START condition. Else if the address equals to SLA bits and the ACKEN bit is
enabled, 12C generates SSEL interrupt and the SCL line is held LOW. Note that even if the
address equals to SLA bits, when the ACKEN bit is disabled, 12C enters idle state. When SSEL
interrupt occurs, load transmit data to I2CDR and clear to “Ob” all interrupt source bits in I2CSR

to release SCL line.
1-Byte of data is being transmitted.

In this step, 12C generates TEND interrupt and holds the SCL line LOW regardless of the

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

I12C (Master) can choose one of the following cases according to the reception of ACK signal

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

After doing one of the actions above, clear to “Ob” all interrupt source bits in I2CSR to release
SCL line. In case of 1) move to step 7 to terminate communication. In case of 2) move to step

5. In either case, a repeated START condition can be detected. For that case, move step 4.

This is the final step for slave transmitter function of 12C, handling STOP interrupt. The STOPC
bit indicates that data transfer between master and slave is over. To clear [2CSR, write “0” to
I2CSR. After this, I12C enters idle state.
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14.11 Slave receiver
To operate 12C in slave receiver, follow the recommended steps below.

1. If the main operating clock (SCLK) of the system is slower than that of SCL, load value 0x00
into I2CSDHR to make SDA change within one system clock period from the falling edge of
SCL. Note that the hold time of SDA is calculated by SDAH x period of SCLK where SDAH is
multiple of number of SCLK coming from I2CSDHR. When the hold time of SDA is longer than

the period of SCLK, 12C (slave) cannot transmit serial data properly.
2. Enable 12C by setting IICIE bit in I2CCR. This provides main clock to the peripheral.

3. When a START condition is detected, I12C receives one byte of data and compares it with SLA
bits in I2CSAR. If the GCALLEN bit in I2CSAR is enabled, I12C compares the received data

with value 0x00, the general call address.

4. |If the received address does not equal to SLA bits in I2CSAR, 12C enters idle state i.e., waits
for another START condition. Else if the address equals to SLA bits and the ACKEN bit is
enabled, 12C generates SSEL interrupt and the SCL line is held LOW. Note that even if the
address equals to SLA bits, when the ACKEN bit is disabled, 12C enters idle state. When SSEL
interrupt occurs and 12C is ready to receive data, clear to “0b” all interrupt source bits in I2CSR

to release SCL line.
5. 1-Byte of data is being received.

6. In this step, 12C generates TEND interrupt and holds the SCL line LOW regardless of the

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

12C (Master) can choose one of the following cases according to the reception of ACK signal

from slave.
1) No ACK signal is detected (ACKEN=0) and 12C waits STOP or repeated START condition.
2) ACK signal is detected (ACKEN=1) and I2C can continue to receive data from master.

After doing one of the actions above, clear to “Ob” all interrupt source bits in I2CSR to release
SCL line. In case of 1) move to step 7 to terminate communication. In case of 2) move to step

5. In either case, a repeated START condition can be detected. For that case, move step 4.

7. This is the final step for slave receiver function of 12C, handling STOP interrupt. The STOPC
bit indicates that data transfer between master and slave is over. To clear I2CSR, write “0” to
I2CSR. After this, I12C enters idle state.
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14.12 Register map

Table 20. 12C Register Map

Name Address Direction Default Description

I2CCR E9H R/W OOH I12C Control Register

I2CSR EAH R/W 00H I2C Status Register

I2CSARO EBH R/W O0OH I2C Slave Address 0 Register
I2CSAR1 F1H R/W OOH I2C Slave Address 1 Register
I2CDR ECH R/W 00H I2C Data Register

I2CSDHR | EDH R/W 01H I2C SDA Hold Time Register
I2CSCLR EEH R/W 3FH I2C SCL Low Period Register
I2CSCHR | EFH R/W 3FH I2C SCL High Period Register

14.13 Register description

I2CDR (I2C Data Register): ECH

7 6 5 4 3 2 1 0
| 12cbR7 | 12cDR6 | 12CDR5 | 12CDR4 I2CDR3 I2CDR2 I2CDR1 I2CDRO
RIW RIW RIW RIW RIW RIW RIW RIW
Initial value: 00H
I2CDRJ[7:0] The 12CDR transmit buffer and receive buffer share the same 1/0

address with this DATA register. The transmit data buffer is the
destination for data written to the I2CDR register. Reading the I2CDR
register returns the contents of the receive buffer.

I2CSDHR (12C SDA Hold Time Register): EDH

6 5 4 3 2 1
| I2CSDHR7 | I2CSDHR6 | I2CSDHR5 | I2CSDHR4 | I2CSDHR3 | I2CSDHR2 | I2CSDHR1 | I2CSDHRO

R/W R/W R/W R/W R/W R/W R/W R/W
Initial value: 01H

I2CSDHR[7:0] The register is used to control SDA output timing from the falling edge
of SCL. Note that SDA is changed after tsc.k X (I2CSDHR+2), in
master mode, load half the value of I2CSCLR to this register to make
SDA change in the middle of SCL. In slave mode, configure this
register regarding the frequency of SCL from master. The SDA is
changed after tscik X (I2CSDHR+2) in master mode. So, to insure
operation in slave mode, the value.
tscik X (I2CSDHR +2) must be smaller than the period of SCL.
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I2CSCHR (12C SCL High Period Register): EFH

6 5 4 3 2 1
| I2CSCHR7 | I2CSCHR6 | I2CSCHR5 | I2CSCHR4 | I2CSCHR3 | I2CSCHR2 | I12CSCHR1 | I2CSCHRO

R/W R/W R/W R/W R/W R/W R/W R/W
Initial value: 3FH
I2CDR[7:0] This register defines the high period of SCL in master mode. The

transmit data buffer is the destination for data written to the I2CDR
register. The base clock is SCLK, the system clock, and the period is
calculated by the formula: tscik X (4 X [2CSCHR + 2) where tscik is
the period of SCLK.

So, the operating frequency of 12C master mode is calculated by the following equation.
1
tscik X (4 X (I12CSCLR + [2CSCHR) + 4)

fioc =

I2CSCLR (12C SCL Low Period Register): EEH

7 6 5 4 3 2 1 0
| 12cSCLR7 | 12CSCLR6 | 12CSCLR5 | 12CSCLR4 | 12€SCLR3 | 12€SCLR2 | 12CSCLR1 | 12CSCLRO
RIW RIW RIW RIW RIW RIW RIW RIW

Initial value: 3FH
I2CDRJ[7:0] This register defines the low period of SCL in master mode. The

transmit data buffer is the destination for data written to the I2CDR
register. The base clock is SCLK, the system clock, and the period is
calculated by the formula: tscik X (4 X I2CSCLR + 2) where tscik is
the period of SCLK.

I2CSARO (12C Slave Address 0 Register): EBH

6 5 4 3 2 1 0
| 12csLaos | 12csLaos | 12csLao4 | 12csLao3 | 12csLao2 | 12csLAol | 12cSLA00 | GCALLOEN

R/W R/W R/W R/W R/W R/W R/W R/W
Initial value: 00H
I2CSLAQ[6:0] These bits configure the slave address 0 in slave mode.
GCALLOEN This bit decides whether 12C allows general call address or not in 12C
slave mode.
0 Ignore general call address
1 Allow general call address

I2CSAR1 (12C Slave Address 1 Register): F1H

6 5 4 3 2 1 0
| 12csLa16 | 12csLA15 | 12csLa14 | 12csLa13 | 12csial2 | i2csiall | 12csLa10 | GCALL1EN

R/W R/W R/W R/W R/W R/W R/W R/W
Initial value: O0OH
I2CSLA1[6:0] These bits configure the slave address 1 in slave mode.
GCALL1EN This bit decides whether 12C allows general call address or not in 12C
slave mode.
0 Ignore general call address
1 Allow general call address
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I2CCR (I12C Control Register): E9H

7 6 5 4 3 2 1 0
| ncrst | uceN | TxbLYENB| IICIE ACKEN | IMASTER | STOPC STARTC
R/W R/W R/W R/W R/W R R/W R/W
Initial value: 00H
IICRST Initialize Internal Registers of 12C.
0 No effect
1 Initialize 12C, auto cleared
IICEN Activate 12C Function Block by Supplying
0 12C is disabled
1 12C is enabled
TXDLYENB I2CSDHR register control bit
0 Enable I2CSDHR Register
1 Disable I2CSDHR Register
IICIE Interrupt Enable bit.
0 Interrupt of 12C is inhibited (use polling)
1 Enable interrupt for 12C
ACKEN Controls ACK signal generation at ninth SCL period.
0 No ACK signal is generated (SDA = 1)
1 ACK signal is generated (SDA = 0)

NOTES: ACK signal is output (SDA = 0) for the following 3 cases.
When received address packet equals to I2CSLA bits in [I2CSAR.
When received address packet equals to value 0x00 with GCALLnN

enabled.

When 12C operates as a receiver (master or slave)
IMASTER Represent operating mode of 12C

0 I12C is in slave mode

1 12C is in master mode
STOPC When 12C is master, STOP condition generation

0 No effect

1 STOP condition is to be generated
STARTC When 12C is master, START condition generation

0 No effect

1 START condition is to be generated

NOTE: Refer to the external interrupt flag register (EIFLAG) for the 12C interrupt flag.
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I2CSR (12C Status Register): EAH

14. Inter Integrated Circuit (12C)

7 6 5 4 3 2 1 0
| ccaln | TEND | stopp | ssEL MLOST BUSY TMODE RXACK
R R/W R/W R/W R/W R/W R/W R/W
Initial value: 00H
GCALL"ote) This bit has different meaning depending on whether 12C is master or
slave. When 12C is a master, this bit represents whether it received
AACK (address ACK) from slave
0 No AACK is received (Master mode)
1 AACK is received (Master mode)
When 12C is a slave, this bit is used to indicate general call
0 General call address is not detected (Slave mode)
1 General call address is detected (Slave mode)
TEND note) This bit is set when 1-byte of data is transferred completely
0 1 byte of data is not completely transferred
1 1 byte of data is completely transferred
STOPD Mote) This bit is set when a STOP condition is detected
0 No STOP condition is detected
1 A STOP condition is detected
SSEL noe) This bit is set when 12C is addressed by other master
0 I12C is not selected as a slave
1 I12C is addressed by other master and acts as a slave
MLOST note) This bit represents the result of bus arbitration in master mode
0 I12C maintains bus mastership
1 I12Chas lost bus mastership during arbitration process
BUSY This bit reflects bus status
0 I12C bus is idle, so a master can issue a START condition
1 12C bus is busy
TMODE This bit is used to indicate whether 12C is transmitter or receiver
0 12C is a receiver
1 12C is a transmitter
RXACK This bit shows the state of ACK signal
0 No ACK is received
1 ACK is received at ninth SCL period
NOTES:
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1. These bits can be source of interrupt.

2. When an I12C interrupt occurs except for STOP mode, the SCL line is hold
LOW. To release SCL, write arbitrary value to I2CSR. When I2CSR is written,
The TEND, STOPD, SSEL, MLOST, and RXACK bits are cleared.
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15 Constant sink current generator

Constant sink current generator supplies constant current regardless of variable Ics voltage ranging
from 2.0V to 3.6V. The constant current value is controlled by registers ICSDRO and ICSDR1, and the

sink current ranges from 49mA to 274mA.

15.1  Block diagram
VDD
ICSDRN[3:0] <) €—¢—54 ICSEN[3:0]
ICSn
+
T

NOTE: If a sink current generator of an ICSn pin is disabled by ICSCR[3:0], the corresponding ICSn pin is high
and the current flowing is zero.

Figure 62. Constant Sink Current Generator Block Diagram (n=0 and 1)

VBAT
10kQ ~ 20kQ
220F__ §
MCU
ICSn

Figure 63. Constant Sink Current Generator Pin with Capacitor

156.2 Register map
Table 21. Constant Sink Current Generator Register Map
Name Address Direction Default Description
ICSCR E2H R/W O00H Constant Sink Current Control Register
ICSDRO E3H R/W O0H Constant Sink Current Data Register 0
ICSDR1 E4H R/W O00OH Constant Sink Current Data Register 1
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15.3  Register description

ICSCR (Constant Sink Current Control Register): E2H

7 6 5 4 3 2 1 0
- | - | - | - | ICSEN3 ICSEN2 ICSEN1 ICSENO
- - - - R/W R/W R/W R/W
Initial value: 00H
ICSEN[3:0] Constant Sink Current Enable bits
0101b Enable for the ICSO0 pin and disable for the ICS1 pin
1010b Enable for the ICS1 pin and disable for the ICSO0 pin
Others Disable sink current generator for the ICS0 and ICS1
pins

ICSDRO (Constant Sink Current Data Register 0): E3H

7 6 5 4 3 2 1 0
| - | = | = | = | ICSD03 ICSD02 ICSDO1 ICSD00
- - = = R/W R/W R/W R/W

Initial value: OOH
ICSDO[3:0] ICSO0 pin Constant Sink Current Data bits
ICSO0 pin current [mA] = 50 + 15 x ICSDO0[3:0]

ICSDR1 (Constant Sink Current Data Register 1): E4H

7 6 5 4 3 2 1 0
L - [ - - [ - 1 icsp13 | Icsp12 | Icsp1 ICSD10
_ - - - RIW RIW RIW RIW

Initial value: OOH
ICSD1[3:0] ICS1 pin Constant Sink Current Data bits
ICS1 pin current [mA] = 50 + 15 x ICSD1[3:0]
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16 Flash CRC and Checksum generator

Flash CRC (Cyclic Redundancy Check) generator of A96L414/A96L416 generates 16-bit CRC code
bits from Flash and a generator 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 following features:
¢ Auto CRC and User CRC Mode
*  CRC Clock : furire, fHrIRG/2, fHRIRC/4, THRIRC/8 and fx (System clock)

e  CRC-16 polynomial: 0x8C81 (X16 + X15 + X1 + X10 + X7 +1)

CRC: G(X) =x®+x® +x + x4+ x" +1

W25 st e T e el e e e OO

I15 a4 rns rnz m 10 fe Is 17 e s fa I3 Iz I ro

Figure 64. CRC-16 Polynomial Structure

16.1  Block diagram

Flash CRC Start Address Register

FCSARH/M/L
(Only Auto CRC Mode)

FCSADR[23:0] CDCL(Only User CRC Mode)
fHFIRC > 4 Clear
fHF|Rc/2 Flash CRC Data Register
fHFIRC/4 Result FCDR[15:0]
Flash CRC Generator — P FCDRH/L
fHFIRC/S
8
4 , 8 FCDIN
FCEADR[23:0] VA (Only User CRC Mode)
u
CKSEL[2:0] FCEARH/M/L X 8
(Only Auto CRC Mode) <«
CRCRUN Flash CRC End Address Register
(Only Auto CRC Mode) T
INTERNAL BUS !
CRCMOD

Figure 65. Flash CRC/ Checksum Generator Block Diagram
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16.2

Operation procedure and example code of CRC and Checksum

The CRC operation procedure in Auto CRC/Checksum mode is introduced in the following list, and

Figure 66 shows example program tip:

1.

2.

Global interrupt Disable (EA = 0)

Select Auto CRC/Checksum Mode and CRC

Select CRC Clock

Set CRC start address register (FCSARH/FCSARM/FCSARL)
Set CRC end address register (FCEARH/FCEARM/FCEARL)
CRC operation starts (CRCRUN = 1)

Read the CRC result

Global interrupt Enable (EA = 1)
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NOTES:

//**** Global interrupt Disable
EA = 0;

//**** Flash CRC Auto CRC/Checksum Mode and CRC
FCCR &= _OlOl_llll;

OSCCR &= 1111 1011; // IRC Enable
FCCR &= 1111 0001; // CRC clk = fIRC/1

//**** CRC start address set
FCSARH = 0x00;
FCSARM = 0x00;
FCSARL = 0x00;

//**** CRC end address set
FCEARH = 0x00;
FCEARM = 0x3F;
FCEARL = OXxFF;

//**** CRC start

FCCR |= 0000 _0001;

nop_(); //Dummy instruction, This instruction must be needed.
nop_(); //Dummy instruction, This instruction must be needed.
nop_(); //Dummy instruction, This instruction must be needed.

//**** Read CRC result
TempO = FCDRH;
Templ = FCDRL;

//**** Global interrupt Enable
EA = 1;

Three or more NOP instructions must immediately follow the CRC start operation in auto
CRC/Checksum mode.

During a CRC operation (when CRCRUN bit is Running state) in auto CRC/Checksum mode, the CPU
is hold and the global interrupt is on disable state regardless of the IE.7 (EA) bit. But should be set the
global interrupt is disabled (EA = 0) before the CRC operation is started in use auto CRC/Checksum
mode, recommend.

132

Figure 66. Program Tip for CRC Operation in Auto CRC/ Checksum Mode
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The CRC operation procedure in User CRC/Checksum mode is introduced in the following list, and

Figure 67 shows example program tip:
1. Select User CRC/Checksum Mode and CRC
2. Clear Flash CRC data register (FCDRH/FCDRL)
3. Read data from the Flash
4. Write the data to FCDIN Register

5. Read the CRC result

unsigned char code *rom addr=0x0000;
unsigned int i=0;

FCCR |= 1000 _0000; // Flash CRC User CRC/Checksum Mode
FCCR &= _1101_1111; // Flash CRC CRC Mode
FCCR |= 0100 _0000; // Flash CRC data register clear

for (1=0x0000; i <= Ox3FFF; i++) // 0000H~3FFFH
{

FCDIN = rom_addr[i];

WDTCR |= 0010 _0000; // Clear WDT counter
}

//**** Read CRC result
TempO = FCDRH;
Templ = FCDRL;

Figure 67. Program Tip for CRC Operation in User CRC/ Checksum Mode
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The Checksum operation procedure in Auto CRC/Checksum mode is introduced in the following list,

and Figure 68 shows example program tip:
1. Global interrupt Disable (EA = 0)
2. Select Auto CRC/Checksum Mode and Checksum
3. Select CRC Clock
4. Set CRC start address register (FCSARH/FCSARM/FCSARL)
5. Set CRC end address register (FCEARH/FCEARM/FCEARL)
6. CRC operation starts (CRCRUN = 1)
7. Read the Checksum result

8. Global interrupt Enable (EA = 1)
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//**** Global interrupt Disable
EA = 0;

//**** Flash CRC Auto CRC/Checksum Mode and Checksum
FCCR &= 0111 1111;

FCCR |= 0010 0000; // Checksum mode
OSCCR &= 1111 1011; // IRC Enable
FCCR &= 1111 0001; // CRC clk = fIRC/1

//**** Checksum start address set
FCSARH = 0x00;
FCSARM = 0x00;
FCSARL 0x00;

//**** Checksum end address set
FCEARH = 0x00;
FCEARM = 0x3F;
FCEARL = O0xFF;

//**** Checksum start

FCCR |= 0000 _0001;
nop (); //Dummy instruction, This instruction must be needed.
_nop_(); //Dummy instruction, This instruction must be needed.
nop (); //Dummy instruction, This instruction must be needed.

//**** Read Checksum result
TempO = FCDRH;
Templ = FCDRL;

//**** Global interrupt Enable
EA = 1;

NOTES:

1. Three or more NOP instructions must immediately follow the Checksum start operation in auto
CRC/Checksum mode.

2. During a checksum operation (when CRCRUN bit is Running state) in auto CRC/Checksum mode, the
CPU is hold and the global interrupt is on disable state regardless of the IE.7 (EA) bit. But should be
set the global interrupt is disabled (EA = 0) before the Checksum operation is started in use auto
CRC/Checksum mode, recommend.

Figure 68. Program Tip for Checksum Operation in Auto CRC/ Checksum Mode
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The Checksum operation procedure in User CRC/Checksum mode is introduced in the following list,

and Figure 69 shows example program tip:
1. Select User CRC/Checksum Mode and Checksum
2. Clear Flash CRC data register (FCDRH/FCDRL)
3. Read data from the Flash
4. Write the data to FCDIN Register

5. Read the Checksum result

unsigned char code *rom addr=0x0000;
unsigned int i=0;

FCCR |= 1000 _0000; // Flash CRC User CRC/Checksum Mode
FCCR &= 0010 _0000; // Flash CRC Checksum

FCCR |= 0100 _0000; // Flash CRC data register clear
for (i=0x0000; i <= Ox3FFF; i++) // 0000H~3FFFH

{

FCDIN = rom_addr[i];

WDTCR |= 0010 _0000; // Clear WDT counter
}

//**** Read Checksum result
TempO = FCDRH;
Templ = FCDRL;

Figure 69. Program Tip for Checksum Operation in User CRC/ Checksum Mode
16.3 Register map

Table 22. Flash CRC/Checksum Generator Register Map

Name Address Direction | Default | Description

FCSARH 5050H (XSFR) R/W 00H Flash CRC Start Address High Register
FCEARH 5051H (XSFR) R/W 00H Flash CRC End Address High Register
FCSARM 5052H (XSFR) R/W 00H Flash CRC Start Address Middle Register
FCEARM 5053H (XSFR) R/W O0H Flash CRC End Address Middle Register
FCSARL 5054H (XSFR) R/W 00H Flash CRC Start Address Low Register
FCEARL 5055H (XSFR) R/W OFH Flash CRC End Address Low Register
FCCR 5056H (XSFR) R/W 00H Flash CRC Control Register

FCDRH 5057H (XSFR) R FFH Flash CRC Data High Register

FCDRL 5058H (XSFR) R FFH Flash CRC Data Low Register

FCDIN D7H R/W OOH Flash CRC Data In Register
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16.4  Register description

FCSARH (Flash CRC Start Address High Register): 5050H

7 6 5 4 3 2 1 0
| - | - | - | - | - | - - FCSARHO
- - - - - - - R/W
Initial value: OOH

FCSARHO Flash CRC Start Address High
NOTE: Used only to Auto CRC Mode.

FCSARM (Flash CRC Start Address Middle Register): 5052H

6 5 4 3 2 1
| FcsarM7 | FcsARM6 | FCSARMS | FCsARM4 | FCSARM3 | FCSARM2 | FCSARML | FCSARMO
RIW RIW RIW RIW RIW RIW RIW RIW
Initial value: 00H

FCSARM[7:0] Flash CRC Start Address Middle
NOTE: Used only to Auto CRC Mode.

FCSARL (Flash CRC Start Address Low Register): 5054H

6 5 4 3 2 1
| FcsarL? | FcsaRLe | FCsARLS | FcsARL4 | FcsaARL3 | FcsarRL2 | FcsaRL1 | FcsaARLO

R/W R/W R/W R/W — = = =
Initial value: O0OH
FCSARL[7:4] Flash CRC Start Address Low
NOTE: Used only to Auto CRC Mode.
FCSARL[3:0] These bits are always “0000b”.

FCEARH (Flash CRC End Address High Register): 5051H

7 6 5 4 3 2 1 0
| - | - | - | - | - | - - FCEARHO
- - - - - - - RIW
Initial value: 00OH

FCEARHO Flash CRC End Address High
NOTE: Used only to Auto CRC Mode.

FCEARM (Flash CRC End Address Middle Register): 5053H

7 6 5 4 3 2 1 0
| FcEARM7 | FCEARM6 | FCEARMS5 | FCEARM4 | FCEARM3 | FCEARM2 | FCEARM1 | FCEARMO
RIW RIW RIW RIW RIW RIW RIW RIW

Initial value: O0H

FCEARM[7:0] Flash CRC End Address Middle
NOTE: Used only to Auto CRC Mode.
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FCEARL (Flash CRC End Address Low Register): 5055H

7 5 4 3 2
| FCEARL7 | FCEARL6 | FCEARL5 | FCEARL4 | FCEARL3 | FCEARL2 | FCEARL1 | FCEARLO
RIW RIW RIW RIW - - - -
Initial value: OFH
FCEARL[7:4] Flash CRC End Address Low
NOTE: Used only to Auto CRC Mode.
FCEARL[3:0] These bits are always “1111b”.

FCDRH (Flash CRC Data High Register): 5057H

7 6 5 4 3 2 1 0
| FcDRH7 | FCDRH6 | FCDRH5 | FCDRH4 | FCDRH3 | FCDRH2 | FCDRH1 | FCDRHO
R R R R R R R R

Initial value: FFH
FCDRH[7:0] Flash CRC Data High

FCDRL (Flash CRC Data Low Register): 5058H

7 6 5 4 3 2 1 0
| FcDRL7 | FCDRL6 | FCDRL5 | FCDRL4 | FCDRL3 | FCDRL2 | FCDRL1 | FCDRLO
R R R R R R R R

Initial value: FFH
FCDRL][7:0] Flash CRC Data Low

FCDIN (Flash CRC Data IN Register): D7H

7 6 5 4 3 2 1 0
| Fcoin | Fcpine | FcDINs | FcDINg | FCDINS FCDIN2 FCDIN1 FCDINO
RIW RIW RIW RIW RIW RIW RIW RIW

Initial value: O0H

FCDIN[7:0] Flash CRC Data In
NOTE: Used only to User CRC Mode.
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FCCR (Flash CRC Control Register): 5056H

7 6 5 4 3 2 1 0
| cremobp | cpbct | MDseL | - | ckseL2 | ckseLlt | ckseLo | CRCRUN
R/W R/W R/W - R/W R/W R/W R/W
Initial value: 00H
CRCMOD Select CRC/Checksum Mode
0 Auto CRC/Checksum Mode
1 User CRC/Checksum Mode
CDCL Flash CRC Data Register Clear
0 No effect
1 Clear Flash CRC Data register

NOTE: This bit is cleared to ‘0O’ automatically, after Flash CRC Data
register is cleared. The FCDRHIL is set to “FFH” if the MDSEL is set to
“Ob” and “00H” if the MDSEL is set to “1b”. Used only to User
CRC/Checksum Mode.

MDSEL CRC/Checksum Selection
0 Select CRC
1 Select Checksum

CKSEL[2:0] Select Flash CRC/Checksum Clock
CKSEL2 CKSEL1 CKSELO Description

0 0 0 fHFIRC
0 0 1 fHFIRC/2
0 1 0 fuFIRc/4
0 1 1 fHFIRC/8
1 0 0 fx(system clock)
Other values Not used
CRCRUN CRC/Checksum Start Signal & Busy Flag, Used only to Auto
CRC/Checksum mode.
0 Indicates that CRC/Checksum operation is not running or has

finished. When written “0”, CRC/Checksum operation is
finished by force even if CRC/Checksum operation is running.
It has no effect to write “0” if CRC/Checksum is not running
currently.

1 When written “1”, CRC/Checksum operation starts and this
bit remains “1” as long as CRC/Checksum operation is on-
going. This bit is cleared to “0” automatically after
CRC/Checksum operation finishes.
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17 Power down operation

A96L414/A96L.416 User’'s manual

A96L414/A96L416 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.

17.1

Peripheral operation in IDLE/STOP mode

Peripheral’s operations during IDLE/STOP mode is introduced in Table 23.

Table 23. 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, LFIRC OSC)

Timer0~1 Operates Continuously Halted (Only when the Event
Counter Mode is Enabled, Timer
operates Normally)

ADC Operates Continuously Stop

USART Operates Continuously Stop

Siren Operates Continuously Stop

Line Interface Operates Continuously Stop

Internal OSC Oscillation Stop

WDTRC OSC (1KHz)

Can be operated with setting value

Can be operated with setting value

Constant Sink Current | Retain Retain
I/O Port Retain Retain
Control Register Retain Retain
Address Data Bus Retain Retain

Release Method

By RESET, all Interrupts

By RESET, Timer Interrupt (ECO,
EC1, EC2), External Interrupt, WDT,
USART
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17.2 IDLE mode

The power control register is set to ‘01h’ to enter the IDLE Mode. In this mode, the internal oscillation
circuits remain active. Oscillation continues and peripherals are operated normally but CPU stops. It is
released by reset or interrupt. To be released by interrupt, interrupt should be enabled before IDLE

mode. If using reset, because the device becomes initialized state, the registers have reset value.

e JUUUUUUVUUULUUL - JVUVUVUULUULL

External
Interrupt

=

R
Normal Operation >< Stand-by Mode Normal Operation

Figure 70. IDLE Mode Release Timing by External Interrupt
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17.3 STOP mode

The power control register is set to ‘03H’ to enter the STOP Mode. In the stop mode, the selected
oscillator, system clock and peripheral clock is stopped. With the clock frozen, all functions are stopped,

but the on-chip RAM and control registers are held.

The source for exit from STOP mode is hardware reset and interrupts. The reset re-defines all the

control registers.

When exit from STOP mode, enough oscillation stabilization time is required to normal operation. Figure
71 shows the timing diagram. When released from STOP mode, the Basic interval timer is activated on
wake-up. Therefore, before STOP instruction, user must be set its relevant prescale divide ratio to have

long enough time. This guarantees that oscillator has started and stabilized.

111 i 1 S

External R »
Interrupt

= E

STOF Instruction Execute

N
BIT Coun‘[er { :: 0 X 4 XT) FEXE)

n n+2 n+3

-

Clear & Start

o

( R X By Software setiing

STOF Operation - »{ MNormal Operation

R

Normal Operation

Before executed STOP instruction,
BIT must be set properly by software to get stabilization.

Figure 71. STOP Mode Release Timing by External Interrupt
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17.4 Release operation of STOP mode

After STOP mode is released, the operation begins according to content of related interrupt register just
before STOP mode start (Refer to Figure 72).

If the global interrupt Enable Flag (IE.EA) is setto "1°, the STOP mode is released by the interrupt which
each interrupt enable flag = *1" and the CPU jumps to the relevant interrupt service routine. Even if the
IE.EA bit is cleared to ‘0’, the STOP mode is released by the interrupt of which the interrupt enable flag

is set to ‘1.

SET PCON[7:0]
SET IEx.b

STOP Mode -

Y

Interrupt Request
Corresponding N
Interrupt Enable Bit
(IE, IE1,IE2, IE3)
STOP Mode
Release
)
Interrupt Service
Routine

Next Instruction

Figure 72. STOP Mode Release Flow
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17.5 Register map
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Table 24. Power-down Operation Register Map

Name Address Direction Default Description
PCON 87H R/W OOH Power control register
17.6  Register description
PCON (Power Control Register): 87H
7 6 5 4 3 2 1 0
[ - | - I - [ - - - PCON1 PCONO
- - - - - - R/W R/W
Initial value: O0OH
PCON[1:0] Power Control
01H IDLE mode enable
O03H STOP mode enable
Other Values  Normal operation

Before configuring a register PCON, please be aware of the followings:
1. To enter IDLE mode, PCON must be set to ‘01H".

Powbd

To enter STOP mode, PCON must be set to ‘03H’.
The PCON register is automatically cleared by a release signal in STOP/IDLE mode.
Three or more NOP instructions must follow immediately after the instruction that makes the device

enter in STOP/IDLE mode. Refer to the following example code in Table 25.

Table 25. Example Code with 3 or more NOP Instructions

Example code 1

Example code 2

MOV PCON,
NOP

#01H

’

IDLE mode

MOV PCON, #03H

; STOP mode

NOP

NOP NOP

NOP NOP
144
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18 Reset

When a reset event occurs, an internal register is selected to be initialized in accordance with a reset

value. Each reset value introduced in Table 26 indicates a corresponding On Chip Hardware that is to

be initialized.
Table 26. Reset Value and the Relevant On Chip Hardware

On Chip Hardware Reset Value

Program Counter (PC) 0000H

Accumulator O0H

Stack Pointer (SP) 07H

Peripheral clock On

Control register Refer to peripheral registers.

A96L414/A96L416 has 5 types of reset sources as listed in the followings:
* External RESETB
e Power On RESET (POR)
*  WDT overflow reset (in a case of WDTEN="1")
* Low voltage reset (in a case of LVREN="0’)
* OCDRESET
18.1  Reset block diagram

Figure 73 shows a reset block of A96L414/A96L416.

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)

Figure 73. Reset Block Diagram
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18.2 Reset noise canceller

Figure 74 is a noise canceller timing diagram for noise cancellation of RESET. It has the noise

cancellation value of about 2us (@VDD=5V) to the low input of system reset.

t < Tanc t<Tanc

t'= TF\:NC | t> Tanc 1> Tanc

I L | I

Figure 74. Reset Noise Canceller Timing Diagram

18.3 Power on Reset

When device power is increasing, POR (Power on Reset) executes a function to reset the device. If
POR is used to reset the device, it executes the device reset function instead of RESET IC or RESET

Circuit.

Fast VDD Rise Time, max. 100.0v¥/ms
1

1
1
VDD s

nPOR

(Internal Signal)

1
BIT Overflows :
1
1
| BIT Starts 1
— ’
1
1
v R R

Internal RESETB

Oscillation

Figure 75. Fast VDD Rising Time
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Slow VDD Rise Time, min. 0.05V/ms
1

1
1
VoD mmzw 4V (Typ)

nPOR

(Internal Signal)

BIT Overflows
1
1

! BIT Starts A/

—
1

— /
ALUTTUL UL

Figure 76. Internal Reset Release Timing on Power-Up

Internal RESETB

Oscillation

Counting for config read start after POR is released

VDD /
|

1
1
1
1
1
Intemnal nPOR |
1
1

PAD RESETB /—\—
- ,‘

LVR_RESETB I
1

|

o (orGonto) LORRRA___ 2 X O@ - )

BIT (for Reset) 00 r 00] X 01\ X 02 )L 03 X 04 ﬂ

1us X z|56 X 28h = about 10ms
Config Read I<—,l_l

1us X 4096 X 4h = about 16ms —
RESET_SYSB

1
I

wroscamizia | | [ [ [ L QL QPP PPl
|

INT-OSC 4MHz / 4 = 1MHz (1us)

Figure 77. Configuration Timing when Power-On
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Relationship between VDD input and internal oscillator is described in Figure 78 and Table 27.

Reset Release

Configure Read

POR

/DD Input
:Internal OSC

Figure 78. Boot Process Waveform

Table 27. Boot Process Description

Process | Description Remark
@ No operation
® 1st POR level detection About 1.4V
® * (INT-OSC 4MHz/4) x 256 x 28h Delay | Slew rate >= 0.05V/ms
section (=10ms)
* VDD input voltage must rise over than
Flash operating voltage for Config read.
O] Config read point * About 1.5V ~ 1.6V
* Config Value is determined by Writing
Option.
® Rising section to reset release level 16ms point after POR or Ext_reset release
® Reset release section (BIT overflow) BIT is used for peripheral stability.
« After16ms, after external reset release
(external reset)
* 16ms point after POR (POR only)
@) Normal operation
148 \BO\

SEMICONDUCTOR




A96L414/A96L.416 User's manual 18. Reset

18.4 External RESETB input

External RESETB is the input to a Schmitt trigger. If RESETB pin is held with low for at least 10us over
within the operating voltage range and stable oscillation, it is applied and the internal state is initialized.
When reset state becomes ‘1, it needs stabilization time with 16ms and after the stable state, the
internal RESET becomes ‘1. The Reset process step needs 5 oscillator clocks. And the program

execution starts at the vector address stored at address 0000H.

[ 2]e]«]s]
o UL~ AU

®R
RESETB //// Release

Internal RESETB /

Release

ADDRESS BUS ? 00 @ 02 E?H
080N

Stabilization Time RESET Process Step: Main Program

TST=16.4ms

Y

1
TST = — %4096 x4
fx

Figure 79. Timing Diagram after RESET

VDD

PRESCALER COUNT START

AL

OSC START TIMING

NOTES:
1. Stable generating time is not included in the start-up time.
2. RESETB pin has a pull-up resistor by H/W.

Figure 80. Oscillator Generating Waveform Example
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18.5 Brown out detector processor

A96L414/A96L416 has an On-chip brown-out detection circuit (BOD) to monitor VDD level during its
operation. It compares VDD level to a fixed trigger level which can be selected to be one of 1.60V,
2.20V, 2.40V, and 2.70V by LVRVS[1:0] bits. In STOP mode, since the BOD will contribute significantly
to the total current consumption, the LVREN bit is set to off by software to minimize the current

consumption.

18.6.1 Block diagram

External VDD ——
Brown Out

LVRVS[1:0] —»| Detector
(BOD) ’ » RESET_BODB

LVREN —

CPU Write —»| D Q> LVRF
(Low Voltage Reset Flag)

SCLK (System CLK) —=[>CP |

nPOR
Figure 81. BOD Block Diagram
18.5.2 Internal reset and BOD reset in timing diagram
VDD \ A VaooMAX
___/ VaopMIN
Internal 16ms
RESETB \
\ [ \ [
VDD \\_;f' o XBODE::JX
BOD
: t<16ms \,_/:‘ 16ms
Internal \ : v 7
RESETB '

Figure 82. Internal Reset at Power Fail Situation
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VvDD

1
]
1
1
1
Internal NnPOR :
1

PAD RESETB

1
|
|
|
LVR_RESETB LJ

BIT (for Config) 1 @@@QQ ’@ F1 )

1
1
BIT(forReset)( 00 X 01 X\ 02 X 03 K 04 X 00
1
I

Config Read ‘,I,y§ X 256 X 28h = about 10m§,n
1
' \
RESET_SYSB !I: 1us X 4096 X 4h = about 16ms .
Main OSC Off |
INT-OSC (4MHz) ,||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
1
1
INT-OSC 4MHz/4 MEEEENE NN NN NN

INT-OSC 4MHz / 4 = 1MHz (1us)

Figure 83. Configuration Timing when BOD Reset
18.6  Register map

Table 28. Reset Operation Register Map

Name Address Direction Default Description

RSTFR E8H R/W 80H Reset Flag Register

LVRCR D8H R/W 00H Low Voltage Reset Control Register
LVRIDR 505FH (XSFR) R/W 00H LVR Write Identification Register
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18.7  Register description

RSTFR (Reset Flag Register): ESH

7 6 5 4 3 2 1 0
| PorF | eBxrRE | wWoRF |  OCDRF LVRF - - -
RW RW RW RW RW - - -
Initial value: 80H
PORF Power-On Reset flag bit. The bit is reset by writing ‘0’ to this bit.
0 No detection
1 Detection
EXTRF External Reset (RESETB) flag bit. The bit is reset by writing ‘0’ to this
bit or by Power-On Reset.
0 No detection
1 Detection
WDTRF Watchdog Reset flag bit. The bit is reset by writing ‘0’ to this bit or by
Power-On Reset.
0 No detection
1 Detection
OCDRF On-Chip Debug Reset flag bit. The bit is reset by writing ‘0’ to this bit or
by Power-On Reset.
0 No detection
1 Detection
LVRF Low Voltage Reset flag bit. The bit is reset by writing ‘0’ to this bit or by
Power-On Reset.
0 No detection
1 Detection
NOTES

1. When the Power-On Reset occurs, the PORF bit is only set to “1”, the
WDTRF/OCDREF bits are cleared to “0”.

2. When the Power-On Reset occurs, the EXTRF bit is unknown, at that time,
the EXTREF bit can be set to “1” when External Reset (RESETB) occurs.

3. When the Power-On Reset occurs, the LVRF bit is unknown, at that time,
the LVRF bit can be set to “1” when LVR Reset occurs.

4.  When a reset except the POR occurs, the corresponding flag bit is only set
to “1”, the other flag bits are kept in the previous values.
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LVRCR (Low Voltage Reset Control Register): D8H

7 6 5 4 3 2 1 0
| LwRsT | - | - | - | - LVRVSL LVRVSO LVREN
RW - - - - RW RW RW
Initial value: OOH
LVRST LVR Enable when Stop Release

0 Not effect at stop release
1 LVR enable at stop release
NOTES:

When this bit is ‘1, the LVREN bit is cleared to ‘0’ by stop mode
release. (LVR enable)
When this bit is ‘0’, the LVREN bit is not effect by stop mode release.

LVRVS[1:0] LVR Voltage Select
LVRVS1 LVRVSO Description
0 0 1.60V
0 1 2.20V
1 0 2.40V
1 1 2.70v
LVREN LVR Operation
0 LVR Enable
1 LVR Disable
NOTES:

1. The LVRST and LVRVSJ[1:0] bits are cleared by a power-on reset but are
retained by other reset signals.

2. The LVRVS[1:0] bits should be set to ‘00b’ while LVREN bit is “1”.
3.  This register can be written with valid ID value (LVRIDR == 0x59).

LVRIDR (LVR Write Identification Register): 505FH (XSFR)

7 6 5 4 3 2 1 0
| wweo7 | weos | tvmps | R4 | LvRD3 | LWRD2 LVRID1 LVRIDO
RW RW RW RW RW RW RW RW
Initial value: OOH
LVRID[7:0] LVR Write Identification
Others No identification value
01011001b Identification value for LVR register write

(These bits are automatically cleared to logic ‘00H’ immediately after
one time operation)
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19 Flash memory

A96L414/A96L416 incorporates Flash memory inside. Program can be written, erased, and overwritten
on the 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. Followings are features

summary of Flash memory.
* Flash size: 8/16Kbytes
e 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
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19.1  Flash program ROM structure

O3FFFH
Sector 511
O3FEOH O3FEOH
O03FDFH
Sector 510
03FCOH 03FCOH
O03FBFH
Sector 509
03FAOH 03FAOH
03F9FH
Sector 508
I I I
I I I
ROM | | | Flash
Address | | | Sector
I I I Address
I I I
I I I
I I I
I I I
| | |
Sector 2
00040H 00040H
0003FH
Sector 1
00020H 00020H
0001FH
Sector 0
00000H 00000H
—>
32bytes
801FH
oS on [t Flash age cuter CagelSecn
(External Data Memory, 32bytes)
only 8000H Address
FSADRH/M/L
Flash Controller FIDR
FMCR
NOTES:
1. The Flash memory doesn’t support byte erase mode.
2. The Flash shouldn’t be entered in erase/write mode during Data Flash program.
3. The Flash shouldn’t be entered in erase/write mode during Data Flash program.
So before the Flash program start, the data Flash busy bit (DFMBUSY) should be checked whether
the bit is “1b”or not. If the bit is “1b”, do not start Flash program.

Figure 84. Flash Program ROM Structure
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19.2 Register map

Table 29. Flash Memory Register Map

Name Address Direction Default Description

FSADRH FAH R/W 00H Flash Sector Address High Register
FSADRM FBH R/W OOH Flash Sector Address Middle Register
FSADRL FCH R/W O0OH Flash Sector Address Low Register
FIDR FDH R/W OOH Flash Identification Register

FMCR FEH R/W OOH Flash Mode Control Register

19.3  Register description

FSADRH (Flash Sector Address High Register): FAH

7 6 5 4 3 2 1 0
. - [ - [ - [ - | FSADRH3 | FSADRH2 | FSADRH1 | FSADRHO
Z _ - - RIW RIW RIW RIW

Initial value: 00H
FSADRH[3:0] Flash Sector Address High

FSADRM (Flash Sector Address Middle Register): FBH

7 6 5 4 3 2 1 0
| FSADRM7 | FSADRM6 | FSADRM5 | FSADRM4 | FSADRM3 | FSADRM2 | FSADRM1 | FSADRMO
RIW RIW RIW R/W RIW RIW R/W RIW

Initial value: O0OH
FSADRM[7:0] Flash Sector Address Middle

FSADRL (Flash Sector Address Low Register): FCH

7 6 5 4 3 2 1
| FsADRL7 | FSADRL6 | FSADRL5 | FSADRL4 | FSADRL3 | FSADRL2 | FSADRL1 | FSADRLO
R/W R/W R/W RIW RIW RIW RIW R/W

Initial value: OOH
FSADRL[7:0] Flash Sector Address Low

FIDR (Flash Identification Register): FDH

7 6 5 4 3 2 1 0
| FDR7 | FIDR6 | FIDR5 | FIDR4 FIDR3 FIDR2 FIDR1 FIDRO
R/W R/W R/W R/W R/W R/W R/W R/W
Initial value: O0OH
FIDR[7:0] Flash Identification
Others No identification value
10100101 Identification value for a Flash mode

(These bits are automatically cleared to logic ‘O0H’ immediately after
one time operation except “Flash page buffer reset mode”)
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FMCR (Flash Mode Control Register): FEH

19. Flash memory

7 6 5 4 3 2 1 0
| FmBUSY | - | - | - | - FMCR2 FMCR1 FMCRO
R - - - - R/W R/W R/W
Initial value: 00H
FMBUSY Flash Mode Busy Bit. This bit will be used for only debugger.
0 No effect when “1” is written
1 Busy
FMCRJ[2:0] Flash Mode Control Bits. During a Flash mode operation, the CPU is hold
and the global interrupt is on disable state regardless of the IE.7 (EA) bit.
FMCR2 FMCR1 FMCRO Description
0 0 1 Select Flash page buffer reset mode
and start regardless of the FIDR
value (Clear all 32bytes to ‘0’)
0 1 0 Select Flash sector erase mode and
start operation when the
FIDR="10100101b’
0 1 1 Select Flash sector write mode and
start operation when the
FIDR="10100101b’
1 0 0 Select Flash hard lock and
start operation when the
FIDR="10100101b’
Others Values: No operation
(These bits are automatically cleared to logic ‘O0H’ immediately after one
time operation)
19.4  Serial In-System Program (ISP) mode

Serial in-system program uses the interface of debugger which uses two wires. Refer to Chapter 24.

Development tools in details about debugger.
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19.5

Protection area (User Program mode)
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A user can program Flash memory (protection area) of A96L414/A96L416. The protection area cannot

be erased or programmed if any protection area is enabled by the configure option 2. If the protection

area is disabled (PAEN ='0’), this area can be erased or programmed.

The user can choose size of protection area can by using configure option 2. For more information

about configure option 2, please refer to Appendix A. Configure option.

Table 30 and Table 31 introduce protection area size and relative information.

Table 30. Protection Area Size and its Relative Information on A96L414

Protection area size select Size of protection area Address of protection area
PASS2 PASS1 PASSO0

0 0 0 0.7Kbytes 0100H - 03FFH

0 0 1 1.7Kbytes 0100H - 07FFH

0 1 0 2.7Kbytes 0100H - OBFFH

0 1 1 3.8Kbytes 0100H - OFFFH

1 0 0 5.7Kbytes 0100H - 17FFH

1 0 1 6.7Kbytes 0100H - 1BFFH

1 1 0 7.2Kbytes 0100H - 1DFFH

1 1 1 7.5Kbytes 0100H - 1EFFH

NOTE: Please refer to Appendix A. Configure option.

Table 31. Protection Area Size and its Relative Information on A96L416

Protection area size select Size of protection area Address of protection area
PASS2 PASS1 PASSO0

0 0 0 0.7Kbytes 0100H - 03FFH

0 0 1 1.7Kbytes 0100H - 07FFH

0 1 0 2.7Kbytes 0100H - OBFFH

0 1 1 3.8Kbytes 0100H - OFFFH

1 0 0 13.7Kbytes 0100H - 37FFH

1 0 1 14.7Kbytes 0100H - 3BFFH

1 1 0 15.2Kbytes 0100H - 3DFFH

1 1 1 15.5Kbytes 0100H - 3EFFH

NOTE: Please refer to Appendix A. Configure option.
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19.6

Erase mode

The sector erase program procedure in user program mode:

1.

2.

6.

7.

NOTE: Please refer to a subsection 19.8 Protection for invalid erase/write.

Page buffer clear (FMCR=0x01).

Write ‘0’ to the page buffer.

Set Flash sector address register (FSADRH/FSADRM/FSADRL).
Set Flash identification register (FIDR).

Check User ID to prevent invalid workNOTE,

Set Flash mode control register (FMCR).

Erase verify
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Figure 85 shows example program tip regarding sector erase.

MOV FMCR, #0x01 ;page buffer clear

NOP ;Dummy instruction, This instruction must be needed.
NOP ;Dummy instruction, This instruction must be needed.
NOP ;Dummy instruction, This instruction must be needed.

MOV A, #0

MOV RO, #SectorSize ;Sector size of Device
MOV DPH, #0x80 ;Page Buffer Address is 8000H
MOV DPL, #0

Pgbuf clr:
MOVX @DPTR, A
INC DPTR
DJNZ RO, Pgbuf clr ;Write ‘0’ to all page buffer

MOV FSADRH, #SAH ;Sector Address High Byte.
MOV FSADRM, #SAM ;Sector Address Middle Byte
MOV FSADRL, #SAL ;Sector Address Low Byte
MOV FIDR, #0xA5 ;Identification value

MOV A, #ID DATA 1 ;Check the UserID(written by user)

CJINE A,UserIDl,No WriteErase;This routine for UserID must be needed.
MOV A, #ID DATA 2

CJINE A,UserID2,No WriteErase

MOV FMCR, #0x02 ;Start Flash erase mode

NOP ;Dummy instruction, This instruction must be needed.
NOP ;Dummy instruction, This instruction must be needed.
NOP ;Dummy instruction, This instruction must be needed.

LJMP Erase verify
No WriteErase:

MOV FIDR, #00H

MOV UserID1, #00H

MOV UserID2, #00H

Erase verify:

Verify error:

Figure 85. Program Tip: Sector Erase
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19.7

Write mode

The sector Write program procedure in user program mode:

1.

Page buffer clear (FMCR=0x01)

2. Write data to page buffer

3. Set Flash sector address register (FSADRH/FSADRM/FSADRL).
4. Set Flash identification register (FIDR).

5. Check the UserlID for to prevent the invalid work NOTE1,

6. Set Flash mode control register (FMCR).

7. Write verify

NOTES

1. Please refer to “19.8. Protection for Invalid Erase/Write”.

2. All data of the sector should be “00H” before writing data to a sector.
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Figure 86 shows example program tip regarding sector write.

MOV FMCR, #0x01 ;page buffer clear

NOP ;Dummy instruction, This instruction must be needed.
NOP ;Dummy instruction, This instruction must be needed.
NOP ;Dummy instruction, This instruction must be needed.

MOV A, #0

MOV RO, #SectorSize ;Sector size of Device
MOV DPH, #0x80 ;Page Buffer Address is 8000H
MOV DPL, #0

Pgbuf WR: MOVX @DPTR, A
INC A
INC DPTR
DJNZ RO, Pgbuf WR ;Write data to all page buffer

MOV FSADRH, #SAH ;Sector Address High Byte.
MOV FSADRM, #SAM ;Sector Address Middle Byte
MOV FSADRL, #SAL  ;Sector Address Low Byte
MOV FIDR, #0xA5 ;Identification value

MOV A,#ID_DATA_l ;Check the UserID(written by user)

CJINE A,UserIDl,No WriteErase;This routine for UserID must be needed.
MOV A, #ID DATA 2

CJINE A,UserID2,No WriteErase

MOV FMCR, #0x03 ;Start Flash write mode

NOP ;Dummy instruction, This instruction must be needed.
NOP ;Dummy instruction, This instruction must be needed.
NOP ;Dummy instruction, This instruction must be needed.

LIJMP Write verify
No WriteErase:

MOV FIDR, #00H

MOV UserID1, #00H

MOV UserID2, #00H
Write verify:

Verify error:

Figure 86. Program Tip: Sector Write

162 \BO\

SEMICONDUCTOR



A96L414/A96L.416 User's manual

The Byte Write program procedure in user program mode:

1.

Page buffer clear (FMCR=0x01)

2. Write data to page buffer

3. Set Flash sector address register (FSADRH/FSADRM/FSADRL).
4. Set Flash identification register (FIDR).

5. Check the UserlID for to prevent the invalid work NOTE1,

6. Set Flash mode control register (FMCR).

7. Write verify

NOTES:

1. Please refer to “19.8. Protection for invalid erase/write”.

2. Data of the address should be “00H” before writing data to an address.
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Figure 87 shows example program tip regarding byte write.
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MOV
NOP
NOP
NOP

MOV
MOV
MOV
MOVX

MOV
MOV
MOV
MOVX

MOV
MOV
MOV
MOV

MOV
CJINE
MOV
CJINE

MOV
NOP
NOP
NOP

LJMP

MOV

MOV
MOV

FMCR, #0x01

;page buffer clear

;Dummy instruction, This
;Dummy instruction, This
;Dummy instruction, This

A, #5

DPH, #0x80
DPL, #0
@DPTR, A

A, #6

DPH, #0x80
DPL, #0x05
@DPTR, A

FSADRH, #SAH
FSADRM, #SAM
FSADRL, #SAL
FIDR, #0xA5

A, #ID DATA 1

;Sector Address
; Sector Address
; Sector Address
;Identification

;Write data

;Write data

instruction must be needed.
instruction must be needed.
instruction must be needed.

to page buffer

to page buffer

High Byte.
Middle Byte
Low Byte
value

;Check the UserID(written by user)

A,UserIDl,No WriteErase;This routine for UserID must be needed.

A, #ID DATA 2

A,UserID2,No WriteErase

FMCR, #0x03

Write verify

No WriteErase:

FIDR, #00H

UserIDl, #00H
UserID2, #00H

Write verify:

Verify error:

;Start Flash write
;Dummy instruction,
;Dummy instruction,
;Dummy instruction,

mode

This instruction must be needed.
This instruction must be needed.
This instruction must be needed.
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Figure 87. Program Tip: Byte Write
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19.8 Protection for invalid erase/ write

19. Flash memory

It needs to be careful when programming Flash erase/write operation in code. In addition, it needs

preparations for invalid jump to the Flash erase/write code occurred by malfunction, noise, and power

off.

NOTE: For more information about the invalid erase and write operation, please refer to Appendix: Flash

protection for invalid erase/write.

Following procedure instructs to protect for invalid erase and write operation:

1. User

ID check routine for the Flash erase/write code

ErWt rtn
MOV
MOV
CJINE
MOV
CJINE
MOV
CJINE
MOV

FIDR, #10100101B ;ID Code

A, #ID DATA 1 ;Ex) ID DATA 1: 93H, ID DATA 2: 85H, ID DATA 3: 5AH

A,UserIDl,No WriteErase

A, #ID DATA 2

A,UserID2,No WriteErase

A, #ID DATA 3

A,UserID3,No WriteErase

FMCR, #0x7?7? ;0x03 if write, 0x02 if erase

No WriteErase:

MOV
MOV
MOV
MOV
MOV
RET

FIDR, #00H
UserID1, #00H
UserID2, #00H
UserID3, #00H
Flash flag, #00H

Figure 88. User ID Check Routine for Flash Erase/ Write Code

With codes in Figure 88 invalid Flash erase/write can be avoided.
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It is important the location where the UserlD1/2/3 will be written. The invalid Flash erase/write
problem will remain if the UserlD1/2/3 is written at the above line of the instruction “MOV
FIDR,#10100101B”. Therefore, it is recommended to write the UserlD1/2/3 in different routine

after returning.

Figure 89 shows example code regarding the recommendation.

Decide ErWt:

MOV Flash flagl, #38H ;Random value for example, 1in case of
erase/write needs

MOV FSADRL, #20H ;Here 20H is example,

MoV Flash flag2,#75H

RET

166

Figure 89. Example Code regarding the Recommendation

The Flash sector address (FSADRH/FSADRM/FSADRL) must always keep the address of the
Flash which is used for data area. For example, The FSADRH/FSADRM is always 0x00/0x0f”
if 0x0f00 to OxOfff is used for data.
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4. Overview of main

CALL Workl

CALL Decide ErWt
CALL Work2

CALL 1ID write
CALL Work3

CALL Flash erase
CALL Flash write

ID wire:
MOV A, #38H
CIJNE A,Flash flagl,No write ID
MOV A, #75H
CIJNE A,Flash flag2,No write ID
MOV UserIDl,#ID DATA 1 ;Write Uiser ID1
MOV A, #38H
CIJNE A,Flash flagl,No write ID
MOV A, #75H
CIJNE A,Flash flag2,No write ID
MOV UserID2,#ID DATA 2 ;Write Uiser ID2
MOV A, #38H
CIJNE A,Flash flagl,No write ID
MOV A, #75H
CIJNE A,Flash flag2,No write ID
MOV UserID3,#ID DATA 3 ;Write Uiser ID3
RET

No write ID:
MOV UserIDl, #00H
MOV UserID2, #00H
MOV UserID3, #00H
RET

Figure 90. Overview of Main
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19.8.1

Protection flow of invalid erase/ write

A96L414/A96L.416 User’'s manual

C

Start

D

A

Work1

Decide to write/erase
on flash

Set Flags

Check th

UserlD

e flag for

Write UserlD1/2/3

Check the

write/erase flash

UserlD for

Write/Erase Flash

A

Y

Clear the Flag
Clear UserID1/2/3

Figure 91. Protection Flow of Invalid Erase/ Write
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19.9 Read mode

19. Flash memory

The Reading program procedure in user program mode is shown in the followings:

e Load received data from Flash memory on MOVC instruction by indirectly addressing mode.

MOV
MOV
MOV

MOVC

A, #0
DPH, #0x0F
DPL, #0xA0

A, @QA+DPTR

;Flash memory address

;read data from Flash memory

Figure 92. Program Tip: Reading

19.10 Code write protection mode

The code write protection program procedure in user program mode:

1. Set Flash identification register (FIDR).

2. Check the UserlID for to prevent the invalid work NOTE,

3. Set Flash mode control register (FMCR).

NOTE: Please refer to 19.8 Protection for Invalid Erase/Write.

MOV

MOV
CJINE
needed.
MOV
CJINE

MOV
NOP
NOP
NOP

FIDR, #0xA5

A, #ID DATA 1

A,UserIDl,No WriteErase

A, #ID DATA 2

;Identification value

;Check the UserID(written by user)

A,UserID2,No WriteErase

FMCR, #0x04

No WriteErase:

MOV
MOV
MOV

FIDR, #00H
UserIDl1, #00H
UserID2, #00H

;Start Flash Code Write Protection mode

;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.

;This routine for UserID must be
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Figure 93. Program Tip: Code Write Protection
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20 Data Flash memory

The A96L414/A96L416 includes Data Flash memory of 256bytes. It can be written, erased, and

overwritten. The Data Flash memory can be read by ‘MOVX' instruction.
e Data Flash Size: 256bytes
e Single power supply program and erase

e Command interface for fast program and erase operation

Up to 100,000 program/erase cycles at typical voltage and temperature for memory

The write/erase cycles of the internal Data Flash can be increased significantly if it is divided into smaller
and used in turn. If 256bytes are divided into 8 areas with 32bytes and the each area from 1st to 8th is

used up to 100,000 cycles, the total erase/write is for 800,000 cycles.
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Figure 94 describes the relationship between Data Flash page buffer, Data Flash controller, and Data

Flash sector addresses.

Sector 7
30EOH
Sector 6
30COH
Data Flash
Sector
Address
3080H
Sector 3
3060H
Sector 2
3040H
Sector 1
3020H
Sector O /
3000H
—>
32byte
701FH
Acce§ sed by Data flash Page Buffer Page(Sector)
MOVX instruction Buffer
(External Data Memory, 32byte)
only 7000H Address
DFSADRH/L
Data Flash Controller DFIDR
DFMCR
NOTES:
1. The data Flash memory doesn’t support byte erase mode.
2. The data Flash is in extended data memory area.
3. Ifldle and Stop are executed on data Flash erase/write, the erase/write is forcibly terminated. So before
entering Idle and Stop mode, the data Flash busy bit (DFMBUSY) should be checked whether the bit is
“1b” or not. If the bit is “1b”, do not enter Idle and Stop mode.

Figure 94. Data Flash Structure
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20.1  Register map

Table 32. Data Flash Register Map

Name Address Direction Default Description

DFSADRH F3H R/W OOH Data Flash Sector Address High Register
DFSADRL F2H R/W OOH Data Flash Sector Address Low Register
DFIDR F4H R/W O0OH Data Flash Identification Register
DFMCR F5H R/W 00H Data Flash Mode Control Register

20.2 Register description: Data Flash control and status

DFSADRH (Data Flash Sector Address High Register): F3H

7 6 5 4 3 2 1 0
| DFsADRH7 | DFSADRH6 | DFSADRH5 | DFSADRH4 | DFSADRH3 | DFsADRH2 | DFSADRHL | DFSADRHO
RW RW RW RW RW RW RW RW

Initial value: 0O0OH
DFSADRH][7:0] Data Flash Sector Address High

DFSADRL (Data Flash Sector Address Low Register): F2H

7 6 5 4 3 2 1 0
| DFSADRL7 | DFSADRL6 | DFSADRLS | =] - | - - =
R RW RW - _ _ _ _

Initial value: O0OH
DFSADRL][7:5] Data Flash Sector Address Low

DFIDR (Data Flash Identification Register): F4H

7 6 5 4 3 2 1 0
| pFbr7 | DFDR6 | DFIDRS | DFIDR4 | DFIDR3 DFIDR2 DFIDR1 DFIDRO
RW RAW RAW RW RAW RAW RAW RW
Initial value: 00H
DFIDR[7:0] Data Flash Identification
Others No identification value

01101001 Identification value for a Data Flash mode
(These bits are automatically cleared to logic ‘00H’ immediately after
one time operation except “Data Flash page buffer reset mode”)
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DFMCR (Data Flash Mode Control Register): F5H

20. Data Flash memory

7 6 5 4 3 2 1 0
| pAvBUSY | - | - | - | - DFMCR2 | DFMCR1 | DFMCRO
R - - - - RW RW RW
Initial value: 00H
DFMBUSY Data Flash busy bit.
0 No effect when “1” is written
1 Busy
DFMCR[2:0] Data Flash Mode Control Bits

\BO\
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DFMCR2 DFMCR1

0 0 1
0 1 0
1 0 0
1 1 0

Others Values: No operation

DFMCRO Description

Select Data Flash page buffer reset
mode and start regardless of the
DFIDR value.(Clear all 16bytes to
0

Select Data Flash sector erase
mode and start operation when the
DFIDR="01101001b”

Select Data Flash sector write mode
and start operation when the
DFIDR="01101001b”

Select Data Flash bulk erase mode
and start operation when the
DFIDR="01101001b”

(Automatically cleared to logic ‘00H’ immediately after one time operation)
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20.3 Erase mode
The sector erase program procedure in user program mode:
1. Page buffer clear (DFMCR=0x01)
2.  Write ‘0’ to page buffer
3. Set Data Flash sector address register (DFSADRH/DFSADRL).
4. Set Data Flash identification register (DFIDR).
5. Check the UserlID for to prevent the invalid workNOTE,
6. Set Data Flash mode control register (DFMCR).

7. Erase verify

NOTE: Please refer to 19.8 Protection for Invalid Erase/Write.
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20. Data Flash memory

ANL
MOV
NOP
NOP
NOP

MOV
MOV
MOV
MOV

EO, #0xF8 ;Set DPTRO

DFMCR, #0x01  ;page buffer clear
;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.

A, #0

RO, #DF_SectorSize ;Sector size of Data Flash
DPH, #0x70 ;Page Buffer Address is 7000H
DPL, #0

DF Pgbuf clr:

MOVX
INC
DJINZ

MOV
MOV
MOV

MOV
CJINE
MOV
CJNE

MOV
NOP
NOP
NOP

LJMP

@DPTR, A

DPTR

RO, DF_Pgbuf clr ;Write ‘0’ to all page buffer
DFSADRH, #SAH ;Sector Address High Byte.
DFSADRL, #SAL ;Sector Address Low Byte

DFIDR, #0x69 ;Identification value

A, #DF ID DATA 1 ;Check the UserID(written by user)

A,DF UserIDl,No DFWriteErase;This routine for UserID must be needed.

A, #DF_ID DATA 2
A,DF UserID2,No DFWriteErase

DFMCR, #0x02 ;Start Data Flash erase mode
;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.

DF Erase verify

No DFWriteErase:

MOV
MOV
MOV

DFIDR, #00H
DF UserIDl, #00H
DF UserID2, #00H

DF Erase verify:

MOV
JNB

A, DFMCR
ACC.7,DF Erase verify

DF Verify error:
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Figure 95. Program Tip: Sector Erase
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204  Write mode
The sector Write program procedure in user program mode
1. Page buffer clear (DFMCR=0x01)
2. Write data to page buffer
3. Set Data Flash sector address register (DFSADRH/DFSADRL).
4. Set Data Flash identification register (DFIDR).
5. Check the UserID for to prevent the invalid work NOTE,
6. Set Data Flash mode control register (DFMCR).

7. Write verify

NOTE: Data of the address must be “00H” before writing data to an address.
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20. Data Flash memory

ANL
MOV
NOP
NOP
NOP

MOV
MOV
MOV
MOV

EO, #0xF8 ;Set DPTRO

DFMCR, #0x01  ;page buffer clear
;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.

A, #0

RO, #DF_SectorSize ;Sector size of DATA FLASH
DPH, #0x70 ;Page Buffer Address is 7000H
DPL, #0

DF _Pgbuf WR:

MOVX
INC
INC
DJINZ

MOV
MOV
MOV

MOV
CJINE
MOV
CJNE

MOV
NOP
NOP
NOP

LJMP

@DPTR, A

A

DPTR

RO, DF_Pgbuf WR ;Write data to all page buffer
DFSADRH, #SAH ;Sector Address High Byte.
DFSADRL, #SAL ;Sector Address Low Byte

DFIDR, #0x69 ;Identification value

A, #DF_ID DATA 1 ; Check the UserID(written by user)

A,DF UserIDl,No DFWriteErase;This routine for UserID must be needed.

A, #DF_ID DATA 2
A,DF UserID2,No DFWriteErase

DFMCR, #0x04 ;Start DATA FLASH write mode
;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.

DF Write verify

No DFWriteErase:

MOV
MOV
MOV

DFIDR, #00H
DF UserIDl, #00H
DF UserID2, #00H

DF Write verify:

MOV
JNB

A, DFMCR
ACC.7,DF Write verify

DF Verify error:
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Figure 96. Program Tip: Sector Write

177



20. Data Flash memory A96L.414/A96L416 User's manual

The Byte Write program procedure in user program mode
1. Page buffer clear (DFMCR=0x01)
2. Write data to page buffer
3. Set Data Flash sector address register (DFSADRH/DFSADRL).
4. Set Data Flash identification register (DFIDR).
5. Check the UserID for to prevent the invalid work NOTE,
6. Set Data Flash mode control register (DFMCR).

7. Write verify

NOTE: Data of the address must be “00H” before writing data to an address.
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ANL EO, #0xF8 ;Set DPTRO

MOV DFMCR, #0x01 ;page buffer clear

NOP ;Dummy instruction, This instruction must be needed.
NOP ;Dummy instruction, This instruction must be needed.
NOP ;Dummy instruction, This instruction must be needed.

MOV A, #5

MOV DPH, #0x70

MOV DPL, #0

MOVX @DPTR, A ;Write data to page buffer

MOV A, #6

MOV DPH, #0x70

MOV DPL, #0x05

MOVX @DPTR, A ;Write data to page buffer

MOV DFSADRH, #SAH ;Sector Address High Byte.
MOV DFSADRL, #SAL ;Sector Address Low Byte
MOV DFIDR, #0x69 ;Identification value

MOV A, #DF ID DATA 1 ;Check the UserID(written by user)

CJINE A,DF UserIDl,No DFWriteErase;This routine for UserID must be needed.
MOV A, #DF ID DATA 2

CJINE A,DF UserID2,No DFWriteErase

MOV DFMCR, #0x04 ;Start DATA FLASH write mode

NOP ;Dummy instruction, This instruction must be needed.
NOP ;Dummy instruction, This instruction must be needed.
NOP ;Dummy instruction, This instruction must be needed.

LJMP DF Write verify
No DFWriteErase:
MOV DFIDR, #00H
MOV DF UserIDl, #00H
MOV DF UserID2, #00H
DF Write verify:
MOV A, DFMCR
JNB ACC.7,DF Write verify

DF Verify error:

Figure 97. Program Tip: Byte Write
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20.5 Read mode

The Reading program procedure in user program mode

* Load the received data from Data Flash memory on MOVX instruction by indirectly addressing

mode.

MOV DPH, #0x30
MOV DPL, #0x10 ;Data Flash memory address

MOVX A, @DPTR ;read data from Data Flash memory

Figure 98. Program Tip: Reading
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21 Electrical characteristics

21. Electrical characteristics

21.1  Absolute maximum ratings
Table 33. Absolute Maximum Ratings
Parameter Symbol Rating Unit Remark
Supply voltage VDD -0.3~+4.0 V -
Normal  voltage | VI -0.3 ~VDD+0.3 V Voltage on any pin with respect to
Pin VO -0.3 ~vVDD+0.3 \Y% VSS
IOH -20 mA Maximum current output sourced by
(lon per 1/O pin)
>IOH -80 mA Maximum current (X lo)
IOL 60 mA Maximum current sunk by (lo. per
I/O pin)
>I0L 120 mA Maximum current (ZloL)
Constant sink pin | IOL 390 mA Maximum current sink by ICS0 and
ICS1
Total power | PT 600 mW -
dissipation
Storage TSTG -65 ~ +150 °C -
temperature

Caution: 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.

21.2

Operating conditions

The device must be used in operating conditions that comply with the parameters in Table 34.

Table 34. Recommended Operating Conditions

(TA=-40°C to +85°C)

Parameter Symbol | Conditions Min. Typ. Max. Unit
Operating voltage VDD fx=0.5 to 4.0MHz, 2.0 — 3.6 \%
HFIRC
fx=32KHz, LFIRC 2.0 — 3.6
Operating temperature Torr VDD=2.0 to 3.6V -40 — 85 °C
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21.3 ADC characteristics

Table 35. ADC Characteristics
Ta=-40°C to +85°C, VDD=2.0V to 3.6V, VSS=0V)

Parameter Symbol | Conditions Min. Typ. Max. Unit
Resolution - - - 10 - bit
Integral linear error ILE AVREF=22Vto 3.6V |- - +3 LSB
Differential linearity error | DLE fancck=2MHz - - 11
Top offset error TOE - - 15
Zero offset error ZOE - - 5
Conversion time tcon AVREF=22Vto 3.6V | 14 - - us
Analog input voltage VaN - VSS - VDD \Y%
Sample/ hold time tsH - 3 - - us
Band gap reference | Vsgr Ta=+25°C -3 0.92 +3 %
voltage
A/DC input leakage | IAN VDD=3V - - 2 uA
current
A/DC current lanc Enable vDD=3V | - 200 350 uA
Disable - - 0.1 uA
NOTES:
1. Zero offset error is the difference between 0000000000 and the converted output for zero input voltage
2. il"\ééiozfs)et error is the difference between 1111111111 and the converted output for top input voltage

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

21.4 LDO characteristics

Table 36. LDO Characteristics
(Ta=-40°C to +85°C, VDD=2.7V to 3.6V, VSS=0V)

Parameter Symbol | Conditions Min. Typ. Max. Unit

Supply voltage VDD - 2.6 - 3.6 \%

Output voltage V1Do23 Ta=+25°C 2.24 2.32 2.40 \%

LDO output current ILDO23 VDD=3V, CL=0.1uF, 2 - - mA

Stabilization time tsta Ta=+25°C - - 100 us

LDO block current ILoo Enable | VDD=3V, - 30 50 uA
Disable | No load - - 0.1
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21.5 Power on Reset

Table 37. Power on Reset Characteristics
(Ta=-40°C to +85°C, VDD=2.0V to 3.6V, VSS=0V

21. Electrical characteristics

Parameter

Symbol

Conditions

Min.

Typ.

Max.

Unit

RESET release level

VPoRrR

1.4

\

VDD voltage rising time

R

0.2V to 2.0V

0.05

100

V/ms

POR current

IPor

0.2

uA

Voltage
A

VDD

Low Limit: 2.0V

/

AN

/

LVR = 1.60V

POR(R)=1.4V

W’case of LVR Disable by sm

POR(F)=1.2V

Internal nPOR

LVR RESETB

Internal RESETB |

Time

Figure 99. Power-On Reset Timing

21.6 Low voltage reset characteristics

Table 38. LVR Characteristics
(Ta=-40°C to +85°C, VDD=2.0V V to 3.6V, VSS=0V)

Parameter Symbol | Conditions Min. Typ. Max. | Unit
Detection level ViR The LVR can select all levels. - 1.60 1.89 \%

2.05 2.20 2.35

2.20 240 2.60

2.45 2.70 2.95
Hysteresis AV - - 10 100 mV
Minimum pulse | tw - 100 - - us
width
LVR current ILvR Enable VDD= 3V - 0.8 1.6 uA

Disable - - 0.1
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21.7  Operational amplifier 0/1 characteristics

Table 39. Operational Amplifier 0/1 Characteristic
(TA=-40°C to +85°C, VDD=2.2V to 3.6V, VSS=0V)

Parameter Symbol | Conditions Min. Typ. Max. Unit

Input offset voltage Vor VDD=3.0V - +10 +100 uVv

Input offset current lor VDD=3.0V, VCM=0V - 15 50 pA

Common-mode CMRR VDD=3.0V, DC 80 100 - dB

rejection ratio VCM=0V to VDD-1.2V

Power supply rejection | PSRR VDD=3.0V 80 100 -

ration

Open loop voltage gain | — VDD=3.0V 100 120 - dB

Gain error ERR VDD=3.0V, VIN = 0.1V, x10 - - 1 %
VIN<(Input x Gain)

Input  Common-mode | ViN VDD=3.0V 0 - VDD-1.2 |V

voltage range

Output voltage range Vo VDD=3.0V, RL=10kQ VSS+0.1 | - VvDD-0.1 | V

Output short circuit | ISCH VDD=3.0V, Absolute - 9 - mA

current ISCL - 12 —

Gain bandwidth fes VDD=3.0V 1 2 - MHz

Voltage follower pulse | Tar VDD=3.0V, Small Signal - 5 10 us

response

OP-AMP  0/1  total | lamp Enable VvDD=3.0V, | - 150 220 uA

current Disable No Load - - 0.1

Enable time of AMPO0/1 ton VDD=3.0V, Gain=x20/x30, - - 150 us
RL=10KQ with 50pF

Input noise voltage | eni Input Referred f=1Hz - 0.1 - uV/rtHz

density Input Referred f=1KHz - 50 - nV/rtHz

Slew rate Sr VDD=3.0V, - 0.7 - Vl/us
RL=10K, CL=50pF

Phase margin Pwm VDD=3.0V, - 60 - Degrees
RL=10K, CL=50pF

Chopping clock ferop - 125 - 167 kHz
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21.8 High frequency internal RC oscillator characteristics
Table 40. High Frequency Internal RC Oscillator Characteristics
(Ta=-40°C to +85°C, VDD=2.0V to 3.6V, VSS=0V)
Parameter Symbol | Conditions Min. Typ. Max. Unit
Frequency frrire VDD=3.0V - 4 - MHz
Tolerance - Ta = -10°C to +50°C, with | - - 1.0 %
user (S/W) trim.
Ta=-10°C to +50°C 12
Ta =-40°C to +85°C 3.0
Clock duty ratio Tob - 40 50 60 %
Stabilization time Trs - - - 4 us

21.9 Low frequency internal RC oscillator characteristics
Table 41. Low Frequency Internal RC Oscillator Characteristics
(Ta=-40°C to +85°C, VDD=2.0V to 3.6V, VSS=0V)

Parameter Symbol | Conditions Min. Typ. Max. Unit
Frequency fLrIre VDD=2.0V - 3.6V - 32 - kHz
Tolerance - Ta=-40°Cto | With 0.1uF - - 10 %

+85°C bypass

capacitor

Clock duty ratio Tob - 40 50 60 %
Stabilization time Trs - - - 120 us
LFIRC current ILFIRC Enable VDD=3V - 1 - uA

Disable - - 0.1

21.10 Internal Watchdog Timer RC oscillator characteristics
Table 42. Internal WDTRC Oscillator Characteristics
(TA=-40°C to +85°C, VDD=2.0V to 3.6V, VSS=0V)

Parameter Symbol | Conditions Min. Typ. Max. Unit
Frequency fwbTre - 0.5 1 2 kHz
Stabilization time twots - - - 1 ms
WDTRC current IwbTre Enable - 1 - uA

Disable - - 0.1
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21.11 DC characteristics

Table 43. DC Characteristics
(Ta=-40°C to +85°C, VDD=2.0V to 3.6V, VSS=0V, furirc=4MHz)

Parameter Symbol Conditions Min. Typ. Max. Unit
Input high voltage ViH1 All input pins except VIH2, | 0.8VDD - VDD \Y,
RESETB
Vin2 P02-P05 0.7vDD - VDD
Input low voltage Vi1 All input pins except VIL2, | - - 0.2vDD |V
RESETB
Vi P02-P05 - - 0.3vDD
Output high voltage | Vo VDD=3V, All output ports, IOH = | VDD-1.0 | - - \Y,
—-4mA
Output low voltage VoL VDD=3V, IOL = 6mA - - 1.0 \Y,
Input high leakage | lin All output ports - - 1.0 uA
current
Input low leakage | I All output ports -1.0 - - uA
current
Pull-up resistor Rpu1 VI=0V, VDD=3.0V 25 50 100 kQ
Ta=25°C,
All Input ports
Reu2 VI=0V, VDD=3.0V 100 200 400 kQ
Ta=25°C,
RESETB
Supply current Ipp1 furirc = 4MHz | VDD=3V+10% | - 400 600 uA
(RUN) furire = 2MHZz - 240 360
furire = 1MHz - 170 250
Iob2 furirc = 4MHz | VDD=3V+10% | — 100 150 uA
(IDLE) furire = 2MHZz - 90 135
furire = 1MHz - 75 110
Iops VDD=3V, firrc=32kHz, TA=25°C | - 40 65 UuA
(RUN)
Ibp4 VDD=3V, fLrirc=32kHz, TA=25°C | — 2 5 uA
(IDLE)
Iops STOP, VDD= 3V+10%, Ta=25°C | — 0.5 3.0 uA
STOP, VDD= 3V+10%, Ta=| - 1.5 4.0
25°C, LFIRC on

NOTES:
1. Where the furirc is a high frequency internal RC oscillator and the fLrirc is a low frequency.
2. All supply current items don’t include the current of an internal Watch-dog timer RC (WDTRC) oscillator
and a peripheral block.
3. All supply current include the current of the power-on reset (POR) block.
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21.12 Constant sink current electrical characteristics

Table 44, Constant Sink Current Electrical Characteristics
(Ta=-40°C to +85°C, VDD=2.2V to 3.6V, VSS=0V)

21. Electrical characteristics

Parameter | Symbol | Conditions Min. Typ. Max. | Unit
Constant Ics VDD=3V ICSDR[3:0] =0 -7% 49 +7% | mA
sink current Vics=1.5V ICSDR[3:0] = 1 7% 65 +7%
Ta=25°C ICSDR[3:0] = 2 7% 80 +7%
ICSDR[3:0] =3 7% 96 +7%
ICSDR[3:0] = 4 7% 111 +7%
ICSDR[3:0] =5 7% 127 +7%
ICSDR[3:0] = 6 7% 142 +7%
ICSDR[3:0] =7 -7% 158 +7%
ICSDR[3:0] = 8 7% 173 +7%
ICSDR[3:0] =9 7% 188 +7%
ICSDR[3:0] = 10 -7% 203 +7%
ICSDR[3:0] = 11 7% 218 +7%
ICSDR[3:0] = 12 7% 232 +7%
ICSDR[3:0]=13 | -7% 246 +7%
ICSDR[3:0] = 14 7% 260 +7%
ICSDR[3:0]=15 | -7% 274 +7%
VDD=3V ICSDR[3:0] = n -15% | Typ. +15%
Vies=1V t0 2.0V n:0to 15
VDD=2.7V to 3.6V ICSDR[3:0] = n -20% | Typ. +20%
Vics=1Vto VDD-1.0V | n: 0to 15
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21.13 AC characteristics
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Table 45. AC Characteristics

(Ta=-40°C to +85°C, VDD=2.0V to 3.6V)

NOTE: n =0, 1 and 2.

Parameter Symbol | Conditions Min. Typ. Max. Unit
RESETB input | trsT VDD = 3V 10 - - us
low width
Interrupt  input | twn, twe | All interrupt, VDD = 3V 200 - -
high, low width
External counter | tecwn, ECn, VDD = 3V 200 - -
input high, low | tecw. Where n=0, 1, and 2 ns
pulse width
External counter | trec, trec | ECn, VDD = 3V 20 - -
transition time Where n=0, 1, and 2
Wake-up  from | twuo From HFIRC - - 16 us
idle/stop mode twut From LFIRC - - 1000 us
B twL J L tIWH N
External 0.8vDD
Interrupt
N £ 0.2vDD
B tRST |
RESETB
N £ 0.2vDD
B tECWL | L tECWH R
«— tFEC —>| tREC
ECn 0.8vDD
K + 0.2vDD

188

Figure 100. AC Timing
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21.14 SPI characteristics

Table 46. SPI Characteristics

21. Electrical characteristics

(Ta=-40°C to +85°C, VDD=2.0V to 3.6V)

Parameter

Symbol

Conditions

Min.

Typ.

Max.

Unit

Output

period

clock pulse

Input clock pulse period

tsck

Internal SCK source

1000

External SCK source

1000

Output clock high, low
pulse width

Input clock high, low
pulse width

tsckH

Internal SCK source

400

tsckL

External SCK source

400

First output clock delay

time

trop

Internal/external

source

SCK | 500

Output clock delay time

tbs -

125

Input setup time

tois -

500

Input hold time

toiH -

500

ns

SSs
(Output/Input)

SCK
(CPOL=0)
(Output/Input)

—» tFOD «—

SCK
(CPOL=1)
(Output/Input)

MISO/MOSI
(Data Input)

X

\

tDIS tDIH

SCKH

LSB

MISO/MOSI
(Data Output)

MSB

LSB

\BO\
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21.15 UART timing characteristics
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Table 47. UART Timing Characteristics
(Ta=-40°C to +85°C, VDD=2.0V to 3.6V, fx=1MHz)

Parameter Symbol | Min. Typ. Max. Unit
Serial port clock cycle time tsck 13.92 tcrux 16 | 18.08 us
Output data setup to clock rising edge ts1 6.5 tcrux 13 | -
Clock rising edge to input data valid ts2 - - 6.5
Output data hold after clock rising edge tH1 tcru— 0.1 | teru -
Input data hold after clock rising edge th2 0 - -
Serial port clock High, Low level width tHiGH, 5.5 tcru x 8 10.5
tLow
< tsck Ny
tHicH p tLow .
: 4 N

Figure 102. UART Timing Characteristics

tsck

|
L 4

dos__ |\

aaatan

ts1 1 _" 4_

Data Out \ DO

D1 X D2

X D3

>< D4

.

ts2

tH2—>§ 4—

X Valid

=

Data In

2 0 0 O 2 O

(=)

Figure 103. Timing Waveform of UART Module
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21.16 12C characteristics

Table 48. 12C Characteristics
(Ta=-40°C to +85°C, VDD=2.0V to 3.6V)

Parameter Symbol | Standard Mode High-speed Mode Unit
Min. Max. Min. Max.
Clock frequency toL 0 100 0 400 kHz
Clock high pulse width tscLH 4.0 - 0.6 - us
Clock low pulse width tscLL 4.7 - 1.3 -
Bus free time ter 4.7 - 1.3 -
Start condition setup time tstsu 4.7 - 0.6 -
Start condition hold time tstHD 4.0 - 0.6 -
Stop condition setup time tspsu 4.0 - 0.6 -
Stop condition hold time tspHD 4.0 - 0.6 -
Output valid from clock tvb 0 - 0 -
Data input hold time toiH 0 - 0 1.0
Data input setup time tois 250 - 100 - ns
. tscL
tsCLH  tscLL
—>» €—1tSTSU i« P i€ > —p -€— (DIH —>» €—1{SPsu
- 3 - - X -
SCL \ \ / \ /L <€— {SPHD
SDA / >< ] \
S 7 tBF i
—» «€—{STHD —p <— 1DIS < »
: —> €—tvD
SDA i X ><
Out \ '
— <€— tvD '

Figure 104. Timing Waveform of 12C
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21.17 Data retention voltage in STOP mode

Table 49. Data Retention Voltage in STOP Mode
(TA=-40°C to +85°C, VDD=2.0V to 3.6V)

Parameter Symbol | Conditions Min. | Typ. | Max. | Unit
Data retention supply voltage VbbbRrR - 2.0 - 3.6 V
Data retention supply current Iobpr VDDR = 2.0V - - 1 uA
(Ta= 25°C),
STOP mode
Idle Mode
— Stop Mode =:( (Watchdog Timer Active)
» Normal
Operating Mode
<—Data Retention—»
Voo 1t
T VDDDR
Execution of
STOP Instruction
0.8Vop o
INT Request 7
—P twar [€—

NOTE: twaiT is the same as (the selected bit overflow of BIT) x 1/ (BIT clock)

Figure 105. STOP Mode Release Timing when Initiated by an Interrupt

RESET
Occurs
- ‘l‘ Oscillation
<«—u—— Stop Mode < N Stabillization Time
_ Normal
l«——Data Retention—p| Operating Mode
Voo 1t
Vboor
Execution of
TOP Instructi
RESETB STOP Instruction T
o.2vDD\ | ©SVeo
—Pwar
NOTE: twaiT is the same as (4096 x 4 x 4/furirc) = (16.4 ms at fx=4MHz)

Figure 106. STOP Mode Release Timing when Initiated by RESETB
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21.18 Internal Flash characteristics
Table 50. Internal Flash Characteristics
(Ta= +25°C, VDD=2.0V to 3.6V)
Parameter Symbol | Conditions Min. Typ. Max. Unit
Sector write time trsw - - 2.5 2.7
Sector erase time trse - - 25 2.7 ms
Code write protection time trHL - - 25 2.7
Page buffer reset time trerR - - - 5 us
Flash program Voltage VeGMm On erase/write 2.0 - 3.6 V
System clock frequency fscik - 0.5 - - MHz
Endurance of write/erase Sector erase, 10,000 - -
Nrwe cycles
byte write
21.19 Internal Data Flash characteristics
Table 51. Internal Data Flash Characteristics
(Ta= +25°C, VDD=2.0V to 3.6V)
Parameter Symbol | Conditions Min. Typ. Max. Unit
Sector write time torsw - - 2.5 2.7
Sector erase time torse - - 25 27 me
Page buffer reset time torer - - - 5 us
Data Flash program voltage | Vbrem On erase/write 20 - 3.6 \%
System clock frequency fscik - 0.5 - - MHz
Endurance of write/erase NEwe Sector erase, 100,000 - - cycles
byte write

21.20 Input/output capacitance characteristics
Table 52. I/0 Capacitance Characteristics
(Ta=-40°C to +85°C, VDD=0V)
Parameter Symbol | Conditions Min. Typ. Max. Unit
Input capacitance Cin fx=1MHz
Output capacitance Cour Unmeasured pins are | — - 10 pF
I/0 capacitance Cio connected to VSS.
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21.21 Recommended circuit and layout
This 0.1uF capacitor should be within - .
1cm from the VDD pin of MCU on the VDD VCC
PCB layout. T A
VDD 2 d
— +—T o I
. "OluF 0.1uF == — DC Power
VSS 7 ° T
\ 4
=¥ ow
g vCC .
The MCU power line (VDD and VSS)
m should be separated from the high-
B it tata DC d
— - High-Current Part Gurrntpatat DC pver ode on
h Infrared LED,
|—\ { FND(7-Segment), }
B A
> 110
(o)
(o))
—
.b This capacitor can be selectively applied to improve noise Immunity.
H If the VDD for MCU and the power for high-current parts are well
@ separated in the layout, it is acceptable not to use it in the system.
ICSx VDD
110 10 [kQ]
22 t0 100 [uF]

Figure 107. Recommended Circuit and Layout

21.22 Recommended circuit and layout with SMPS power

SMPS Side «— | —» MCU Side
VCC VDD
smMPs  —Ppl l
I R1 MCU
I I I VSS
¢ ¢ o —&—
= C1 c2 cC3 =

1. The C1 capacitor is to flatten out the voltage of the SMPS power, VCC.
v Recommended C1: 470uF/25V more.
2. The R1 and C2 are the RC filter for VDD and suppress the ripple of VCC.
v Recommended R1: 10Q - 20Q
\ Recommended C2: 47uF/25V more
\ The R1 and C2 should be as close by the C3 as possible.
3. The C3 capacitor is used for temperature compensation because an electrolytic capacitor
becomes worse characteristics at low temperature.
\ Recommended C3: ceramic capacitor 2.2uF more
\ The C3 should be within 1cm from VDD pin of MCU on the PCB layout.
4. The above circuit is recommended to improve noise immunity (EFT, Surge, ESD, etc) when the
SMPS supplies the VDD of MCU.

Figure 108. Recommended Circuit and Layout with SMPS Power

A96L414/A961.416 User’'s manual
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21.23 Typical characteristics

Figures and tables introduced in this chapter can be used only for design guidance, and are not tested
or guaranteed. In graphs or tables some data may exceed 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 of time. “Typical” represents the mean of the distribution while “max” or “min” represents

(mean + 30) and (mean - 30) respectively where o is standard deviation.

uA

450,00

400.00
350.00 ——HFIRC 4MHz -40°C
300.00 —— HFIRC 4MHz +25°C
250.00 ~—— HFIRC 4MHz +85°C
200.00 HFIRC 2MHz -40°C
150.00 —— HFIRC 2MHz +25°C

100.00
—— HFIRC 2MHz +85°C

50.00

0.00

2.0V 25V 3.0V 3.5V 4.0V

Figure 109. RUN (IDD1) Current
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uA
140.0

120.0
100.0
80.0
60.0
40.0
20.0
0.0

—_—————————————— —HFIRC 4MHz -40°C

—HFIRC 4MHz +25°C

HFIRC 4MHz +85°C

HFIRC 2MHz -40°C
—HFIRC 2MHz +25°C

~—HFIRC 2MHz +85°C

2.0V 2.5V 3.0V 3.5V 4.0V

Figure 110. IDLE (IDD2) Current

uA
80.0

70.0
60.0
50.0
40.0
30.0
20.0
10.0

0.0

= LFIRC 32kHz -40°C

= LFIRC 32kHz +25°C

LFIRC 32kHz +85°C

2.0V 2.5V 3.0V 3.5V 4.0V
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Figure 111. RUN (IDD3) Current
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uA
3.0
2.5
20 ~—LFIRC 32kHz -40°C
/ Z -
-
15 e ~LFIRC 32kHz +25°C
10 LFIRC 32kHz +85°C
0.5
0.0
2.0V 2.5V 3.0V 3.5V 4.0V
Figure 112. IDLE (IDD4) Current
uA
25
15 Stop+LFIRC on -40°C
//7/ ~—Stop+LFIRC on +25°C
10 e ~—Stop+LFIRC on +85°C
Stop -40°C
0.5 — —_— .
— top +25°C
—Stop +85°C
0.0
2.0V 2.5V 3.0v 3.5V 4.0V

Figure 113. STOP (IDD5) Current
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22. Package information

Package information

22

20 TSSOP package information

221

GAUGE PLANE 025

LEAD FORM PART

REV. DESCRIPTION DATE ENG APPROVAL

- GEMERATE. U217 | JH.KIM ¥J. CHAE

COMMON DIMENSIONS
(UNITS OF MEASURE=MILLIMETER)

- SYMBOL | MIN NOM MAX
\-hh__ A — — 120
A1 0.05 — 0.15

) A2 0.50 1.00 105

b 0.19 — 0.30
b1 019 0.22 0.25
c 0.09 — 0.20
el 0.09 - 0.16
D 5.40 6.50 6.60
E1 430 440 450
E 5.20 640 6.60
1 e 0.65 BSC
= L 045 | o0e0 | o7s
_|,n|_ L1 1.00 REF
1 .
NOTES:

1. ALL DIMENSIONS REFER TO JEDEC STANDARD MO-153-AC.

ra

. DIMENSION 'D* DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE
BURRS. MOLD FLASH, PROTRUSIONS OR GATE BURR SHALL NOT EXCEED
0.15MM PER SIDE.

[¥5]

. DIMENSION 'E1" DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSIOM.
INTERLEAD FLASH OR PROTRUSION SHALL NOT EXCEED 0.25MM PER SIDE.

.

. DIMENSION 'b" DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE
DAMBAR PROTRUSION SHALL BE 0.08MM TOTAL IN EXCESS OF THE'E
DIMENSION AT MAXIMUM MATERIAL CONDITION.

m

."AT'IS DEFINED AS THE VERTICAL DISTANCE FROM THE SEATING PLANE TO
THE LOWEST POINT ON THE PACKAGE BODY.

LIST OF MATERIAL AND APPLICABLE DOCUMENTS

SOALE: MONE DRAWN: 15, KANG

DIMENZIONAL ENGINEER:

UNIT:

JH. KM TSSOP 4.4MM 20LD

SECTION B-B

PROJECTION

CRESRER v cHAE PACKAGE QUTLINE

umEzs
X

SFECIFIED

APPROVED: YJ. CHAE

(AL MAME: DRAWING NUMSER REV. SHEET:

ABOV SEMICONDUCTOR OTS-4400020 OTS-4400020 - 1 0F 1

Figure 114. 20 TSSOP Package Outline
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16 SOPN package information

22.2

1HHH

38 H A

PIN#1 INDEX

, w
)
€ +]0s®
[ T
1 |
m| Py
il ISS=-
S— —
[ Jo10] mA
b
b1
\\ ol e
a
BASE METAL WITH PLATING
SECTION B-B

REV. DESCRIPTION DATE ENG APPROVAL
— GENERATE 0414717 | ¥J. CHAE JHEIM
L2 COMMON DIMENSIONS
11 (UNITS OF MEASURE=MILLIMETER)
= SYMBOL | MIN MOM MAX
1 A — — 1.75
— = A1 0.10 — 0.25
A2 1.25 - -
b 031 - 0.51
b 0.28 - 0.48
c 0.10 - 0.28
et 0.10 — 0.23
D 970 9.80 10.20
s Nl ) e E 580 600 §.20
3_ = = E1 370 380 4.20
i 3 & 1.27BSC
L 0.40 - 127
BE B L1 1.04 REF
L2 0.25 BSC
h 025 — 0.50
E r — 7

NOTES:

1. ALL DIMENSION REFER TO JEDEC STANDARD MS-012-AC.

2. DIMENSION 'D' DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE
BURR. 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 'b' DOES NOT INCLUDE THE DAMBAR PROTRUSION.
ALLOWABLE DAMBAR PROTRUSION SHALL BE 0.10MM TOTAL IN EXCESS

OF THE 'b' DIMENSION AT MAXIMUM MATERIAL CONDITION.

LIST OF MATERIAL AND APPLICABLE DOCUMENTS

eas NOME DRAWK: 5. KANG | TTE
o TR SOP 150MIL 16LD
FraEcTe CHESKEZ ) s PACKAGE OUTLINE
UNLEES
SPECIFED APFROVED: ) CHAE

CAD NAME: DRANNG NUWBER: REV. SHEET:
PmO.( m_m___.___OOZDCO._.O_# QS0-1500016 0S0-1500018 — 1 OF 1

Figure 115. 16 SOPN Package Outline
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23 Ordering information

Table 53. A96L414/A96L416 Device Ordering Information

Device name |Flash IRAM/XRAM Data Flash ADC I/O ports | Package type
A96L416FR 16 Kbyte |256/768 bytes 256 bytes 7 inputs |18 20 TSSOP
A9BL414FR* |8 Kbyte  |256/256 bytes 256 bytes 7 inputs |18 20 TSSOP
A96L416AE* |16 Kbyte |256/768 bytes 256 bytes 5inputs |14 16 SOPN
A9BL414AE* |8 Kbyte |256/256 bytes 256 bytes 5inputs |14 16 SOPN

*

For available options or further information on the device with an “*” mark, please contact the ABOV sales office.

Header
A: ABOV Semiconductor

Core of MCU
31:CMO0+, 96:M8051

Application Area
G:General Purpose, R:Remote, L:Low Power

Device Series
Device Serial number

Code memory Size
6: 16KB, 5:12KB, 4: 8KB

Pin Count and Package type
F:20pin, R: TSSOP
A:16pin, E: SOPN

Temperature
2:-40°C~105°C, none:-40°C~85°C

Bonding Wire Material
N:Pd-Cu, none:Au

Packing
T-Tape & Reel, C:Chip Carrier, W:Wafer

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

Figure 116. A96L414/ A96L416 Device Numbering Nomenclature
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24 Development tools

This chapter introduces wide range of development tools for A96L414/A96L416. ABOV offers software
tools, debuggers, and programmers to help a user in generating right results to match target

applications. ABOV supports entire development ecosystem of the customers.
241 Compiler

ABOV semiconductor does not provide any compiler for A96L414/A96L416. However, since
A96L414/A96L416 has Mentor 8051 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. Please visit our website www.abovsemi.com for more information

regarding the OCD emulator and debugger.

24.2 OCD (On-Chip Debugger) emulator and debugger

The OCD emulator supports ABOV Semiconductor’'s 8051 series MCU emulation. The OCD uses two
wires interfacing between PC and MCU, which is attached to user’s system. The OCD can read or
change the value of MCU’s internal memory and I/O peripherals. In addition, the OCD controls MCU’s
internal debugging logic. This means OCD controls emulation, step run, monitoring and many more

functions regarding debugging.

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

Programming information using the OCD is provided in section 24.5 Circuit design guide later part in

this chapter. More detailed information about the OCD, please visit our website www.abovsemi.com

and download the debugger S/W and documents.

1 [o] 2 UserVCC

3 (o} 4 User GND

5 [] o | & pscL
DSDA

7 (o} 8

9 (o] 10

Figure 117. OCD and Pin Descriptions
Following is the OCD mode connections:
 DSCL (A96L414/A96L416 P12 port)

* DSDA (A96L414/A96L416 P13 port)
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24.3  Programmer

2431 E-PGM+

E-PGM+ is a single programmer, and allows a user to program on the device directly.
e Support ABOV / ADAM devices
*  2~5times faster than S-PGM+
e Main controller : 32-bit MCU @ 72MHz

e Buffer memory : 1MB

1

NABOV
E-PG“"' SEMICONOUCTO

DESDA —
VYDD

=
LSGL —

3]
w

OGGDQOGDOOODOOSEJSOOG
DDDDGDOODDDODDD?DDOD

Figure 118. E-PGM+ (Single Writer) and Pin Descriptions
243.2 OCD emulator

OCD emulator allows a user to write code on the device too, since OCD debugger supports ISP (In

System Programming). It doesn’t require additional H/W, except developer’s target system.
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24.3.3 Gang programmer

E-Gang4 and E-Gang6 allows a user to program on multiple devices at a time. They run not only in PC
controlled mode but also in standalone mode without PC control. USB interface is available and it is

easy to connect to the handler.

Table 54. Specification of E-Gang4 and E-Gang6

Gang programmer E-Gang4 E-Gang6
Dimension (x, y, h) 33.5 x 22.5 x35mm 148.2 x 22.5 x35mm
Weight 2.0kg 2.8kg
Input voltage DC Adaptor 15V/2A DC Adaptor 15V/2A
Operating temperature -10 ~ 40°C -10 ~ 40°C
Storage temperature -30 ~ 80°C -30 ~ 80°C
Water proof No No
= S 4 E-GANG6 i
E-GANGa . . . - -
: ~ i - : - : (]

Figure 119. E-Gang4 and E-Gang6 (for Mass Production)
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244  MTP programming

Program memory of A96L414/A96L416 is an MTP Type. This Flash is accessed through four pins such
as DSCL, DSDA, VDD, and VSS in serial data format. Table 55 introduces each pin and corresponding
I/O status.

Table 55. Pins for MTP Programming

Pin name Main chip pin | During programming

name I/0 Description

DSCL P12 I Serial clock pin. Input only pin.

DSDA P13 I/O Serial data pin. Output port when reading and input port
when programming. Can be assigned as input/push-pull
output port.

VDD, VSS VDD, VSS - Logic power supply pin.

2441 On-board programming

The A96L414/A96L416 needs only four signal lines including VDD and VSS pins for programming Flash
with serial protocol. Therefore the on-board programming is possible if the programming signal lines

are considered when the PCB of application board is designed.
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245  Circuit design guide

When programming Flash memory, the programming tool needs 4 signal lines, DSCL, DSDA, VDD,
and VSS. When you design a PCB circuit, you should consider the usage of these 4 signal lines for the

on-board programming.

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

R1 (2kQ ~ 5kQ)
DSCL(I) j /\/\/\,—> To application circuit

R2 (2kQ ~ 5kQ)

DSDA(I/O) j L ’\/\/\,—> To application circuit

VDD

L]

VSS

]
e

NOTES:

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

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

Figure 120. PCB Design Guide for On-Board Programming
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2451

On-Chip Debug system

A96L414/A96L.416 User’'s manual

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

56 introduces features of OCD and Figure 121 shows a block diagram of the OCD interface and the

On-chip Debug system.

Table 56. Features of OCD

Two wire external interface

* 1 for serial clock input

1 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 | ¢ Break instruction
supports for Break Conditions * 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 MCU.

Format converter

ot

User IO

DSCL

Target MCU intemal circuit

DSDA

DBG
BDC Control
CPU DB Register

-— Intemal data bus

Address bus

Code memory
- SRAM
- Flash
- EEFROM

Pata memory

Peripheral

Figure 121. On-Chip Debugging System in Block Diagram

206

\BO\

SEMICONDUCTOR




A96L414/A96L416 User’'s manual 24. Development tools

2452 Two-pin external interface

Basic transmission packet

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

Receiver generates acknowledge bit as ‘0’ when transmission for 8-bit data and its parity has

no error.

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

executed in transmitter.

When acknowledge error is generated, host PC makes stop condition and transmits command

which has error again.
Background debugger command is composed of a bundle of packet.

Start condition and stop condition notify the start and the stop of background debugger

command respectively.

St

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

Figure 122. 10-bit Transmission Packet
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Packet transmission timing

DSDA |
acknowledgement acknowledgement
signal from receiver signal from receiver
DSCL
st \ [\ [ 10\ /1\ /10\ f Sp
ACK ACK

START STOP

Figure 123. Data Transfer on Twin Bus
il SR
= | \ [T\
dataline i
stable: change :
data valid 5 of data
except Start and Stop | allowed
Figure 124. Bit Transfer on Serial Bus
DSDA —
DSCL - == . psaL

START condition STOP condition

Figure 125. Start and Stop Condition
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Data output
By transmitter \ X X X X
no acknowledge
Data output
By receiver \ ’
acknowledge
DSCL from
master \ ’ 1 \ " 2 \ q 10
clock pulse for acknowle dgement
Figure 126. Acknowledge on Serial Bus

Acknowledge bit Acknowledge bit

fransmission fransmission

:Minimum h F F i1
% ,e : wat HIGH i gart HIGH P
VEo0ns i i i
HostPC \ £ j
DsCLouT  f
L Start wait 5 5

Target Device ) /

DSCL OUT §
minimum 1 Tzzus
e Maximum 5Tew @ —>E— for next byte —
; ; transmission :

DSCL \ f \ /
i€ —  Internal Operaion = —>
Figure 127. Clock Synchronization during Wait Procedure

\BO\

SEMICONDUCTOR

209



24. Development tools A96L.414/A96L416 User's manual

24.5.3 Connection of transmission

Two-pin interface connection uses open-drain (wire-AND bidirectional 1/0).

VDD

pull -up Rp Rp
resistors
DSDA(Debugger Serial Datz Ling)

o &
DSCL{Debugger Serial Clodk Ling) l
0O

DSCL DSDA DSCL DSDA
ouT ouT ouT ouT

DSCL DSDA DSCL DSDA
IN N M IN

Host Madhine{ Master) Target Device(Slave)

Current source for DSCL to fast 0 to 1 transition in high speed mode

Figure 128. Connection of Transmission
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Appendix

A. Configure option

Register description: configure option control

CONFIGURE OPTION 1: ROM Address 001FH

7 6 5 4 3 2 1 0

R | | - | vAPEN | - - - RSTS

Initial value: O0H

R P Code Read Protection
0 Disable
1 Enable
HL Code Write Protection
0 Disable
1 Enable
VAPEN Vector Area (00H — FFH) Write Protection
0 Disable Protection (Erasable by instruction)
1 Enable Protection (Not erasable by instruction)
RSTS Select RESETB pin
0 Disable RESETB pin (P10)
1 Enable RESETB pin

CONFIGURE OPTION 2 for 16-kBytes Flash memory: ROM Address 001EH

7 6 5 4 3 2 1 0

- -] -] - | paen | pPas2 | Passt PASSD

Initial value: OOH

PAEN Enable Specific Area Write Protection

0 Disable (Erasable by instruction)

1 Enable (Not erasable by instruction)
PASS [2:0] Select Specific Area for Write Protection

NOTE: When PAEN = ‘1’| it is applied.

PASS2 PASS1 PASSO

0.7Kbytes (Address 0100H — 03FFH)
1.7Kbytes (Address 0100H — 07FFH)
2.7Kbytes (Address 0100H — OBFFH)
3.8KBytes (Address 0100H — OFFFH)
13.7Kbytes (Address 0100H — 37FFH)
14.7Kbytes (Address 0100H — 3BFFH)
15.2Kbytes (Address 0100H — 3DFFH)
15.5KBytes (Address 0100H — 3EFFH)

P PP POOOO
P RPOORFRPF OO
P OPFPOPFROFr O
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CONFIGURE OPTION 2 for 8-kBytes Flash memory: ROM Address 001EH

7 6 5 4 3 2 1 0

| - -] -] - | paeNn | pPas2 | Passt PASSD

Initial value: O0H

PAEN Enable Specific Area Write Protection

0 Disable (Erasable by instruction)

1 Enable (Not erasable by instruction)
PASS [2:0] Select Specific Area for Write Protection

NOTE: When PAEN = ‘1’| it is applied.

PASS2 PASS1 PASSO

0.7Kbytes (Address 0100H — 03FFH)
1.7Kbytes (Address 0100H — 07FFH)
2.7Kbytes (Address 0100H — OBFFH)
3.8KBytes (Address 0100H — OFFFH)
5.7Kbytes (Address 0100H — 17FFH)
6.7Kbytes (Address 0100H — 1BFFH)
7.2Kbytes (Address 0100H — 1DFFH)
7.5KBytes (Address 0100H — 1EFFH)

P PP POOOO
P RPOORFRPF OO
P OPFPOFr OFr O
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B. Instruction table

Appendix

* Instructions are either 1, 2 or 3 bytes long as listed in the ‘Bytes’ column in tables shown below.

e Each instruction takes either 1, 2 or 4 machine cycles to execute as listed in the following

tables in this section.

* 1 machine cycle comprises 2 system clock cycles.

Table 57. Instruction Table: Arithmetic

Arithmetic

Mnemonic Description Bytes Cycles | Hex code
ADD A,Rn Add register to A 1 1 28-2F
ADD A,dir Add direct byte to A 2 1 25
ADD A ,@Ri Add indirect memory to A 1 1 26-27
ADD A #data Add immediate to A 2 1 24
ADDC A,Rn Add register to A with carry 1 1 38-3F
ADDC A,dir Add direct byte to A with carry 2 1 35
ADDC A,@Ri Add indirect memory to A with carry 1 1 36-37
ADDC A, #data Add immediate to A with carry 2 1 34
SUBB A,Rn Subtract register from A with borrow 1 1 98-9F
SUBB A,dir Subtract direct byte from A with borrow 2 1 95
SUBB A,@Ri Subtract indirect memory from A with borrow | 1 1 96-97
SUBB A #data Subtract immediate from A with borrow 2 1 94
INC A Increment A 1 1 04
INC Rn Increment register 1 1 08-0F
INC dir Increment direct byte 2 1 05
INC @RI Increment indirect memory 1 1 06-07
DECA Decrement A 1 1 14
DEC Rn Decrement register 1 1 18-1F
DEC dir Decrement direct byte 2 1 15
DEC @Ri Decrement indirect memory 1 1 16-17
INC DPTR Increment data pointer 1 2 A3
MUL AB Multiply A by B 1 4 A4
DIV AB Divide A by B 1 4 84
DA A Decimal Adjust A 1 1 D4
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Table 58. Instruction Table: Logical

214

Logical
Mnemonic Description Bytes | Cycles Hex code
ANL A,Rn AND register to A 1 1 58-5F
ANL A,dir AND direct byte to A 2 1 55
ANL A, @RI AND indirect memory to A 1 1 56-57
ANL A #data AND immediate to A 2 1 54
ANL dir,A AND A to direct byte 2 1 52
ANL dir,#data AND immediate to direct byte 3 2 53
ORL A,Rn OR register to A 1 1 48-4F
ORL A,dir OR direct byte to A 2 1 45
ORL A,@Ri OR indirect memory to A 1 1 46-47
ORL A #data OR immediate to A 2 1 44
ORL dir,A OR A to direct byte 2 1 42
ORL dir,#data OR immediate to direct byte 3 2 43
XRL A,Rn Exclusive-OR register to A 1 1 68-6F
XRL A,dir Exclusive-OR direct byte to A 2 1 65
XRL A, @Ri Exclusive-OR indirect memory to A 1 1 66-67
XRL A #data Exclusive-OR immediate to A 2 1 64
XRL dir,A Exclusive-OR A to direct byte 2 1 62
XRL dir,#data Exclusive-OR immediate to direct byte 3 2 63
CLRA Clear A 1 1 E4
CPLA Complement A 1 1 F4
SWAP A Swap Nibbles of A 1 1 C4
RL A Rotate A left 1 1 23
RLC A Rotate A left through carry 1 1 33
RR A Rotate A right 1 1 03
RRC A Rotate A right through carry 1 1 13
\BO\
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Table 59. Instruction Table: Data Transfer
Data transfer
Mnemonic Description Bytes | Cycles Hex code
MOV A,Rn Move register to A 1 1 E8-EF
MOV A,dir Move direct byte to A 2 1 ES
MOV A ,@Ri Move indirect memory to A 1 1 E6-E7
MOV A #data Move immediate to A 2 1 74
MOV Rn,A Move A to register 1 1 F8-FF
MOV Rn,dir Move direct byte to register 2 2 A8-AF
MOV Rn,#data Move immediate to register 2 1 78-7F
MOV dir,A Move A to direct byte 2 1 F5
MOV dir,Rn Move register to direct byte 2 2 88-8F
MOV dir,dir Move direct byte to direct byte 3 2 85
MOV dir,@Ri Move indirect memory to direct byte 2 2 86-87
MOV dir,#data Move immediate to direct byte 3 2 75
MOV @Ri,A Move A to indirect memory 1 1 F6-F7
MOV @Ri,dir Move direct byte to indirect memory 2 2 AB-A7
MOV @Ri,#data | Move immediate to indirect memory 2 1 76-77
MOV Move immediate to data pointer 3 2 90
DPTR,#data
MOVC Move code byte relative DPTR to A 1 2 93
A @A+DPTR
MOVC Move code byte relative PC to A 1 2 83
A @A+PC
MOVX A,@Ri Move external data(A8) to A 1 2 E2-E3
MOVX Move external data(A16) to A 1 2 EO
A,@DPTR
MOVX @Ri,A Move A to external data(A8) 1 2 F2-F3
MOVX Move A to external data(A16) 1 2 FO
@DPTR,A
PUSH dir Push direct byte onto stack 2 2 Co
POP dir Pop direct byte from stack 2 2 DO
XCH A,Rn Exchange A and register 1 1 C8-CF
XCH A,dir Exchange A and direct byte 2 1 C5
XCH A,@Ri Exchange A and indirect memory 1 1 C6-C7
XCHD A,@Ri Exchange A and indirect memory nibble 1 1 D6-D7
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Table 60. Instruction Table: Boolean

Boolean

Mnemonic Description Bytes | Cycles Hex code
CLRC Clear carry 1 1 C3
CLR bit Clear direct bit 2 1 Cc2
SETBC Set carry 1 1 D3
SETB bit Set direct bit 2 1 D2
CPLC Complement carry 1 1 B3
CPL bit Complement direct bit 2 1 B2
ANL C,bit AND direct bit to carry 2 2 82
ANL C,/bit AND direct bit inverse to carry 2 2 BO
ORL C,bit OR direct bit to carry 2 2 72
ORL C,/bit OR direct bit inverse to carry 2 2 A0
MOV C,bit Move direct bit to carry 2 1 A2
MOV bit,C Move carry to direct bit 2 2 92
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Table 61. Instruction Table: Branching
Branching
Mnemonic Description Bytes | Cycles Hex code
ACALL addr 11 Absolute jump to subroutine 2 2 11-F1
LCALL addr 16 Long jump to subroutine 3 2 12
RET Return from subroutine 1 2 22
RETI Return from interrupt 1 2 32
AJMP addr 11 Absolute jump unconditional 2 2 01-E1
LJMP addr 16 Long jump unconditional 3 2 02
SJMP rel Short jump (relative address) 2 2 80
JC rel Jump on carry = 1 2 2 40
JNC rel Jumponcarry =0 2 2 50
JB bit,rel Jump on direct bit = 1 3 2 20
JNB bit,rel Jump on direct bit=0 3 2 30
JBC bit,rel Jump on direct bit = 1 and clear 3 2 10
JMP @A+DPTR | Jump indirect relative DPTR 1 2 73
JZ rel Jump on accumulator =0 2 2 60
JNZ rel Jump on accumulator #0 2 2 70
CJNE A,dir,rel Compare A,direct jne relative 3 2 B5
CJUNE A #d,rel Compare A,immediate jne relative 3 2 B4
CJUNE Rn,#d,rel | Compare register, immediate jne relative 3 2 B8-BF
CJINE Compare indirect, immediate jne relative 3 2 B6-B7
@Ri,#d,rel
DJNZ Rn,rel Decrement register, jnz relative 2 2 D8-DF
DJNZ dir,rel Decrement direct byte, jnz relative 3 2 D5
Table 62. Instruction Table: Miscellaneous
Miscellaneous
Mnemonic Description Bytes | Cycles Hex code
NOP No operation 1 1 00
Table 63. Instruction Table: Additional Instructions
Additional instructions (selected through EO[7:4])
Mnemonic Description Bytes | Cycles Hex code
MOVC M8051W/M8051EW-specific instruction | 1 2 A5
@(DPTR++),A supporting software download into program
memory
TRAP Software break command 1 1 A5
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In the above table, an entry such as E8-EF indicates a continuous block of hex opcodes used for 8
different registers, and the register numbers of which are defined by the lowest three bits of the
corresponding code. Non-continuous blocks of codes, shown as 11-F1 (for example), are used for
absolute jumps and calls, with the top 3 bits of the code being used to store the top three bits of the

destination address.

The CJNE instructions use the abbreviation #d for immediate data; other instructions use #data.
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C. Flash protection for invalid erase/ write

Appendix C shows example code to prevent code or data from being changed by abnormal operations

such as noise, unstable power, and malfunction.

Program[J
Sequence
Noise,
Unstable Power,
Malfunction,
ETC... L
Program
Invalid
PC Jump
Flash Erase/Write code

Figure 129. Flash Protection against Abnormal Operations
How to protect the Flash
* Divide into decision and execution to Erase/Write in Flash.

— Check the program sequence from decision to execution in order of precedence about

Erase/Write.
— Setting the flags in program and check the flags in main loop at the end
— When the Flash Erase/Write is executed, check the flags. If not matched, do not execute.
e Check the range of Flash Sector Address
— If the Flash sector address is outside of specific area, do not execute.
e Use the Dummy Address
— Set the Flash sector address to dummy address in usually run time.

— Change the Flash sector address to real area range shortly before Erase/Write.
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— Even if invalid Erase/Write occurred, it will be Erase/Write in dummy address in Flash.
*  Use the LVR/LVI
— Unstable or low powers give an adverse effect on MCU. So use the LVR/LVI
Protection flow description

The Flash protection procedure is described in flowchart in Figure 130, and each step in this figure is

described in the following lists:
1. Initialization

— Set the LVR/LVI. Check the power by LVR/LVI and do not execute under unstable or low

power.
— Initialize User_ID1/2/3

— Set Flash Sector Address High/Middle/Low to Dummy address. Dummy address is set to

unused area range in Flash.
2. Decide to Write
— When the Erase/Write are determined, set flag. Do not directly Erase/Write in Flash.
— Make the user data.
3. Check and Set User_ID1/2/3
— In the middle of source, insert code which can check and set the flags.
— By setting the User_ID 1/2/3 sequentially and identify the flow of the program.
4. Set Flash Sector Address
— Set address to real area range shortly before Erase/Write in Flash.

— Set to Dummy address after Erase/Write. Even if invalid work occurred, it will be

Erase/Write in Dummy address in Flash.
5. Check Flags
— If every flag (User_ID1/2/3, LVI, Flash Address Min/Max) was set, than do Erase/Write.
— If the Flash Sector Address is outside of Min/Max, do not execute

— Address Min/Max is set to unused area.
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6. Initialize Flags

— Initialize User_ID1/2/3

— Set Flash Sector Address to Dummy Address
e Sample Source

— Refer to the ABOV website (www.abovsemi.com).

— It is created based on the MC97F2664.

— Each product should be modified according to the Page Buffer Size and Flash Size
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Initial
Set LVR/LVI more than 2.0V

v

Start Main Loop

v

Working

A

(2)  Write Flash? ® Set User_ID1

No [« |
Y

Working

Set User_ID2

Set User_ID3

Working

Write Flash

A\ 4
@ Set FSADDRH/M/L
Set FIDR

®

Yes

Check Flash Addr
Min/Max

Check User_ID1/2/3 Set FMCR

No
)
y

Clear User_ID1/2/3

Clear FIDR

Clear FMCR

Set FSADRH/M/L to Dummy Addr

Figure 130. Flowchart of Flash Protection
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Other protection by the configure options

*  Protection by Configure option

\BO\

SEMICONDUCTOR

Set Flash protection by MCU Write Tool (OCD, PGM+, etc.)

Vector Area:
00OH~FFH

Specific Area (A96L414):
0.7KBytes (Address 0100H — 03FFH)
1.7KBytes (Address 0100H — 07FFH)
2.7KBytes (Address 0100H — OBFFH)
3.8KBytes (Address 0100H — OFFFH)
5.7KBytes (Address 0100H — 17FFH)
6.7KBytes (Address 0100H — 1BFFH)
7.2KBytes (Address 0100H — 1DFFH)
7.5KBytes (Address 0100H — 1EFFH)

Specific Area (A96L416):
0.7KBytes (Address 0100H — 03FFH)
1.7KBytes (Address 0100H — 07FFH)
2.7KBytes (Address 0100H — OBFFH)
3.8KBytes (Address 0100H — OFFFH)
13.7KBytes (Address 0100H — 37FFH)
14.7KBytes (Address 0100H - 3BFFH)
15.2KBytes (Address 0100H — 3DFFH)

15.5KBytes (Address 0100H — 3EFFH)

The range of protection may be different each product.
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Appendix

D. Example circuit

AA44 Battery

VLD

MCU{16 SOPN)
c
I I
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o
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VDD VSS P
POG P 5 5 ANS/OPIP
— DPOGEINT2ICS0 BOS/ANS0POP et
— T N7ERNTCS] PLANsopI [ R opeuT
: DI0(SCR)RESETR P0iNGOPIOUT |13 S iosos
— PUTIOPRMOENTID arnoere 1 el
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2
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200K

Figure 131. Example circuit using only IR LED(16 SOPN)
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AA44 Barrery
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Figure 132. Example circuit using IR LED and Blue LED(16 SOPN)
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Figure 133. Example circuit using only IR LED(20 TSSOP)
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Figure 134. Example circuit using IR LED and Blue LED (20 TSSOP)
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