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Ultra-Low Power 8-bit Microcontroller, Flash Memory 16
KB, SRAM 1 KB, 12-bit ADC, RTCC and 128-bit Unique ID

Features

Core

* MB8051 8-bit core (8051 Compatible,
2 clocks per cycle)

Memory
* 16 Kbytes On-Chip Flash Memory

* 256 bytes IRAM, 768 bytes XRAM
* 256 bytes Data Flash Memory

General-Purpose 1/0 (GPIO)
* Normal I/O: 18 ports

Timer/Counter
» Basic Interval Timer (BIT) 8-bit x 1-ch

*  WatchDog Timer (WDT) 8-bit x 1-ch
* 16-bit x 3-ch (TO/T1/T2)

Programmable Pulse Generation
* Pulse Generation (T0/T1/T2)

Real-Time Clock/Calendar (RTCC)
* Hour, Day, Week, Month, Year

12-bit A/D Converter
* Eight Input channels

e Conversion time: Qus at2.7V

Communication Interface
e 8-bit12C x 1-ch

* 8-bit SPI x 1-ch
* Low-Power UART

— Up to 9,600 bps with 32.768 kHz
128-Bit Unique ID

16-bit CRC/Checksum Generator

Power-On Reset
* Reset release level (1.2 V)

DS Rev. 1.01

Low-Voltage Reset
e 8-detection level (1.5V to 2.78 V)

Low-Voltage Indicator
* 7-detection level (1.87 V to 2.78 V)

Interrupt Sources
* Seven external Interrupt sources

* 11 internal interrupt sources

Internal High Frequency RC
Oscillator

* 16 MHz £1.5% (Ta=0°C to +50°C)
+2.0% (Ta=—-40°C to +85°C)

Internal Low Frequency RC Oscillator
¢ 40 kHz +15% (Ta= —40°C to +85°C)

Power-down Mode
e STOP, IDLE mode

Operating Voltage and Frequency
e 1.71Vt0 3.6 V@ 32 to 38 kHz with SX-tal

1.8V 10 3.6 V@ 0.4 to 4.2 MHz with Ceramic
20Vt0 3.6 V@ 0.4 to 4.2 MHz with X-tal
27V1t0 3.6 V@ 0.4 to 12 MHz with X-tal
1.71Vto 3.6 V@ 0.5 to 16 MHz with HFIRC
* 1.71Vt0 3.6 V@ 40 kHz with LFIRC

Operating Temperature
e —40°Cto +85°C

Package Type
¢ 10-SSOP, 16-SOPN, 20-TSSOP, 20-QFN

* Pb-free

Global Top Smart MCU Innovator, ABOV Semiconductor
www.abovsemi.com
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Product Selection Table A96L116 Datasheet

Product Selection Table

Table 1. Device Summary

IRAM/ Data i
Part Number Flash LPUART 12C SPI Timer ADC 110 Package
XRAM Flash
A96L116FR 16 KB 256/768 B | 256 B 1 1 1 3 8-ch 18 20-TSSOP
A96L116FU 16 KB 256/768 B | 256 B 1 1 1 3 8-ch 18 | 20-QFN-0404
A9BL116AE 16 KB 256/768 B | 256 B 1 1 1 3 7-ch 14 16-SOPN
A96L116DS 16 KB 256/768 B | 256 B 1 1 0 3 4-ch 8 10-SSOP
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1. Introduction A96L116 Datasheet

1. Introduction

This document provides an overview of the features supported by the device, including high-level
information and brief explanations for each feature. Refer to Table 3 for the list of features supported by
the device.

2. Description

A96L.116 is an advanced CMOS Ultra-Low Power 8-bit microcontroller. It has 16 Kbytes of flash memory,
256 bytes data flash memory, 256 bytes of IRAM, 768 bytes of XRAM, General-Purpose /O, basic
interval timer, watchdog timer, 16-bit timer/counter, 16-bit PPG output, real time clock/calendar, LPUART,
SPI, 12C, 12-bit A/D converter, on-chip POR, LVR, LVI, on-chip oscillator and clock circuitry. A96L116

supports power-down modes reducing power consumption.

2.1 Product Category Definition

Table 2 provides an overview of the memory capacity for the A96L116.

Table 2. A96L116 Memory Capacity

Memory Capacity
Category
Code Flash IRAM XRAM Data Flash
16 KB 256 B 768 B 256 B A96L116

8 \BO\
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A96L 116 Datasheet 2. Description

2.2 Device Overview

Table 3. A96L116 Features summarizes and lists the features specific to the device while considering
the largest package and Table 4. Summary of A96L116 Peripherals shows the features and the number
of peripherals in the A96L.116 products.

Table 3. A96L116 Features

Item Description

CPU « 8-bit CISC core (M8051, 2 clocks per cycle)

* 16 Kbytes with self-read/write capability
Code Flash * On-chip debug and ISP

* Endurance: 10,000 cycles

Memory * 256 bytes
Data Flash

¢ Endurance: 100,000 cycles

IRAM * 256 bytes

XRAM * 768 bytes

¢ Normal I/O
e 18 ports: P0O[7:0], P1[5:0], P2[3:0]

GPIO

 BIT 8-bit x 1-ch

* WDT 8-bit x 1-ch: 5 kHz internal RC oscillator for WDT
* 16-bit x 3-ch (TO/T1/T2)

* Real time clock/calendar (RTCC)

Timer/Counter

Programmable Pulse Generation * Pulse generation (TO/T1/T2)

ADC ¢ 12-bit ADC, 8 input channels

* CRC-16 polynomial: 0x8C81 (X6 + X5 + X' + X0 + X7 +1)
CRC and Checksum Generator
¢ Auto and user CRC/checksum mode

Reset Power-On Reset * Reset release level (1.2 V)
ese
Low-Voltage Reset * 8-detection level (1.5 V to 2.78 V)
Low-Voltage Indicator ¢ 7-detection level (1.87 V to 2.78 V)

* Low power UART, up to 9,600 bps with 32.768kHz
* 12C x 1, SPI x 1

Seral Interface

High-Frequency Internal RC Oscillator * 16 MHz +2.0% (Ta = —40°C to +85°C)

Low-Frequency Internal RC Oscillator * 40 kHz +15% (Ta = —40°C to +85°C)
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2. Description

Table 3.

A96L116 Datasheet

A96L116 Features (continued)

Item

Description

Power Consumption

* 94 yA/MHz in Run mode,

* 12 pAiin Run mode (32.768 kHz, 40 kHz)

¢ 0.35 pAin Stop mode without RTCC

* 0.9 yAin Stop mode with RTCC and 32.768 kHz

* 5 us wakeup time from idle/stop modes

Operating Voltage and Frequency

* 1.71V 10 3.6 V@ 32 to 38 kHz with SX-tal

* 1.8V1t03.6V @ 0.4 to 4.2 MHz with Ceramic
*+20Vt03.6V@ 0.4 to 4.2 MHz with X-tal

* 27V103.6 V@ 0.4 to 12 MHz with X-tal

* 1.71Vt0 3.6V @ 0.5 to 16 MHz with HFIRC
* 1.71V 10 3.6 V@ 40 kHz with LFIRC

Minimum Instruction Execution Time

* 0.125 ys @ 16 MHz IRC

Operating Temperature

* —40°C to +85°C

Package Type

* Four types of package options (Pb-free)
- 20-TSSOP (0.65 mm pitch)
- 20-QFN (0.5 mm pitch)
- 16-SOPN (1.27 mm pitch)
- 10-SSOP (1.0 mm pitch)

10
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A96L 116 Datasheet 2. Description

Table 4. Summary of A96L116 Peripherals

Peripheral A96L116FR A96L116FU A96L116AE A96L116DS
Code Flash Memory 16 KB 16 KB 16 KB 16 KB
Data Flash Memory 256 B 256 B 256 B 256 B
IRAM/XRAM 256 /768 B 256 /768 B 256 /768 B 256 /768 B
Gonera: 5 1600
Timers WDT 1
BIT 1
SPI 1 1 1 0
Communication 12C 1 1 y y
Interfaces
LPUART 1 1 1 1
RTCC 1
GPIO 18 18 14 8
ADCs 111.1 ksps 111.1 ksps 111.1 ksps 111.1 ksps
Number of Channels 8 8 7 4
Max. CPU Frequency 16 MHz
128 Unique ID 1
CRC/Checksum 1 (16-bit)
Operating Voltage 1.71Vto 36V
Operating Temperature Ambient operating temperature: —40°C to +85°C
Packages 20-TSSOP 20-QFN 16-SOPN 10-SSOP
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2. Description

2.3 Block Diagram

Figure 1 shows a block diagram of the A96L116.

A96L116 Datasheet

Figure 1. A96L116 Block Diagram

DSDA DSCL
TOO/PWMOO/P02 16 — Bit Timer 0 Low Voltage
EINT10/P02 o P K| - < Indicator
ECO/P04 (Low Power) [ onchippebug ]
T10/PWM10/P03 M8051 Core |<}:'.> CRC/Checksum
EINT11/P03 16-BitTmer1 K= < Gemerator
EC1/P05 16K Bytes Flash K=
T20/PWM20/P13
EINT12/P13 16 - Bit Timer2 K= 256 Bytes Data Flash (=1 =) RTCC RTCOUT/P13
EC2/P20 | Ram XRAM s
POO/ANO/EINTO/(SDAO/LPTXDO)/DSDA (256 Bytes)| | (768 Bytes) 12— Bit
POL/ANL/EINTL/(SCLO/LPRXDO)/DSCL : - N AD Converter ANO-AN7/P00-PO7
P02/AN2/EINT10/TOO/PWMOO Basic Interval Timer
PO3/AN3/EINT1L/T10/PWM10
POAIANA/ECD POPot (= >} MOSIOPL4/(P2D)
MISO0/P15/(P22)
POS/ANS/EC1/LPTXDO <= SPIO »b SCKOP10/(P23)
PO6/AN6/LPRXDO Low Voltage Reset SS0/P20
PO7/AN7/LPDEO i
Watchdog Timer PUARTO LPTXDO/P05/(PO0)
P10/(LPDEO)/SCKO/RESETB 5kHz WDTRC OSC <= Low Power LPRXDO/P06/(P01)
P11/(SDAO)/SXIN ( ) LPDEO/PO7/(P10)
P12/(SCLO)/SXOUT HFIRC OSC 16MHz
P13/EINT12/T20/PWM20 P1 Port K= oy 1200 > SCLO/PZZ/I(P%%)/IMZ)
P14/EINT2/MOSIO/XOUT > SDAO/P21/(PO0/P11)
P15/EINT3/MISOO/XIN
P20/EC2/SS0 cLoCK/
P21/SDA0/(MOSI0) P2 Port Voltage Down Converter SYSTEM RESETB
P22/SCLO/(MISO0) > = CONTROL
P23/(SCKO0) T T

VDD VSS
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A96L116 Datasheet

2.4 Functional Overview

2. Description

The following sections provide overviews of the features of the A96L116 microcontroller.

24.1

2.4.1.1 GPIO Port Structure

Port Structures

Figure 2. General-Purpose 1/O Port Structure

PULL-UP
REGISTER

A Level shift (vDC to ExtvDD)

[7] Level shift (ExtvDD to VDC)

OPEN DRAIN
REGISTER

DATA
REGISTER

SUB-FUNC DATA OUTPUT

SUB-FUNC ENABLE

SUB-FUNC DIRECTION

MUX

DIRECTION
REGISTER

VDD

VDD

PAD

PORTX INPUT or

SUB-FUNC DATA INPUT

ANALOG CHANNEL

CMOS or
Schmitt Level
Input

ENABLE

ANALOG INPUT
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2. Description

2.4.1.2 External Interrupt I/O Port Structure

A96L116 Datasheet

Figure 3. External Interrupt I/O Port Structure

BZ| Level shift (vDC to ExtvDD)
[7] Level shift (ExtvDD to VDC)

VbD
PULL-UP
REGISTER >C -
VDD VDD
OPEN DRAIN
REGISTER
DATA — )3 .‘O|
REGISTER
MUX 3 PAD
SUB-FUNC DATA OUTPUT @O
SUB-FUNC ENABLE
SUB-FUNC DIRECTION ———
DIRECTION
REGISTER
VDD
EXTERNAL Q D uy
INTERRUPT
—‘ cP POLARITY
r REG.
INTERRUPT < (
ENABLE T
FLAG
CLEAR CMOS or
Schmitt Level
Input
b
g , zar @2
PORTx INPUT or MUX
SUB-FUNC DATA INPUT
1 Q D
cP
r 4 DEBOUNCE
CLK
DEBOUNCE
ENABLE
ANALOG CHANNEL
ENABLE -
ANALOG INPUT 'I;g—
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A96L 116 Datasheet 2. Description

2.4.2 Memory Organization

A96L 116 addresses three separate memory spaces:

*  Program memory
* Data memory
*  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.

A96L.116 provides on-chip 16 Kbytes of ISP type flash program memory, which is readable and writable.
Internal data memory (IRAM) is 256 bytes, and it includes the stack area. External data memory (XRAM)
is 768 bytes.

2.4.2.1 Program Memory

A 16-bit Program Counter can address up to 64 Kbytes, but A96L116 has only 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 002BH. If the external interrupt 1 is going
to be used, its service routine must begin at location 002BH. If the interrupt is not going to be used, its
service location is available as general-purpose program memory. If an interrupt service routine is short
enough (frequent cases with a control application), the service routine can reside entirely within an 8
bytes interval.

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

\BO\ 15

SEMICONDUCTOR



2. Description A96L 116 Datasheet

Figure 4. Program Memory

FFFFH

3FFFH =

16K Bytes

0000H Hqﬁgt“

NOTE:

1. 16 Kbytes memory includes
Interrupt Vector Region.

More detailed description of program memory is described in chapter 2.4.18 Flash .

2.4.2.2 Internal Data Memory

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

* Lower 128 bytes
*  Upper 128 bytes

*  Special Function Registers (SFR space)

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

In fact, the addressing modes of the internal data memory can accommodate up to 384 bytes by using
a simple trick. Direct addresses higher than 7FH access one memory space and indirect addresses
higher than 7FH access a different memory space. By means of this method, the upper 128 bytes and
SFR space can occupy the same block of addresses, 80H through FFH, although they are physically
separate entities as shown in Figure 5.
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A96L 116 Datasheet 2. Description

Figure 5. Internal Data Memory Map

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

The lower 128 bytes of RAM are present in all 8051 devices as mapped in Figure 6. The lowest 32
bytes are grouped into 4 banks of 8 registers. Program instructions call out these registers as RO
through R7. Two bits in the Program Status Word select which register bank is in use. This allows more
efficient use of code space, since register instructions are shorter than instructions that use direct
addressing.

The next 16 bytes above the register banks form a block of bit-addressable memory space. The 8051-
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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2. Description A96L 116 Datasheet

Figure 6. Lower 128 bytes Internal RAM

[ TFH J|7r|7E|7D|7C| 7B | 7A| 79| 78
“[77176 7574|7372 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 4AF |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]33[32]31]30
2FH 2F |2E|2D|2C|2B|2A| 29| 28
16 bytes { 2726|2524 2322|2120
(128 bits) Bit Addressable 1F|1E|1D|1C|1B[1A| 19|18
1716|1514 |13 (12|11 10
20H OF |OE [OD [OC| 0B |0OA| 09 | 08
1FH cioter Baa 07 |06|05|04]|03]|02]|01|00
8 bytes { g(8 bytes)
18H
LA Register Bank 2
8 bytes (8 bytes)
10H
oFH Register Bank 1 R7
P 08H (8 bytes) R6
eqgister ban
8 bytes { g(8 bytes) R3
00H -
R1
RO

18 \BO\

SEMICONDUCTOR



A96L116 Datasheet

2.4.2.3 Extended SFR and Data Memory Area

2. Description

A96L116 has 768 bytes XRAM and 528 bytes XSFR registers. Extended SFR area has no relation with

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

Figure 7. Extended SFR (XSFR) Area

505FH

5050H

30FFH

3000H

11FFH

1000H

02FFH

0000H

Extended
Special Function Registers
(Indirect Addressing)

Not used

Data Flash
256 bytes
(Erase/Write through Buffer)

Not used

Extended
Special Function Registers
(Indirect Addressing)

Not used

External RAM
768 bytes
(Indirect Addressing)

\BO\

SEMICONDUCTOR

19



2. Description A96L 116 Datasheet

2.4.2.4 Data Flash Memory Area

Data flash memory is located on the extended memory area and can be read using DPTR. Data flash
area can be erased or written to through the page buffer with relevant SFR.

Figure 8. Data Flash Memory Area

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

For the detailed information about Data flash, see chapter 2.4.19 Data Flash Memory.

2.4.3 Ports
2.4.3.1 /0O Ports

A96L.116 has three groups of I/0 ports: PO, P1, and P2. Using SFR register, each port can be configured
as an input, an output, or with an internal pull-up and open-drain type according to system configurations
and design requirements.

2.4.3.2 Port Description of P0

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

* PO data register (P0)

* PO direction register (POIOH/POIOL)

* PO debounce enable register (PODB)

* PO pull-up resistor selection register (POPU)

* PO open-drain selection register (POOD)

* PO Function selection registers (POFSRH/POFSRL)

2.4.3.3 Port Description of P1

As a 6-bit I/O port, P1 controls the following registers:

* P1 data register (P1)

*  P1 direction register (P110H/P110L)

*  P1 pull-up resistor selection register (P1PU)
* P1 debounce enable register (P1DB)

* P11 open-drain selection register (P10D)

*  P1 Function selection registers (P1FSRH/P1FSRL)

20 \BO\
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A96L 116 Datasheet 2. Description

2.4.3.4 Port Description of P2

As a 4-bit I/O port, P2 controls the following registers:

* P2 data register (P2)

* P2 direction register (P2I0L)

* P2 pull-up resistor selection register (P2PU)
* P2 open-drain selection register (P20D)

* P2 Function selection registers (P2FSRL)

244 Interrupt Controller

A96L116 has an interrupt controller with 15 interrupt sources, each with four priorities. All interrupt
sources can be enabled or disabled individually by software except for the non-maskable interrupt that
is always enabled with the highest priority and cannot be masked by software.

The interrupt controller features the followings:

* Receives requests from 15 interrupt sources.
e Six group priorities

*  Four priority levels

e  Multi-interrupt possibility

* 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 three to nine 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 described in the followings:

e WhenEAissetto ‘0" = 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.
If an interrupt has occurred, the EA bit is automatically cleared to '0', and Program Count jumps to the
interrupt service vector. The EA bit will be set to ‘1’ when executing the RETI instruction at the end of
interrupt routine. Since A96L116’s interrupt controller has four-level priority, and each maskable interrupt
is set to a priority level according to IP and IP1.
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2. Description A96L 116 Datasheet

Figure 9. Interrupt Group Priority Level

Interrupt Highest Lowest
Group >

0 (Bit0) Interrupt O Interrupt 6 Interrupt 12 Interrupt 18 Highest
1 (Bitl) Interrupt 1 Interrupt 7 Interrupt 13 Interrupt 19

2 (Bit2) Interrupt 2 Interrupt 8 Interrupt 14 Interrupt 20

3 (Bit3) Interrupt 3 Interrupt 9 Interrupt 15 Interrupt 21

4 (Bit4) Interrupt 4 Interrupt 10 Interrupt 16 Interrupt 22

5 (Bit5) Interrupt 5 Interrupt 11 Interrupt 17 Interrupt 23 vLowest

Figure 9 describes interrupt groups and their priority levels that is available for sharing interrupt priority.
Priority of a group is set by two bits of Interrupt Priority (IP) registers: one bit from IP and another one
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.

2.4.4.1 External Interrupt

External interrupts on pins of INTO to INT5 receive various interrupt requests in accordance with the
external interrupt polarity O register (EIPOLOL) and external interrupt polarity 2 register (EIPOL2L) as
shown in Figure 10. Each external interrupt source has enable/disable bits. An external interrupt flag
register (EIFLAG) provides the status of the external interrupts.

Figure 10. External Interrupt Description
EINT10 [ H » HFLAG10]
EINT11 [ H ™ H{FLAGIT |
EINT12 D—ﬂ@

EIPOLOL

EINTO [ |-
EINTL [ H
EINT2 [ |-
EINT3 [ H

\

INTO Interrupt

A\

INT1 Interrupt

A\

INTZ2 Interrupt

INTS Interrupt
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A96L 116 Datasheet 2. Description

2.4.4.2 Interrupt Controller Block Diagram

Figure 11. Interrupt Controller Block Diagram

[ EPOL2L | [ 1E0 ] [P [ 1
vy EIFLAG2.0 0 \
EINT1I0[ H ~ HFLAG10 ° =% [Org—
( — > 0
[[[ —> 0 Priority High
EINT11 [ H ™ H{FLAGLL |- = |1
—_t Ha
EINT12 [ ] FLAG12 = 2],
i 2
EIPOLOL ——» 2

w

= Reserved [ i’,__,’ 3 3
EINTO [~ HFLAGO J***— Reserved L‘D—‘\A — 3
et [ 47 @ =, |
EINT2 [ ]

ets [ ﬂ =, (%5

|

l

12C0 = (56
Fa—S 6

SPIO

LPUARTO

Reserved

Reserved

Reserved

by
<
]
NS

Ral

Stop/Sleep

-

Timer 0

Timer 1

Timer 2

Reserved

Reserved

Reserved

ADC

LVI

RTCC

WDT

BIT

Reserved

Priority Low

NOTES:

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

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

\BO\ 23

SEMICONDUCTOR



2. Description A96L 116 Datasheet

In Figure 11, 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.

2.4.4.3 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.

The Interrupt controller supports 24 interrupt sources, and each interrupt source has a determined
priority order as shown in Table 5.

Table 5. Interrupt Vector Address Table

Interrupt Source Symbol EI::i‘orI?gtit Priority Mask A\tliedc;'?srs
Hardware RESET RESETB - 0 Non-Maskable 0000H
External Interrupt 10 INTO IE.O 1 Maskable 0003H
External Interrupt 11 INT1 IE.1 2 Maskable 000BH
External Interrupt 12 INT2 IE.2 3 Maskable 0013H
- INT3 IE.3 4 Maskable 001BH
- INT4 IE.4 5 Maskable 0023H
External Interrupt 0 — 3 INT5 IE.5 6 Maskable 002BH
12C0 Interrupt INT6 IE1.0 7 Maskable 0033H
SPIO0 Interrupt INT7 IE1.1 8 Maskable 003BH
LPUARTO Interrupt INT8 IE1.2 9 Maskable 0043H
- INT9 IE1.3 10 Maskable 004BH
- INT10 IE1.4 11 Maskable 0053H
- INT11 IE1.5 12 Maskable 005BH
TO Match Interrupt INT12 IE2.0 13 Maskable 0063H
T1 Match Interrupt INT13 IE2.1 14 Maskable 006BH
T2 Match Interrupt INT14 IE2.2 15 Maskable 0073H
- INT15 IE2.3 16 Maskable 007BH
- INT16 IE2.4 17 Maskable 0083H
- INT17 IE2.5 18 Maskable 008BH
ADC Interrupt INT18 IE3.0 19 Maskable 0093H
LVI Interrupt INT19 IE3.1 20 Maskable 009BH
RTCC Interrupt 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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A96L 116 Datasheet 2. Description

To execute the maskable interrupts, both EA bit and a corresponding bit of IEx associated with a specific
interrupt source must be set to ‘1’. When an interrupt request is received, a particular interrupt request
flag is set to ‘1’ and maintains its status until CPU accepts the interrupt. After the interrupt acceptance,
the interrupt request flag will be cleared automatically.

2.4.5 Clock Generator

As shown in Figure 12, a clock generator produces basic clock pulses which provide a CPU and
peripherals with a system clock. The default system clock is a 1 MHz HF INT-RC oscillator and default
division rate is sixteen. To stabilize the system internally, it is used 1 MHz HF INT-RC oscillator on POR.

A96L.116 incorporates three types of oscillators:

* Calibrated HF Internal RC Oscillator (16 MHz)
— HF INT-RC OSC/32 (0.5 MHz)
— HF INT-RC OSC/16 (1 MHz, default system clock)
— HF INT-RC OSC/8 (2 MHz)
— HF INT-RC OSC/4 (4 MHz)
— HF INT-RC OSC/2 (8 MHz)
— HF INT-RC OSC/1 (16 MHz)
* Internal WDTRC Oscillator (5 kHz)
* LF INT-RC Oscillator (40 kHz)

Figure 12. Clock Generator in Block Diagram

STOP Mode
XCLKE
XIN D— ) N
Main OSC >
Xout D SCLK (fx) | System (Core, System,
"] Clock Gen. ’ Peripheral)
STOP Mode i
LFIRCE
LF INT-RC firire > Stabilization Time
(40KH2) BITCK[L:0] Generation
Internal 2 BIT
RC OSC 1, Clock overflow
12 Change | _fx/4096 >
HE INT-RC 1/4 : M fHEIRG x/1024 » M BIT clock
(16MHz) 8 U fx/128 u BIT WDT clock
116 | X fx/16 > X M
1/32
& —_—»fLF'RC 12048 u wWDT
X
STOR Moc :D—T ¢3 WDTRC 0SC e
HFIRCSJ[2:0] (5KHz)
SXIN [}— foue o T % WDTCK[1:0]
Sub OSC >
SXOUT [
STOP Mode 12
SCLKE v
SCLK][1:0]
RTCC
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2. Description A96L 116 Datasheet

2.4.6 Basic Interval Timer (BIT)

A96L116 has a free running 8-bit Basic Interval Timer (BIT). BIT generates the time base for watchdog
timer counting and provides a basic interval timer interrupt (BITIFR).

BIT of A96L116 features the followings:

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

* As atimer, BIT generates a timer interrupt.

Figure 13. Basic Interval Timer in Block Diagram

BCK[2:0]

» Start CPU

A A 4

selected bit
overflow

8-Bit Up Counter
BITCNT

BITIFR ——» To interrupt block

A
clear clear

RESET TL
:[>—> BCLR WDT INT_ACK
STOP -

BIT Clock —
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2.4.7 WatchDog Timer (WDT)

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

The WDT can be used in a free running 8-bit timer mode or in a watch dog timer mode by setting
WDTRSON bit, which is WDTCR[6]. If ‘1’ is written to WDTCRI[5], WDT counter value is cleared and
counts up. After 1 machine cycle, this bit is cleared to ‘0’ automatically.

The WDT consists of an 8-bit binary counter and a watchdog timer data register. When the value of 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 watch dog timer is BIT overflow and WDTRC. The interval of watchdog timer
interrupt is decided by the BIT overflow period and WDTDR set value. Equation of the WDT interrupt
interval is described in the followings:

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

*  WDT Interrupt Interval = 2048 / fLrire * (WDTDR Value + 1) when LFIRC

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

Figure 14. Watchdog Timer in Block Diagram

WDT—»D_> clear T
WDTCNT | 4— ) — o
Clock —» +— RESET

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

NOTE:
1.  Watchdog timer clock depends on WDTCK][1:0] bits in WDTCR register.
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2.4.8 Real Timer Clock and Calendar (RTCC)

The Real Timer Clock and Calendar (RTCC) has a function for RTC (Real Time Clock) and calendar
operations.

The internal structure of the RTCC is implemented with the clock source select circuit,
second/minute/hour/day/week/month/year counter circuits, alarm circuit, output select circuit, and error
correction circuit.

The RTCC is an independent BCD counter.
The main operations of the RTCC include the followings:

* Calendar counting 0.5 seconds, seconds, minutes, hours, days, weeks, months, and years up
to the year 2099.

e Time error correction function
e Alarm function with interrupt

e  Wake-up possibility from STOP mode

Figure 15. RTCC Block Diagram

Hs24 RTIN[2:0]

v s
Alarm Week Alarm Hour Alarm Minute 1 month »
Register Register Register 1 day ALIEN ——» B RTCC Inerrupts
1 hour

cz

1 minute »
1sec X Interrupt Generator [ ALIFR
Match ossec
0.5 sec » » RTIFR
ALEN
Match

Match 1sec RTOL "
u RTCOUT
RTO32K [
] OUTSEL
£ 3| 3 b RTWST 8
2 = HS24 5 £ 0
E Week = E RTWAIT 2
5 Counter ¢ ¢ 4&
2 M | gtz
Year Month Day Hour Minute Second Wait Sub-counter u [
Counter [ Counter Counter Counter Counter Counter Control (16-bit) X <—f
uase
R —
RTEN
Time Error Correction 2

Internal bus line S

NOTE:
1.  Time in the block diagram is based on 32.768 kHz
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2.49  16-bit Timer (TO)

TIMERQO is a 16-bit Timer, which has a multiplexer and eight registers such as TimerQ A Data Register
High/Low, TimerO B Data Register High/Low, Timer0 Capture Data Register High/Low, and Timer O
Control Register High/Low (TOADRH, TOADRL, TOBDRH, TOBDRL, TOCAPH, TOCAPL, TOCRH,
TOCRL).

TIMERQO operates in one of four operating modes:

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

*  16-bit PPG output mode (repeat mode)

Specifically in capture mode, data is captured into Input Capture Data Register (TOCAPH/TOCAPL) by
the EINT10 event and the edge of fsus clock or firirc clock. TO outputs the comparison result between
counter and data register through TOO port in timer/counter mode, and outputs PWM waveform through
PWMOO port in the PPG mode.

TO uses an internal clock or an external clock (ECO, fsus, fLrirc) @as an input clock source. The available
clock sources are listed below, and one is selected by clock selection bits (TOCK[2:0]).

e Timer O clock sources: fx/1, 2, 4, 8, 16, fsus, fLrirc, and ECO

Table 6. TIMERO Operating Modes

TOEN POFSRL[4] TOMS[1:0] TOCKJ2:0] Timer 0
1 1 00 XXX 16-bit Timer/Counter Mode
1 0 01 XXX 16-bit Capture Mode
1 1 10 XXX 16-bit PPG Mode (one-shot mode)
1 1 11 XXX 16-bit PPG Mode (repeat mode)
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Figure 16. 16-bit Timer 0 in Block Diagram

16-bit A Data Register
TOADRH/TOADRL

/7— A Match
Reload Tocc
RLDOEN\A_ TOEN
INT_ACK
| To other block lclear

TOECE TOCK([2:0]
¢ 3 | Buffer Register A
\ 4

ECOD—» Edge L

Detector A Match To interrupt
b1, TOEN LT — TOIFR P block
fx/2 ¢ ¢ Comparator
/4 M Clear A Match
—=> |y — 16-bit Counter R TocC
ey | x TOCNTH/TOCNTL TOEN

fx/16 > T
Clear
Pulse TOO/
fsus » _|
:t B Match Generator PWMO0O

fLEIRC »
Comparator 2} T

L | bufferRegisters | TOMS[1:0] TOPOL
TOCNTR —@ [ AMatch
TOCC
POL10 of EIPOL2L

Reload
RLDOEN ~\—— ToEN

2
- 16-bit B Data Register
g TOBDRH/TOBDRL

EINT10 [ ¥y Pe
X INT_ACK
frire ——pf X 16-bit Capture Register |
1 2 TOCAPH/TOCAPL Clear
2 TOMS[L:0]
| FLAG10 To interrupt
TOCAPS[1:0] "(EIFLAG2.0) block
NOTES:

1. TOEN is automatically cleared to logic ‘0’ after one pulse is generated at a PPG one-shot mode.
2. RLDOEN bit must be ‘0’ when TOEN bit is changed from ‘0’ to ‘1".
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2.4.10  16-bit Timer (T1/T2)

T1 and T2 are 16-bit timers, and each timer has a multiplexer and eight registers such as Timer A Data
Register High/Low, Timer B Data Register High/Low, Capture Data Register High/Low, and Control
Register High/Low (TnADRH, ThADRL, TnBDRH, TnBDRL, TnCAPH, ThCAPL, ThCRH, TnCRL).

T1 and T2 operate in one of four operating modes:

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

*  16-bit PPG output mode (repeat mode)

Specifically in capture mode, data is captured into Input Capture Data Register (TnCAPH/TnCAPL) by
incorporating with EINT1n event. Timer1 and Timer2 output the comparison result between counter and
data register through TnO port in timer/counter mode. Timer1 and Timer2 output PWM wave form
through PWMnO port in the PPG mode).

Timer1 and Timer2 use an internal clock or an external clock (ECn) as an input clock source. The clock
sources are described below, and one is selected by clock selection logic which is controlled by clock
selection bits (TnCKJ[2:0]).

e Timer1 and Timer2 clock sources: fx/ 1, 2, 4, 8, 64, 512, 2048 and ECn

Table 7. Timer1 and Timer2 Operating Modes

TnEN POFSRLIE] (T1)/ TnMSJ[1:0] TnCK[2:0] Timer n
P1FSRL[6] (T2)
1 1/0 00 XXX 16 Bit Timer/Counter Mode
1 0/0 01 XXX 16 Bit Capture Mode
1 1/0 10 XXX 16 Bit PPG Mode (one-shot mode)
1 1/0 11 XXX 16 Bit PPG Mode (repeat mode)
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2. Description A96L 116 Datasheet

Figure 17. 16-bit Timer n in Block Diagram (n =1 and 2)

16-bit A Data Register
TnADRH/TNADRL

/7— A Match
Reload TnCC
RLDNEN ~\—— ThEN

TnECE TnCK[2:0] o Ao
¢ 3 | Buffer Register A | -
To other block lqear
Edge
D > EEEEE—
- Do :t A Match THIER To interrupt
TnPAU n —>
o fx/1 » TnEN c block
fx/2 » ¢ ¢ omparator
: D4y M Clear ~— 7— AMatch
g ” U — o 16-bit Counter R |e Thee
K —p| c —XE 3| X | TnCNTH/TNCNTL N ThEN
E
] fx/64 Cloar T
e | fx/512 B Match Pulse ThO/
' > :: [>—> Generator PWMNO
x/2048
Comparator 2} T

L | Buffer Register B | TAMS[1:0]  TnPOL

TnCNTR —g A Match
Reload TnCC

RLDNEN —\—— ThEN

POL1n of EIPOL2L

o | 16-bit B Data Register
v TnBDRH/TnBDRL
16-bit Capture Register al
2 TNCAPH/TNCAPL ear
TnMS[1:0]
FLAG1n To interrupt

. ’
"|(EIFLAG2.n) block

NOTES:
1. TnEN is automatically cleared to logic ‘0’ after one pulse is generated at a PPG one-shot mode.
2. RLDnNEN bit must be ‘0’ when TnEN bit is changed from ‘0’ to ‘1°.
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2.4.11 12-bit A/D Converter

Analog-to-digital (A/D) converter converts an analog input signal to a corresponding 12-bit digital output
value. The A/D converter module has a multiplexer that switches eight analog inputs to the A/D
converter’s input.

The A/D converter module also has two pairs of registers — A/D Converter Control Register and Data
Register. These registers have the functions of selecting the input channel, controlling the conversion
state, and holding the value of the conversion result for the corresponding channel.

Figure 18. 12-bit ADC Block Diagram

TRIG[1:0]
2
M le—— ADST
Start U [—— TO A match signal
X [«—— T1 A match signal
CKSEL[2:0] |&—— T2 A match signal
3
fx/1 \ 4
ADSEL[3:0] /2
(Select one input pin /3
of the assigned pins) fx/a M
/5, )li
x/6 y Clear
ANO x/8 N
AN1 —» x/16 AFLAG
AI:IZ —> M
InputPins ¢ —»| U Comparator i
: X CLont_roI ADCIFR 'tl)'lo |rl1<terrupt
AN7 ogic oc
BGR —»
Clear
INT_ACK
Reference
Voltage
T T ADCDRH (R), ADCDRL (R)
VDD VSS

Figure 19. AD Analog Input Pin with Capacitor

0~100 Q
Analog AA . ANX
Input
0~1000 pF
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2. Description A96L 116 Datasheet

2.4.12 Inter-Integrated Circuit (12C) Interface

The 12C is the industrial standard serial communication protocol, which uses two bus lines, Serial Data
Line (SDA) and Serial Clock Line (SCL), to exchange data. Because both SDAn and SCLn lines are
open-drain output, each line needs a pull-up resistor.

The features of built-in 12C are listed below.

e  Compatible with the 12C bus standard
*  Multi-master operation

*  Up to 400 kHz data transfer speed

»  7-bit slave address

e Support two slave addresses

*  Both master and slave operations

*  Bus busy detection

Figure 20. 12C Block Diagram (n = 0)

Clear M\
INT_ACK —[ 12CnIFR . Tointerrupt
block ;
Slave Address Register
12CnSAR <:|
RXACKn, GCALLN, Inte rrupt
TENDn, STOPDn, | ®|Generator| '2CME ¢
SSELn, MLOSTn
’ ’ A General Call And
BUSYn, TMODEn Address Detector [€— '2CNGCE |
f . N
N n " T
«| Receive Shift Register N
SDANn P> (RXSR) 12CnDR, (Rx) ) E
- < N
SDA In/Out | ACK Signal <
N-ch |e—— < A
Controller Generator |€&— ACKnEN L
VSS N < STOP/START ~ [€— STOPCn B
g B Condition Generator |g— STARTCn U
A A s
Transmit Shift Register |
(TX5R) 12CnDR, (TX) —— :
P SDA Hold Time Register N
) B 12CnSDHR <:| E
sClLn |:|,‘ - w| SCLOut | Time ire“jneralor W SCL High Period Register <:|
- 7| Controller [ . B 12CnSCHR
Time Controller
i SCL Low Period Register
N-ch < h 12CnSCLR <:|
SCLK
VSS fx: System clock g
NOTE:
1.  When the corresponding port of 12Cn is a sub-function for SCLn/SDAn pin, the SCLn/SDAn 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.
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2.4.13 Serial Peripheral Interface (SPI)

A96L 116 has one channel of Serial Peripheral Interface (SPI). The SPI operates synchronous serial
data transfer with an external device. Built-in SPI supports full-duplex communication by four-wire
(MOSIn, MISOn, SCKn, SSn), and also supports master and slave mode with configurable polarity,
phase of serial clock (SCKn), and bit transfer order (MSB or LSB).

Figure 21. SPI Block Diagram (n = 0)

_ SPInEN
p /2 #\
r x4 o
e L
Sl s > ’\lj' Edge b SPI »|wcoLn
fx —p| c fX/16 o[ > X Detector "I Control Circuit
a fx/32 > X
I .
o fx/64 > T SPINIER ) To interrupt
r X128 o, P CPOLN CPHAN block
/ TCIear
% INT_ACK
SPINCR[2:0]
SPINMS
—) SCK
sckn [] Control [« ®
vison [}« M 8-bit Shift
U ; <«
X Register
FXCHn @ T
SPItMS FLSBn 8
MOSIn [ ]«
vy
SPInDR
< @by  J¢
¢ ) SS
Ssn D Control
SPINSSEN SPInMS
J Internal Bus Line )
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2.4.14 Low Power UART (LPUART)

The A96L116 has one channel of built-in Low-Power UART (Universal Asynchronous Receiver /
Transmitter) module.

LPUART supports asynchronous serial communication up to 9,600 bps with a 32.768 kHz sub-oscillator
even when the core is in STOP mode. LPUART also supports one-wire half-duplex communications.

The features of built-in LPUART are listed below.

*  Full-duplex and half-duplex operations

e Built-in baud rate generator

*  Supports serial frames with 5,6,7, or 8 data bits and 1 or 2 stop bits

* Odd or even parity generation, and parity check supported by hardware
*  Supports receive character detection and receive time out function

*  Baud rate compensation function

*  Supports up to 9,600 bps with 32.768 kHz sub-oscillator

» Data Overrun detection

*  Framing error detection

*  Double-speed asynchronous communication mode
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Figure 22. LPUART Block Diagram (n = 0)

M\
LPUTCLK | LPUTNBDR |<":
fx M 4
LPUART%Interrupt —fsus ] g Baud Rate Generator
LPUTNRTDR T
RCDIEN —y < RTONIFR
RTOIEN —®»  Rx Interrupt LPUTNRCDR OVRSJ[1:0]
RXCIEN —®  Generator [% RCDnIFR |
SBDIEN —| <—| 4
RTO Controller far
RXCnIFR Rx Char Detector ¢ I
SBDnIFR N
T
Rx Stop bit v E
LPRXDn [] M RTOEN RCDEN RxData Clock R
U Rx . N
X Control ”| Recovery A
T DLEN[L:0] _l L
B
Hocom ~ RXEN U
» Data ——-» Receive Shift Register <]« S
DEALSTI[4:0] Recovery
DEALFT[4:0] L
DEPOL \ [
DOR/PE/FE/RXBUSY N
¢ d Checker LPUTNRDR |::> E
DE Signal
< <
LPDEn [}« Generator |
TxEn Stop bit SToPE DLEN[1:0]
DEPEN ¢ Generator [
Tx l Parity o .
- - - <l
LPTXDn [J«¢ Control [€ Generator * Transmit Shift Register <]«
y
TXCnIFR
LPUTNTDR |\ ——
Tx Interrupt ~J
TXCIEN Generator
LPUARTRN Interrupt
NOTES:

1.  If the fsus (32.768kHz) is used for a clock of the LPUARTN, the maximum baud rate can be up to 9,600 bps.

2. The data to be transmitted should be written to the LPUTNnTDR register after checking if the TXCnIFR bit is set to
1.
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2. Description

2.4.15 Flash Memory CRC and Checksum Generator

Flash Memory CRC (Cyclic Redundancy Check) generator of A96L116 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 the following features:

e Auto CRC and User CRC Mode
*  CRC Clock: furire, fHrIrRc/2, fHFIRC/4, THRIRC/8 and fx (System clock)
e CRC-16 polynomial: 0x8C81 (X6 + X15 + X! + X10 + X7 +1)

Figure 23. CRC-16 Polynomial Structure

CRC: G(X) =x® +x® +x+x0+x" +1

S5 e Jedbe e Qe e 11T 000 e

15 ra nrs ri2 fru 10 fe Is I7 e s T4 I3 Iz nrn ro

Figure 24. Flash CRC/Checksum Generator Block Diagram

Flash CRC Start Address Register

FCSARH/M/L
(Only Auto CRC Mode)
FCSADR[23:0] CDCL(Only User CRC Mode)
fHFIRC > h 4 Clear
fHF|Rc/z Flash CRC Data Register
fHFIRC/4 Result FCDR[15:0]
Flash CRC Generator » FCDRH/L
fHFIRC/S
8
y P 8 FCDIN
FCEADR[23:0] M (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)
INTERNAL BUS !
CRCMOD
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2.4.16 Power-Down Operation

2. Description

A96L 116 offers two power-down modes to minimize energy consumption: IDLE mode and STOP mode.

In the IDLE or STOP mode, the core is stopped, and power consumption is reduced considerably.

2.4.16.1 Peripheral Operation in IDLE / STOP Mode

Table 8. Peripheral Operation during Power-down Mode describes the operations of internal peripherals
during IDLE mode and STOP mode.

Table 8. Peripheral Operation during Power-down Mode

Peripheral IDLE mode STOP mode
CPU All CPU operations are disable All CPU operations are disable
RAM Retain Retain
Basic Interval Timer Operates continuously Stop
Watchdog Timer Operates continuously Stop (Can bzsgirlgltgcé;/vith WDTRC
Halted (Only when the Event Counter
0 operates Normally)
Halted (Only when the Event Counter
Timer 1 2 Operates continuously Mode is Enabled, Timer operates
Normally)
RTCC Operates continuously Can be operated with fsus
ADC Operates continuously Stop
LPUART Operates continuously Can be operated with fsus
12C Operates continuously Only operate with external clock
SPI Operates continuously Only operate with external clock
HF-Internal OSC Oscillation Stop
LF-Internal OSC Oscillation Can be operated with setting value

WDTRC OSC (5KHz)

Can be operated with setting value

Can be operated with setting value

1/0O port Retain Retain
Control register Retain Retain
Address data bus Retain Retain

Release method

By RESET, all Interrupts

By RESET, Timer 0, Timer Interrupt
(EC1, EC2), External Interrupt, WDT,
LPUART, RTCC
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2. Description A96L 116 Datasheet

2.4.17 Reset

When a reset event occurs, the core and on-chip peripherals are to be initialized, and the internal
registers of the core and the peripherals will be initialized with the reset value. Table 9 shows the reset
values of internal registers.

Table 9. Reset Values of Internal Registers

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

A96L 116 has five reset sources listed below:

* External RESETB Input

*  Power-on Reset (POR)

*  WDT Overflow Reset (in the case of WDTEN="1")
* Low Voltage Reset (in the case of LVREN='0")

* OCD Reset

Figure 25 shows the reset block of A96L116.

Figure 25. Reset Block Diagram
Ext RESET RESET
Disable by FUSE Noise Canceller
LVR RESET
LVR Enable Noise Canceller |

POR RST

s a——Internal Reset

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

A96L116 has 16 KB on-chip flash memory, which is used as program memory. On-chip flash memory
supports writing and erasing features through self-program mode and OCD (On-Chip Debug) program
mode. The flash memory can be read by ‘MOVC’ instruction and programmed in OCD, serial ISP mode
or user program mode.

Flash memory has the following features:

*  Size of flash memory: 16 Kbytes
*  Built-in program/erase voltage generation
*  Supports self-program mode and OCD mode program/erase

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

1. The RXEO bit of LPUTOCR1 register should be disabled before flash memory erase and write start.
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2. Description

2.4.18.1 Flash Program ROM Structure

A96L116 Datasheet

Figure 26. Flash Program ROM Structure

ROM
Address

/ 03FFFH

O3FEOH
03FDFH

03FCOH
03FBFH

03FAOH
03F9FH

00040H
0003FH

00020H
0001FH

\ 00000H

Accessed by
MOVX instruction

NOTES:

only

Sector 511

Sector 510

Sector 509

Sector 508
|
|
|
|
|
|
|
|
|
|

Sector 2

Sector 1

Sector O

32-byte

Flash Page Buffer

(External Data Memory, 32-byte)

Flash Controller

FSADRH/M/L
FIDR
FMCR

The flash memory doesn’t support byte erase mode.

\

O3FEOH

03FCOH

03FAOH

00040H

00020H

00000H /

801FH

8000H

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 ‘1’ or
not. If the bit is ‘1’, do not start flash program.

Flash
Sector
Address

Page(Sector)
Buffer
Address
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2.4.19 Data Flash Memory

The A96L116 has 256 bytes of on-chip data flash memory with self-programming and erasing
capabilities. The data flash memory can be read by ‘MOVX’ instruction.

*  Size of data flash memory: 256 bytes

*  Built-in program/erase voltage generation

*  Supports self-program mode and OCD mode program/erase.

* Up to 100,000 program/erase cycles at typical voltage and temperature for memory

The endurance of the write and erase cycles of the internal data flash memory can be increased
significantly with strategic usage such as dividing smaller unit size recycling. When dividing 256 bytes
into eight blocks with 32 bytes, each block is used up to 100,000 cycles, and then the total erase and
write will be 800,000 cycles.
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Figure 27 shows the block diagram of the data flash memory with page buffer, data flash controller, and
the sector addresses.

Figure 27. Data Flash Structure

Sector 7
30EOH
Sector 6
30COH
Data Flash
Sector
Address
3080H
Sector 3
3060H
Sector 2
3040H
Sector 1
3020H
Sector 0 /
3000H
—>
32-byte
701FH
Acce; sed by Data flash Page Buffer Page(Sector)
MOVX instruction <—€3—> Buffer
(External Data Memory, 32-byte)
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. If Idle 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 ‘1’ or not. If the bit
is “1’, do not enter Idle and Stop mode.
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2.5 Development Tools

This chapter describes a wide range of development tools for A96L116. ABOV offers software tools,
debuggers, and programmers to help users develop target applications. ABOV supports a set of
development ecosystem for the customers.

25.1 Compiler

ABOV semiconductor does not provide any compiler for A96L116. However, since A96L116 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.

252 E-OCD Il Interface and OCD Debugger

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

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

Programming information using the E-OCD Il is provided in chapter 4.1.6.1 Recommended Circuit and
Layout. More detailed information about the E-OCD II, please visit our website www.abovsemi.com and

download the debugger software and documents.

Figure 28. E-OCD Il and OCD Pin Descriptions

1 (o] 2 UserVCC

3 (o] 4 User GND

5 |:] o | & DscL
DSDA

7 (o] 8

9 (o] 10

Following are the OCD mode connections:

* DSCL (A96L116 P01 port)
 DSDA (A96L116 POO port)
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253 Programmer
2.5.3.1 E-PGM+ and E-PGM Serial

E-PGM+ and E-PGM Serial are universal programmers and allow users to program on the device
directly.

e Support all ABOV / ADAM devices
*  Fast programming time with internal buffers

e TFTLCD Display

Figure 29. E-PGM+ and Pin Descriptions

1
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E-PGM"' SMICONOUCTO

5 o ©

O O

0O O

D304 —tm=) Q0

VOO —e0 O VSS
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O O
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0O O
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0 O

O O
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O O

o 0
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26 \BO\

SEMICONDUCTOR



A96L 116 Datasheet 2. Description

2.5.3.2 Gang Programmer

E-Gang4 and E-Gang6 allow a user to program on multiple devices at a time. They run not only in a
host computer controlled mode but also in standalone mode without a host computer control. USB
interface is available, and it is easy to connect to the handler.

Table 10. Specification of E-Gang4 and E-Gang6

Gang programmer E-Gang4 E-Gang6
Dimension (x, y, h) 33.5 x22.5 x 35 mm 148.2 x 22.5 x 35 mm
Weight 2.0 kg 2.8 kg
Input voltage DC Adaptor 15V /2A DC Adaptor 15V /2 A
Operating temperature —10°C to +40°C —10°C to +40°C
Storage temperature -30°C to +80°C -30°C to +80°C

Figure 30. E-Gang4 and E-Gang6 (for Mass Production)

q

NABOV
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254 MTP Programming

Program memory of A96L116 is an MTP Type. This flash is accessed through four pins such as DSCL,
DSDA, VDD, and VSS in serial data format. Table 11 describes each pin and corresponding I/O status.

Table 11. Pins for MTP Programming

OCD Device During Programming
Pin Name Pin Name 110 Description
DSCL PO1 | Serial clock pin. Input only pin.
VDD, VSS VDD, VSS — Logic power supply pin.

2541 On-Board Programming

The A96L 116 needs only four signal lines including VDD and VSS pins for programming flash with serial
protocol. Therefore, on-board programming is possible if the programming signal lines are considered
when the PCB of application board is designed.
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255 Circuit Design Guide

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

Figure 31. PCB Design Guide for On-Board Programming

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

R1 (2kQ ~5kQ)
DSCL(I) j ’\/\/\,—> To application circuit

R2 (2kQ ~ 5kQ)

DSDA(//O) j L4 ’\/\/\,—> To application circuit

VDD

L]

VSS

L]
||}—0

NOTES:

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

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

2.5.5.1 On-Chip Debug System

A96L116 Datasheet

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

12 describes features of OCD and Figure 32 shows a block diagram of the OCD interface and the On-

chip Debug system.

Table

12. Features of OCD

Two Wire External Interface

One serial clock input

One bi-directional serial data bus

All internal peripherals
Internal data RAM

Supports for Break Conditions

Debugger Access
* Program Counter
* Flash memory and EEPROM memory
* Break instruction
* Single step break
Extensive On-Chip Debugging * 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 OCD Interface

Operating Frequency .

The maximum frequency of a target microcontroller

Figure 32. On-Chip Debugging System in Block Diagram

Format converter

ot

User IO

Target MCU intemal circuit

DBG
DSCL
BDC Control
DSDA
CPU DB Register

Address bus

-— Intemal data bus

Code memory
—h - SRAM Data memary Peripheral
- Flash

- EEFROM
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2.5.5.2 Connection of Transmission

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

Figure 33. Connection of Transmission

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

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

Current source for DSCL o fast 0 to 1 transition in high speed mode
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3. Pinouts and Pin Descriptions
In this chapter, A96L116 pinouts and pin descriptions are described.

3.1 Pinouts
3.1.1 A96L116FR (20-TSSOP)

Figure 34. A96L116FR 20-TSSOP Pinouts

vob 110 20 ] vss
POO/ANO/EINTO/(SDAO/LPTXDO)/DSDA [ 2 19 [ P14/EINT2/MOSIOIXOUT
POL/ANL/EINTL/(SCLO/LPRXDO)/DSCL [ 3 . 18 [ P15/EINT3/MISOO/XIN
PO2/AN2/EINT10/TOO/PWMOO [ 4 N & 17 [ P10/(LPDEO)/SCKO/RESETB
PO3/AN3/EINT11/TIO/PWM1O 5 (7)| E 16 [T P11/(SDAO)/SXIN
PO4/AN4/ECO ] 6 (0 & 15[ P12/(SCLOYSXOUT
POS/ANS/ECI/LPTXDO [ 7 % T 14 [ PI13/EINT12/T20/PWM20/RTCOUT
PO6/ANG/LPRXDO [ 8 =P 13 PaoECcSSO
PO7/AN7/LPDE0 ]9 12 [ P21/SDA0/(MOSIO)
P23/(SCK0) ] 10 11 [ P22/SCLO/(MISOO)

NOTE:
1.  For the On-Chip Debugging, ISP assigns P0[1:0] pins for DSCL and DSDA respectively.
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3. Pinouts and Pin Descriptions

3.1.2  A96L116FU (20-QFN)
Figure 35. A96L116FU 20-QFN Pinouts
T
&
[l
o z
5 =
= &
i N
.29
S TR 3
=B X =
[ ) =
o = 0
x 0 O N N
S o5Q2°¢
25527
i =XxXonN
m O O ®»
4 £ C C W»
Wz 4 4 o
O S
P15/EINT3/MISOO/XIN P21/SDAO0/(MOSIO)
P14/EINT2/MOSIO/XOUT i A9BLLL6FU P22/SCLO/[MISOO)
Y% i P2 K
SS | (20QFN-0404)] i+ P23ISCKO)
VDD : PO7/AN7/LPDEO
POO/ANO/EINTO/(SDAO/LPTXDO)/DSDA [5} | Exposedpad(21) PO6/ANG/LPRXDO
}'" U U U U T
VsSs SR8 8RS8
>33 35>
Zz Z2 Z2 Z2 Z2
P N W A~ O
i s
£5330°¢
= -
< o B T
g3 32 X
529 &8
= U T
33
é o B
goo
g
(%]
e}
[
NOTE:
1.  For the On-Chip Debugging, ISP assigns P0[1:0] pins for DSCL and DSDA respectively.
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3.1.3 A96L116AE (16-SOPN)

Figure 36. A96L116AE 16-SOPN Pinouts

vob 10 16 ] vss

POO/ANO/EINTO/(SDAO/LPTXDO)/DSDA [ 2 15[ P14/EINT2/MOSIO/XOUT
POL/ANL/EINTL/(SCLO/LPRXDO)/DSCL [ 3 'Ia‘: § 14 [ P15/EINT3/MISOO/XIN

PO2/ANZIEINTI0/TOO/PWMOO {4  (p I, 13[—1 P10/LPDEO)/SCKO/RESETB

PO3/AN3/EINTL1L/TIO/PWM1O 5 % B 12[] P11/(SDAOYSXIN

PO4/AN4/ECO []6 = P> 11[—] P12/(SCLO)/SXOUT
POS/ANS/ECILPTXDO 7 ™ 10 [ P13/EINTL2T20/PWM20/RTCOUT
POB/ANG/LPRXDO [ 8 9 [ P20/EC2/SS0

NOTES:
1.  For the On-Chip Debugging, ISP assigns P0[1:0] pins for DSCL and DSDA respectively.

2. The P07 and P2[3:1] pins should be selected as a push-pull output or an input with pull-up resistor by software
control when the 16-pin package is used.

3.1.4  A96L116DS (10-SSOP)

Figure 37. A96L116DS 10-SSOP Pinouts

VDD [ 101-_‘\ (:g 10— vss
POO/ANO/EINTO/(SDAO/LPTXDO)DSDA []2 © © 9[—J P10/(LPDEO)/SCKO/RESETB
POL/AN1/EINT1/(SCLO/LPRXDO)/DSCL ] 3 ((2 E 81 P11/(SDAO)/SXIN

PO2/AN2/EINT10/TOO/PWMOO 4 O © 7[—] P12/(SCLO)/SXOUT
POS/ANS/EINTLLTIOPWMIO 5 2 8 6 1 P13/EINT12/T20/PWM20/RTCOUT

NOTES:
1. For the On-Chip Debugging, ISP assigns P0[1:0] pins for DSCL and DSDA respectively.

2. The PO[7:4], P1[5:4], and P2[3:0] pins should be selected as a push-pull output or an input with pull-up resistor by
software control when the 10-pin package is used.
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3. Pinouts and Pin Descriptions

3.2 Pin Description
Table 13. Pin Description
Pin Name | 1/O Function @Reset Shared with
POO ANO/EINTO/(SDAO/LPTXDO0)/DSDA
PO1 AN1/EINT1/(SCLO/LPRXDQ)/DSCL
P02 The port 0 is a bit-programmable /O AN2/EINT10/TOO/PWMOO
port which can be configured as a
P03 Vo Schmitt-trigger input, a push-pull Input AN3/EINT11/T10/PWM10
P04 output, or an.open-drain outpgt'. ' P AN4/ECO
A pull-up resistor can be specified in
P05 1-bit unit. ANS/EC1/LPTXDO
P06 ANG6/LPRXDO
PO7 AN7/LPDEO
P10 (LPDEO)/SCKO/RESETB
P11 Port 1 is a bit-programmable 1/O port (SDAO0)/SXIN
which can be configured as a
P12 /0 Schmitt-trigger input, a push-pull Input (SCLO)/SXOUT
P13 output, or an open-drain output. EINT12/T20/PWM20/RTCOUT
A pull-up resistor can be specified in
P14 1-bit unit. EINT2/MOSIO/XOUT
P15 EINT3/MISOO0/XIN
P20 Port 2 is a bit-programmable 1/O port EC2/SS0
which can be configured as a
P21 /0 Schmitt-trigger input, a push-pull Inout SDA/(MOSIO)
P22 output, or an open-drain output. P SCL/(MISO0)
A pull-up resistor can be specified in
P23 1-bit unit. (SCKO0)
EINTO POO/ANO/(SDAO/LPTXDO0)/DSDA
EINT1 P0O1/AN1/(SCLO/LPRXDO0)/DSCL
I/O | External interrupt inputs Input
EINT2 P14/MOSI0/XOUT
EINT3 P15/MISOO0/XIN
EINT10 Extemall interrupt input and Timer 0 P02/AN2/TOO/PWMOO
capture input
EINT11 | yo | EXternalinterruptinputand Timer 1 Input P0O3/AN3/T10/PWM10
capture input
EINT12 Extemall interrupt input and Timer 2 P13/T20/PWM20
capture input
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A96L116 Datasheet

Table 13. Pin Description (continued)

Pin Name /10 Function @reset Shared with
TOO I/O | Timer O interval output Input P02/AN2/EINT10/PWMO0O
T10 I/O | Timer 1 interval output Input PO3/AN3/EINT11/PWM10
T20 I/O | Timer 2 interval output Input P13/EINT12/PWM20
PWMOO I/0 | Timer O pulse output Input PO02/AN2/EINT10/TOO
PWM10 I/O | Timer 1 pulse output Input PO3/AN3/EINT11/T10
PWM20 I/O | Timer 2 pulse output Input P13/EINT12/T20
ECO I/O | Timer O event count input Input P04/AN4
EC1 I/O | Timer 1 event count input Input PO5/AN5/LPTXDO
EC2 I/O | Timer 2 event count input Input P20/SS0
ANO POO/EINTO/(SDAO/LPTXDO0)/DSDA
AN1 PO1/EINT1/(SCLO/LPRXD0)/DSCL
AN2 PO2/EINT10/TOO/PWMOO
ANS I/O | A/D converter analog input channels Input POSEINTAT/TAOIPWMTO
AN4 P04/ECO
AN5 PO5/EC1/LPTXDO
ANG P06/LPRXDO
AN7 PO7/LPDEQ
LPTXDO I/0 | Low power UART data output Input POS/ANS/ECT
(POO/ANO/EINTO/(SDAOQ)/DSDA)
LPRXDO I/O | Low power UART data input Input POG/ANG
(PO1/AN1/EINT1/(SCL0O)/DSCL)
LPDEO I/O | Low power UART DE signal output Input (P1O/S|230K7(/)¢FL\IE78ETB)
MOSIO I/O | SPI master output, slave input Input P14/EINT2/XOUT
(P21/SDAO0)
MISO0 I/0 | SPI master input, slave output Input PIS/EINT3/XIN
(P22/SCLO)
SCKO I/O | SPI clock input/output Input P1O/(LP?§§;/)RESETB
SSO I/O | SPI slave select input Input P20/EC2
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Table 13. Pin Description (continued)

Pin Name /10 Function @reset Shared with
P22/(MISO0)
SCLO I/O | 12C clock input/output Input (PO1/AN1/EINT1/LPRXDO0/DSCL)
(P12/SXOUT)
P21/(MOSIO)
SDAO I/O | 12C data input/output Input (POO/ANO/EINTO/LPTXDO0/DSDA)
(P11/SXIN)
RTCOUT I/O | Real time clock output Input P13/EINT12/T20/PWM20
System reset pin with a pull-up
resistor when it is selected as the
RESETB I/0 RESETB by “CONFIGURE Input P10/(LPDEO)/SCKO
OPTION”
DSDA I/O | On chip debugger data input/output Input POO/ANO/EINTO/(SDAO/LPTXDO0)
DSCL I/O | On chip debugger clock input Input PO1/AN1/EINT1/(SCLO/LPRXDO)
XIN P15/EINT3/MISO0
I/O | Main oscillator pins Input
XOouT P14/EINT2/MOSIO
SXIN P11/(SDAO0)
I/O | Sub oscillator pins Input
SXOUT P12/(SCLO)
VDD, VSS - Power input pins - -
NOTES:
1. The P10/RESETB pin is configured as one of P10 and RESETB pin by the “CONFIGURE OPTION”.
2. The P15/XIN and P14/XOUT pins are configured as function pins by s/w control.
3. The P11/SXIN and P12/SXOUT pins are configured as a function pin by s/w control.
4.  If the POO/DSDA and P01/DSCL pins are connected to an emulator during power-on reset, the pins are automatically

configured as the debugger pins.

5. The PO0/DSDA and P01/DSCL pins are configured as inputs with internal pull-up resistors only during the reset or
power-on reset.
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4. Electrical Characteristics

41 Parameter Conditions

Unless otherwise specified, all voltages are referenced to VSS.

411 Minimum and Maximum Values

Unless otherwise specified, our production tests guarantee the minimum and maximum values of the
device under the worst-case conditions of ambient temperature, supply voltage, and frequency. These
tests are performed on 100% of the devices with an ambient temperature of Ta = 25°C and Ta = Tamax
(given by the selected temperature range).

Data based on characterization results, design simulations, and/or technical characteristics are not
tested in production but are indicated in the table footnotes. The minimum and maximum values are
obtained based on the characterization by referencing the sample test.

4.1.2 Typical Values

Unless otherwise specified, typical data are based on the conditions of TA = 25°C and VDD = 5.0 V.
The typical data are provided only as design recommendations and are not tested. The typical accuracy
values of the ADC are established by characterizing a batch of samples from a standard diffusion lot
across the entire temperature range, with 95% of the devices having an error that is equal to or less
than the indicated value.

4.1.3 Typical Curves

Unless otherwise specified, all typical curves are provided only as design recommendations and are
not tested.
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4.1.4 Pin Input Voltage

The input voltage measurement on a pin of the device is described in Figure 38.

Figure 38. Pin Input Voltage

MCU pin

4.1.5 Current Consumption Measurement

Figure 39. Current Consumption Measurement
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4.1.6 Power Supply Diagram
4.1.6.1 Recommended Circuit and Layout

The Figure 40 is a recommended circuit and layout for A96L.116.
Figure 40. Recommended Circuit and Layout

This 0.1 pF capacitor shoud be e —
A within 1cm fromthe VDD pin of the VDD VCC:
/ { micracontroller on the PCB layout. T T

VDD

By

+ 1
0.1pF = 'DC Power

I8 -

v vy

VCC

and VSS) should be separated from
the high-current part ata DC power

The microcortroller power line (VDD
{node on the PCB layout

_~High-Current Part

A Infrared LED,
{FND(?-Segment), }
etc

> ol
o
—
H
= B This 0.01 pF capacitor is altematively
(@)) for noise immunity.
X-tal
XIN —+HOH <€ The main and sub crystal should be
e as close by the MCU as possible.
XOouT
Theload capecitors of the sub clock
SXIN e !

-C1,C2:CLx2+1%%

-CL=(C1lx Q)/(C1 +C2) - Cstray

. - Cu: the specific capacitor value of crystal

o - Cstray: the parasitic capacitor of a PCB (1 pF—1.5pF)

SXOUT
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4.1.6.2 Recommended Circuit and Layout with SMPS Power

Figure 41. Recommended Circuit and Layout with SMPS Power

SMPS Side «— | —» MCU Side

vCcC VDD
SMPS | —Pp} % W—

R1
I Option I I MCU
VSS

¢ N

= c1l c2 cC3 =

1. The C1 capacitor is to flatten out the voltage of the SMPS power, VCC.
= Recommended C1: 470 pF/25 V more.
2. The R1 and C2 are the RC filter for VDD and suppress the ripple of VCC.
= Recommended R1: 10Q-20Q
= Recommended C2: 47 uF/25 V more
= The R1 and C2 should be as close by the C3 as possible.
= The R1 is optional so it may not apply.
3. The C3 capacitor is used for temperature compensation because an electrolytic capacitor
becomes worse characteristics at low temperature.
= Recommended C3: ceramic capacitor 2.2 pF more
= The C3 should be within 1 cm from VDD pin of the microcontroller 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 the microcontroller.
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4.2 Absolute maximum ratings

Exceeding stresses specified in Table 14 for voltage characteristics, Table 14 for current characteristics,
or Table 15 for thermal characteristics may result in permanent damage to the device. The values listed
in the tables are stress ratings only and do not imply that the device will function correctly under these
conditions. Prolonged exposure to these maximum rating conditions may impact the device’s reliability.
Itis important to operate the device within its specified maximum ratings to ensure reliable performance.

Table 14. Voltage Characteristics

Symbol Description Min. Max. Unit
VDD - VSS(™ | External main supply voltage (including VDD) -0.3 4.0 \Y
Vi Input voltage on 1/O -0.3 Max. (VDD) + 0.3 \%
Vo Output voltage on I/O -0.3 Max. (Vop) + 0.3 \%
NOTES:

1. All main power (Vpp) and ground (Vss) pins must always be connected to the external power supply, within the
permitted range.

2. Vi maximum must always be respected.

Table 15. Absolute Maximum Ratings

Parameter Symbol Rating Unit Remark
Supply Voltage VIN -0.3to +4.0 \% -
\ -0.3to VDD + 0.3 \Y
Voltage on any pin with respect to VSS
VO -0.3to VDD + 0.3 \Y
IOH _15 mA :\//ngimum current output sourced by (lon per
Normal Voltage Pin pin)
>IOH -60 mA | Maximum current (3 loH)
IOL 20 mA | Maximum current sunk by (loL per I/O pin)
>IoL 120 mA | Maximum current (3 loL)
Total Power PT 600 mw | -
Dissipation
Operating TOP _40to +85 °c |-
Temperature
Storage TSTG 65 to +150 °c |-
Temperature
Caution:

1. Stresses beyond those listed under ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This
is a stress rating only and functional operation of the device at those or any other conditions above those indicated in
the operation listings of this specification is not implied. Exposure above maximum rating conditions for extended
periods may affect device reliability.
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Table 16. Thermal Characteristics

Symbol Description Value Unit
Top Operating temperature (commercial grade) —40 to +85 °C
Tste Storage temperature range —65 to +150 °C

Ty Maximum junction temperature 125 °C

4.3 Operating Conditions
43.1 Recommended Operating Conditions

Table 17. Recommended Operating Conditions
(Ta=—-40°C to +85°C)

Parameter Symbol Conditions Typ. Max. Unit

fx = 32 to 38 kHz SX-tal 1.71 3.6
fx=04104.2MHz | X-tal Ceramic 12 >0
Crystal 2.0 3.6

Operating Voltage VDD fx =0.4 to 8 MHz 2.4 3.6 \Y
fx = 0.4 to 12 MHz Xl 2.7 3.6
fx =0.5to 16 MHz HFIRC 1.71 3.6
fx = 40 kHz LFIRC 1.71 3.6

Operating Temperature Toprr VDD =1.71 Vto 3.6V -40 85 °C

\BO\ 63

SEMICONDUCTOR
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4.3.2 Operating Voltage Range

A96L116 Datasheet

Figure 42. Operating Voltage Range (Main OSC)

(fxin=0.4 to 12 MHz, Ceramic)

12.0 MHz--

8.0 MHz -1

4.2 MHz -1
0.4 MHz -

12.0 MHz-

8.0 MHz -1

4.2 MHz -
0.4 MHz -1

(fxin=0.4 to 12 MHz, Crystal)

18 2%7

Supply voltage (V)

3.6

20 2%7 36

Supply voltage (V)

Figure 43. Operating Voltage Range (Sub OSC)

(fsuB=32 to 38 kHz)

e ————

1.71

Supply voltage (V)

3.6
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4.3.3 Typical Characteristics

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

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

Figure 44. Main RUN (IDD1) Current

m
A 1.60
1.40 - — ——HFIRC 16MHz -40°C
1.20 ~ ——HFIRC 16MHz +25°C
——HFIRC 16MHz +85°C
1.00
HFIRC 8MHz -40°C
080 ——HFIRC 8MHz +25°C
0.60 ——HFIRC 8MHz +85°C
0.40 XTAL 12MHz -40°C
0.20 XTAL 12MHz +25°C
XTAL 12MHz +85°C
0.00

2.0v 2.5V 3.0V 3.5V 4.0V
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Figure 45. Main IDLE (IDD2) Current

mA
0.80
0.70 ——HFIRC 16MHz -40°C
0.60 - ——HFIRC 16MHz +25°C
0.50 ~ ——HFIRC 16MHz +85°C
0.40 | m—————e—— HFIRC 8MHz -40°C
0.30 = HFIRC 8MHz +25°C
0.20 ——HFIRC 8MHz +85°C
0.10 XTAL 12MHz -40°C
0.00 XTAL 12MHz +25°C
20V 25V 30V 35V 4.0V XTAL 12MHz +85°C
Figure 46. Sub RUN (IDD3) Current
HA
16.00
14.00 [ —
10.00 R ——LFIRC 40kHz -40°C
——LFIRC 40kHz +25°C
8.00
——LFIRC 40kHz +85°C
6.00 SUB 32.768kHz -40°C
4.00 —— SUB 32.768kHz +25°C
2.00 —— SUB 32.768kHz +85°C
0.00

2.0v

2.5V

3.0V

3.5V

4.0V
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Figure 47. Sub IDLE (IDD4) Current

HA
2.00
1.80
1.60
 —————e
1.40 ——LFIRC 32kHz -40°C
1.20
—— LFIRC 32kHz +25°C
1.00
0.80 —— LFIRC 32kHz +85°C
0.60 SUB 32.768kHz -40°C
0.40 ——SUB 32.768kHz +25°C
0.20 SUB 32.768kHz +85°C
0.00
2.0V 2.5V 3.0V 3.5V 4.0V
Figure 48. STOP (IDD5, RTCC/fsys On/Off) Current
HA
1.4
1.2 RTCC/fsub on -40°C
10 ——RTCC/fsub on +25°C
——RTCC/fsub on +85°C
08 RTCC/sub off -40°C
0.6 RTCC/fsub off +25°C
/
——RTCC/fsub off +85°C
0.4
0.2 +— =
0.0
2.0V 2.5V 3.0V 3.5V 4.0V
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4.3.4 Power-On Reset Characteristics

Table 18. Power-On Reset Characteristics
(Ta= —40°C t0 +85°C, VDD=1.71V to 3.6 V, VSS=0 V)

Parameter Symbol Conditions Min. Typ. Max. Unit
RESET release level VpPor - - 1.2 - \Y,
Hysteresis AV - - 0.1 - \%
VDD Voltage Rising Time tr 0.2V -2V 0.05 - 100 V/ms
POR current lpor - - 50 100 nA

Figure 49. Power-On Reset Timing

Voltage
A

/ N /

Low Limit: 1.71 V In the case of LVR Disable
by software

LVR=150V
N\

POR(R)=1.3V
POR(F) =11V

Time

Internal NnPOR

LVR RESETB

Internal RESETB |
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4. Electrical Characteristics

4.3.5 Low-Voltage Reset and Indicator Characteristics (LVR and LVI)
Table 19. LVR and LVI Characteristics
(Ta= —40°C to +85°C, VDD=1.71V {0 3.6 V, VSS=0 V)
Symbol Parameter Conditions Min. Typ. Max. Unit
- 1.50 1.70
1.72 1.87 2.02
LVR: All levels 187 | 202 | 2147
VLVR . LVI: other levels except 1.50 V 2.02 217 2.32
Detection level . Vv
VLV 1.50 V level: Rising edge voltage 217 232 247
Other levels: Falling edge voltage 207 247 267
2.44 2.64 2.84
2.58 2.78 2.98
AV Hysteresis - - 40 150 mV
Minimum pulse
tw width - 100 - - us
Enable, One of two - 200 400
| LVRandLVi Enable, Both VDD =3V - 250 | 500 | nA
current
Disable - - 10
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4.3.6 Data Retention voltage in STOP mode

Table 20. Data Retention Voltage in STOP Mode
(Ta= —40°C to +85°C, VDD=1.71V t0 3.6 V)

Symbol Parameter Conditions Min. Typ. | Max. Unit
VDDDR Data retention supply voltage — 1.71 — 3.6 \%
I Data retention supply current VDDDR=1.71V 1 A
DPOR PPy (Ta= 25°C), STOP mode H

Figure 50. STOP Mode Release Timing when Initiated by an Interrupt

Idle Mode
¥ atchdog Timer Active

«—— Stop Mode > <> w g )
Normal
Operating Mode

«——Data Retention—»
Vin !
T ViNDR
Execution of
STOP Instruction
0.8Vpp 7L
INT Request
_> tWAIT 4_

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

Figure 51. STOP Mode Release Timing when Initiated by RESETB

RESET
Occurs
l Oscillation
4—1——— Stop Mode < NG Stabillization Time
_ Normal
l«——Data Retention——p| Operating Mode
Vin T
VINDR
Execution of
STOP Instruction
RESETB

o.2vDD\ 1 0.8Vop
—Pitwan

NOTE:
1. tWAIT is the same as (4096 x 4 x 16/furrc) = (16.4 ms at fx=1 MHz)

70 \BO\

SEMICONDUCTOR




A96L116 Datasheet 4. Electrical Characteristics

4.3.7 Flash Memory Characteristics

4.3.7.1 Internal Flash Characteristics

Table 21. Internal Flash Characteristics
(Ta= +25°C, VDD=1.71 V t0 3.6 V)

Parameter Symbol Conditions Min. Typ. Max. Unit
Sector write time trsw — — 3.0 3.5
Sector erase time trse — — 3.0 3.5 ms
Code write protection time tFHL — — 3.0 3.5
Page buffer reset time treR — — — 5 V]
Flash program Voltage VpGMm On erase/write 2.0 — 3.6 \%
System clock frequency fscik — 0.4 — — MHz
Endurance of write/erase NFwe Sector erase/write 10,000 — — cycles
Flash Retention Time tFrT — 10 — — years

4.3.7.2 Internal Data Flash characteristics

Table 22. Internal Data Flash Characteristics
(Ta= +25°C, VDD=1.71 V t0 3.6 V)

Parameter Symbol Conditions Min. Typ. Max. Unit
Sector write time toFsw — — 3.0 3.5
Sector erase time torse — — 3.0 3.5 me
Page buffer reset time torFer — — — 5 us
Data Flash program voltage VopraM On erase/write 2.0 — 3.6 \%
System clock frequency fscik — 0.4 — — MHz
Endurance of write/erase Nbrwe Sector erase/write 100,000 — — cycles
Flash Retention Time toFrRT — 10 — — years
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4.3.8 Current Consumption Characteristics

The amount of current consumed by the device is determined by various factors and parameters,
including but not limited to the operating voltage, ambient temperature, load on I/O pins, software
configuration, operating frequency, switching rate of I/O pins, location of the program in memory, and
the binary code being executed.

The current consumption is measured under the conditions specified in Table 23.

Table 23. Supply Current Characteristics
(Ta= —40°C to +85°C, VDD=1.71V 10 3.6 V, VSS=0 V)

Symbol Parameter Conditions Min. Typ. Max. Unit
furirc = 16 MHz, VDD =3V — 1.5 2.2
Iop1 (RUN) furrc = 8 MHz, VDD =3 V — 0.8 1.2 mA
fxin =12 MHz, VDD =3V — 1.3 2.0
fuFirc = 16 MHz, VDD = 3 V — 0.6 0.9
Iob2
f =8 MHz, VDD =3V — 0.4 0.6 mA
(|DLE) HFIRC z
fxin=12 MHz, VDD =3V — 0.6 0.9
Supply _ oo
current | fsus=32.768 kHz (CL: 7 pF), | 1A=25°C | — 120 | 190
Iops (RUN) _ _ MA
or fLrirc = 40 kHZ, VDD =3V Ta= 85°C _ 14.0 22.0
Ibpa fsup = 32.768 kHz (CL: 7 pF), | TA=29°C | — 18 3.6 A
(|DLE) or ftrirc = 40 kHz, VDD =3V Ta= 85°C _ 2.1 79 H
Ta=25°C — 0.35 0.9
Iops VDD =3V, RTCC/ fsus Off T 8570 15 50 MA
(STOP) i - ' :
VDD =3V, RTCC/ fsus On, Ta= 25°C — 0.9 1.6 MA
NOTES:

1.  Where the fxin is an external main oscillator, the fsub is an external sub oscillator (SUBISET = 0x5), the HFIRC is an
internal high frequency RC oscillator, the LFIRC is an internal low frequency RC oscillator and the fx is the selected
system clock.

2. All supply current items don’t include the current of an internal Watch-dog timer RC (WDTRC) oscillator and a
peripheral block.

3. All supply current items include the current of the power-on reset (POR) block.
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4.3.8.1 1/0O System Current Consumption

In the 1/0 system, current consumption can be separated into two components: Static and Dynamic.

4.3.8.2 1/0 Static Current Consumption

When /O pins configured as inputs with pull-up are externally held low, they generate a current
consumption. This current consumption can be simply calculated using the values of the pull-up/pull-
down resistors specified in the 1/O port characteristics.

To estimate the current consumption for output pins, any external pull-down or load must also be taken
into consideration.

The current consumption of 1/0 pins configured as inputs may increase when an intermediate voltage
level is applied externally. Therefore, it is recommended to avoid applying an intermediate voltage level
if there is no specific need for this configuration.

4.3.8.3 1/0 Dynamic Current Consumption

Besides the internal peripheral current consumption, the application’s I/Os also contribute to the overall
current consumption. When an 1/O pin switches, it draws current from the microcontroller’s supply
voltage to power the 1/O pin circuitry and to charge/discharge any capacitive loads (either internal or
external) connected to the pin.
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4.3.9 External Clock Source Characteristics
4.3.9.1 External Main Oscillator

The external main oscillator (XMOSC) clock can be generated using a crystal/ceramic resonator
oscillator with a frequency range of 0.4 to 12 MHz. The information provided in this paragraph is based
on characterization results obtained using typical external components listed in Table 24.

To minimize output distortion and startup stabilization time, it is recommended to place the resonator
and load capacitors as close as possible to the oscillator pins in the application.

For further information on the resonator characteristics such as frequency, package, and accuracy, it is

advisable to refer to the crystal resonator manufacturer.

Table 24. Main Oscillator Characteristics
(Ta= —40°C to +85°C, VDD=1.8 V t0 3.6 V)

Oscillator Parameter Conditions Min. Typ. Max. Unit
20Vto3.6V 0.4 — 4.2
Crystal Main oscillation frequency 24Vto36V 0.4 — 8.0
27Vto36V 0.4 — 12.0
1.8Vto36V 0.4 — 4.2
Ceramic Main oscillation frequency 24V1036V 0.4 — 8.0 | MHz
Oscillator
27Vto3.6V 0.4 — 12.0
1.8Vto36V 0.4 — 42
External .
Clock XIN input frequency 24Vto36V 0.4 — 8.0
27Vto3.6V 0.4 — 12.0

Figure 52. Crystal/Ceramic Oscillator

‘ XIN XOouT

]

C1 Cc2

drpe
iH }lﬂ

Figure 53. External Clock

‘ XIN XOouT

T T

External Open
Clock
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It is recommended to use high-quality external ceramic capacitors designed for high-frequency
applications and selected to match the requirements of the crystal or resonator. The CL1 and CL2
capacitors are usually of the same size, and the crystal manufacturer typically specifies a load
capacitance that is the series combination of both capacitors. The capacitance values of the CL1 and
CL2 capacitors should be set by considering the parasitic capacitance of the printed circuit board (PCB)
and microcontroller pins, which is approximately twice the specified load capacitance of the crystal.

Arough estimate of the combined pin and board capacitance is typically in the range of 2 to 4 pF, which
can serve as a guideline for appropriately sizing the CL1 and CL2 capacitors.

Figure 54 shows a circuit diagram of a typical application with an 8 MHz crystal.

Figure 54. Typical Application with an 8 MHz Crystal

Resonator with integrated
capacitors

0SC_IN
1 fxmosc
L |
V' 8MHz Bias
| resonator RF controlled
) gain
[
L |
0SC_ouT
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4.3.9.2 External Sub-Oscillator

The external sub-oscillator (XSOSC) clock can be generated using a crystal/ceramic resonator
oscillator with 32.768 kHz. The information provided in this paragraph is based on characterization
results obtained using typical external components listed in Table 25.

To minimize output distortion and startup stabilization time, it is recommended to place the resonator
and load capacitors as close as possible to the oscillator pins in the application.

For further information on the resonator characteristics such as frequency, package, and accuracy, it is
advisable to refer to the crystal resonator manufacturer.

Table 25. External Sub-Oscillator Characteristics
(Ta= —40°C to +85°C, VDD=1.71V t0 3.6 V)

Oscillator Parameter Conditions Min. Typ. Max. Unit

Crystal Sub oscillation frequency 1.71Vto 36V 32 32.768 38 kHz

Figure 55. Crystal Oscillator

SXIN SXOUT

REES
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4.3.9.3 Main Oscillator Stabilization Characteristics

Table 26. Main Oscillator Stabilization Characteristics
(Ta= —40°C to +85°C, VDD=1.71V t0 3.6 V)

Oscillator Conditions Min. Typ. Max. Unit
fXIN =21 MHz, VDD = 2.0~3.6 V
Crystal Oscillation stabilization occurs when _ . 60

VDD is equal to the minimum
oscillator voltage range.

ms
fXIN =1 MHz, VDD = 1.8~3.6 V
Ceramic Oscillation stabilization occurs when _ . 10
VDD is equal to the minimum
oscillator voltage range.
fXIN =0.4 to 12 MHz 42 . 1,250 ns

External Clock | v\ input high and low width (tXL, tXH)

Figure 56. Clock Timing Measurement at XIN

1/fXIN

Y

<

tXL 1 L tXH

<
< P

XIN % 0.8vDD

0.2vDD

4.3.9.4 Sub Oscillator Stabilization Characteristics

Table 27. Sub Oscillator Stabilization Characteristics
(Ta= —40°C to +85°C, VDD=1.71V t0 3.6 V)

Oscillator Conditions Min. Typ. Max. Unit
— — — 10

Crystal sec
VDD =3V, Ta= 25°C — 0.7 1.5

External Clock SXIN input high and low width (tXL, tXH) 5 — 15 V]

Figure 57. Clock Timing Measurement at SXIN
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4.3.10 Internal Clock Source Characteristics

4.3.10.1 High Frequency Internal RC Oscillator Characteristics

Table 28. High Frequency Internal RC Oscillator Characteristics
(Ta= —40°C to +85°C, VDD=1.71V t0 3.6 V, VSS=0 V)

Symbol Parameter Conditions Min. Typ. Max. Unit
Frequency — — 16 — MHz
fHFIRC Ta=0to +50°C 1.5
Tolerance — — %
Ta=-40to +85°C 2.0
Top Clock duty ratio — 40 50 60 %
tHFs Stabilization time — — — 2 us
Enable — 200 350 MA
IHFIRC HFIRC Current
Disable — — 10 nA

4.3.10.2 Low Frequency Internal RC Oscillator Characteristics

Table 29. Low Frequency Internal RC Oscillator Characteristics
(Ta= —40°C to +85°C, VDD=1.71V t0 3.6 V, VSS=0 V)

Symbol Parameter Conditions Min. Typ. Max. Unit
fLrire Frequency — 34 40 46 kHz
tLrs Stabilization time — — — 100 us
Enable — 450 650
ILFirRe WDTRC current VDD =3.0V nA
Disable — — 10

4.3.10.3 Internal WatchDog Timer RC Oscillator Characteristics

Table 30. Internal WDTRC Oscillator Characteristics
(Ta= —40°C to +85°C, VDD=1.71V t0 3.6 V, VSS=0 V)

Symbol Parameter Conditions Min. Typ. Max. Unit
fwpTre Frequency — 4.25 5 5.75 kHz
twoTs Stabilization time — — — 1 ms
Enable — 450 650
IwpTrRC WDTRC current nA
Disable — — 10
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4.3.11 DC Characteristics
The parameters listed in Table 31 are obtained through tests conducted under ambient temperature

and supply voltage conditions, which are specified in Table 17.

Table 31. 1/0 Port Characteristics
(Ta= —40°C to +85°C, VDD=1.71V t0 3.6 V, VSS=0 V)

Parameter Symbol Conditions Min. Typ. Max. Unit
Input high voltage ViH All input pins, RESETB 0.8xVDD — VDD \%
Input low voltage Vi All input pins, RESETB — — 0.2xVDD \Y,

Output high voltage Vo All output ports, VDD-1.0 — — \%
VDD =3V, IOH =-2 mA
Output low voltage VoL All output ports, — — 1.0 \%
VDD =3V, IOL =10 mA
Input high leakage IH All output ports — — 1.0 WA
current
Input low leakage I All output ports -1.0 — — MA
current
Pull-up resistor Rpu1 VI=0 V, Ta=25°C, VDD =3 V, All 25 50 100 k&
Input ports
Rpu2 VI=0V, Ta=25°C, VDD = 3V, 150 250 400 kQ
RESETB
OSC feedback Rx1 XIN =VDD, XOUT =VSS 600 1,200 2,000 k&
resistor Ta=25°C,VDD =3V
Rxz2 Ta=25°C,VDD =3V 4 7 14 MQ

4.3.11.1 Output Driving Current

The GPIOs can sink or source currents within the range specified by IOL and IOH.

To ensure compliance with the absolute maximum ratings specified in chapter 4.2, it is necessary to
limit the number of 1/O pins driving current in the user application.

* The total current sourced by all /O pins on VDD and the maximum operating current of the
microcontroller on VDD (during RUN mode) must not exceed the absolute maximum rating
2|VDD specified in Table 15.

* The total current sunk by all I/O pins on GND and the maximum operating current of the
microcontroller on GND (during Run mode) must not exceed the absolute maximum rating
2|VSS specified in Table 15.
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4.3.11.2 Output Voltage Characteristics

Unless otherwise specified, the parameters in Table 32 are obtained through tests conducted under
ambient temperature and supply voltage conditions, which are specified in Table 17.

Table 32. Output Voltage Characteristics

Symbol Parameter Condition Min. Typ. | Max. Unit
Output high level voltage _ _
VoH for an /O pin VDD =3V, lon=-2 mA Vopo-1.0 - - \Y
Output low level voltage _ _
VoL for an /0 pin VDD =3V, loL =10 mA - - 1.0 \%

4.3.11.3 Input/ Output Capacitance Characteristics

Table 33. I/0O Capacitance Characteristics
(Ta= —40°C to +85°C, VDD=0 V)

Symbol Parameter Conditions Min. Typ. Max. Unit
CiN Input capacitance fx=1 MHz
Cout Output capacitance Unmeasured pins are — — 10 pF
Cio I/O capacitance connected to VSS.
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4.3.12 AC Characteristics

Table 34. AC Characteristics
(Ta= —40°C to +85°C, VDD=1.71V t0 3.6 V)

Symbol Parameter Conditions Min. Typ. Max. Unit
trsT RESETB input low width VDD =3V 10 — — us
twe, twe | TErTUPt input high, low All interrupt, VDD = 3 V 200 — —
width
tecwH, External counter input ECn, VDD = 3V, Where 200 . . ns
tecwL high, low pulse width n=0, 1, and 2
t t External counter transition ECn, VDD = 3V, Where 20 . .
REC, IFEC | time n=0, 1, and 2
twuo Wake-up from idle/stop From HFIRC - S 8 us
twyr | Mode From LFIRC — — 1,000

Figure 58. AC Timing

tIwL L tIWH N
External 0.8VvDD
Interrupt
0.2vDD
P tRST R
RESETB
0.2vDD
P tECWL R | tECWH R
«— tFEC —> tREC
ECn
NOTE:
1. n =0, 1 and 2.
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4.3.13 ADC Characteristics

Table 35. ADC Characteristics
(Ta= —40°C to +85°C, VDD=1.71V t0 3.6 V, VSS=0 V)

Symbol Parameter Conditions Min. Typ. Max. Unit
— Resolution — — 12 — bit
INL Integral Non-linear — — 5

DNL Differential Non-linearity VDD=24Vto36V, — — 11

TOE Top offset error fx=8 MHz — — +5 -S8

ZOE Zero offset error — — 15
VDD=2.7Vt036V 9 — —

tcon Conversion time VDD=24Vt03.6V 12 — — us
VDD =2.0Vto 3.6V 28 — —

VaN Analog input voltage — VSS — VDD \Y,

Vecr Ecj’t‘;ggeap reference Ta=25°C 890 940 990 | mv

IAN A/DC input leakage VDD =3V . . 2 uA

current

loc | ADC current Enable VDD =3V — 400 800 bA

Disable — — 10 nA
NOTES:

1.  Zero offset error is the difference between 0000000000 and the converted output for zero input voltage (VSS).
2. Top offset error is the difference between 1111111111 and the converted output for top input voltage (VDD).
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4.3.14 Communication Interface Characteristics

4.3.14.1 12C Characteristics

Table 36. 12C Characteristics
(Ta= —40°C to +85°C, VDD=1.71V t0 3.6 V)

Symbol S Standard Mode High-Speed Mode T
Min. Max. Min. Max.
tSCL Clock frequency 0 100 0 400 kHz
tSCLH Clock High Pulse Width 4.0 — 0.6 —
tSCLL Clock Low Pulse Width 4.7 — 1.3 —
tBF Bus Free Time 4.7 — 1.3 —
tSTSU Start Condition Setup Time 4.7 — 0.6 —
tSTHD Start Condition Hold Time 4.0 — 0.6 — us
tsPsuU Stop Condition Setup Time 4.0 — 0.6 —
tSPHD Stop Condition Hold Time 4.0 — 0.6 —
tvD Output Valid from Clock 0 — 0 —
tDIH Data Input Hold Time 0 — 0 1.0
tDIS Data Input Setup Time 250 — 100 — ns

Figure 59. 12C Timing

« Sy

tSCLH  tSCLL
€— {STSU < P i > — <— tDIH —>»i €— tsSPsSU

SCL_7 \_/ \ —_\_ JL—\ ____________ /L <— tSPHD
SDA \ / X i o \

—)» €— tSTHD —> <— DIS
—>» i€—tvD

( I X

—> <€— tvD

A
Y
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4.3.14.2 SPI Characteristics

Table 37. SPI Characteristics
(Ta= —40°C to +85°C, VDD=1.71V t0 3.6 V)

A96L116 Datasheet

Symbol Parameter Conditions Min. Typ. Max. Unit
tsck Output clock pulse period Internal SCK source 1,000 — —
Input clock pulse period External SCK source 1,000 — —
t .
SCKH Output .C|°Ck high, low Internal SCK source 400 — —
tscKL pulse width
In_put clock high, low pulse External SCK source 400 — —
width ns
tron Flrst output clock delay Internal/external SCK 500 - .
ime source
tos Output clock delay time — — — 125
tois Input setup time — 500 — —
toH Input hold time — 500 — —
Figure 60. SPI Timing
SS
(Output/Input)
> >
T <
tSCK
—» tFOD «— < >
— S T 1
SCK
(CPOL=0)
(Output/Input)
4 s 1 £ s
tSCKL i | tSCKH_
SCK \ I I \ I
(CPOL=1)
(Output/Input)
Al L
tDIS  tDIH
MISO/MOSI
(Data Input) LSB
—> DS _
i [
MISO/MOSI
(Data Output) MSB LSB
T >>
T <
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4.3.14.3 UART Timing Characteristics

4. Electrical Characteristics

Table 38. UART Timing Characteristics

(Ta= —40°C t0 +85°C, VDD=1.71V t0 3.6 V, ix=11.1 MHz)

Symbol Parameter Min. Typ. Max. Unit
tsck Serial port clock cycle time 1,250 tcpu x 16 1,650
ts1 Output data setup to clock rising edge 590 tepu x 13 —
ts2 Clock rising edge to input data valid — — 590
th1 Output data hold after clock rising edge tcpu — 50 tcpu — ns
tH2 Input data hold after clock rising edge 0 — —
tﬁ'g; Serial port clock High, Low level width 470 tcpu x 8 970
Figure 61. UART Timing Characteristics
< tsck
tHiGH P tLow g
N /] \

Figure 62. Timing Waveform of UART Module
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5. Package Information
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imension

Figure 63. 20-TSSOP Package D

20-TSSOP Package Information
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5. Package Information

20-QFN Package Information

5.2

20-QFN is a 20-pin, 4 x 4 mm Quad Flat No-lead package.

imension

Figure 64. 20-QFN Package D
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A96L116 Datasheet

16-SOPN Package Information

5.3

16-SOPN is a 16-pin, 3.9 x 9.9 mm Small Outline Package.

Figure 65. 16-SOPN Package Dimension
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5. Package Information

10-SSOP Package Information

5.4

10-SSOP is a 10-pin, 3.9 x 4.9 mm Shrink Small Outline Package.

imension

Figure 66. 10-SSOP Package D
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6. Ordering Information

Figure 67. A96L116 Ordering Information

6. Ordering Information

A96L11 6 F R 2 N (T)

NOTE:

1.

A96L 11 Family Name

Code memory size

6 16 Kbytes
4 8 Kbytes
Pin count

F 20 pins

A 16 pins

D 10 pins

Package type

R TSSOP

U QFN1

E SOPN

S SSOP

Temperature

None —40 to +85°C (commercial grade)
2 —40 to +105°C (industrial grade)

Bonding wire

None Au wire

N Pd-Cu wire
Packing

) Tape & reel
(W) Wafer

© Chip carrier

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

A96L116 Datasheet

Date Version Description
Dec. 22, 2023 1.00 First creation
Apr. 24. 2024 1.01 Corrected typos and revised 20-QFN package dimensions.
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