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Ultra-low-power 32-bit SoC microcontroller based on the ARM® Cortex®-MO0O+
Built-in 32K-byte Flash, integrated LDO, dedicated SoC for LIN transceivers
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Please note the following CMS IP policy

*China Micro Semicon Co., Ltd. (hereinafter referred to as the Company) has applied for a patent and enjoys absolute legal rights and
interests. The patent rights related to the Company's MCUs or other products have not been authorized to be licensed, and any
company, organization or individual who infringes the Company's patent rights through improper means will take all possible legal
actions to curb the infringer's improper infringement and recover the losses suffered by the Company as a result of the infringement
or the illegal benefits obtained by the infringer.

*The name and logo of China Micro Semicon Co., Ltd. are registered trademarks of the Company.

*The Company reserves the right to further explain the reliability, functionality and design improvements of the products in the data
sheet. However, the Company is not responsible for the use of the Specification Contents. The applications mentioned herein are for
illustrative purposes only and the Company does not warrant and does not represent that these applications can be applied without
further modification, nor does it recommend that its products be used in places that may cause harm to persons due to malfunction or
other reasons. The Company's products are not licensed for lifesaving, life-sustaining devices or systems as critical devices. The
Company reserves the right to modify the product without prior notice, please refer to the official website www.mcu.com.cn for the
latest information.
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Feature

Ultra-low-power operation environment:

» Supply voltage range: 5.5V~28V

» Temperature range: -40°C to 125°C

» Low power modes: sleep mode, deep sleep mode

» Operating power consumption:
80uUA/MHz@64MHz

» Power consumption in deep sleep mode: 42uA
(MCU sleeps, LDO maintains 5V output)

Core:

Comparator (CMP), built-in 2-channel comparator,
selectable input source, reference voltage can be
selected from 12-bit DAC output voltage or internal
reference voltage (1.45V/2.4V can be selected)

» Programmable gain amplifier (PGA), built-in 1-
channel PGA with two external input pins, controlled
time division multiplexing, programmable
1/2.5/4/8/10/16/32x gain, bias voltage: 1.45V, 2.4V,
optional Vcap/2.

® Input/output ports:
> ARM®32-bitCortex®-M0+ CPU . pu|/o UOTS. ';6
» Operation frequency: 32KHz~64MHz P ) .
» It can switch between N-channel open drain, TTL
Memory: input buffering, and internal pull-up
> 32KB Flash memory, shared program and data > Controller for built-in clock output/buzzer output
storage ] ]
» 4KB SRAM memory with parity check ® Serial two-wire debugger (SWD)
Power and reset management ® Rich tlm_er.s:
> Built-in power-on reset (POR) circuit > 16-bit tlmer.. 9 channels
» Built-in voltage detection (LVD) circuit (threshold e Watc_thQ timer (WWDT): 1x
voltage settable) > SysTick imer
Clock management: ® Rich and_ flexible |nFerf§ces:_ .
> Built-in high-speed oscillator with accuracy > 2 se.rlal communication units: each unit can be freely
(+1%). IMHZz~64MHz system clocks are configured as 1-ch§nngl_stan2dard UART, 1-channel
available. SPI or 1-channel Simplified | C.(UA.RTO of unit 0
»  Built-in 15KHz low-speed oscillator supports software LIN communication)
» Support 1IMHz~20MHz external crystal oscillator > LIN:1 c.hanngl (Hardware support LIN2.2 protocol,
o o compatible with LIN2.x protocol, also support
Multiplier/divider module: SAEJ2602 protocol specification)
» Multiplier: support single-cycle 32-bit > IrDA: 1 channel
multiplication operations » Standard I2C: 1 channel, support slave dual address
» Divider: support 32-bit signed integer division > SPI: 1 channel
operations, only 4 or 8 CPU clock cycles to ] ) )
complete an operation ) Integrated LIN transceiver, compliant with LIN 2.x/
SAE J2602 protocols
Enhanced DMA controller: )
> Interrupt trigger start ® .Integrated 5V LDO, capable of.supply'lng. power to
» Selectable transfer modes (normal transfer mode, internal MCU and external devices, with input
repeat transfer mode, block transfer mode and voltage range of 5.5 to 28V.
chain transfer mode) ®  Safety function:
» Transfer source/destination realm are selectable » Comply with IEC/UL 60730 standards
from the full address space range » Report abnormal storage access errors
Linkage controller: » Support RAM parity check
> It can link event signals together to realize the > Support hardware CRC verification
linkage of peripheral functions » Support important SFR protection to prevent
> There are 20 types of event input and 9 types of misoperation
event triggering » 128-bit unique ID number
. . » Flash Level 2 protection in the debug mode (Levell:
Rich analog peripherals: only perform flash full-scale erase, cannot be read or
> 12-bit ADC converter with 1.42Msps conversion yPp . A
. written. Level2: Emulator connection is invalid, can't
rate, 10 external analog channels with
. . operate on flash.)
temperature sensor(s) supporting for single-
WWW.mcu.com.cn 2175 Rev.0.5.3
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channel conversion mode and multi-channel scan
conversion mode. Conversion range: 0 to Vrer
(1.45V/2.4V/Ncap are selectable)

» 12-bit D/A converter, 2-channel analog output,
real-time output function, output voltage to
internal comparator range: 0~Vrer,
(Vrer=1.45V/2.4V[Vcap); output voltage to pins
range: 0.3V~Vcap-0.3V

® Package:
> QFN32

WWW.mcu.com.cn 3/75 Rev.0.5.3
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1 Overview

1.1 Brief introduction

BAT32A6300 series complies with AEC-Q100 Grade 1 automotive product standard, -40~125°C operating
temperature, supports 32Pin QFN package. This product adopts the high-performance ARM®Cortex®-MO0+
32-bit RISC core, which can operate up to 64MHz, and high-speed embedded flash memory (SRAM up to
4KB, program/data flash up to 32KB). The product integrates various standard interfaces such as I°C, SPI,
UART, LIN2.2 bus, 12-bit A/D converter, temperature sensor, 12-bit D/A converter, comparator, programmable
gain amplifier. Integrated a variety of advanced timer modules, 1-channel SysTick timer, 9-channel 16-bit timer,
watchdog timer and other functions, and integrated high-voltage LDOs, LIN transceivers and so on.

The BAT32A6300 also has excellent low-power performance, supporting both sleep and deep sleep
modes for design flexibility. Its operating power consumption is 80UA/MHz@64MHz, and in deep sleep mode,
its power consumption is only 42uA. At the same time, due to the integrated event linkage controller, direct
connection between hardware modules can be realized without CPU intervention, which is faster than using
interrupts.

The BAT32A6300 integrates LDO, LIN transceiver, and with excellent reliability, rich integrated
peripheral functions, and outstanding low-power performance, it focuses on automotive electronics related to

switches, doors, windows, lights, sensors, motors and other applications.

WWW.mcu.com.cn 4175 Rev.0.5.3
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1.2 Product model list

BAT 32 A 63 00 K C 32 NA

1 Package type (NA: QFN)
Pin count (32pin)

ROM size (C: 32KB)

Product list for BAT32A6300:

Temperature range: -40~125°C

Peripheral integration version

CPU type: Cortex-M0O+

Use classification (A: automotive products)
Bus bit width: 32 bits

Series name: BAT

Product model

Flash memory

Dedicated data
Flash memory

SRAM

Package

BAT32A6300KC32NA

32KB

4KB

32-pin plastic package QFN
(5x5mm, 0.5mm pitch)

www.mcu.com.cn
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Product list for BAT32A6300:

Package

Hardware divider

Hardware multiplier

Y | Y |QFN32

CAN bus

LIN bus

IIC bus

SPI

UART

Watchdog timer (WDT)

Universal timer (16bit)

PGA

CMP

2

12t DAC

12bit ADC

GPIO

DMA

Y 2610 2

Data Flash (KB)

SRAM (KB)

Code Flash (KB)

MCU operating voltage (V)

50|32 4

Built-in LDO input (V)

5.5~28V

Clock frequency (MHz)

64

Core

<
=}
T

Part No.

BAT32A6300KC32NA

Rev.0.5.3
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1.3 Top view

1.3.1 BAT32A6300KC32NA

. 32-pin plastic QFN (5x5mm, 0.5mm pitch)

VREFO/NSS/(PGALGND)/ANI12/P147[ |
ANO1/PGAOGND/ANI3/P23[ |

ANOO/PGAOIN/VCINO/ANI2/P22 |
AVREFMN/CIN13/ANIL/P21[ |
AVREFP/VCIN12/INTP11/PGAOOUT/ANIO/P20[_|
LRXD/VCIN11/TO00/TBCLK1/TAIOO/INTP10/(PGALIN)/ANIZ0/PO1 |
LTXD/VCIN10/TI00/TBCLKO/(TAOO)/INT PS/ANIL1/POO |
VCOUTO/ANIL4/P120[|

%[ P11/ANIS/MISO/(RXDO/SDI00)/TMIODL/(TMIOAL/TMIO C1/TMIOB1)
N[ P12/MOSI/(TXxD0/SDO00)/ TMIOAL/(TMIOBO/TMIOBL/TMIOC1)
R[] P13/TXD2/IrTxD/SDO20/TMIOC1/(TMIOCO/TMIODL/TMIOAL)

» [ P14/RXD2/IrRXd/SDI20/SDA20/TMIOBO/(TMIOCL/TMIODO)/(SCLAO)
=[] P15/SCLK20/SCL20/TMIODO/(TMIOBO)/(SDAAQ)/CLKBUZ1

N P10/ANI9/SPICLK/TMIOB1/(TMIOD1)TXD2/IFTXD)
=[] P16/TI0L/TOO/INTPS/TMIOCO/TMIOAL)/(RXDO)
=[] P17/TI02/T002/T MIO AO/TMCLKO/(TMIODO)/(T XDO)

BAT32A6300KC32NA

13

1 P51/INTP2/SDO00/TXDO/TBIO1/(TMIOD1)

|1 P50/INTP1/SDIO0/RXDO/SDAO0/TBIOO/(TAQO)/(TMIOC1)

1 P30/INTP3/SCLKO0/SCLOO/TAQO/(TMIOB1)
|1 P70/INTP6/(VCOUT1)

[ 1 P72/LINTXD

[ JLN

[ TGND

1 Vbat

VSS o
Vcap ~

RESETB N
INTPO/P136 o

SWCLK/(RXDO0/SDI00)/P137 w
X1/P121 @

SWDIO/(TXD0/SDO00)/P40 = O
EXCLK/X2/P122 »

www.mcu.com.cn
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2 Product Structure Diagram

SWDCLK

<:> PORT1 “ P10-P17
1:> PORT2 “ P20-P23

:> PORTS “ P50-P51
(—=—) P10, P72
:> PORT? P73
[ «——> P120
) PORT12 n P121-P122
: : et

¢—> P147

CLKBUZO
_ CLK/BUZ

CLKBUZL

INTPO-INTP8

External INT
1ich

Main OSC
OMHz

Voltage
REGULATOR

X2/EXCLK

Timer4 (4ch)
TI00 ————
TIO1 >
< cho1
Tﬁgzl < ( Y K EVENTC
TO02 < choz
Ti03 >
TOO3 < chos3
TAIO
TAO SWDIo
TMIOAO/TMCLK
TMIOBO S
TMIOCO WD
TMIODO PWMOP CODE FLASH:
TMIOAL q—g 32KB
TMOBL
TMIOCL
TMIOD1
TimerM (2ch;
ch0 : :
—
chl
DMA
INT from CMP1
DIV
TBCLKO —> AN ARM Cortex-M0+
TBCLK1 ————
TBIO0 TimerB \—
TBIOL€——»
scl
RxDO
o0 UARTO (LIN)
IrRXDIRXD2
IrTXD/TXD2 €———
SCLK00 ¢——
SDIO0 —
SDO00
[¢— RESETB
—
¢ =
SDO20 €—
SCLOO €—————| M N Clock Generator
SDA00 €——— N
\r v Reset Generator X1
SCL20 <
S5A20 ¢—1 1c20
Sy oo |
1ICA0 Low Speed
SDAAO
PORILVD || 0CO High Speed
15KHz

Il

ANI2-ANI3
ANI8-ANI12
12bitADC ANI14

(10ch)

(—)

PGALl |
PGAIGND
PGAOI
PGAOGND

PGAO

iy

Comparator(2ch)

fe————

Comparator 0 veouTo

VCINO
VREFO

VCOUTL

VCIN10
VCIN11
VCIN12
VCIN13

Comparator 1

ANOO
ANO1

EN

LIN Transceiver

RXD
RSTN

INTP10-INTP11

ANI1/AVREFM
ANIO/AVREFP
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3 System Block Diagram

P10
P11
P12

P13
P14
P15
P16
P17

P51
P50
P30
P70

P147
P23
P22
P21
P20
PO1
POO

P120
P40

RESETB

P137

P122

P121

P136

VSS

ARM
Cortex-MO

LIN

aP72

P72

P73

P31

P74

VDD

TXD

RXD

LIN

GND

Vbat

EN '

RSTN LDO

LIN Transceiver

-1 \V/cap

www.mcu.com.cn
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4 Memory Map

FFFF_FFFFH

EOOF_FFFFH

Cortex-MO+ Dedicated Peripheral Resource Area
E000_0000H

4005_FFFFH

Peripheral Resource Area

4000_0000H

2000_OFFFH
SRAM (up to 4KB)
2000_0000H

0000_7FFFH

Main Flash Memory Area (up to 32KB)

0000_0000H

WWW.mcu.com.cn 10/75 Rev.0.5.3



0 Cmsemicon’

BAT32A6300 Datasheet

5 Pin Function

5.1

Port function

All ports of this product are categorized into 4 types, which are type 1, type 2, type 3 and type 4, and the corresponding

situations are as follows:

Type 1: Bidirectional 1/O function.

Type 2: Input function only, e.g. clock, corresponding to pins P121-P122.

Type 3: RESET function, corresponding to pin RESETB.
Type 4: Other functions, e.g. LIN, VSS/GND, Vcap

5.1.1 Pin description

Name

Type

I/0

After the reset

Multplexing function

Function

is released
POO ANI11/LTXD/VCIN10/TIO0 Port 0
/TBCLKO/(TAOOQ)/INTP8 The 2-bit input/output ports can be designated
as input or output in bit units. Input ports can
be set by software using internal pull-up
Analog resistors.
/0 function | ANI10/LRXD/VCIN11/TOO The inputs of P00 and P01 can be set as
POl O/TBCLK1/TAIOO/INTP10/ TTL input buffers, and the outputs can be
(PGALIN) set as N-channel open drain outputs (Vcap
withstand voltage).
P00 and P01 can be set as analog inputs.
P10 ANI9/SPICLK/TMIOB1/(TMIOD1)
/(TXD2/IrTXD)
ANI8/MISO/(RxD0/SDIO0)/TMIOD
P11 1
[(TMIOALTMIOCLTMIOBL) | Portl
b1 SIMO/(TXD0/SDO00) TMIOAL Zi'he. 8-bit mput/putput ports can pe o
/(TMIOBO/TMIOBL/TMIOC1) esignated as inputs or outputs in bit units.
b13 . TXD2/IrTxD/SDO20/TMIOC1 Inputs. can be programmgd by software
ype 1 Analog /(TM|OC0/TM|OD1/TM|OA1) usmg internal pU“-Up resistors.
110 function RXD2/IrRxd/SDI20/SDA20/TMI | The inputs of P10, P14~P17 can be set as
P14 OBO TTL input buffer.
/(TMIOCL/TMIODO)/(SCLAQ) The outputs of P10, P11, P13~P15 and P17
P15 SCLK20/SCL20/TMIODO/(TMI | can be set as N-channel open drain outputs
OBO)/(SDAAQ)/CLKBUZ1 (Vcap withstand voltage).
TIOL/TOOL/INTPS/TMIOCO/(TMI | p1g and P11 can be set as analog inputs.
P16 OA1)
/(RXDO)
P17 TI02/TO02/TMIOAO/TMCLKO
/(TMIODO)/(TXDO)
P20 ANIO/AVREFP/VCIN12/INTP11
IPGAOOUT Port 2
P21 /O Analpg ANIT/AVREEM/VCIN3 The. 4-bit mput/putput port caq be_
P22 function 1 NI2/ANOO/PGAOIN/VCIND | designated as input or output i bit
units. Can be set as analog input.
P23 ANI3/ANO1/PGAOGND
P30 /0 Input port INTP3/SCLKOO/SCLOO/T Port 3
AOO0
WWW.mcu.com.cn 11/75 Rev.0.5.3
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Name

Type

I/0

After the reset
is released

Multplexing function

Function

P31

P40

P50

P51

P70

P72

P120

/(TMIOB1)

TIO3/TOO03/INTP4/CLKBUZ0

/(TAIO0)/VCOUT1/SS00/SCLA
0

The 2-bit input/output ports can be
designated as input or output in bit units.
Input ports can be set by software using
internal pull-up resistors.

The inputs of P30 and P31 can be set as
TTL input buffers, and the outputs can be
set as N-channel open drain outputs (Vcap
withstand voltage).

I/0

Input port

SWDIO/(TXD0/SDO0Q0)

Port4

The 1-bit input/output port, can be
designated as input or output. The input port
can be set by software using an internal pull-
up resistor.

I/0

Input port

INTP1/SDIO0/RXDO/SDAOO
ITBIOO/(TAOO)/(TMIOC1)

INTP2/SDO00/TXDO/TBIO1L
/(TMIOD1)

Port5

The 2-bit input/output ports can be
designated as input or output in bit units.
Input ports can be set by software using
internal pull-up resistors.

The input of P50 can be set to TTL input
buffer.

The outputs of P50 and P51 can be set as
N-channel open drain outputs (Vcap
withstand voltage).

I/0

Input port

INTP6/(VCOUT1)

INTP7/(LTXD)

Port7

The 4-bit input/output ports can be
designated as input or output in bit units.
Input ports can be set by software using
internal pull-up resistors.

The inputs of the P72 can be setas TTL
input buffers and the outputs can be set as
N-channel open drain outputs (Vcap
withstand voltage). If the LIN function is
used, the P72 cannot be used as any other
10 function and should be left floating.

110

Analog
function

ANI14/VCOUTO

P121

pP122

Type 2

Input port

X1

X2/EXCLK

Port 12

Of the 1-digit input/output ports and the 2-
digit input-only ports, only the P120 has an
output function. Only the inputs of the P120
can be set as analog inputs by the software,
using the internal pull-up resistors.

P136

P137

P147

Type 1

I/0

Input port

INTPO

SWCLK/(RXD0/SDIOO0)

Port 13

The 2-bit input/output ports can be set by
software using internal pull-up resistors.

I/0

Analog
function

ANI12/VREFO/NSS/(PGA1GND)

Port14

The 1-bit input/output port can be
designated as either input or output. The
input port can be set by software, using an
internal pull-up resistor.

The P147 can be set to analog input.

RESETB

Type 3

A dedicated pin for external reset input,
which must be connected to Vcap either
directly or through a resistor when the
external reset is not used.

LIN

Vcap

Vbat

Type 4

110

LIN

communication|

LIN bus input/output ports

Power

LDO Output - It can supply power to the
internal MCU and external devices and
requires an external 0.1uF + 10uF
decoupling capacitor.

Power

Battery supply voltage

www.mcu.com.cn
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Name Type 1/0 A];;e:glzzgizet Multplexing function Function
GND/VSS Ground - - Ground
Remark:
1. Set each pin to digital or analog (can be set in bits) via Port Mode Control Register x (PMCXx).
2. For the description of the multiplexing function, refer to “4.2 Port Multiplexing Function”.
3. The functions in () in the above table can be assigned by setting the peripheral 1/0 redirection

register.

www.mcu.com

.cn 13/75
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5.2 Port multiplexing function

Name I/0 Function
ANIO~ANI3, ANI8~ANI12, ANI14 | Analog input for A/D converters
ANOO, ANO1 (0] D/A converter output
External interrupt request input
INTPO ~ INTPS8, INTP10~INTP11 | Designation of active edges: rising edge, falling edge,
double edge
VCINO | Analog voltage input for comparator O
VCIN10~VCIN13 | Analog voltage/reference input for comparator 1
VREFO | Reference voltage input for comparator O
VCOUTO, VCOUT1 O Comparator output
PGAOIN, PGALIN | PGA input
PGAOGND, PGA1GND | PGA reference input
CLKBUZ0, CLKBUZ1 (0] Clock output/buzzer output
A system reset input that is active low and must be connected to Vcap
RESETB ! either directly or through a resistor when an external reset is not used.
LRXD | Serial data input of LIN
LTXD (0] Serial data output of LIN
IrRxD | Serial data input of IrDA
IrTxD (0] Serial data output of IrDA
RxDO0, RxD2 | Serial data input of serial interfaces UARTO, UART2
TxDO, TxD2 (@] Serial data output of serial interfaces UARTO,UART2
SCLO00, SCL20 (0] Serial clock output of serial interfaces 11C00, [1IC20
SDAO00, SDA20 110 Serial data input/output of serial interfaces 11C00, 11C20
SCLKO00, SCLK20 110 Serial clock input/output of serial interfaces SSP100, SSPI120
SDI00, SDI20 | Serial data input of serial interfaces SSP100, SSPI120
SS00 I Chip select input of serial interface SSP100
SDO00, SDO20 (@] Serial data output of SSPI100, SSPI120
SCLAO I/0 Serial clock input/output of serial interface IICAO
SDAAO I/0 Serial data input/output of serial interface IICAO
SPICLK 1/0 Serial clock input/output of serial interface SPI
MISO 1/0 Serial data input/output of serial interface SPI
SIMO 1/0 Serial data input/output of serial interface SPI
NSS I Chip select input of serial interface SPI
TIOO ~TIO3 I External count clock/capture trigger input for 16-bit Timer4
TOO00 ~TO03 (0] Timer output for 16-bit Timer4
TAIO 110 TimerA inputs/outputs
TAO (0] TimerA outputs
TMCLK I External clock input for TimerM
TMIOAO, TMIOBO, TMIOCO,
TMIODO, TMIOAL, TMIOBL, 110 TimerM inputs/outputs
TMIOC1, TMIOD1
TBIOO, TBIO1 1/0 TimerB inputs/outputs
TBCLKO, TBCLK1 | External clock input for TimerB
X1, X2 — Connect the resonator used for the main system clock
EXCLK I External clock input for main system clock
AVRerp I Positive (+) reference voltage input for A/D converter

www.mcu.com.cn
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and requires an external 0.1uF + 10uF decoupling capacitor.

Name I/0 Function
AVReErM I Negative (-)A reference voltage input for A/D converter
SWDIO I/0 SWD data interface
SWCLK I SWD clock interface
LIN I/0 LIN bus input/output ports
Vss - Power ground
GND - Power ground
Vbat - Battery supply voltage
Veap ) LDO Output - It can supply power to the internal MCU and external devices

www.mcu.com.cn
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5.3 Port Type

Type 1: Bidirectional I/ O capability

WR

PU

PU Register

WR

PMC

(Pumn)

PMC Register

VCap

(PMCmn)

Alternate

Function

RDPORT

WRPORT

b

BUS

RDPMS

Output latch

Schmitt

(Pmn)

WR

PMS Register —

PU

PM Register

(PMmn)

Alternate
Function
(SAU)

Alternate
Function

(Except SAU)

Analog
Function

P-ch
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Type 2: Input function only

")
RD
(%))
-]
m
RD
>

CLK Generator -

CcMmC

OSCSEL

CMC

EXCLK,OSCSEL

¢—O) Pr22/x2EXCLK

A

("T r——0—© P121/X1
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Type 3: RESET function

RESETB @ RESETB
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6 Functional Summary

6.1 ARM® Cortex®-MO0O+ core

ARM's Cortex-MO+ processor is the next generation of ARM processors for embedded systems. It
provides a low-cost platform designed to meet the needs of low-pin-count and low-power microcontrollers while
providing excellent computing performance and advanced system response to interrupts.

The Cortex-MO+ processor's 32-bit RISC processor provides superior code efficiency and delivers the
high-performance expectations of an ARM core, unlike 8-bit and 16-bit devices of the same memory size. The
Cortex-MO+ processor has 32 address lines and up to 4G of storage.

The BAT32A6300 uses an embedded ARM core, making it compatible with all ARM tools and software.

6.2 Memory

6.2.1 Flash memory

The BAT32A6300 has built-in flash memory that can be programmed, erased, and rewritten. It has the
following functions:

»  Programs and data share 32K storage.

»  Support page erasure, the size of each page is 512byte.

»  Support byte/ half-word/ word (32bit) programming.

6.2.2 SRAM

The BAT32A6300 contains 4KB of embedded SRAM.

6.3 Enhanced DMA controller

It has a built-in enhanced DMA (Direct Memory Access) controller that enables data transfer between
memories without using the CPU.
» DMA can be started via peripheral function interrupts, enabling real-time control through
communication, timers, and A/D.
»  The transfer source/target field is optional for the full address space range (when the flash field is
used as the target address, flash needs to be preset as the programming mode).
» Support 4 modes (normal transfer mode, repeat transfer mode, block transfer mode and chain

transfer mode).

WWW.mcu.com.cn 19/75 Rev.0.5.3
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6.4 LIN transceiver

The BAT32A6300 is a local interconnect network (LIN) physical layer transceiver SoC with an integrated
internal LDO. The internal LIN transceiver provides a stable 5V power supply for ECU (Electronic Control Unit)
microcontrollers or related peripherals, and is compliant with LIN 2.0, LIN 2.1, LIN 2.2, LIN 2.2A, ISO 17987-
4:2016 (12V) and SAE J2602 standards. It is primarily suited for in-vehicle networks using transmission rates
from 1kbps to 20kbps. The transceiver has an internal pull-up resistor on the LIN bus output pin and bus output
waveform shaping to minimize electromagnetic emissions (EME). The transceiver is a full-duplex
communicator, using the TXD pin as an input to transmit a low-voltage signal from the microcontroller to the
LIN bus, while the LIN pin receives the data stream from the bus, and the receiver's output pin, RXD, transmits
the data back to the microcontroller or to other microcontrollers.

The integrated internal LIN transceiver supports 12V applications over the 5.5V to 28V operating voltage
range. The transceiver achieves very low current consumption in sleep mode, quickly minimizes power
consumption in the event of a failure, and can be remotely woken up via the LIN bus or put into normal
operating mode via a message on the EN pin. A power-up and power-down detection output pin, RSTN, is
also provided for the 5V voltage regulator to monitor the power supply of the regulator.

6.5 Linkage controller

The linkage controller links the output events by each peripheral function with the peripheral function
trigger sources. This enables collaborative operation between peripheral functions without using the CPU.

The linkage controller has the following functions:

» It can link event signals together to realize the linkage of peripheral functions.

» There are 20 types of event input and 9 types of event triggering.
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6.6 Clock generation and startup

A clock generation circuit is a circuit that generates a clock to the CPU and peripheral hardware. There
are three types of system clocks and clock oscillation circuits.

6.6.1 Main system clock

» X1 oscillation circuit: The resonator can be connected to pins (X1 and X2) to generate a clock
oscillation of 1~20MHz, and the oscillation can be stopped by executing a deep sleep command or
setting MSTOP.

» High-speed on-chip oscillator (high-speed OCO): Oscillation can be performed by selecting the
frequency by the option byte. After released, the CPU starts running at this high-speed on-chip
oscillator clock by default. Oscillation can be stopped by executing a deep sleep command or
setting the HIOSTOP bit. The frequency set by the option byte can be changed through the
frequency selection register of the high-speed on-chip oscillator. The maximum frequency is
64MHz with an accuracy + 1.0%.

> Input external clock from pin (X2): (1~20MHz), and the input of the external main system clock can
be invalidated by executing a deep sleep command or setting the MSTOP bit.

6.6.2 Low-speed on-chip oscillator clock

Low-speed on-chip oscillator (low-speed OCO): It generates a 15KHz (typical) clock oscillation. You
cannot use a low-speed on-chip oscillator clock as a CPU clock. Only the following peripheral hardware can
operate through the low-speed on-chip oscillator clock:

»  Watchdog timer (WWDT).

»  TimerA.
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6.7 Power management

6.7.1 Power supply mode

Vbat: Battery supply voltage, voltage range 5.5V~28V, support 12V system.
Vcap: LDO output voltage 5V, voltage range 4.9V~5.1V, must be connected to 0.1uF and 10uF filter
capacitor.

6.7.2 Power-on reset

The power-on reset circuit (POR) has the following functions.

» Aninternal reset signal is generated when power is applied. If the supply voltage (Vcap) is greater
than the detection voltage (Vror), the reset is released. However, the reset state must be
maintained by a voltage detection circuit or an external reset until the operating voltage range is
reached.

» Compare the supply voltage (Vcap) and the detection voltage (Vror), when Vcap<<Vpor , an
internal reset signal is generated. However, when the power supply drops, it must be shifted to the
deep sleep mode or set to the reset state by the voltage detection circuit or external reset before
falling below the operating voltage range. If operation is to be restarted, it must be verified that the
power supply voltage has returned to within the operating voltage range.

6.7.3 Voltage detection

The voltage detection circuit sets the operating mode and detection voltage (VivoH, VivoL, Vivp) via

option bytes. The voltage detection (LVD) circuit has the following functions:

» Compare the supply voltage (Vcap) and the detection voltage (Vivon, VivoL, Vivp) and generate an
internal reset or interrupt request signal.

»  The sense voltage of the supply voltage (Vivon, VivoL, Vivp) can be selected by the option byte.

» Canrun in deep sleep mode.

» When the power supply rises, it must be maintained in the reset state by voltage detection circuitry
or an external reset before reaching the operating voltage range. When the power supply drops, it
must be switched to deep sleep mode before it is less than the operating voltage range, or set to
reset by voltage detection circuit or external reset.

»  The operating voltage range varies depending on the setting of the user option byte.
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6.8

Low-power mode

The BAT32A6300 supports two low-power modes to achieve the best compromise between low power

consumption, short start-up time, and available wake-up sources:

>

Sleep mode: Sleep mode is entered by executing the sleep instruction. Sleep mode is a mode to stop
the CPU running clock. If the high-speed system clock oscillator circuit or the high-speed on-chip
oscillator is oscillating before the sleep mode is set, each clock continues to oscillate. Although this
mode does not allow the operating current to be reduced to the level of deep sleep mode, it is an
effective mode when processing is to be restarted immediately by an interrupt request or when
frequent intermittent operation is to be performed.

Deep sleep mode: Deep sleep mode is entered by executing the deep sleep instruction. Deep sleep
mode is a mode that stops the oscillation of the high-speed system clock oscillator and high-speed
on-chip oscillator and stops the whole system. The operating current of the chip can be greatly
reduced. Since the deep sleep mode can be canceled by an interrupt request, intermittent operation
is also possible. However, in the case of the X1 clock, since it is necessary to wait for the oscillation
to stabilize when releasing the deep sleep mode, it is necessary to select the sleep mode if it is
necessary to start processing immediately by an interrupt request.

In any of these modes, the registers, flags, and data memories remain as they were before being set to

standby mode, and the status of the output latches and output buffers of the input/output ports is also

maintained.
6.9 Reset function
The following seven methods generate a reset signal.
1) An external reset is input via the RESETB pin.
2) Aninternal reset is generated by program loop detection by the watchdog timer.
3) Aninternal reset is generated by comparing the supply voltage and the detection voltage of the
power-on reset (POR) circuit.
4) An internal reset is generated by comparing the supply voltage and the detection voltage of the
voltage detection circuit (LVD).
5) Aninternal reset occurs due to a RAM parity error.
6) An internal reset occurred due to access to illegal memory.
7) Software reset

The internal reset is the same as the external reset, and after the reset signal is generated, the

procedure is executed from the addresses written in addresses 0000H and 0001H.
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6.10 Interrupt function

The Cortex-MO+ processor has a built-in Nested Vector Interrupt Controller (NVIC) that supports up to 32
interrupt request (IRQ) inputs, one non-maskable interrupt (NMI) input, and multiple internal exceptions.
This product expands 32 maskable interrupt requests (IRQ) and 1 non-maskable interrupt (NMI) to

support up to 64 maskable interrupt sources and one non-maskable interrupt source.

External 5

Maskable interrupt

Internal 29

6.11 Watchdog timer

1-channel WWDT and 17-bit watchdog timer run via option byte set count. The watchdog timer operates
on a low-speed on-chip oscillator clock (15KHz). Watchdog timers are used to detect program loops. When a
program loop is detected, an internal reset signal is generated.

The following are judged to be program loop:

»  When the watchdog timer counter overflows

» When a 1-bit operation instruction is executed on the watchdog timer enable register (WDTE).

»  When writing data other than "ACH" to the WDTE register

»  When writing data to the WDTE register during window closure

6.12 SysTick timer

This timer is exclusive to real-time operating systems, but can also be used as a standard decrement
counter.

It is characterized by the generation of a maskable system interrupt when the 24-bit decrementing counter
self-loading capacity counter reaches zero.
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6.13

Timer4

This product has a built-in timer unit Timer4 containing four 16-bit timers. Each timer unit can be used as

an independent timer or combined with multiple channels for advanced timer functions.

For details of each function, refer to the table below.

Independent channel operation function Multi-channel linkage operation function
. ® Single trigger pulse output
Interval timer ® PWM output
Square wave output ®  Multiple PWM outputs

External event counter

Frequency divider

Input pulse interval measurement

Input signal high/low width measurement
Delay counter

6.13.1 Independent channel operation function

The independent channel operation function is a function that allows you to use any channel independently

of other channel operation modes. The independent channel operation function is used in the following modes.

1)
2)

3)

4)

5)

6)

7)

Interval timer: It can be used as a reference timer for generating interrupts at fixed intervals (INTTM).
Square wave output: Whenever an INTTM interrupt is generated, a flip is triggered to output a 50%
duty cycle square wave from the timer output pin (TO).

External event counter: Count the effective edge of the input signal of the timer input pin (TI) and can
be used as an event counter to generate an interrupt if the specified number of times is reached.
Divider function (limited to channel 0 of unit 0): divide the input clock of the timer input pin (T100) and
output it from the output pin (TOO00).

Measurement of input pulse interval: The interval between input pulses is measured by starting
counting at the effective edge of the input pulse signal at the timer input pin (TI) and capturing the
count value at the effective edge of the next pulse.

High/low width measurement of input signal: Measure the high or low width of the input signal by
starting counting on one edge of the input signal of the timer input pin (TI) and capturing the count
value on the other edge.

Delay counter: Starts counting at the effective edge of the input signal at the timer input pin (TI) and

generates an interrupt after an arbitrary delay period has elapsed.
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6.13.2 Multi-channel linkage operation function

The multi-channel linkage operation function is a function that combines the master channel (the reference

timer for the main control period) and the slave channel (the timer that follows the operation of the master

channel). The multi-channel linkage function can be used in the following modes:

1)

2)

3)

Single trigger pulse output: Two channels are used in pairs to generate a single trigger pulse that can
arbitrarily set the output timing and pulse width.

PWM (Pulse Width Modulation) output: Two channels are used in pairs to generate pulses that can
set the period and duty cycle arbitrarily.

Multiple PWM (Pulse Width Modulation) outputs: Up to 7 arbitrary duty-cycle PWM signals can be
generated in fixed cycles by extending the PWM functionality and using 1 master channel and
multiple slave channels.

6.13.3 8-bit timer operation function

The 8-bit timer operation function uses the 16-bit timer channel as the function of two 8-bit timer channels.

(Only Channel 1 and Channel 3 can be used).

6.13.4 LIN-bus support function

The Timer4 unit can be used to check whether the received signal in the LIN-bus communication is

suitable for the LIN-bus communication format.

1)

2)

3)

Wake-up signal detection: The low-level width is measured by starting counting on the falling edge
of the input signal on the UART serial data input pin (RxD) and capturing the count value on the rising
edge. If the low width is greater than or equal to a fixed value, it is considered a wake-up signal.
Detection of the break field: After a wake-up signal is detected, the low-level width is measured by
starting counting from the falling edge of the input signal of the UART serial data input pin (RxD) and
capturing the count value on the rising edge. If the width of the low level is greater than or equal to a
fixed value, it is considered to be a break field.

Measurement of sync field pulse width: After detecting the break field, measure the low- and high-
level widths of the input signal of the UART serial data input pin (RxD). The baud rate is calculated
from the bit interval of the synchronization field measured in this way.
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6.14 TimerA

This product has a built-in 16-bit TimerA, consisting of a reload register and a decrement counter.

Available for the following operating modes:

>

Y V V VY

6.15

Timer mode: Count the counting source (the counting source can be a clock or an external event)
Pulse output mode: Count the counting source and output a pulse when overflowing

Event counting mode: Count external events and works in deep sleep mode.

Pulse width measurement mode: Measurement of external pulse width

Pulse period measurement mode: Measurement of external pulse period

TimerM

This product has a built-in 2-channel 16-bit TimerM optimized for motor control, which has the following 4

operating modes:

>

6.16

Timer mode:

- Input capture function (external signal as trigger, count value to register)

- Output comparison function (detect whether the count value and register value are the same, and
can change the output of the pin during detection)

- PWM function (continuous output of arbitrary pulse width)

Reset synchronous PWM mode: output sawtooth wave modulation, three-phase waveforms without
dead time (6 pcs)

Complementary PWM mode: output triangle wave modulation, three-phase waveforms with dead
time (6 pcs)

PWMS3 mode: output PWM waveforms with the same period (2 pcs)

TimerB

This product has a built-in 16-bit TimerB, which has the following 3 modes:

>

6.17

Timer mode:

- Input capture function counts on both sides of the rising edge, falling edge, or rising/ falling edge.
- Output comparison function "L" level output, "H" level output or alternating output

PWM mode: Can perform PWM output with arbitrary duty cycle.

Phase counting mode: The counting value of the 2-phase encoder can be measured automatically.

TimerC

This product has a built-in 16-bit TimerC, which can be triggered by software, comparator or TimerM to

realize the input capture function.
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6.18 Clock output/buzzer output controller

The clock output controller is used to provide the clock to the peripheral IC, and the buzzer output
controller is used to output the square wave of the buzzer frequency. The clock output or buzzer output is
realized by dedicated pins.

6.19 Universal serial communication unit

This product has built-in 2 universal serial communication units, each unit has a maximum of 4 serial
communication channels. It can implement standard SPI, simplified SPI, UART and simplified I2C
communication functions. Taking the 64-pin product as an example, the function distribution of each channel

is as follows:

6.19.1 3-wire serial interface (simplified SPI)

Data is transmitted and received synchronously with the serial clock (SCK) output of the master device.
This is a clock-synchronous communication interface that communicates using a total of three
communication lines: one serial clock (SCK), one transmit serial data (SO), and one receive serial data (SI).
[Data transmission and reception]
» Data length of 7 or 8 bits
»  Phase control of data transmission and reception
»  MSB/ LSB first
[Clock control]
»  Master or slave selection
»  Phase control of input/output clock
»  Transfer cycles generated by prescalers and channel internal counters
»  Maximum transfer rate
Master communication: Max. Fcik/2
Slave communication: Max. Fumck/6
[Interrupt function]
»  Transfer end interrupt, buffer null interrupt
[Error detection flag].
»  Overflow error
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6.19.2 SPIl with slave chip selection

The SPI serial communication interface supports slave chip select input function. This is a clock-
synchronous communication interface that communicates using a slave chip select input (SSI), 1 serial clock
(SCK), 1 transmit serial data (SO), and 1 receive serial data (SI) for a total of 4 communication lines.

[Data transmission and reception]

» Data length of 7 or 8 hits

»  Phase control of transmitted and received data

»  MSBI/LSB first

»  Level setting for transmitted and received data

[Clock control]

»  Phase control of input/ output clocks

»  Transfer cycles generated by prescalers and channel internal counters

»  Maximum transfer rate

Slave communication: Max. Fmck/6

[Interrupt function]

»  Transfer end interrupt, buffer null interrupt

[Error detection flag]

»  Overflow error
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6.19.3 UART

This function enables asynchronous communication over two lines, serial data transmission (TxD) and
serial data reception (RxD). Using these two communication lines, data is transmitted and received
asynchronously (using the internal baud rate) with other communicating parties in the data frame (consisting
of start bits, data, parity bits, and stop bits). Full-duplex UART communication can be implemented by using
two channels, dedicated to transmit (even channels) and dedicated to receiving (odd channels), and LIN-bus
can also be supported by combining a Timer4 unit and an external interrupt (INTPO).

[Data transmission and reception]

» Data length of 7, 8, or 9 bits

»  MSB/LSB first

»  Level setting for transmitting and receiving data, selection of inversion

»  Parity bit appending, parity check function

»  Stop bit appending, stop bit detection

[Interrupt function]

»  Transfer end interrupt, buffer null interrupt

»  Error interrupts caused by frame errors, parity check errors, or overflow errors

[Error detection flag]

»  Frame errors, parity errors, overflow errors

[LIN-bus function]

»  Detection of wake-up signals

»  Detection of break field (BF).

» Measurement of synchronous field, calculation of baud rate
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6.19.4 Simplified I°C

This function enables clock synchronization communication with multiple devices via two lines, serial
clock (SCL) and serial data (SDA). Because this simplified I12C is designed for single communication with
devices such as flash memory and A/D converters, it can only be used as a master device. Start and stop
conditions, like the operation control registers, must comply with the AC characteristics and are handled by
software.

[Data transmission and reception]

» Master transmission, master reception (limited to the master function of single master)

»  ACK output function, ACK detection function

»  8-bit data length (when transmitting the addresses, specify the addresses with the highest 7 bits,

and use the lowest bit for R/W control).

»  Start and stop conditions are generated by software

[Interrupt function]

»  Transfer end interruption

[Error detection flag]

»  ACK error, overflow error

[Simplified I2C unsupported features]

»  Slave transmission, slave reception

»  Multi-master function (arbitration failure detection function)

»  Wait detection function
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6.20 Standard serial interface lICA

The serial interface IICA has the following 3 modes:

1) Run-stop mode
This is the mode used when serial transfer is not performed, which reduces power consumption.

2) I2C bus mode (support multi-master)
This mode transmits 8-bit data to multiple devices over 2 wires of a serial clock (SCLA) and a serial
data bus (SDAA). In accordance with the 12C bus format, the master device can generate “start

” o

conditions”, “address”, “indication of transmission direction”, “data” and “stop conditions” on the
serial data bus for the slave devices. The slave device automatically detects the received status
and data by hardware. This feature simplifies the I2C bus control part of the application program.
Since the SCLA and SDAA pins of the serial interface IICA are used as open drain outputs, pull-up
resistors are required for the serial clock line and the serial data bus.

3) Wake-up mode
In deep sleep mode, when an extension code or a local station address is received from the master
device, the deep sleep mode can be released by generating an interrupt request signal (INTIICA).

This is set via the IICA control register.
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6.21 LIN/UART module (LIN)

This product is equipped with a LIN communication controller that supports LIN protocols including 1.3,
2.0,2.1, 2.2, and SAEJ 2602 standards, and features automatic inter-frame communication and error detection.
The LIN/JUART module provides a UART mode and can be used as a single UART.

The module has the following functions.

1) LIN communication function

» Itcan be used as a master or a slave

» It has a variable frame structure
Master: 13~28Tbits interval transfer width; 1~4Tbits interval character transfer width; 0~7Tbits
byte interval (frame header); 0~7Thits response interval; 0~3Tbits interval between data bytes
in response area; 1~16Thits wake-up interval.
Slave: 9.5 or 10.5Thits (fixed baud rate) interval receive width, 10 or 11Tbits (auto baud rate); 0
to 7Thits response interval; 0 to 3Thits interval between data bytes in the response area; 1 to
16Tbits wake-up interval.

» The response field data is between 0 and 8 bytes, and more than 9 bytes of response can be
transmitted and received.

» It provides LIN wake-up mode

Y

Support multiple state detection
»  Support for generating multiple interrupts
Successful header/frame/wakeup transfer/reception interrupt, successful frame/wakeup
transfer/reception interrupt, error detection interrupt
»  Support for user-assessed self-testing models
2) UARTcommunication function
[Data transmission and reception]
» Data length of 7, 8 bits (support 9-bit, including extension bits)
»  MSB/LSB first
»  Level setting for transmitting and receiving data, selection of inversion
»  Parity bit appending, parity function
»  Stop bit appending, stop bit detection
[Interrupt function]
»  Transfer start/success interrupt
»  Successful receive interrupt
»  Status detection interrupt
[Status flag]

»  Support multiple status flag detection
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6.22 Analog-to-digital converter (ADC)

This product has a built-in 12-bit resolution analog-to-digital converter (SARADC) that converts analog

inputs to digital values and supports up to 13 channels of ADC analog inputs (ANIO~ANI3, ANI8~ANI12,
ANI14). The ADC contains the following functions:
»  12-bit resolution, slew rate: 1.06Msps.

»  Triggering mode: support software triggering, hardware triggering and hardware triggering in

standby state.

YV V V VYV V

Channel selection: support single-channel select mode and multi-channel scan mode.
Conversion mode: support single conversion and continuous conversion.

Operating voltage: support 2.0V<<Vcap<5.5V operating voltage range.

It can detect the built-in reference voltage (1.45V/2.4V) and temperature sensors.

The reference voltage source can be selected from: 1.45V/2.4V/\V/cap

The ADC can set various A/D conversion modes by combining the modes described below.

Trigger mode

Software trigger

Start the conversion by operating the software.

Hardware-trigger no-wait
mode

The conversion is started by detecting a hardware trigger.

Hardware trigger wait
mode

In the conversion standby state when the power is cut off, the power is
turned on by detecting the hardware trigger, and the conversion starts
automatically after the A/D power stabilization waiting time.

Channel select
mode

Select mode Select 1 channel of analog input for A/D conversion.
Convert the analog inputs of 4 channels sequentially to A/D. 4
Scan mode consecutive channels from ANIO to ANI3, ANI8 to ANI12, and ANI14

can be selected as analog inputs.

Conversion mode

Single conversion mode

Perform an A/D conversion for the selected channel.

Continuous conversion
mode

Perform continuous A/D conversions for the selected channel until
stopped by the software.

Sample time/
conversion time

Number of sample clocks/
conversion clocks

The sampling time can be set by register, the default value of sampling
clock number is 13.5 clk, and the minimum value of conversion clock
number is 31.5 clk.

6.23 Digital-to-analog converter (DAC)

This product has a built-in 2-channel 12-bit resolution analog-to-digital converter (DAC) that converts

digital inputs to analog signals. It has the following features:

»  12-bit resolution D/A converter

VV VvV V Vv

Support two independent analog channel outputs
The reference voltage source can be selected from: 1.45V/2.4V/Vcap
R-2R ladder network

Built-in real-time output
Reset-hold function

www.mcu.com.cn

34175 Rev.0.5.3




. ®
Ss Cmsemicon BAT32A6300 Datasheet

6.24 Programmable gain amplifier (PGA)

This product has a built-in programmable gain amplifier (PGAQ) with the following functions:

>
>

6.25

There are 8 choices of amplification gain per PGA: 1x, 2.5x, 4x, 8%, 10x, 16x, 32X.

External pin as ground for the PGA negative feedback resistor (can be used as differential mode) is
selectable

The output of PGAO can be selected as an analog input for the A/D converter or an analog input on
the positive side of comparator 0 (CMPO)

Reference voltage can be selected from 1/2Vcap or internal reference voltage (1.45V/2.4V)

PGA output = input x gain + reference voltage

Comparator (CMP)

This product has a built-in two-channel comparator, CMPO and CMP1, with the following functions:

>

6.26

The negative side of the CMP can be selected as an external pin input, internal reference voltage or
DAC output voltage.

The positive side of CMPO can be selected as an external pin input or PGAO output; the positive side
of CMP1 can be selected as external pin inputs (4 pcs)

Able to select the cancellation width of noise-canceling digital filters

Able to detect the active edge of the comparator output and generate an interrupt signal.

Able to detect the active edge of the comparator output and output the event signal to the linkage
controller.

In combination with other functions, the initial motor position can be detected and high/low speed
rotation can be controlled.

Combined with Timer4, TIMER WINDOW can be output.

Support positive hysteresis, negative hysteresis, and bilateral hysteresis for comparators with
selectable hysteresis voltages of 20mV, 40mV, and 60mV.

Support 12-bit DAC as negative input source

Two-wire serial debug port (SW-DP)

The ARM's SW-DP interface allows connection to the microcontroller via a serial line debugging tool.
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6.27 Safety function

6.27.1 Flash CRC function (High-speed CRC, universal CRC)

Data errors in flash memory are detected by CRC operations.

The following two CRCs can be used for different applications and conditions of use.

» High-speed CRC: In the initialization program, it can stop the CPU and check the whole code flash
area at high speed.

» Universal CRC: Can be used for multi-purpose checking during CPU operation, not limited to the
code flash area.

6.27.2 RAM parity error detection function
Detect parity error when reading RAM data.
6.27.3 SFR protection function
Prevent rewriting of important SFRs (Special Function Registers) due to loss of CPU control.
6.27.4 lllegal memory access detection function
Detect illegal access to an illegal memory area (an area with no memory or an area with restricted access).
6.27.5 Frequency detection function
Able to use the Timer4 unit to self-test the CPU or peripheral hardware clock frequency.

6.27.6 A/D test function

The A/D converter is self-tested by A/D converting the positive (+) reference voltage, the negative (-)
reference voltage, the analog input channel (ANI), the temperature sensor output voltage, and the internal
reference voltage.
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6.27.7 Digital output signal level detection function for

input/output ports

When the input/output port is in output mode, the output level of the pin can be read.
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7 Electrical Characteristics

7.1 Typical application peripheral circuits

The reference diagram for the connection of peripheral circuits for typical MCU applications is as follows:

VBAT
D1V
0.1uF
i
. VSS Vbat
H . X1 VCC_MCU
1opF l e £1 10uF
du u
— 1-20MHz IF| 1 B —
10pF T D2y |
t— X2 | |
- = RL
VCC_MCU § § §
VCC_MCU ; 1
g 100K
RESET 2K 2K
l SCLA scL
T SDAA SDA
1 . LIN bus
- 100Q LIN |« >
—A\M\— SWDIO
Debug Slave: 220pF
— VWA SWCLK Pl o,
1000

Note 1: Connect D2, RL only when used as a master node.

Note 2: For master node, it is recommended to use 660Q/6.8nF RL/CL to obtain a slower slope of the
bus waveform.
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7.2 Absolute maximum voltage rating

(Ta= -40~125°C)

Item Symbol Condition Rating Unit
Battery voltage Vbat - -0.3~40 \%
MCU voltage Vcap - -0.5~6.5 \%
P00~PO1, P10~P17, P30, P40 A Note1
ot voltade Via P50~P51, P70, P72, P120, P136, P147 0.3-Vcap+0.3 v
P g v P20~P23, P121~P122, P137, EXCLK 0.3~Veans0,gha= v
12 RESETB ' pro.
P00~PO1, P10~P17, P30, P40 A a Notel
Output voltage Vor | p5g-p51, P70~P72. P120, P136, P147 0.3-Vcap+0.3 v
Voa | P20~P23, P137 -0.3~Vcap+0.3Notel Vv
_ -0.3~Vcap+0.3 and
Analog input Vai | ANIB~ANI12, ANI14 A (g ot Vv
voltage _ -0.3~Vcap+0.3 and
Vaz | ANIO~ ANI3 0.3 AVie (440310612 Vv

Note 1: No more than 6.5V.

Note 2: The pins of the A/D conversion object must not exceed AVrer (+)+0.3.

Notice: Even if one item in each item instantly exceeds the absolute maximum rating, it may reduce the

quality of the product. The absolute maximum rating is the rating that may cause physical damage

to the product, and the product must be used in a state that does not exceed the rated value.

Remark:
1.

Unless otherwise specified, the characteristics of the multiplexing pin are the same as the

characteristics of the port pin.

AVrer (+): The positive (+) reference voltage of the A/D converter

Use Vss as the reference voltage.

Low temperature specification is guaranteed by the design, and is not tested in mass

production.
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7.3 Absolute maximum current rating

(Ta= -40~125°C)

Item Symbol Condition Rating Unit
Per pin P00~PO1, P10~P17, P30, P40 -40 mA
P P50~P51, P70, P72, P120, P136~P137, P147
loH1 P0O0~PO01, P40, P120, P136~P137 -70 mA
Output Total
: -170mA P10~P17, P30~P31, P50~P51, P70, P72
current, high -100 mA
P147
Per pin -3 mA
lonz P20~P23
Total -15 mA
P0O0~PO1, P10~P17, P30, P40
Per pin P50~P51, P70, P72, P120 40 mA
loLs P136~P137, P147
Output P00~PO01, P40, P120, P136~P137 100 mA
rrent. low Total 170mA
current, lo P10~P17, P30, P50~P51, P70, P72, P147 120 mA
| Per pin P00~P01, P10~P17, P30, P40, P50~P51 15 mA
2 Motal P70, P72, P120, P136~P137, P147 45 mA
Input negative | | Each pin Continuous DC negative current that can be -3 mA
current ™ T bin total injected into an input pin 15 mA
Input positive | | Each pin Continuous DC positive current that can be 3 mA
current INJH Pin total injected into an input pin 15 mA
Opekraating Usually runtime
ambient T -40~125 C
temperature " When programming the flash memory
Storage N 8
temperature Tog | - -65~150 C

Notice: Even if one item in each item instantly exceeds the absolute maximum rating, it may reduce the

quality of the product. The absolute maximum rating is the rating that may cause physical damage

to the product, and the product must be used in a state that does not exceed the rated value.

Remark:

1. Unless otherwise specified, the characteristics of the multiplexing pin are the same as the

characteristics of the port pin.

2. Lowtemperature specification is guaranteed by the design, and is not tested in mass production.
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7.4 Oscillation circuit characteristics

7.4.1 X1, XT1 characteristics

(Ta=-40~125°C, 2.0V<Vcap=<5.5V, Vss=0V)

ltem Resonator Condition Min. Typ. Max. | Unit

X1 clock oscillation frequency (Fx) Ceramic/crystal - 1.0 - 20.0 | MHz
resonator

X1 clock oscillation stabilization time Ceramic/crystal 20MHz, C=10pF - 15 - ms
resonator

X1 clock oscillation feedback resistor Ceramic/crystal - 0.6 - 1.8 | MQ
resonator

Remark:
1. It only indicates the frequency tolerance range of the oscillation circuit, and the instruction
execution time should be referred to the AC characteristics.
2. Please ask the resonator manufacturer to evaluate the circuit after installation, and use it after
confirming the oscillation characteristics.
3. Low temperature specification is guaranteed by the design, and is not tested in mass
production.

7.4.2 Internal oscillator characteristics

(Ta= -40~125°C, 2.0V<Vcap<5.5V, Vss=0V)

Resonator Condition Min. Typ. | Max. | Unit

High-speed on-chip oscillator clock frequency (Fin)Noel2 - 1.0 - 64.0 | MHz
High-speed on-chip oscillator stabilization time (Tsu) - - 12 - us
Ta= 10~70°C -1.0 - +10 | %
Clock frequency accuracy of high-speed on-chip Ta= 0-105C -15 - 15| %
oscillator Ta=-10~125C 2.0 - +2.0 | %
Ta=-40~125°C -3.0 - +3.0 | %

Low-speed on-chip oscillator clock frequency (FiL) - 10 15 22 | KHz

Note 1: Select the frequency of the high-speed on-chip oscillator via the option byte.
Note 2: It only indicates the characteristics of the oscillation circuit, so please refer to the AC characteristics
for the instruction execution time.

Remark: Low temperature specification is guaranteed by the design, and is not tested in mass production.
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7.5 DC characteristics

7.5.1 Pin characteristics

(Ta= -40~125°C, 2.0V<Vcaps5.5V, Vss=GND=0V)

cycle<<709p Notes)

Item Symbol Condition Min. Typ. Max. Unit
P00~P01, P10~P17 [ 2.0V<Vcap<55V | | o one2
P30~P31, P40, -40~85°C :

P50~P51 mA
P70, P72~P74, P120 | 2.0V<Vcap<5.5V 6. ONote2
136~|_3137, P147 85~125°C . ) e
Per pin
< <b.
el R R
P0O0~PO01, P40, P120 - mA
P136~P137 40V<VC&p<55V ) _ 300
Total (when duty 85~125C
cycle<<709oNoes) 2.4V<Vcap<4.0V - - -12.0 mA
2.0V<sVcap<2.4V - - -6.0 mA
< <5.
lors | p1o-p17, pao~-p3y | HOVSVCARSSSV - -80.0
Output current, highNetel PS0~P51, P70, 40-85C mA
p » g P72~P74 4.0V<Vcap<5.5V i i -30.0
P147 85~125°C '
Total (when duty 2.4V<Vcap<4.0V - - 200 | mA
< 0/, Note3
Cycles 70%) 2.0V<Vcap<2.4V | - - 100 | mA
4.0V<Vcap<5.5V
A0-85°C - - -140.0
Total (when duty 4.0VsVcap<5.5V i i i
cycle<70%Note3) 85~125C 000 | mA
2.4V<Vcap<4.0V - - -30.0
2.0V<Vcap<2.4V - - -15.0
P20~P23 per pin 2.0V<Vcap<5.5V - - -2.6Note2 | mA
|
orz | Total (when duty 2.0V<Vcap<55V | - - 10 | mA

Note 1: This is the value of current that guarantees device operation even if current flows from the Vcap

pin to the output pin.
Note 2: The total current value cannot be exceeded.

Note 3: This is the output current value for the “Duty cycle < 70% condition”. The following formula can

be used to calculate the output current value when the duty cycle is changed to >70% (when the

duty cycle is changed to n%).

Total pin output current=(lon X 0.7)/(n X 0.01)

<Calculation example>lon= -10.0mA, n=80%

Total pin output current= (-10.0 X 0.7)/(80X0.01) = -8.7mA

The current at each pin does not vary by duty cycle and will not flow above the absolute

maximum rating.

Notice: In N-channel open drain mode, PO0O~P01, P10~P11, P13~P15, P17, P30~P31, P50~P51, P72,
P74 do not output high level.
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Remark:

1. Unless otherwise specified, the characteristics of the multiplexing pin are the same as the

characteristics of the port pin.

2. Low temperature specification is guaranteed by the design, and is not tested in mass

production.

(Ta= -40~125°C, 2.0V<Vcap<5.5V, Vss=GND=0V)

< 70%Note3)

Item Symbol Condition Min. Typ. Max. | Unit
P00~P01, P10~P17 2.0V<Vcap<5.5V ] ] 3QNote2
P30~P31, P40 -40~85°C
P50~P51, P70 mA
P72~P74, P120 2.0V<Vcap<5.5V Note2
P136~P137, P147 85-125°C - - 15
Per pin

< <5.
448\185\"/5 - ] 100
P00~PO01, P40, P120 . mA
P136~P137 4.0V<Vcap<5.5V
. - - 50
Total (when duty cycle | 85~125C
< 709%6N0e3) 2.4V<Vcap<4.0V - - 30 mA
2.0V<Vcap<2.4V - - 15 mA
loL1 4.0V<Vcap<b.5V i ) 120
P10~P17, P30~P31 -40~85°C
Output current, lowNotel P50~P51, P70 4.0V<Vcap<5.5V mA
P72~P74, P147 85-125°C - - 60
Total (when duty cycle
<709pNote?) 2.4V<Vcap<<4.0V - - 40 mA
2.0V=<sVcap<2.4V - - 20 mA
4.0V<Vcap<5.5V
-40~85°C } ) 150
Total (when duty cycle 4.0V<\{cap<5.5v B . 80 mA
<70%Note3) 85~125C
2.4V<Vcap<4.0V - - 50
2.0V<Vcap<2.4V - - 30
P20~P23 per pin 2.0V<Vcap<5.5V - - gNoe2 | mA
|
oL2 Total (when duty cycle 2.0V<Vcap<55V ) i 20 mA

Note 1: This is the value of current at which the Vss pin guarantees device operation even if current

flows from the output pin to the EVss.

Note 2: The total current value cannot be exceeded.

Note 3: This is the output current value for the “Duty cycle < 70% condition”. The following formula can

be used to calculate the output current value when the duty cycle is changed to >70% (n% duty

cycle).

Total output current=(lo.x0.7)/(nx0.01)

<Calculation example>lo.=10.0mA, n=80%

Total output current=(10.0x0.7)/(80%0.01) = 8.7mA

The current at each pin does not vary by duty cycle and will not flow above the absolute

maximum rating.
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Remark:
1. Unless otherwise specified, the characteristics of the multiplexing pin are the same as the
characteristics of the port pin.
2. Low temperature specification is guaranteed by the design, and is not tested in mass
production.

(Ta= -40~125°C, 2.0V<Vcap<5.5V, Vss=GND=0V)

Item Symbol Condition Min. Typ. Max. Unit
Battery voltage Vbat - 5.5 28 \%
MCU input voltage Vcap - 4.9 - 5.1 \%
Power ground input voltage Vss - -0.3 - - \%
PO0~PO1, P10~P17
P30~P31, P40
ViH1 P50~P51, P70 Schmidt input 0.8Vcap - Vcap \%
P72~P74, P120
P136, P147
TTL input
4.0V<sVcaps 2.2 - Vcap \%
5.5V
Input voltage, high P0O0~PO1, P10 TTL input
ViH2 P14~P17, P30~P31 | 3.3V<Vcap< 2.0 - Vcap \Y
P50, P72, P74 4.0V
TTL input
2.0V=<Vcap< 15 - Vcap \%
3.3V
ViH3 P20~P23, P137 0.7Vcap - Vcap \Y
ViHa P121~P122, EXCLK, RESETB 0.8Vcap - Vcap V
PO0~PO1, P10~P17
P30~P31, P40
Vi1 P50~P51, P70 Schmidt input 0 - 0.2Vecap | V
P72~P74, P120
P136, P147
TTL input
4.0V<Vcap< 0 - 0.8 \Y
5.5V
Input voltage, low P0O0~PO1, P10 TTL input
Viez P14~P17, P30~P31 | 3.3V<Vcap< 0 - 0.5 \Y
P50, P72, P74 4.0V
TTL input
2.0V<Vcap< 0 - 0.32 \Y
3.3V
Vi3 P20~P23, P137 0 - 0.3Vcap | V
ViLa P121~P122, EXCLK, RESETB 0 - 0.2Vcap | V

Notice: Even in N-channel open drain mode, the maximum VIH value for POO~PO01,
P17, P30~P31, P50~P51, P72, P74 is Vcap.

Remark:

P10~P11, P13~P15,

1. Unless otherwise specified, the characteristics of the multiplexing pin are the same as the

characteristics of the port pin.

2. Lowtemperature specification is guaranteed by the design, and is not tested in mass production.
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(Ta= -40 ~125°C, 2.0V<Vcap<5.5V, Vss=GND=0V)

Item Symbol Condition Min. Typ. Max. | Unit
< <
ﬁ'O\i\lVZCanXS'SV Vcap-1.5 - . Vv
oH1= -12.
PO0O~PO1, P10~P17 = —
P30~P31, P40 Itgl\ﬁ\_g/ 821‘;\5 SVl Veap-0.7 ] ] v
Vor1 P50~P51, P70 ——
P72~P74, P120 24VSVeap<55V | o6 ] _ y
P136~P137, P147 '0Hl=<-3-0mA<
|2-0\£\_2Vn22p\5.5v Vcap-0.5 : . Vv
Output voltage, high OH1=
4.0V=<Vcap<5.5V Veap-1.5 ] ] Y
loH2= -2.5mMA p-L1.
< <b.
|4'0\£ 1\/;;? 55V Vcap-0.7 - . Vv
Vorz | P20~P23 OH2= ~2.
2.4V<Vcap<5.5V Vean-0.6 ] ] Y
loHz= -0.5mA p-0.
2.0V<Vcap=<5.5V
lonz= -0.4mA Veap-0.5 - - \Y
< <
ﬁ'ngngﬁaq%\B'Sv - - 12 | v
OoL1— .
P00~PO1, P10~P17 e
P30~P31, P40 l‘"ozl\svgipA\5-5V ] ] o7 | v
VoL1 P50~P51, P70 oL1 L . -
P72~P74, P120 2.4VSVeap<5.5V ] ] oz | v
P136~P137, P147 'ou—iOmA _
o =Y - - 04 | v
Output voltage, low oL1=4.
4.0V<Vcap<5.5V ) _ oy
loL2=6.0mA .
< <
IA;szZ(\)/nCwaAp\B'SV ) - 0.7 \Y
Vorz | P207P23 2.4V<Vcap<5.5V ] _ YRR
loL2=1.5mA .
2.0V=Vcap=<5.5V
loL2=1.0mA 0.4 \Y;

Notice: In N-channel open drain mode, POO~P01, P10~P11, P13~P15, P17, P30~P31, P50~P51, P72,
P74 do not output high level.

Remark:

1. Unless otherwise specified, the characteristics of the multiplexing pin are the same as the

characteristics of the port pin.

2. Lowtemperature specification is guaranteed by the design, and is not tested in mass production.
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(Ta= -40~125°C, 2.0V<Vcap<5.5V, Vss=GND=0V)

ltem Symbol Condition Min. Typ. Max. Unit
P0O0~PO1, P10~P17
P30~P31, P40
ILiH1 P50~P51, P70 V= Vcap - - 1 UuA
P72~P74, P120
P136, P147
P20~P23, P137 _
Input leakage Iz RESETB Vi=Veap ) i 2 uA
current, high Vi=Vcap, when the
g]xgg:r?acirélirc]ﬁ are ) i 1 uA
P121~P122 (X1, X2 ; .
ILiHg EXCLK) inputting
Vi=Vcap, when
connecting the - - 10 UuA
resonator
P0O0~PO1, P10~P17
P30~P31, P40
ILiLe P50~P51, P70 Vi=Vss - - -1 UA
P72~P74, P120
P136, P147
P20~P23, P137 _
Input leakage ILiL2 RESETB Vi=Vss - - -2 UuA
current, low Vi=Vss, when the
g]xqg:r?aﬁrélaor(]:ﬁ are ) ) -1 uA
P121~P121 (X1, X2 ; .
lLiLs EXCLK) inputting
Vi=Vss, when
connecting the - - -10 UuA
resonator
P0O0~PO1, P10~P17
P30~P31, P40 _
'”tg;'iz't;r‘fc"e“p Ru | P50~P51, P70 %‘p&fi?gvihsgrt 10 30 100 KQ
P72~P74, P120
P136~P137, P147
Remark:

1. Unless otherwise specified, the characteristics of the multiplexing pin are the same as the

characteristics of the port pin.

2. Lowtemperature specification is guaranteed by the design, and is not tested in mass production.
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7.5.2 Power supply current characteristics

(Ta= -40~125°C, 2.0V<Vcap<5.5V, Vss=GND=0V)

Iltem Symbol Condition Min. | Typ. | Max. | Unit
) Froco=64MHz, FiH=64MHZzNote3 - 5.0 | 135
?A?;fspglf; | Frioco=48MHz, Fin=48MHz""3 - a5 [110] ma
Froco=32MHz, Fir=32MHZzNote3 - 4.0 8.5
Iop1 Run mode| High-speed Input square wave | - 35 | 7.0
master system | Fux=20MHZz"®2 Fe o pnectthe crystal ] a5 | 70 mA
clock oscillator ' i
Eﬁ%‘i?éﬁgﬁ?' Fi=15KHZNotes 65 | 100 | uA
. Froco=64MHz, Fiy =64MHzNote3 - 1.8 | 10.0
High-speed on-
Supply chip oscillator Froco=48MHz, Fi =48MHZzNote3 - 1.6 75 | mA
currentoet Froco=32MHz, Fin =32MHzNote3 - | 12 | 50
Ibp2 agsg High-speed Input square wave | - 1.0 | 45
master system | Fux =20MHz"*'*?[ Connect the crystal mA
clock oscillator . 10} 45
'C-ﬁl"gzgcel‘ﬁgtgf FiL=15KHzZNores -l 6 | 35 | uA
Ta=-40°C~25°C Vcap=5.0V - 15 3
Deep Ta= -40°C~85°C Vcap=5.0V - | 15 | 10
Ibps sleep - - UA
modeNotes | Ta= -40°C~105C Vcap=5.0V - | 15 | 15
Ta=-40°C~125°C Vcap=5.0V - 1.5 40
Note 1: This is the current that flows through Vcap, including the input leakage current when the input
pin is fixed to Vcap or Vss, EVss state. Typical value: CPU is in multiplication instruction
execution (IDD1), and does not include peripheral operating current. Maximum value: CPU is
executing multiplication instruction (Iop1), and includes peripheral operating current, but does not
include current flowing to A/D converter, LVD circuit, I/O ports, internal pull-up or pull-down
resistors, and does not include current when rewriting data flash memory.
Note 2: This is the case when the high-speed on-chip oscillator and low-speed on-chip oscillator clocks
stop oscillating.
Note 3: This is the case when the high-speed main system clock and the low-speed on-chip oscillator
clock stop oscillating.
Note 4: This is the case when the high-speed on-chip oscillator and the high-speed main system clock
stop oscillating.
Note 5: This is the case when the high-speed on-chip oscillator and the high-speed main system clock
stop oscillating.
Note 6: For current values when the low-speed on-chip oscillator clock is running in deep sleep mode,
refer to Current values when the low-speed on-chip oscillator clock is running in sleep mode.
Remark:
1. Fnroco: High-speed on-chip oscillator clock frequency, Fiu: The system clock frequency
provided by the high-speed on-chip oscillator.
2. Fwux: External master system clock frequency (X1/X2 clock oscillation frequency).
3. The temperature condition of the typical value is TA = 25°C.
4. Low temperature specification is guaranteed by the design, and is not tested in mass

production.
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(Ta=-40~125°C, Vbat =12V, Vss=GND=0V)

Iltem Symbol Condition Min. Typ. | Max. | Unit
h d Froco=64MHz. Fin=64MHz - 75 | 175
High-speed on- ~ ~
chip oscillator Froco=48MHz. Fin=48MHz - 7 15 mA
Froco=32MHz. FiH=32MHz - 6.5 | 125
U High-speed Input square wave| - 6 11
modenotel _
master system | Fux=20MHz ["connect the mA
clock crystal oscillator ) 6 11
Low-speed on-
. . FiL=15KHz 256 | 4.1 mA
chip oscillator
) Froco=64MHz. Fin =64MHz - 1.9 | 10.2
High-speed on- ~ ~ I -7 A
. chip oscillator Froco=48MHz. Fin =48MHz - . . m
Vbat pin FHoco=32MHz, Fin =32MHz - 1.3 | 5.2
current lbat2 Sleigtez High-speed Input square wave| - 11 | 47
mode master system | Fyux =20MHz| Connect the 11| a7 mA
clock crystal oscillator ) : :
Low-speed on- _
chip oscillator FiL=15KHz - 48 79 uA
Ta=-40C~25C - 42 48
Deep sleep Ta=-40"C~85C - 55 67
Ibat3 deNote3 5 . uA
moae Ta=-40C~105C - 68 89
Ta=-40°C~125°C - 85 110
lbata itggenm Ta=-40°C~125°C - 10 | 55 | uA

Note 1: Run mode, this refers to the MCU is in the running state, the LIN transceiver is working normally,
the LDO outputs 5V and the maximum drive current is 70mA.

Note 2: Sleep mode, this refers to stopping the CPU running clock, the peripherals can work according
to the setting, the LIN transceiver is in standby, the LDO continuously outputs 5V with a 70 mA
driving capacity, and the system can be woken up by an external interrupt.

Note 3: Deep sleep mode, this refers to the high-speed system clock and the whole system stops, the
LIN transceiver is in standby state, the LDO continuously outputs 5V with a drive current of 70
mA, and the system can be woken up by an external interrupt.

Note 4: Stop mode, this means the LDO stops outputting 5V, the MCU is in power-down state, the LIN
transceiver is in sleep state, and the system can be woken up remotely via the LIN bus.
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(Ta= -40~125°C, 2.0V<Vcap<5.5V, Vss=GND=0V)

ltem Symbol Condition Min. Typ. Max. | Unit
Low speed on-chip
oscillator operating [ Notel - - 0.2 - UA
current
WDT operating current lwprNoe123 | Fy =15KHz - 0.22 - UA
ADC HS mode@64MHz - 2.2 - mA
A/D converter operating LapcNote1 4 ADC HS mode@4MHz - 13 - mA
ADC !
current ADC LC mode@24MHz - 11 - mA
ADC LC mode@4MHz - 0.8 - mA
D/A converter operating loacNoreL6 Per channel ) 14 ) mA
current
PGA operating current Per channel - 900 1400 UuA
No internal reference
Comparator operating voltage is used i 60 100 uA
IcmpNoteL.8 Per channel :
current An internal reference
. - 80 140 uA
voltage is used
LVD operating current [Lyphotels - - 0.08 - UA

Note 1: This is the current flowing through Vcap.

Note 2: This is when the high-speed on-chip oscillator and the high-speed system clock stop oscillating.

Note 3: This is the current that flows only to the watchdog timer (including the operating current of the

low-speed on-chip oscillator). With the watchdog timer running, the microcontroller current value

is the value of Ipp1 or Ipp2 or Ipps plus IWDT.

Note 4: This is the current that flows only to the A/D converter. With the A/D converter running in run

mode or sleep mode, the microcontroller current value is lpp1 or ipp2 plus the value of lapc.

Note 5: This is the current that flows only to the LVD circuit. With the LVD circuit running, the

microcontroller current value is the value of Ipp1 or Ibpz or lpps plus ILvo.

Note 6: This is the current that flows only to the D/A converter. With the D/A converter running in run

mode or sleep mode, the microcontroller current value is the value of Ipp1 or lop2 plus Ipac.

Note 7: This is the current that flows only to the comparator circuit. With the comparator circuit running,

the microcontroller current value is the value of Ippz1 or Ibp2 or Ipps plus lcwp.

Remark:

1. Fui: Low-speed on-chip oscillator clock frequency

2. The temperature condition of the typical value is Ta=25C.

3. Low temperature specification is guaranteed by the design, and is not tested in mass production.
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7.6 AC characteristics

(Ta= -40~125°C, 2.0V<Vcaps5.5V, Vss=GND=0V)

Item Symbol Condition Min. Typ. Max. Unit
Instruction
?r)wl](iﬁmum Main system
instruction Tey clock' (Fma) is 2.0VsVcapsh.5Vv 0.02084 - 1 us
. running

execution
time)
External Fex 2.0V<Vcaps<5.5V 1.0 - 20.0 MHz
system clock
frequency Fexs 2.0VsVcaps5.5V 32.0 - 35.0 KHz
High and low | Texy, Tex. | 2.0V<Vcap<5.5V 24 - - ns
level width of
external TexHs,
system clock | Toxs 2.0V<Vcaps<5.5V 13.7 - - us
input
TIOO ~ TIO3,
np duToTv?Pe_ Jel | T L | 2.0veveapss sV 1/Fuc+10 - ; ns
widths

i 2.4VsVcaps5.5V 100 - - ns
Input period Te TAIO p
of TimerA 2.0VsVcap<2.4V 300 - - ns
High- and 2.4V<Vcap<5.5V 40 - - ns
low-level TraH, TAIO
widths of Trai 2.0V<Vcap<2.4V 120 - - ns
TimerA input

Remark:
1. Fwmck: Operation clock frequency of the Timer4 unit.
2. Low temperature specification is guaranteed by the design, and is not tested in mass production.
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(Ta= -40~125°C, 2.0V<Vcap<5.5V, Vss=GND=0V)

Item Symbol Condition Min. Typ. Max. | Unit

Timer M input high- and | Ttmn, TMIOAO, TMIOAL, TMIOBO, TMIOB1, 3/ ) ) ns
low-level widths Trme | TMIOCO, TMIOC1, TMIODO, TMIOD1 cLK
Timer M Forced cutoff 2MHz <FcLks48MHz 1 - - us
signal input low level TrmsiL P136/INTPO
width Fclk <2MHz 1/5?"'( - - us
High- and low-level TTBIH,
width of TimerB input Trei TBIOA, TBIOB 2.5/Fcw j j ns
TO00 ~ TOO03, TAIOO, 4.0V<Vcaps<5.5V - - 16 | MHz
TAOO, TMIOAO,
TMIOAL, TMIOBO, 2.4v=Vcap<4.0vV - - 8 | MHz
TMIOB1, TMIOCO, Fro
TMIOC1, TMIODO, Vean< i i
TMIODL. TBIOA, 2.0VsVcap<2.4Vv 4 MHz
TBIOB output frequency

4.0VsVcapsh.5V - - 16 MHz
CLKBUZO, CLKBUZL | o "5 4v<vcap<4.0v - - 8 | MHz
output frequency

2.0VsVecap<<2.4VvV - - 4 MHz
High- and low-level TiNTH, _ < < ) )
width of interrupt input TiNTL INTPO~INTP11 | 2.0V<Veaps5.5V ! us
RESETB low-level width | TrsL - 10 - - us

Remark: Low temperature specification is guaranteed by the design, and is not tested in mass production.
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7.7 Peripheral function characteristics

7.7.1 Universal interface unit

(1) UART mode

(Ta= -40~85°C, 2.0V<Vcap<5.5V, VSS=GND=0V)

i Specification value )
Item Condition - Unit
Min. Max.
- - Fmck /6 bps
Transfer |, 5\ <vcap < 5.5v | Theoretical value of the
rate maximum transfer rate - 8 Mbps
Fmck = Feik
(Ta=+85~125°C, 2.0V<<Vcap<5.5V, Vss=GND=0V)
i Specification value )
ltem Condition - Unit
Min. Max.
- - Fmck /12 bps
Transfer | 5y <vcap <5.5v | Theoretical value of the
rate maximum transfer rate - 4 Mbps
Fmck = Feik
Remark: This specification is guaranteed by the design, and is not tested in mass production.
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(2) 3-wire SPI mode (master mode, internal clock output)
(Ta=-40~125°C, 2.0V<Vcap<5.5V, Vss=GND=0V)

N -40~85°C 85~125°C ,
Iltem Symbol Condition - - Unit
Min. Max. Min. Max.
4.0V sVcap £ 5.5V 41.67 - 83.33 - ns
2.7V sVcap < 5.5V 83.33 - 166.67 - ns
tSCLKp cycle Tkev Tkevi22/Feik P
Ime 2.4V sVcap< 5.5V 125 - 250 - ns
2.0V sVcap £ 5.5V 250 - 500 - ns
Tkevd/ Tkey1/2-
4.0V sVcap 5.5V 2.7 - 14 - ns
Tkeva/ Tkevi/2-
< < - -
SCLKp highflow | T, | 27V SVeap =53V 2-10 20 ns
level width Tkea Tkevd/ Tkey1/2-
2.4V <Vcap £ 5.5V 218 - 36 - ns
Tkevd/ Tkey1/2-
2.0V sVcap £ 5.5V 2.38 - 76 - ns
4.0V £Vcap £ 5.5V 23 - 46 - ns
SDIp set-up time T 2.7V sVcap £ 5.5V 33 - 66 - ns
(for SCLKp?) S 5 4V <vcap < 5.5V 44 - 88 - ns
2.0V sVcap £ 5.5V 75 - 113 - ns
SDIp hold time
(for SCLKp?) Tksi 2.0V £Vcap £5.5vV 10 - 20 - ns
Delay time from 2.0V sVcap< 5.5V
SCLKp|—SDOp | Tkt | c=ppphot ) 10 ] 20 | ns

Note 1: C is the load capacitance of the SCLKp, SDOp output lines.

Notice: Through the Port Input Mode Register and Port Output Mode Register, the SDIp pin is selected

as the normal input buffer and the SDOp pin and SCLKp pin are selected as the normal output

mode.

Remark: This specification is guaranteed by the design, and is not tested in mass production.
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(3) 3-wire SPI mode (slave mode, external clock input)
(Ta=-40~125°C, 2.0V<Vcap<5.5V, Vss=GND=0V)

N -40~85°C 85~125°C _
Iltem Symbol Condition - - Unit
Min. Max. Min. Max.
20MHz<
4.0V <Vcap Fuck 8/Fmck - 16/Fmck - ns
<55V
EAZASKIIHZ 6/Fmck - 12/Fmck - ns
<
SCLKp 27V <Veal iGMHZ 8/Fmck - 16/Fmck - ns
cycle Tkeyz <'5 5\_/ P FMCK
time - S;.Aglf/IHZ 6/Fmck - 12/Fmck - ns
6/Fmck and 12/Fmck and
2.4V sVcap £ 5.5V >500 - >1000 - ns
6/Fmck and 12/Fmck and
2.0V sVcap £ 5.5V >750 - >1500 - ns
S.CLKp 4.0V sVcap £ 5.5V Tkev1/2-7 - Tkevi/2-14 - ns
g\glgl’ low m‘: 2.7V <Vcap < 5.5V Tcv/2-8 - Tkcv/2-16 - ns
width 2.0V =Vcap £5.5V Tkey1/2-18 - Tkey1/2-36 - ns
SDIp 2.7V <Vcap < 5.5V 1/Fuck+20 - 1/Fuck +40 - ns
set-up
time Tsik2
(for 2.0V £Vcap £5.5V 1/Fmck+30 - 1/Fmck +60 - ns
SCLKp1)
SDIp
hold
time Tksi2 2.0V £Vcap £5.5V 1/Fmck+31 - 1/Fmck +62 - ns
(for
SCLKp1)
2.7V sVcap £ 5.5V 2/Fmck+4 2/Fmck+6
Delay C=30pFNotet - 4 ) 6 ns
time
< <
fI’OI‘II;\K Tksoz %:;log\éﬁoatgl_ 5.5V i 2/FM5<:K+7 ) 2/FI;IA-:C3K+1 ns
St 2.0V <Vcap < 5.5V ] 2/Fucr+l ] 2Fwektl | o
p C:30pFNotel 00 50

Note 1: C is the load capacitance of the SCLKp, SDOp output lines.

Notice: Through the Port Input Mode Register and Port Output Mode Register, the SDIp and SCLKp pins

are selected as the normal input buffers and the SDOp pin is selected as the normal output mode.

Remark: This specification is guaranteed by the design, and is not tested in mass production.
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(4) 4-wire SPI mode (slave mode, external clock input)

(Ta= -40~125°C, 2.0V<Vcap<5.5V, VSS=GND=0V)

y -40~85°C 85~125°C _
Iltem Symbol Condition - - Unit
Min. Max. Min. Max.
2.7V Vcap £ 5.5V 120 - 240 - ns
SSI100 DAPmMn=0
2.0V £Vcap 5.5V 200 - 400 - ns
set-up Tssik
i 2.7V £Vcap £ 5.5V 1/Fumex+120 - 1/Fmck+240 - ns
time DAPmn=1
2.0V £Vcap £5.5V 1/Fmck+200 - 1/Fmck+400 - ns
2.7V sVcap< 5.5V 1/Fmck+120 - 1/Fmek+240 - ns
DAPmMn=0
SSI00 2.0V sVcap £ 5.5V 1/Fmek+200 - 1/Fmck+400 - ns
. Tkssl
hold time 2.7V <Vcap £ 5.5V 120 - 240 - ns
DAPmMn=1
2.0V sVcap £ 5.5V 200 - 400 - ns

Notice: Select the SDIp and SCLKp pins as the normal input buffers

output mode via the Port Input Mode Register and Port Output Mode Register.

Remark: This specification is guaranteed by the design, and is not tested in mass production.

and the SDOp pin as the normal
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(5) Simplified IIC mode
(Ta=-40~125°C, 2.0V<Vcap=<5.5V, VSS=GND=0V)

- -40~85°C 85~125°C ,
ltem Symbol Condition - - Unit
Min. Max. Min. Max.
2.7V <Vcap < 5.5V Note Note
Cb=50 pF, Ro= 2.7 ! 1000 - R B
KQ
SCLr clock
Fsct 2.0V <Vcap < 5.5V ] Notel i 100N | KH
frequency Cb = 100 pF, Rs = 3KQ 400Note 1 2
2.0V sVcap < 2.7V ] Notel i noe1 | KH
Cb = 100 pF, Ro = 5 KQ 007" S
2.7V <Vcap < 5.5V
Cb=50pF, Rh =27 475 - 1200 - ns
Hold time KQ
when SCLris | TLow 2.0V sVcap=s 5.5V
low Cb = 100 pF, Ro = 3 KQ 1150 - 4600 - ns
2.0V sVcap=s 2.7V
Cb = 100 pF, Ro = 5 KQ 1550 - 6500 - ns
2.7V <Vcap < 5.5V
Lol time Cb = 50 pF, Ro = 2.7KQ 475 - 1200 - ns
. 2.0V sVcap £5.5V
\r/]vigin SCLris | THicH Cb = 100 pF, Ro = 3 KQ 1150 - 4600 - ns
2.0V sVcap £2.7V
Cb = 100 pF, Ro = 5 KQ 1550 - 6500 - ns
2.7V <Vcap < 5.5V
Cb=50pF, Rh=2.7 1/Fumck+85Note2 - 1/Fmck+220Note? - ns
Data setup KQ
time Tsu:pat | 2.0V =Vcap < 5.5V 1/Fuck+145Noe ) Note2 )
(reception) Cb = 100 pF, Rp=3KQ | 2 1/Fucx+580 ns
2.0V sVcap 2.7V 1/Fmck+230Note ) 1/Fumck+1200Noe ) ns
Cb=100pF, Rb=5KQ | 2 2
2.7V <Vcap < 5.5V
Data hold Cb = 50 pF, Ry = 2.7KQ ) 305 - 770 ns
time 2.0V sVcap< 5.5V
(transmission | HPPAT | ¢, = 100 pF, Ry = 3KQ - 355 - 1420 | ns
) 2.0V sVcap < 2.7V ] ]
Cb = 100 pF, R = 5KQ 405 2070 | ns
Note 1: The value must also be equal to or less than Fuck/4.
Note 2: Set the Fuck value to keep the hold time of SCLr = “L” and SCLr = “H”.
Remark: This specification is guaranteed by the design, and is not tested in mass production.
Rev.0.5.3
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7.7.2 Serial interface IICA

1) I?C standard mode
(Ta=-40~125°C, 2.0V<Vcap=<5.5V, Vss=GND=0V)

i Specification value )
ltem Symbol Condition - Unit
Min. Max.

SCLAO clock frequency FscL Standard mode: Fcik21MHz - 100 KHz
Set-up time of the start
condition Tsu:sta - 4.7 - us
Hold time of the start
conditionNotel THD: sTA - 4.0 - us
Hold time when SCLAOQ is Tiow ) 47 i us
low
H_oId time when SCLAO is Toe ) 40 i us
high
Data set-up time
(reception) Tsu: pat 250 ns
Data hold time
(transmission) Note2 THp: DAT - 0 3.45 us
Set-up time of the stop
condition Tsu: sto - 4.0 - us
Bus idle time Teur - 4.7 - us

Note 1: Generate the first clock pulse after a start condition or a restart condition is generated.
Note 2: The maximum value of Thp: pat Needs to be guaranteed during normal transfer and needs to be
waited during acknowledger (ACK).
Notice: The maximum value of Cp (communication line capacitance) for each mode and the value of Rp
(pull-up resistor value of the communication line) at this time are as follows:
Standard mode: Cb=400pF, Rp=2.7KQ

Remark: This specification is guaranteed by the design, and is not tested in mass production.

WWW.mcu.com.cn 57175 Rev.0.5.3



. ®
Ss Cmsemicon BAT32A6300 Datasheet

2) I?C fast mode
(Ta=-40~125°C, 2.0V<Vcap<5.5V, Vss=GND=0V)

. Specification value )
ltem Symbol Condition - Unit
Min. Max.

SCLAO clock frequency FscL Fast mode: Fck=3.5MHz 400 KHz
Set-up time of the start
condition Tsu:sta - 0.6 - us
Hold time of the start
condition Notel THD: sTA - 0.6 - us
Hold time when SCLAO is Tiow ) 13 ) us
low
H'old time when SCLAO is Toe i 0.6 i us
high
Data set-up time
(reception) Tsu: pat - 100 - ns
Data hold time
(transmission) Note2 Thp: pat - 0 0.9 us
Set-up time of the stop
condition Tsu: sto - 0.6 - us
Bus idle time Teur - 1.3 - us

Note 1: Generate the first clock pulse after a start condition or a restart condition is generated.

Note 2: The maximum (MAX.) value of Thp: pat Needs to be guaranteed during normal transfer and
needs to be waited during acknowledger (ACK).

Notice: The maximum value of Cp (communication line capacitance) for each mode and the value of Rp
(pull-up resistor value of the communication line) at this time are as follows:
Fast mode: Cb=320pF, Rp=1.1KQ

Remark: This specification is guaranteed by the design, and is not tested in mass production.
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3) I2C enhanced fast mode
(Ta=-40~125°C, 2.0V<Vcap<5.5V, Vss=GND=0V)

. Specification value )
ltem Symbol Condition - Unit
Min. Max.
Enhanced fast mode:

SCLAO clock frequency FscL Feuke10MHz - 1000 KHz
Set-up time of the start
condition Tsu:stA - 0.26 - us
Hold time of the start
condition Notel THD: sTA - 0.26 - us
Hold time when SCLAO is Tiow i 05 i us
low
H'old time when SCLAO is Toe i 0.26 i us
high
Data set-up time
(reception) Tsu: pat - 50 - ns
Data hold time
(transmission) Note2 THp: DAT - 0 0.45 us
Set-up time of the stop
condition Tsu: sTo - 0.26 - us
Bus idle time Tsur - 0.5 - us

Note 1: Generate the first clock pulse after a start condition or restart condition is generated.
Note 2: The maximum value of Thp: pat Needs to be guaranteed during normal transfer and needs to be
waited during acknowledger (ACK).
Notice: The maximum value of Cp (communication line capacitance) for each mode and the value of Rp
(pull-up resistor value of the communication line) at this time are as follows:
Enhanced fast mode: Cp=120pF, Rp=1.1KQ

Remark: This specification is guaranteed by the design, and is not tested in mass production.
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7.8 Analog characteristics

7.8.1 A/D converter characteristics

Classification of A/D converter characteristics

Reference voltage | Reference voltage (+)=AVrerp
Input channel Reference voltage (-)=AVRrerm

Reference voltage (+)=Vcap
Reference voltage (-)=Vss

ANIO~ANI3, ANI8~ANI12, ANI14

Internal reference voltage, temperature
sensor output voltage

Refer to 7.8.1 (1)

Refer to 7.8.1 (2)

(1) When selecting reference voltage(+)=AVrerr/ANIO, reference voltage(-)=AVrerm/ANI1
(Ta=-40~125°C, 2.0V<AVrerpr<Vcap=Vcaps<5.5V, Vss=0V, reference voltage(+)=AVrerp,

reference voltage(-)= AVrerm =0V)

Item Symbol Condition Min. Typ. Max. Unit
Resolution RES - - 12 - bit
Overall errorNotel ET 12-bit resolution 2.0V £ AVRerp< 5.5V - 3 - LSB
Zero-scale errorNoel | Ezg 12-bit resolution 2.0V <AVRerp< 5.5V - - LSB
Full-scale errorNtel | Egg 12-bit resolution 2.0V <AVRerp< 5.5V - - LSB
'e”r‘ri%ﬁ'el'”ea”ty EL  |12-bit resolution 2.0V <AVrerp< 5.5V 1 - 1 | LsB
Diferenyalineaity. e |12.pit resolution 2.0V SAVrerpS55V | -15 : 15 | LsSB

12-bit resolution
Conversion target:
ANIO~ANI3, 2.0V sVcaps 5.5V 45 - - 1/Fapc
ANI8~ANI12, ANI14
Conversion timeNete3 | Tcony 12-bit resolution .
Conversion target:
internal reference voltage, |, g\, <Vcaps 5.5V 72 ) ) UF aoc
temperature sensor
output voltage, PGA
output voltage.
External input 1242y)_ ) Noted )
resistance Ran  |Rain < (Ts / (Faoc x Capc X In (24*2))- Rabc) 10 KQ
Sampling switch . . )
resistance Raoc 1.5 KQ
Sample-and-hold
capacitance Canc 2 pF
ANIO~ANI3, ANI8~ANI12, ANI14 0 - AVRer \%
Analog input voltage | Van Internal reference voltage (2.0V<Vcap<5.5V) VegrNote2 \Y
Temperature sensor output voltage Note2
(2.0V=Vcaps5.5V) Vrups2s

Note 1: Excludes quantization error (+1/2 LSB).

Note 2: Refer to “7.8.2 Characteristics of temperature sensor/internal reference voltage”.

Note 3: Fapc is the operation frequency of the AD, and the maximum operation frequency is 48MHz.

Note 4: This specification is guaranteed by the design, and is not tested in mass production. Its typical

value is the default sampling period, Ts=13.5, and the conversion speed is calculated under the

condition of Fapc=48MHz.
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(2) When selecting reference voltage(+)=Vcap, reference voltage (-)=Vss
(Ta=-40~125°C, 2.0V<Vcap<5.5V, Vss=GND=0V, reference voltage (+)=Vcap, reference voltage

(-)=Vss)

Item Symbol Condition Min. Typ. Max. Unit
Resolution RES - - 12 - bit
Overall errorNeel |ET 12-bit resolution 2.0V £AVRrerp <5.5V - 6 - LSB
Zero seale Eys 12-bit resolution 2.0V <AVrerp <55V | - 0 - | LsB
Zfr'(')ri,"?'f Ers 12-bit resolution 2.0V <AVrerp<5.5V | - 0 - LSB
negra e e 12-bit resolution 2.0V AVrerp <55V | -2 : > | LsB
:ijr;zzrrﬁgtz'mrml ED 12-bit resolution 2.0V SAVrerp<5.5V | -3 : 3 | LsB

12-hit resolution
Conversion target: ANIO~
ANI3, ANIS~ANI12, 2.0VsVcapsh.5V 45 - - 1/Fabc
ANI14
Conversion T 12-bit resolution
timeNote3 conv Conversion target: Internal
reference voltage, < < ) )
temperature sensor output 2.0V=Veaps5.5V 2 1/Fapc
voltage, PGA output
voltage.
Fe)gg:gilcgpm Rain Rain < (Ts/ (Faoc X Capc X In (212*2))- Raoc) - 10N - KQ
Sampling switch ) ) )
resistance Rapc 1.5 KQ
Sample-and-hold
capacitance Canc 2 PF
ANIO~ANI3, ANI8~ANI12, ANI14 0 - Vcap \%
Analog input Van Internal reference voltage (2.0V<Vcap<5.5V) Vecr\oe2
voltage Temperature sensor output voltage Vv Note2
(2.0V<Vcaps5.5V) TMPSzs

Note 1: Excludes quantization error (+1/2 LSB).

Note 2: Refer to “7.8.2 Characteristics of temperature sensor/internal reference voltage”.

Note 3: Fanc is the operation frequency of the AD, and the maximum operation frequency is 48MHz.

Note 4: This specification is guaranteed by the design, and is not tested in mass production. Its typical

value is the default sampling period, Ts=13.5, and the conversion speed is calculated under the
condition of Fapc=48MHz.
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7.8.2 Characteristics of temperature sensor/internal reference

voltage
(Ta=-40~125°C, 2.0V<Vcap=<5.5V, Vss=GND=0V)
Item Symbol Condition Min. Typ. Max. Unit
Temperature sensor output voltage | Vrmps2s Ta=25C - 1.09 - Y,
Ta=-40~10°C 1.30 1.45 1.60 \Y
Ta=10~70°C 1.38 1.45 1.52 \Y
Internal reference voltage VaeR Ta=707125C 135 145 1.5 v
Ta=-40~10°C 2.15 2.40 2.65 \Y
Ta=10~70°C 2.28 2.40 2.52 \Y
Ta=70~125C 2.23 2.40 2.57 \%
Temperature coefficient Fvrmps - - -3.2 - mvV/°'C
Operation stabilization wait time Tamp - 5 - - us

Remark: Low temperature specification is guaranteed by the design, and is not tested in mass production.

7.8.3 D/A converter

(Unless otherwise specified , Ta=25°C, Vop=5V, Vss=0V)

Item Symbol Condition Min. Typ. Max. Unit
operating current Ivbp Input code =800, Ta= -40~125C 0.4 1 15 mA
Turn-off current Isp Ta=-40~125°C - 0.01 5 UA
Resolution RES - - - - 12 bit
Overall error ET Buffer off i - *0 18D LSB
Buffer on +8 TBD
Differential nonlinear error DNL 4 TBD LSB
Offset voltage Vosbuf Buffer offset voltage 5 TBD mV
Buffer off 1 Vrer-1 | LSB
Output range Vout Refer to Voo 0.3 Vop-0.3 \%
Buffer on
Refer to Vrer, Voo=3V 0.3 VREF \Y%
Output load RLaop 5 kQ
Conversion speed Update rate | to i+1LSB, CLOAD=50pF 200K Hz
Start-up time Tst - - 10 us
Output impedance Rout Buffer off - 12.5 15 KQ

Remark: Low temperature specification is guaranteed by the design, and is not tested in mass production.
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7.8.4 Comparator

(Unless otherwise specified , Ta=25°C, Vop=5V, Vss=0V)

Item Symbol Condition Min. Typ. Max. Unit
operating current Ivbp Ta=-40~125°C 50 120 200 UA
Turn-off current Isp Ta=-40~125°C - 0.01 0.6 UA

Input offset voltage VoFFSeT - - *6 mv
Input voltage range ViN - 0 - Vbb \%
*£20
Hysteresis voltage Vhys *40 mV
*60
Response time Tcr, Ter | Input Vip=Vin£100mV - 50 100 ns
Running stability time Tsts - - - 2 us

Remark: This specification is guaranteed by the design, and is not tested in mass production.
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7.8.5 Programmable gain amplifier (PGA)

(Unless otherwise specified , Ta=25°C, Vop=5V, Vss=0V)

ltem Symbol Condition Min. Typ. Max. Unit
operating current Ivoo Ta=-40~125°C 0.5 0.9 1.4 mA
Turn-off current Isp Ta=-40~125°C - 0.01 1.2 UA
Input deviation voltage | Viorca G=8 - +3 +10 mV
Input voltage range Vipca - 0 - Vop-1.3 \%
VioHpPGA - 0.3 - - \Y
Output voltage range
VioLpca - - - Vpop-0.3 \Y
. o x1~x8 - - +3 - %
Gain deviation EG
x10~x32 - - +5 - %
Rising G=1 7 - -
SRRPeA | vip-Vin=0v o1 V | g 10 ] ]
Conversion rateNote2 _ - - Vl/us
SRFrcA Fa”m-g _ —
Vip-Vin=1Vto0 V | g=4 10 - -

Unit-gain bandwidth BW G=1, load RC=10kQ/1uF 5 MHz
Carrying capacity ILoaD 2 mA
Stable operation

timeFN)m‘91 Teea - - - 10 us
Working current lrcaop | Refer to 7.5.2 Power supply current characteristics

Note 1: The time required from PGA action enable (PGAEN=1) to fulfill each of the

pattern requirements.

PGA’s DC and AC

Note 2: This specification is guaranteed by the design, and is not tested in mass production.
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7.8.6 POR circuit characteristics

(Ta= -40~125°C, Vss=0V)

Item Symbol Condition Min. Typ. Max. Unit
VPoR When the supply voltage rises - 1.50 2.0 \%
Detect voltage
VPDR When the supply voltage drops 1.37 1.45 - \%
Minimum
pulse width Tew - 300 - - us
Notel

Note 1: This is the time required to reset the POR when Vcap falls below Vpepr. In addition, when the
oscillation of the main system clock (Fma) is stopped by setting bit0 (HIOSTOP) and bit7 (MSTOP)
of the clock operation status control register (CSC) in the deep sleep mode, this is the time required

for POR reset from the time when Vcap is lower than 0.7V to the time when it rises above Veor.

Supply voltage
(Voo)

Vppr Or 0.7V

Remark: This specification is guaranteed by the design, and is not tested in mass production.

i
<

»
»

Vpor
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7.8.7 LVD circuit characteristics

(1) Reset mode, interrupt mode
(Ta=-40~125C, Vror<Vcap<5.5V, Vss=0V)

Item Symbol Condition Min. Typ. Max. Unit

When the supply voltage rises - 4.06 4.26 \%

Vivoo When the supply voltage drops 3.78 3.98 - \%

When the supply voltage rises - 3.75 - \%

Vivor When the supply voltage drops - 3.67 - \%

. When the supply voltage rises - 3.02 - \%
Detection voltage Vivp2

When the supply voltage drops - 2.96 - \%

Vivos When the supply voltage rises - 2.71 - \%

When the supply voltage drops - 2.65 - \%

Vivos When the supply voltage rises - 2.09 2.16 V

When the supply voltage drops 1.97 2.04 - \%

Minimum pulse width Tuw - 300 - - us

Detection delay - - - - 300 us

Remark: This specification is guaranteed by the design, and is not tested in mass production.

(2) Interrupt & reset mode
(Ta=-40~125°C, Vpepor <Vcap<5.5V, Vss=0V)

Item Symbol Condition Min. Typ. Max. Unit
VLvbBoO Drop the reset voltage 1.78 1.84 - \%
Vpoc2=0 Rise the reset release
Viross Vpoc1=0 LVIS1=0 voltage ) 2.09 2.16 v
Vpoco=1 LVISO=1 Drop the interrupt
voltage 1.97 2.04 - \%
VwLvbco Drop the reset voltage - 2.45 - \Vi
Rise the reset release -
y LVIS1=0 voltage 2.71 - v
LVDCZ | Vpoca=0 LVIS0=1 Drop the interrupt - 2 65 - v
Vpoc1=1 voltage '
Interrupt & reset Vpoco=0 Rise the reset release - 3.75 - v
mode Vivbes LVIS1=0 voltage
LVISO0=0 Drop the interrupt - 3.67 i v
voltage )
VLVeapo Drop the reset voltage - 2.75 - \%
Rise the reset release -
y LVIS1=0 voltage .02 v
LVeap2 | \/poca=0 LVISO=1 Drop the interrupt - 2 06 v
Veoc1=1 voltage )
Veoco=1 Rise the reset release -
ViVeass LVIS1=0 voltage 4.06 4.26 v
LVcap: — i
LVISO=0 Drop the interrupt
voltage 3.78 3.98 - \%

Remark: This specification is guaranteed by the design, and is not tested in mass production.
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7.8.8 Rise slope characteristics of reset time and supply voltage

(Ta= -40~125°C, Vss=0V)

ltem Symbol Condition Min. Typ. Max. Unit
Reset time TRrESET - 1 ms
Rising slope of supply voltage Sveap - 54 V/ms
Remark: This specification is guaranteed by the design, and is not tested in mass production.
Rev.0.5.3
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7.9 LIN transceiver characteristics

7.9.1 Limit parameters

Item Symbol Test condition Value Unit
Supply Voltage Vear Ground potential -0.3 ~ +40 \Y,
Vee Ground potential -0.3~ +7 Vv
VRxp Ground potential -0.3~Vce+0.3 \%
VEN Ground potential -0.3~Vce+0.3 \%
pin voltage -
VRSTN Ground potential -0.3~Vcc+0.3 \%
V1xp Ground potential -0.3~Vce+0.3 \%
VN Ground-to-VBAT potential -40~ +40 V
Junction temperature Tj - -40 ~ 150 °C
Storage temperature Tstg - -55 ~ 150 °C

Notice: The Maximum Limit Parameter value means that exceeding this value may cause irrecoverable

damage to the device. Such conditions are not conducive to proper device operation. Continuous

operation of the device at the maximum allowable ratings may affect the reliability of the device. The

reference point for all voltages is ground.
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7.9.2 DC characteristics

www.mcu.com.cn

Item Symbol Test condition Min. Typ. Max. Unit
Power consumption
Sleep mode: (VLN=VBAT) - 10 - MA
Standby mode: (VLin=VBaT) - 40 - MA
. Normal mode (recessive):
S#I;Leent/;?rgsixmptlon IsaT (Vun=Vear; V1xo=Vcc; - 200 - MA
VwrsTn=HIGH)
Normal mode (dominant):
(VBar=12V; V1xp=0V,; - 2.5 - mA
VwrsTn=HIGH)
Power-on reset
VBat power-down
threshold voltage VinaamL ) 3 ) 47 v
VAT power-up
threshold voltage Vin@aTH ) ) ) 525 v
Vear hysteresis
vgllgag)(/a Vhys(BAT) - 50 - - \Y
Vcce pin
Voltage regulator Vec(nom) =5V,
output voltage Vee Icc=-70mA~0 4.9 S 5.1 v
Voltage regulator ‘ N } ) )
output current limit loim Vee=0 ~ 5.5V 250 70 mA
Power-down _
detection voltage Vuwvp Vec(nom) =5V 4.2 - 4.6 V
Brown-out recover
voltage Y 1 Vo Vecmom=5V 46 - 4.9 Y
Veemom) =5V,
Lﬁ;};xgg Reearvee) | Vear= 4.5V~ 5.5V - - 5 Q
lvi= -70 mA~ -5mA
Output capacitance | Co!" ESR < 5Q 2.2 10 - uF
TXD pin
L’;ﬁ’t‘:gtgres“o'd Vinsw) Vee = 2.97V~5.5V 0.3Vee - 0.7Vee v
Input hysteresis
Voﬁ’tagey Vhys(i Ve = 2.97V~5.5V 200 - - mvV
Pull-up resistance Rpu - 5 12 25 kQ
RXD pin
. Normal mode;
CHl:?g:]etvel output lo VLN = VearT; - - -0.4 mA
Vrxp = Vce- 0.4V
Low-level output Normal mode;
current lo Vun = 0; Vrxo = 0.4 V 0.4 ) ) mA
EN pin
Input threshold Vin(sw) - 0.8 - 2 \%
voltage
Pull-down Rpd - 50 130 400 KQ
resistance
RSTN pin
Pull-up resistance Rpu Vrstn=Vcc-0.4V 3 - 12 kQ
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Vee=2.97V~5.5V
Low-level outout Vrstn=0.4V
CS;"r’eﬁt"e oulpu lo Ve =2.97V~5.5V 3.2 - 40 mA
-40°C<Tj<195°C
Low-level output Vee=2.5V~5.5V
voltage Vo -40°C<Tj<195°C 0 - 05 v
\'j(')ﬁggz"e' output 1y, -40°C<Tj<195°C 0.8Vee . Voct03 |V
LIN pin
Driver dominant Isus_LiM V1xp=0V; Vun=Vear=18V 40 - 100 mA
current limit - '
Receiver recessive Vxp=Vcc;
input leakage IBUS_PAS_rec —1a\. — - - 20 MA
current Viun=18V; Vear=5.5V
Receiver dominant Normal mode:
input leakage IBUS_PAS_dom Vrxp=Vcc; Vun=0V; -1000 - - MA
current Vear=12V
Bus-to-ground IL(0g) Vear=18V; VLIN=0V -1000 - 10 A
leakage current
Bus-to-supply IL(ob) Vear=0V; VLIN=18V - - 20 A
leakage current
Receiver dominant
toggle threshold Vih(dom)RX VBar=5.5V~18V - - 0.4Vear \Y,
voltage
Receiver recessive
toggle threshold Vin(rec)RX VBar=5.5V~18V 0.6Vear - - \Y,
voltage
Receiver center Vpar=5.5V~18V
toggle threshold VinRX)entr Vin(RX) entr= 0.475Vear 0.5Vear 0.525Vear \Y,
voltage (Vih(rec)RX * Vih(dom)RX)/2
Receiver hysteresis | Vinhys)Rx Vpar=5.5V~18V
threshold voltage Vih(hys)RX =Vth(rec)RX - - 0.175Vear \%
Vih(dom)RX
Equivalent resistance
Slave eesistance Rsiave between LIN and VBAT; 20 30 60 KQ
Vun = 0V; Vear=12V
LIN pin equivalent
capacitance Cun [1] ) ) ) 30 PF
Normal mode; ) ) 14 Vv
Dominant output Vo Vxo=0V; Vear=7V '
voltage otdom) Normal mode; i ) 20 Vv
V1xp=0V; Vear=18V )
Thermal shutdown
Shutdown junction | — o
temperature Tisay [1] - 150 180 200 C
(If not otherwise specified, 5.5V<Vear<28V, -40°C<T<150°C, typical at Vear=13V, Tj=25°C.)
[1] Values are guaranteed by design, not test results.
Rev.0.5.3
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7.9.3 Switching characteristics

ltem | Symbol ‘ Test condition Min. ‘ Typ. ‘ Max. ‘ Unit
Duty cycle
Vth(rec)(max)=0.744xVBAT;
Vth(dom)(max)=0.581xVBAT, t»it=50us;| 0.396 - - -
Vear=7V~18V
Duty cycle 1 o1 [1][2]
Vth(rec)(max)=0.76xVBAT;
Vth(dom)(max)=0.593xVBAT, t»it=50us;| 0.396 - - -
Vpar=5.5V~7V
Vth(rec)(min)=0.422xVBAT;
Vth(dom)(min)=0.284xVBAT; tuit=50us; - - 0.581 -
Vpar=7.6V~18V
Duty cycle 2 62 [2][3] Vth(rec)(min)=0.41xVBAT:
Vth(dom)(min)=0.275xVBAT,; ) ) 0581 )
toit=50us; :
Vpar=6.1V~7.6V
Vth(rec)(max)=0.778xVBAT,;
Vth(dom)(max)=0.616xVBAT, tit=96us;| 0.417 - - -
Duty cycle 3 53 [1][2] Vear=7V-18Y
u
yey Vth(rec)(max)=0.797xVBAT;
Vth(dom)(max)=0.630xVBAT; tit=96us;| 0.417 - - -
Vpar=5.5V~7V
Vth(rec)(min)=0.389xVBAT;
Vth(dom)(min)=0.251xVBAT; tit=96us; - - 0.590 -
Vear=7.6V~18V
Duty cycle 4 04 [2][3] Vth(rec)(min)=0.378xVBAT;
Vth(dom)(min)=0.242xVBAT, ) ) _
toit=96s; 0.590
VBar=6.1V~7.6V
Timing characteristics
Receiver 4] ) ) )
propagation delay tPoRx) 6 HS
Receiver
propagation delay| trorx)sym ! - -2 - 2 us
symmetry
LIN dominant
wake-up time twake(dom)LIN Sleep mode 30 65 150 V&
(remote wake-up)
WAKE_N dominant
wake-up time twake(domwake_N| Sleep mode 7 22 50 us
(local wake-up)
Time to enter
normal mode tgotonorm - 2 5 10 us
'rl;:gwdeeto enter sleep tgotosies ) 2 5 10 us
TXD dominant
time-out time tto(dom)TXD Vxp=0V 27 52 90 ms

(If not otherwise specified, 5.5V<Vpar<27V, -40°C<T\j<150°C, typical at Vear=12V, T\j=25°C.)

1)

2)

3) ©2,084=

4)

t .
61, 53= bus(rec)(min)

2xtpt

2xtpt

Bus Load: (1) C.=1nF, R.=1kQ; (2) CL.=6.8nF, RL.=660Q; (3) CL.=10nF, RL.=500Q

tbus(rec)(max)

Receiver output pin RXD Load condition: Ctxp=20pF, Rrxp=2.4kQ
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7.10 Memory characteristics

7.10.1 Flash memory

(Ta= -40~125°C, 2.0V<Vcap<5.5V, Vss=GND=0V)

Symbol Item Condition Min. Max. Unit
TrroG Word write time (32bit) Ta=-40~125°C 24 30 us
Sector erase time (512B) Ta= -40~125C 4 5 ms
Terase ) . o
Chip erase time Ta=-40~125C 20 40 ms
Nenp Number of rewritable times Ta=-40~125°C 20,000 - cycles
TreT Data retention period Ta=125C 20 - years
Remark: This specification is guaranteed by the design, and is not tested in mass production.
7.10.2 RAM memory
(Ta=-40~125°C, 2.0V<Vcap<5.5V, Vss=GND=0V)
Symbol Item Condition Min. Max. Unit
VRAMHOLD RAM hold voltage Ta=-40~125°C 0.8 - Vv
Remark: This specification is guaranteed by the design, and is not tested in mass production.
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7.11 EMS characteristics

7.11.1 ESD electrical characteristics

Symbol Item Test condition Grade
Electrostatic discharge .
VESD(HBM) (Human-Body Model HBM) AEC-Q100-004 Rev-D: 2012 3A

Remark: This specification is guaranteed by the design, and is not tested in mass production.

7.11.2 Latch-up electrical characteristics

Symbol ltem Test condition Classification
LU Static latch-up class AEC-Q100-002 Rev-E: 2013 A
Remark: This specification is guaranteed by the design, and is not tested in mass production.
Rev.0.5.3
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8 Package

8.1 QFN32 (5x5mm, 0.5mm)
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_ EXPOSED THERMAL ,.f" Ne
PAD ZONE
BOTTOM VIEW
Millimeter
Symbol
Min Nom Max
A 0.70 0.75 0.80
A1 - 0.02 0.05
b 0.18 0.25 0.30
c 0.18 0.20 0.25
D 4.90 5.00 5.10
D2 3.40 3.50 3.60
e 0.50BSC
Ne 3.50BSC
E 4.90 5.00 5.10
E2 3.40 3.50 3.60
L 0.35 0.40 0.45
0.30 0.35 0.40
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9 Revision History

Version

Date

Revised content

V0.0.1

May 2023

Initial version

Vv0.0.2

August 2023

1)
2)
3)
4)
5)
6)
7)

Corrected the content of the functional description.
Revised description of Section 1.1.

Modified memory mapping in Chapter 4.

Modified functional description of Sections 5.1/5.1.1/5.2.
Revised Chapters 6.2.1/6.2.2/6.7.1/6.21/6.22/6.23.
Added Chapter LIN/UART module (LIN).

Corrected electrical parameters of Sections 7.2/7.9.2.

Vv0.0.3

September 2023

1)
2)

Changed the way of describing relevant electrical characteristics.

Added Section: 6.4 LIN transceiver.

V0.1.0

October 2023

1)
2)

Updated descriptions of Sections 6.1/6.24.
Updated parameters for Section 7.6.

V0.1.1

October 2023

1)
2)

Updated parameters for Section 7.9.2
Corrected content in 6.5 Linkage controller and Functions

V0.5.0

November 2023

1)
2)

Updated TBD parameters in the manual
Add some parameters in Section 7.2 and 7.5.2

V0.5.1

November 2023

1)
2)
3)

Updated parameters in section 7.5.1 and 7.5.2
Updated 7.10.1Times of Flash Erase
Corrects function section content

V0.5.2

December 2023

1)
2)
3)

Modify 5.1.1 Pin description
Added Section: 5.3
Updated parameters in section 7.5.2

V0.5.3

April 2024

1)
2)

3)

Modified section 7.1 Typical application peripheral circuits
Add input current parameters in section 7.3
Modify the Vcap function description
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