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ARM Cortex-M0+ 32-bit MCU, 64KB Flash, 16KB SRAM, 4xU(S)ART,
2XLPUART, 12C, 2xSPI, Timers, ADC, LCD, VREFBUF, AES, 1.8-5.5V

Datasheet

Features

48 MHz Cortex-M0+ 32-bit CPU
Single-cycle multiplication instructions
64 KB Flash and 16 KB SRAM
1KB OTP
Flexible power consumption management
- Automatic switch of Vear backup power
supply
0.95 uA Veat mode+RTC+backup register
1 A Stop mode, CPU+SRAM retention
- 1.25 pA Stop mode+RTC
- 60uA/MHz@48MHz Run mode, in which
peripherals are disabled
Programs running in Flash
Power detectors: BOR and PVD
Clock sources
- External high-speed clock: 4~32MHz, with
CSS detection
- External low-speed clock: 32.768 kHz, with
CSS detection
- Internal high-speed clock: 16MHz, full
temperature variation within 22%
- Internal low-power, low-speed clock: 32 kHz
- PLL: 6 MHz ~ 48MHz
Up to 57 1/Os, anti-backflow, compatible with
5V communication, with the high drive 1/O up
to 20 mA
2-channel DMA controller to achieve flexible
mapping
RTC supporting alarm clock and periodic timer,
with the calibration precision up to #0.477ppm
Ox timers
- 3x 16-bit 4-channel general timers
- 1x 16-bit basic timer
- 2x 16-bit low-power timers, one of which
supports -quadrature encoding
- 1x 24-bit SysTick
- 2x watchdogs: IWDG and WWDG
IRTIM supporting timer and U(S)ART
connection for infrared control

Communication interfaces
- 2x LPUART, supporting wakeup from Stop
mode
- 4x U(S)ART, one of which supports
ISO7816 and SPI master modes; 3x UART
- 2x SPI, with the maximum rate of 20 Mbps in
master mode and 16 Mbps in slave mode
- 1x I12C, master/slave mode, 1 Mbps Fm+,
supporting wakeup from Stop mode
Information security
- AES algorithm coprocessor
- TRNG, CRC
- TAMP tamper-resistant and backup register
LCD driver for up to 8 COM x 32 SEG
- Charge pump mode: High drive capability,
where Vcp may rise to exceed Vpp without
changing with Vpp; Vicp is configurable in
multiple levels up to 5.25 V
- On-chip resistor voltage divider: Configurable
16 level contrasts, dynamically switch
between high and low drive mode, without
using external capacitors
12-bit 1 Msps high-accuracy SAR ADC can
measure signals with high output impedance
2x ultra-low-power comparer with 6-bit DAC
as the comparison reference, supporting
rail-to-rail inputs
Embedded reference voltage source VREFBUF
at3.0V, 2.5V, and 2.048 V, which can output
through 1/0
1x temperature sensor with the maximum
tolerance of 22<C
96-bit unique 1D
Embedded Bootloader: supporting UART
Serial wire debug (SWD)
Operating conditions: 1.8V~5.5V, -40<C~85<C
Packages: LQFP64/48, QFN32, SSOP24
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Declaration

The copyright of this manual is owned by CEC Huada Electronic Design Co., Ltd. Without
prior permission, any duplication, printing or publication and distribution of the manual will
constitute a violation of copyright towards CEC Huada Electronic Design Co., Ltd., against which
CEC Huada Electronic Design Co., Ltd. reserves all rights to resort to legal actions.

The right to change the manual without notice to the user is reserved by CEC Huada
Electronic Design Co., Ltd. Although we have reviewed the content of this manual, it is inevitable
that it may still contain errors. As a result, we will periodically review the content of this manual
and make necessary modification in the next release of the document. We recommend that you
obtain the latest version from CEC Huada Electronic before finalizing your design.
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1 Introduction

The CIU32L051 ultra-low-power secure MCU is based on ARM Cortex-MO0+ core. It
is available in multiple packages, including LQFP64/48, QFN32 and SSOP24. The
maximum frequency is up to 48 MHz. It supports independent backup power supply.
Abundant peripherals are built in, including LCD, ADC, internal reference voltage
source VREFBUF, ultra-low-power comparer, multiple LPUART/U(S)ART/I2C/SPI,
RTC, multiple timers, and AES algorithm coprocessor.

Application scenarios of CIU32L051 ultra-low-power security MCUs:

® Portal medical devices
® Smart household appliances
® Smart fire protection

® Other low-power consumption scenarios powered by batteries

DS1007 Rev1.8 6/63
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2 Product description

The CIU32L051 ultra-lower-power security MCU is equipped with 64 Kbytes of Flash
and 16 Kbytes of SRAM, and other abundant peripherals. It is available in multiple
packages, including LQFP64, LQFP48, QFN32 and SSOP24. The peripherals vary
with the selected model and package form. For details, refer to the table below.

Table 2-1 CIU32L051 characteristics and peripherals

ClU32L051
Peripheral
R8T6 C8T6 K8U6 E8M6
Package LQFP64 LQFP48 QFN32 SSOP24
Flash(Kbytes) 64
SRAM(Kbytes) 16
Cortex-MO0+ core
CPU
Maximum frequency 48 MHz
Vear mode \/
General
3 (16-bit)
timer
Basic
1 (16-bit)
timer
Timer LPTIM 2 (16-bit)
SysTick 1
IWDG 1
WWDG 1
UART 3
USART 1 (supporting 1SO7816 and SPI master mode)
Communication
LPUART 2
interfaces
SPI 2
12C 1 (supporting wakeup from Stop)
RTC ol
TAMP pin 1 1 x x
AES ol
CRC ol
TRNG V
GPIOs 57 41 28 19

DS1007 Rev1.8 7163
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CIlU32L051
Peripheral
R8T6 C8T6 K8U6 E8M6
bt 0 y y
COMXSEG 8x32 8x18
12-bit ADC 15 external channels 14 external channels 7 external channels 7 external channels
+ 3 internal channels + 3 internal channels + 3 internal channels + 3 internal channels
VREFBUF \
Temp Sensor \/
COMP 2
DS1007 Revl1.8
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3.1

Pinouts

Pin description

This chip is available in multiple packages, including LQFP64, LQFP48, QFN32,
SSOP24, etc. The pinout is shown in the figure below.

PC12

PC13
LXTAL_IN/PC14
LXTAL_OUT/PC15
Veat

Vcore

Vss/Vssa
Voo/Vopa
Vrer/PAO

NRST
HXTAL_IN/PFO
HXTAL_OUT/PF1
SEG18/PC0
SEG19/PC1 []
SEG20/PC2 [

minininininininininininin

Figure 3-1 CIU32L051R8T6-LQFP64 pinout
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PA13/SWDIO
PA12/COM2
PA11/COM1
PA10/COMO

PF2/VLCD

Vss/Vssa

Voo/Vopa
PD1/SEG31/LCD_CAPH
PDO/SEG30/LCD_CAPL
PCB8/SEG29

PC7/SEG28

PA9/SEG17

PAB/SEG16
PB15/SEG15
PB14/SEG14
PB13/SEG13
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Figure 3-2 CIU32L051C8T6-LQFP48 pinout
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Pc13 ] 1 O 36 [] PA13/SWDIO
LXTAL_IN/PC14 [] 2 35 [ PA12/COM2
LXTAL_OUT/PC15 [] 3 34 [ PA11/cOM1
Vear [ 4 33 [ PA10/COMO
Veore [] 5 32 [ PF2/VLCD
VSS/VSSA E 6 CIU32L051C8T6 31 j VSS/VSSA
Voo/Vooa ] 7 LQFP48 30 | Voo/Vooa
Vrers/PAO [ 8 29 [] PD1/SEG31/LCD_CAPH
NRST [] 9 28 [] PDO/SEG30/LCD_CAPL
HXTAL_IN/PFO [] 10 27 [] PBI15/SEG15
HXTAL_OUT/PF1 [] 11 26 |] PB14/SEG14
PAL [] 12 25 [ ] PBI13/SEG13
<t OO © I~ 0o o O I N M <<
\ — — N N N N N /
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COM7/SEG18/SEG32/PA4 []
COMBG6/SEG19/SEG33/PA5 [
COMG/SEG20/SEG34/PA6 []
COMA4/SEG21/SEG35/PA7 [

DS1007 Rev1.8 10/63



%E‘? ClU32L051x8

HED

Figure 3-3 ClIU32L051K8U6-QFN32 pinout

PC9/BOOTO
PA14/SWCLK

- O
~ O© < o i o
o o o m O O
o o o o o o
llll;lll;l;l;;l:
LI B R B D L e R R R R R B D ']
. . . . . . l...

LXTAL_IN/PC14 [TT731 v 247]  PA13/SWDIO

LXTAL OUT/PC15 [ 77324 1230777 PAL2
B EH T
Veore ;;;'_"' i Therml Pad §21";_;;- PCs
Vbo/Vopa .::_.,‘- 5 Vss/Vssa 220-‘_.:: PC7
VrerdPAO  [73 6 1197 ] PA9
NRST [177371 ;18':_':' PAS
HXTAL_IN/PFO [+ 8 A1) peu

9 10 11 12 13 14 15 16

YR ATANE RSN

Note: For the QFN32 package, the Exposed Thermal Pad is Vss/Vssa, and must be connected to
GND of the PCB.
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Figure 3-4 CIU32L051E8M6-SSOP24 pinout

LXTAL_IN/PC14 [
LXTAL_OUT/PC15 [
Vear [

Veore [

Vso/Vssa ]
Voo/Vopa [T
VRrer+/PA0 [

NRST [
HXTAL_IN/PFO ]
HXTAL_OUT/PF1 ]
PA1

PA2

10

11

12

9NBITSO1CENID

24

23

22

21

20

19

18

17

16

15

14

13

1 PA14/SWCLK
1 PA13/SWDIO
—1 PAL2
1 PAILL
] PC8
— pPC7
—1 PAS
1 PBO
1 PA7
1 PAG
1 PA4
1 PA3
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3.2 Pin definition
Table 3-1 Pin assignment and description
Pin No. Pin Pin Drive Additional Alternate
LQFP64|LQFP48 QFN32(SSOP24| name type | capability functions functions
UART3_TX
1 - - - PCI12 /0 Medium | ADC_IN19 TIMa_CH3
TIM4_CH2
IR_OUT
2 1 - - PC13 1/0 Low TAMP_IN -
RTC_OUT
3 2 1 1 PC14 /O Low LXTAL_IN -
4 3 2 2 PCI15 /0 Low LXTAL OUT | -
5 4 3 3 VBar P - - -
6 5 4 4 Vcore P - - -
7 6 5 Vss/Vssa G - - -
8 7 5 6 Vbo/Vbba P - - -
SPI2_SCK
USART1_CTS
9 8 6 7 Vrer+/PAO| T/O Medium | - UART4 TX
LPTIM1_OUT
COMP1_OUT
10 9 7 8 NRST I Medium | NRST -
TIM5_CH3
UART2 TX
11 10 8 9 PFO /0 Medium | HXTAL_IN UARTARTS
LPUART2_CTS
LPUART1_CTS
12C1_SCL
TIM5_CH4
UART2_RX
12 11 9 10 PF1 1/0 Medium | HXTAL OUT UART4_CTS
N LPUART2_RTS
LPUART1 _RTS
12C1_SDA
SPI2_SCK
13 - - - PCO 1/0 Medium | - TIM4_CH1

LCD SEG18

DS1007 Rev1.8
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Pin No.

LQFP64|LQFP4S8

QFN32

SSOP24

Pin

name

Pin
type

Drive

capability

Additional

functions

Alternate

functions

LPTIM1_OUT
LPUART1_TX

14 -

PC1

/o

Medium

SPI2_MISO
TIM4_CH2
LCD_SEG19
LPTIM1_IN2
LPUARTL_RX
12C1_SDA

15 -

PC2

/o

Medium

SPI12_MOSI
TIM4_CH3
LCD_SEG20
LPTIM1_IN1
12C1_SCL

16 12

10

11

PA1

/o

Medium

COMP2_INP
ADC_INO

SPI1_SCK
USARTL_RX
TIM4_CH4
UART4_RX
LPUART2_CTS

17 13

11

12

PA2

/O

High
Configurable

COMP2_INM
ADC_IN1

SPI1_MOSI
USART1_TX
TIM4_CH1
MCO
LPUARTL_TX
COMP2_OUT

18 14

12

13

PA3

/O

Medium

ADC_IN2

SPI2_MISO
USART1_RTS_DE

| CcK

TIM4_CH2
UART4_TX
MCO
LPUART1_RX

19 -

PC3

o

Medium

COMP1_INM

USARTL_TX
LCD_SEG21
UART3_CTS
LPTIM1_ETR

20 -

PC4

o

Medium

COMP1_INP

USARTL1_RX

DS1007 Rev1.8
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Pin No.

LQFP64

LQFP48|QFN32

SSOP24

Pin

name

Pin
type

Drive

capability

Additional

functions

Alternate

functions

LCD_SEG22
UART3_RTS
UART3_RX

21

PC5

/'O

Medium

TIM3_CH1
USART1_RTS_DE

| CcK

LCD_SEG23
UART3_TX
LPUART1_TX

22

PCé6

/o

Medium

TIM3_CH2
USARTL_CTS
LCD_SEG24
UART3_RX
LPUART1_RX

23

15

13

14

PA4

/o

Medium

ADC_IN3
COMP1_INM

SPI1_NSS
SPI2_MOSI
TIM4_CH3
SEG32/SEG18/CO
M7
LPUART2_TX
12C1_SDA

24

16

PAS

/o

Medium

ADC_IN4
COMP1_INP

SPI1_SCK
IR_OUT
TIM4_CH4
SEG33/SEG19/CO
M6

UART3_RTS
LPUART2_RX
12C1_SCL
COMP1_OUT

25

17

14

15

PAG6

o

Medium

ADC_IN5

SPI1_MISO
TIM3_CH1
SEG34/SEG20/CO
M5

UART3_CTS
TIM5_CH1
LPUARTL_CTS

DS1007 Rev1.8
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Pin No.

LQFP64

LQFP48

QFN32

SSOP24

Pin

name

Pin
type

Drive

capability

Additional

functions

Alternate

functions

LPTIM1_IN1

26

18

15

16

PA7

/'O

Medium

ADC_ING

SPI1_MOSI
TIM3_CH2
SEG35/SEG21/CO
M4

TIM4_CH1
LPTIM1_IN2
COMP2_OUT

27

19

16

17

PBO

/o

Medium

ADC_IN7
LCD_V1

SPI1_NSS
TIM3_CH3
UART3_RX
LPTIM1_OUT
COMP1_OUT

28

20

PBI

/o

Medium

COMP1_INM
ADC_IN8
LCD_V2

TIM3_CH4
UART3_RTS
LPUARTL_RTS

29

21

PB2

/o

Medium

COMP1_INP
ADC_IN9
LCD_V3

SPI2_MISO
UART3_TX
LPTIM1_OUT

30

22

PB10

/o

Medium

ADC_IN10

SPI2_MOSI
LCD_SEG10
UART3_TX
LPUARTL_RX
COMP1_OUT

31

23

PBI11

/o

Medium

ADC_IN11

SPI2_SCK
LCD_SEG11
UART3_RX
LPUARTL_TX
COMP2_OUT

32

24

PB12

o

Medium

ADC_IN15

SPI2_ NSS
LCD SEGI2
LPUART! RTS

33

25

PB13

o

Medium

ADC IN16

SPI2_ SCK
TIM4 ETR

LCD SEGI13
UART3_CTS

DS1007 Rev1.8
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Pin No.

LQFP64

LQFP48

QFN32

SSOP24

Pin

name

Pin
type

Drive

capability

Additional

functions

Alternate

functions

LPUARTI1_CTS

34

26

17

PB14

/'O

Medium

SPI2_MISO
LCD_SEG14
UART3_RTS
TIM4 CHI1
LPUART2_CTS

35

27

PB15

/o

Medium

SPI2._MOSI
TIM4_CH2
LCD SEGI15
LPUART2_RTS
COMP1_OUT

36

18

18

PAS

/o

Medium

COMP1_INP

MCO
SPI2_NSS
UART3_TX
LCD_SEG16
TIM4 CH3
LPTIMI_IN1
LPUART2 TX

37

19

PA9

/O

Medium

COMP1_INM

MCO
USART1_CTS
UART3_RX
LCD_SEG17
SPI2_MISO
TIM4_CH4
LPUART2_RX
LPTIM1_IN2

38

20

19

PC7

o

Medium

SPI1_NSS
TIM3_CH3
TIM4_CH3
LCD_SEG28
LPUART2 RX
UART3_RTS
2C1_SCL

39

21

20

PC8

(0]

Medium

SPI1_SCK
TIM3 CH4
TIM4 CH4
LCD SEG29

DS1007 Rev1.8
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Pin No.

LQFP64|LQFP4S8

QFN32

SSOP24

Pin

name

Pin
type

Drive

capability

Additional

functions

Alternate

functions

LPUART2 TX
LPTIM1_OUT
UART3_CTS
12C1_SDA

40 28

PDO

/'O

Medium

LCD_CAPL

SPI1_MOSI
SPI2_NSS
TIM5_CHI
LCD_SEG30
LPTIMI_IN1
UART3_RX

41 29

PD1

/o

Medium

LCD_CAPH

SPI1_MISO
SPI2_SCK
TIM5_ETR
LCD_SEG31
LPTIMI_IN2
UART3_TX

42 30

Vop/Vopa

43 31

Vss/Vssa

44 32

PF2

/O

Medium

VLCD

SP12_MISO
USART1_CTS
TIM4_ETR
TIM5_CH1
LPTIML_ETR

45 33

PA10

/O

Medium

SPI2._MOSI
USART1_RTS_D
E CK

TIM4 CH4
LCD_COMO
TIM5_CH2
TIM5_CHI1

TIM5 CH3

46 34

22

21

PA1l

/O

Medium

SPI1_MISO
USARTI_TX
LCD_COMI
TIM5_CH3
TIM5_CH4

DS1007 Rev1.8
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Pin No.

LQFP64

LQFP48

QFN32

SSOP24

Pin

name

Pin
type

Drive

capability

Additional

functions

Alternate

functions

COMP1_OUT

47

35

23

22

PA12

/o

Medium

SPI1_MOSI
USARTI_RX
TIM4 ETR
LCD_COM2
TIMS_CH4
COMP2_OUT

48

36

24

23

PA13

/o

Medium

SWDIO
USART1_TX
IR_OUT
LPUART2 TX

49

37

25

24

PAl4

/o

Medium

SWCLK
USART1_RX
LPUART2 RX

50

38

26

PC9

/o

Medium

BOOTO

LCD_COMS3

51

39

PA15

/o

Medium

SPI1_NSS
LCD_SEGO
UART4 RTS
UART3_RTS

52

40

27

PC10

/o

Medium

SPI2. MOSI
UART3_RTS
LCD_SEGI
TIM3_ETR

53

41

28

PCl11

/o

Medium

SPI2_MISO
UART2_CTS
LCD_SEG2
LPUART2_CTS

54

42

29

PB3

/O

Medium

SPII_SCK
UART2 RTS
TIM4 CH4
LCD_SEG3
LPUART2 RTS

55

43

30

PB4

o

Medium

SPI1_MISO
UART2 _CTS
TIM3_CHI
LCD SEG4

DS1007 Rev1.8
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Pin No. Pin Pin Drive Additional Alternate

LQFP64|LQFP48 QFN32(SSOP24| name type | capability functions functions

TIM5_ETR

SPI1_MOSI
TIM3_CH2
56 44 - - PBS /O | Medium |- LCD_SEG5
LPTIM1_IN1
COMP2_OUT

UART2 TX
TIM5_CH3
57 45 31 - PB6 VO | Medium |- LCD_SEG6
TIM5_CH2
LPTIMI ETR

UART2 RX
LCD_SEG7
UART4_CTS
LPTIMI IN2

58 46 32 - PB7 /O Medium | -

MCO
TIM4_ETR
59 47 - - PBS /O | Medium |- LCD_SEG8
TIM5_CHI1
12C1_SCL

IR_OUT
LCD_SEG9
TIM5_CH2
12C1_SDA

60 48 - - PB9 1/0 Medium | -

MCO

USART1 RTS D
_ E CK

High B

61 - - - PD2 e ) - SPI1_NSS

Configurable -

UART2_RTS
LPTIM1 IN1
IR OUT

SPI1_SCK
USARTI TX
62 - - - PD3 VO | Medium |- LCD_SEG25
UART2 TX
LPTIM1 IN2
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Pin No.

LQFP64|LQFP48|QFN32

SSOP24

Pin

name

Pin
type

Drive

capability

Additional

functions

Alternate

functions

TIM4 ETR
TIMS ETR

63 - -

PD4

/'O

Medium

COMP2_INM

SPI1_MOSI
UART4_TX
TIM5_CH4
LCD_SEG26
UART2 RX
LPTIMI_ETR
USARTI RX
TIM4_CH3

64 - -

PD5

/o

Medium

COMP2_INP

SPII_MISO
UART4 RX
COMP2_OUT
LCD_SEG27
UART2_RTS
LPTIM1_OUT
USARTI_CTS
TIM5_CH4

DS1007 Rev1.8
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Table 3-2 1/O alternate function remapping
PORT AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7
PAO SPI2_SCK USART1 _CTS - - UART4 TX LPTIM1_OUT - COMP1_OUT
PA1 SPI1_SCK USART1 RX TIM4 CH4 - UART4 RX - LPUART2_CTS -
PA2 SPI1_MOSI USARTI_TX TIM4_CH1 - - MCO LPUART1_TX | COMP2 _OUT
USART1 _RTS
PA3 SPI2. MISO TIM4 CH2 - UART4 TX MCO LPUART1 RX -
DE_CK
SEG32/SEG18/
PA4 SPI1_NSS SPI2._ MOSI TIM4_CH3 - LPUART2 TX 12C1_SDA -
COM7
SEG33/SEG19/
PAS SPI1_SCK IR_OUT TIM4_CH4 UART3 RTS | LPUART2 RX 12C1_SCL COMP1_OUT
COM6
SEG34/SEG20/
PA6 SPI1_MISO TIM3_CHI - UART3 _CTS TIM5_CHI LPUART1 CTS | LPTIMI INI
COM5
SEG35/SEG21/
PA7 SPI1_MOSI TIM3 CH2 - TIM4 CH1 - LPTIM1 IN2 COMP2_OUT
Ccom4
PAS MCO SPI2_NSS UART3 TX LCD_SEGI16 TIM4 CH3 LPTIM1 IN1 LPUART2 TX -
PA9 MCO USART1_CTS UART3 _RX LCD SEGI17 SPI2_MISO TIM4 _CH4 LPUART2 RX | LPTIMI1 IN2
USART1 _RTS
PA10 SPI2._ MOSI TIM4 _CH4 LCD_COMO TIM5_CH2 TIM5_CHI TIMS_CH3 -
DE_CK
PA11 SPI1_MISO USARTI TX - LCD_COMI1 TIM5 CH3 - TIMS5 CH4 COMP1_OUT
PAI12 SPI1_MOSI USARTI RX TIM4 ETR LCD COM2 TIM5_CH4 - - COMP2_OUT
PA13 SWDIO USART1 TX IR OUT - - - - LPUART2 TX
PA14 SWCLK USART1 RX - - - - - LPUART2 RX

DS1007 Rev1.8
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PORT AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7
PA15 SPII NSS - - LCD SEGO UART4 RTS | UART3 RTS - -
PBO SPI1_NSS TIM3_CH3 - - UART3 RX | LPTIM1_OUT - COMP1_OUT
PBI1 - TIM3_CH4 - - UART3_RTS - LPUART1 RTS -
PB2 SPI2. MISO - - - UART3 TX | LPTIM1_OUT - -
PB3 SPI1_SCK UART2_RTS TIM4 CH4 LCD_SEG3 - - LPUART2_RTS -
PB4 SPI1_MISO UART2_CTS TIM3_CH1 LCD_SEG4 - TIM5_ETR - -
PB5 SPI1_MOSI - TIM3_CH2 LCD_SEG5 - LPTIM1_IN1 - COMP2_OUT
PB6 - UART2_TX TIM5_CH3 LCD_SEG6 TIM5_CH2 LPTIM1_ETR - -
PB7 - UART2_RX - LCD_SEG7 UART4 CTS | LPTIML_IN2 - -
PBS MCO - TIM4 ETR LCD_SEGS8 - TIM5_CHI 12C1_SCL -
PB9 - IR_OUT - LCD_SEG9 - TIM5_CH2 12C1_SDA -
PB10 | SPI2 MOSI - - LCD_SEG10 UART3_TX - LPUARTL RX | COMP1 OUT
PBI11 SPI2_SCK - - LCD_SEG11 UART3 RX - LPUARTL TX | COMP2 OUT
PBI2 SPI2 NSS - - LCD_SEG12 - - LPUART! RTS -
PBI13 SPI2_SCK TIM4 ETR - LCD_SEG13 | UART3 CTS - LPUARTL_CTS -
PB14 | SPI2 MISO - - LCD SEGI4 | UART3 RTS TIM4 CH1 | LPUART2 CTS -
PBI15 SPI2. MOSI TIM4 CH2 - LCD_SEG15 - - LPUART2 RTS | COMP1 OUT
PCO - SPI2_ SCK TIM4 CHI LCD_SEG18 - LPTIM1_OUT | LPUARTI TX -
PC1 - SPI2. MISO TIM4 CH2 LCD SEG19 - LPTIMI IN2 | LPUARTL RX 2C1 SDA
PC2 - SPI2. MOSI TIM4 CH3 LCD SEG20 - LPTIM1 IN1 - 2C1_SCL
PC3 - USART! TX - LCD SEG21 UART3_CTS - LPTIM1 ETR -

DS1007 Rev1.8
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PORT AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7
PC4 - USARTI_RX - LCD_SEG22 UART3_RTS UART3_RX - -
USART1_RTS_
PC5 - TIM3_CHI LCD_SEG23 UART3_TX - LPUART1_TX -
DE_CK
PC6 - TIM3_CH2 USART1_CTS | LCD SEG24 UART3_RX - LPUART1_RX -
PC7 SPI1_NSS TIM3_CH3 TIM4 CH3 LCD SEG28 | LPUART2 RX - UART3_RTS 2C1_SCL
PC8 SPI1_SCK TIM3_CH4 TIM4 CH4 LCD SEG29 | LPUART2 TX | LPTIMI OUT | UART3 CTS 12C1_SDA
PC9 - - - LCD_COM3 - - - -
PC10 SPI2. MOSI UART3_RTS - LCD SEGI TIM3_ETR - - -
PC11 SPI2_MISO UART2_CTS - LCD_SEG2 - - LPUART2_CTS
PC12 - UART3_TX TIM5_CH3 - TIM4_CH2 IR_OUT - -
PC13 - - - - - - - -
PC14 - - - - - - - -
PC15 - - - - - - - -
PDO SPI1_MOSI SPI2. NSS TIM5_CH1 LCD_SEG30 - LPTIMI IN1 - UART3_RX
PD1 SPI1_MISO SPI2_SCK TIM5_ETR LCD_SEG31 - LPTIMI1_IN2 - UART3_TX
USART1_RTS_
PD2 MCO SPI1_NSS - UART2_RTS LPTIM1_IN1 - IR_OUT
DE_CK
PD3 SPI1_SCK USARTL_TX - LCD_SEG25 UART2_TX LPTIM1_IN2 TIM4 ETR TIM5_ETR
PD4 SPI1_MOSI UART4 TX TIM5_CH4 LCD_SEG26 UART2_ RX | LPTIM1_ETR | USARTI RX TIM4 CH3
PD5 SPII_MISO UART4 RX | COMP2 OUT | LCD_SEG27 UART2 RTS | LPTIMI OUT | USARTI CTS TIM5_CH4
PFO TIM5_CH3 UART2_TX UART4_RTS - LPUART2_CTS - LPUARTI CTS | I2C1 SCL

DS1007 Rev1.8
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PORT AF0 AF1 AF2 AF3 AF4 AFS5S AFe6 AF7
PF1 TIM5 CH4 UART2 RX UART4 CTS - LPUART2 RTS - LPUART1 RTS 12C1_SDA
PF2 SPI2_MISO USART1_CTS TIM4_ETR - TIM5_CH1 LPTIM1_ETR - -

DS1007 Rev1.8

25/63




w

HED

ClU32L051x8

4 Circuitry of typical applications

Note:  Must select different EXTI channels when multiple /O interrupts are used. Refer to the
chapter of EXTI 1/O selection register in the Reference Manual. For example, PAO,

PBO0O, PCO... are on the same EXTI channel, and PAIl, PB1, PCI... are on the same
EXTI channel.

Typical application 1: Veat mode, automatic switch with the backup power

supply

e SWCLK
tHE jj— 0.1uF SWDIO

Vob 1.8V~5.5V

4.7uF PTI Loapr

VBAT 1.55V~4.2V

1uF p-0.1uF

VREF+
1UF 0.1uF
H a Vss/VssA

DS1007 Rev1.8

NRST

] Vbp/VDDA

1 VBAT

LXTAL_IN

,,,,,,,,,,,,,,,,,

VbD

SWD
interf
ace

s
= Oétional
| LXTAL_OUT [141 |

The Vpp voltage range is 1.8V~5.5V;

VeaT IS powered by the backup power supply or battery. The voltage range is
1.55V~4.2V. Vgat pin should be connected to 1uF+0.1uF capacitor(the
VBAT_MODE_EN bit in the flash option byte register FLASH_OPTR2 needs to

be configured as 1 to enable the Veat mode);

VREFBUEF is enabled, and the VRrer+ pin is connected to 1uF+0.1puF capacitor.
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Typical application 2: Non-Veat mode, no backup power supply in use

VbD
T
]_uF _L__L—[] \V/CORE SWCLK SWD
0.1uF
p_ H SWDIO interf
= ace
NRST
0.1},lFI
Vbp 1.8V~5.5V =
Vbb/VDDA
4.7pr—O.lpF
= VBAT

. LXTALIN [pTi
V/REF+ = i
1uF 0.1pF | Opitlonal
Vss/VssA ! LXTAL_OUT []41 |

® The Vpp voltage range is 1.8V~5.5V;

® Vpar iS connected to the Vpp/Vopa pin, that is, not in the Vear mode(the
VBAT_MODE_EN bit in the flash option byte register FLASH_OPTR2 needs to

be configured as 0 to disable the Vgat mode);

® VREFBUEF is enabled, and the VRrer+ pin is connected to 1uF+0.1uF capacitor.
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Typical application 3: LCD charge pump mode
On chip Off chip On chip Off chip
r&CD_CMH L LCD_CAPH
0-1MF—‘|‘ 0.1uF L
1 LCcD_CcAPL T I LCD_CAPL j—
1 vicp . OlpF 1 vLcD ., 01pF
Lol ] L) ]
LCD LCD
LCD_V3 0.1uF
I AL o0
liecowve | OWWF licove | 0pF
L 1T Lol 17
liecove | oapF lieovi | 0apF
L} ] Lo 1
1/3 bias 1/4 bias
® | CD charge pump mode:
— LCD_V3isreused as GPIO at 1/3bias.
DS1007 Rev1.8 28163
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Typical application 4: Voltage division by LCD off-chip capacitor

On chip Off chip On chip Off chip
LCD_CAPH LCD_CAPH
{1— 3
0-1MF—‘|‘ 0.1uF L
| LcD_cAPL T LCD_CAPL j—
VLCD VLCD
0 —0
Leb LCD 0.1uF
LCD_V3 LCD V3 A
—) - 0 = il
liecowve | OWWF licove | 0pF
L 1T Lol 17
lLcovi | 01pF licove | O0pF
d || | -y ”
1/3 bias 1/4 bias

® \/oltage division by LCD off-chip capacitor:
— VLCD is reused as GPIO;

— LCD_V3isreused as GPIO at 1/3bias.

DS1007 Revl.8 29/63



HED ClU32L051x8
5 Electrical characteristics
51 Test conditions
Unless otherwise specified, all voltages are referenced to Vss.
TBD indicates data to be defined.
5.2 Minimum and maximum values
Unless otherwise specified, the values are obtained through tests on 100% products in
the production line at the temperature of Ta=25<C and Ta=Tamax (where Tamax
matches with the selected temperature range). All the minimum and maximum values
can be guaranteed under the worst ambient temperature, power supply voltage, and
clock conditions.
The data obtained through comprehensive assessment, designing simulation, and/or
process characteristics as described in the notes below each table is not tested in the
production line. On the basis of comprehensive assessment, the minimum and
maximum values are normal distribution of average values multiplied or divided by
three times after sample tests (mean +30).
5.3 Typical values
Unless otherwise specified, typical values are based on Ta=25<C and Vpp=3.3V
(1.8V<Vpps5.5V).
5.4 Absolute maximum ratings
Stresses on the device above the values listed in the table below (voltage, current, and
temperature) may cause permanent damage to the device. These are stress ratings only,
and functional operation of the device at these conditions is not implied. Exposure to
maximum rating conditions for extended periods may affect device reliability.
Table 5-1 Voltage characteristics®
Symbol Description Min Max Unit
Vpp-Vss External supply voltage -0.3 6.5 \Y
Vopa-Vss External analog supply voltage -0.3 6.5 \Y
Veat-Vss Veat supply voltage -0.3 6.5 \%
VN Pin input voltage® Vss-0.3 6.5 Vv
1. All power (Vop, Vopa) and ground (Vss, Vssa) pins must always be connected to the external power
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supplies in the permitted range.

2. VN maximum values must always be followed. For the maximum allowed injected current values, refer
to Table: Current characteristics.
Table 5-2 Current characteristics
Symbol Description Max Unit
lvoovobA Current into the Vpp/Vppa power pin® 200
lvssivssa Current out of the Vss/Vssa ground pin® 200
PC13/PC14/PC15 3
Output current sunk by
PA2/PD2 20
1/0 and control pins
Others 10
loeiny @ mA
PC13/PC14/PC15 3
Output current sourced
PA2/PD2 20
by I/0O and control pins
Others 10
Iinageing® I/0 injected current -5/0
Tineiny|®@ | Total injected current (sum of all 1/0 and control pins) 25
1. All power (Vop, Vopa) and ground (Vss, Vssa) pins must always be connected to the external power
supplies in the permitted range.
2. The output sink current and pull current of the 1/O and control pins are the maximum currents at
TA=25<C and Vpp=3.3V and at Vo =Vss+0.5V and Von=Vpp-0.5V, respectively.
3. All'l/Os have the anti-backflow functionality. No positive injected current is generated when Vi > Vpp.
When Vn < Vss, the negative injected current generated should be limited to be within 5 mA.
4.  The maximum value of Z|Iinyriny| equals the sum of the absolute values of the positive injected current

and the negative injected current (instantaneous values) when injected currents are present on multiple

inputs at the same time.

Table 5-3 Temperature characteristics

Symbol Description Value Unit
Tstc Storage temperature range -60 ~ +150 T
T, Maximum junction temperature 105 T
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55 Operating conditions
55.1 General operating conditions
Table 5-4 General operating conditions
Symbol Description Condition Min Max Unit
Internal AHB clock
freLk - 0 48
frequency
Internal APB1 clock
fPCLKl - 0 48 MHz
frequency
Internal APB2 clock
frcLk2 - 0 48
frequency
Vb Digital supply voltage - 1.8 55
For ADC/COMP
) 1.8 55
operation \Vj
Vopa Analog supply voltage For VREFBUE
2.4 55
operation
The VgaT pin is
connected to the
18 5.5 Vv
Voo/Vopa pin in the
VeaT VBaT supply voltage non-Veat mode.
VeaT is powered by the
backup power supply in 1.55 4.2 \Y/
the Veat mode.
Ta Ambient temperature - -40 85 <<
T, Junction temperature - -40 105 <
55.2 Operating conditions at power-up/power-down
Table 5-5 Operating conditions at power-up/power-down
Symbol Description Condition Min Max Unit
Vpp rising 0 0
us/'vV
tvbp Vop slew rate Vopp falling: ULP_EN =0 30 0
Vpp falling: ULP_EN =1 100 o0 ms/\V
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55.3 Embedded reset and power control block characteristics
Table 5-6 Embedded reset and power control block
Symbol Description Condition Min® | Typ®@ | Max® | Unit
POR temporization when .
trsTTEMPO Vpp rising - 110 260 us
Vpp Crosses Vror
Vror Power-on reset threshold - - 1.70 -
VDR Power-down reset threshold | - - 1.64 -
Vpp rising 1.96 211 2.18
VBoRo Brownout reset threshold 0
Voo falling 1.86 2.00 2.06
Vpp rising 2.14 2.30 2.37
VBOR1 Brownout reset threshold 1
Voo falling 2.05 2.20 2.27
Vpp rising 243 2.61 2.69
VBoR2 Brownout reset threshold 2
Voo falling 2.33 2.51 2.59
Vpp rising 2.71 291 3.00
VBOoR3 Brownout reset threshold 3
Voo falling 2.59 2.79 2.88
Voltage rising 1.96 2.11 2.18
Vpvpo PVD threshold 0
Voltage falling 1.86 2.00 2.06
Voltage rising 2.14 2.30 2.37
VpvD1 PVD threshold 1 V
Voltage falling 2.05 2.20 2.27
Voltage rising 2.33 2.51 2.59
VpvD2 PVD threshold 2
Voltage falling 2.22 2.39 2.47
Voltage rising 243 2.61 2.69
VpvD3 PVD threshold 3
Voltage falling 2.33 2.51 2.59
Voltage rising 2.52 2.71 2.80
VpvDa PVD threshold 4
Voltage falling 243 2.61 2.69
Voltage rising 2.71 291 3.00
VpvDs PVD threshold 5
Voltage falling 2.59 2.79 2.88
Voltage rising 2.79 3.00 3.09
VpvDs PVD threshold 6
Voltage falling 2.71 291 3.00
Voltage rising 2.87 3.09 3.19
VpvD7 PVD threshold 7
Voltage falling 2.79 3.00 3.09
Vhyst_ por_por | Hysteresis of Vpor and Vepr - 60 - mv
Vhyst_BOR_PVD Hysteresis of VBORx and VpvDx - 100 - mV
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Symbol Description Condition Min® | Typ®@ | Max® | Unit
IbbeOR) BOR power consumption - 04 0.6 LA
IbbpvD) PVD power consumption - 04 0.6 LA

1. Guaranteed by design. Not tested in production.
2. Derived from comprehensive assessment.
554 Embedded voltage reference
Table 5-7 Embedded voltage reference
Symbol Description Condition Typ Max Unit
Embedded reference
VBer -40C~85C | 1.181 1.200 1.213 Vv
voltage
tstarT® BGR startup time - 10.3 30.2 us
Sampling time when
tsamp D @ reading the internal - - - s
channel Vecr
Start time of the ADC
tapc_sur® @ | internal channel Vacr - - 15 s
buffer
BGR power
Ipscr) @ _ Vpp= 3.3V 24.1 41.1 uA
consumption

1. Guaranteed by design. Not tested in production.

2. Wait for the startup stabilization time tapc_gur to enable the ADC internal channel Vggr. The sampling

time for ADC to measure the internal channel Vggr should be at least tsamp.

555 Supply current characteristics

The current consumption is a function of several parameters and factors such as the

operating voltage,

ambient temperature,

I/0 pin

loading, device software

configuration, operating frequencies, 1/0 pin switching rate, program location in
memory and executed binary code.

The MCU is placed under the following conditions:

® Al I/O pins are in the analog input mode.

® All peripherals are disabled except when explicitly mentioned.

® The Flash memory access time is adjusted with the minimum wait states number,
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depending on the fucik frequency (0 wait cycles for 0~16 MHz, 1 wait cycle for
16~32 MHz, and 2 wait cycles for over 32 MHz).

® \When the peripherals are enabled: frcLk = fhcLk.

Table 5-8 Current consumption in Run mode

Condition®
Symbol | Description Operating | Typ | Unit
Mode Clock source fHelk
area
All peripherals RCH clock
; . 16MHz 1.65
disabled; the CPU source, PLL off
get instructions Flash
from Flash; RCH clock 32MHz 2.4
Coremark source, PLL on 48MHz 2.95
- All peripherals RCH clock
upply . i 16MHz 0.95
current disabled; the source, PLL off
Ibb(run) (Run mode) CPU get Flash mA
instructions from RCH clock 32MHz 1.44
Flash; While (1) | source, PLLon | 48MHz 1.8
All peripherals RCH clock
. 16MHz 1.73
enabled; the CPU source, PLL off
get instructions Flash
from Flash; RCH clock 32MHz 3.05
While (1) source, PLL on | 48MHz 4.15

1. Test conditions: Vpp = 3.3V, Ta=25<C.

Table 5-9 Current consumption in Sleep mode

Condition®

Symbol | Description Operating | Typ | Unit
Mode Clock source frcLk
area
RCH clock source,
16MHz 343
Supply current| All peripherals | PLL off
|DD(SIeep) . Flash jJ,A
(Sleep mode) | disabled RCH clock source, | 32MHz 594
PLL on 48MHz 788

1. Test conditions: Vpp = 3.3V, Ta=25<C,
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Table 5-10 Current consumption in Stop mode

Condition Typ
Symbol | Description Unit
Mode Vop | -40°C | 25°C | 55°C | 85°C

All peripherals disabled, 1.8V ] 072 1 099 | 1.55 | 41

Ultra-low power consumption 33V | 0.76 | 1.02 | 1.6 | 4.35
enabled (ULP_EN=1)

55V [ 084 | 11 | 1.78 | 4.97

Supply RTC enabled: 18V | 093 | 1.2 | 1.8 | 424
lop(stop) | current clocked by LXTAL, 33V ) 125 | 192 | 4.53 LA
(Stop mode) | LXTAL_DRV_MODE=0,
LXTAL_DRV[1:0]=00,
Other peripherals disabled, 55v | 119 | 148 | 228 | 53
Ultra-low power consumption
enabled (ULP_EN=1)
Table 5-11 Current consumption in Vgar mode
Condition®
Symbol Description Typ Unit
Mode Vear
Vear mode: 1.8V 0.92
RTC enabled, clocked by LXTAL, 33V 0.95 WA
Suool . LXTAL DRV MODE=0,
u curren
Iop(veAT) PRy LXTAL_DRV[1:0]=00 4.2v 0.98
(Veat mode) B
Storage mode: Only Vgar is powered on
and Vpp has never been powered on 3.3V 10 nA

1. Test conditions: Ta=25<C.

5.5.6 Wakeup time from low-power modes

The wakeup times are the latency between the event and the execution of the first user

instruction.
Table 5-12 Wakeup time from low-power modes®
Symbol Description Condition Typ Unit
Wakeup time from Sleep Transiting to Run-mode execution cPU
twusLeep in Flash memory: 12
mode cycles

HCLK = RCH = 16MHz

Transiting to Run-mode execution

Wakeup time from Stop
twusTop in Flash memory: 17.3 us

mode HCLK = RCH = 16MHz

DS1007 Revl.8 36/63



w

HED ClU32L051x8

1. Derived from comprehensive assessment.

55.7 External clock source characteristics
HXTAL bypass mode
Table 5-13 HXTAL oscillator characteristic in bypass mode

Symbol Description Min Typ Max Unit

fruxTAL High-speed external clock (HXTAL) frequency - - 48 MHz
VHXTALH HXTAL_IN input pin high level voltage 1.05 - Vop

V

VHXTALL HXTAL_IN input pin low level voltage Vss - 0.45

1. Derived from comprehensive assessment.

HXTAL external crystal mode

The high-speed external clock (HXTAL) can be supplied with a 4 to 32 MHz
crystal/ceramic resonator oscillator. All the information given in this paragraph is

obtained from comprehensive characteristic assessment with typical external

components specified in the table below. In the application, the resonator and the

load capacitors must be placed as close as possible to the oscillator pins in order to

minimize the output distortion and startup stabilization time. Refer to the crystal

resonator manufacturer for more details on the resonator characteristics (frequency,

package, accuracy, etc.).

Table 5-14 HXTAL oscillator characteristic in external crystal mode ()

Symbol Description Condition Min Typ Max Unit
frxTAL Oscillator frequency - 4 - 32 MHz
Low drive - 0.28 -
Medium low
) - 0.68 -
HXTAL current drive
Ipp_xxTAL® ] - - mA
consumption Medium high
- 1.18 -
drive
High drive - 1.55 -
Rr Feedback resistor - - 600 - kQ
Maximum critical Low drive - - 0.55
Gmerit® crystal Medium low mA/NV
- - 1.53
transconductance drive
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Symbol

Description

Condition

Min

Typ

Max

Unit

Medium high

drive

3.07

High drive

3.43

tsu+tstas®

Startup stabilization

time

High drive
CL = 10pF

@8MHz

600

us

e

oscillation is reached. This value is measured for an 8 MHz standard crystal resonator. It can vary

Guaranteed by design. Not tested in production.

Test crystal conditions: Vpp= 3.3V, CL = 10pF@8MHz.

significantly with the crystal manufacturer.

LXTAL external crystal mode

Maximum oscillation start transconductance of the external crystal resonator supported by the chip.

tsuttstap is the startup time measured from the moment it is enabled (by software) to a stabilized

The low-speed external clock (LXTAL) can be supplied with a 32.768 kHz
crystal/ceramic resonator oscillator. All the information given in this paragraph is

obtained from comprehensive characteristic assessmentwith typical

external

components specified in the table below. In the application, the resonator and the load

capacitors must be as close as possible to the oscillator pins in order to minimize the
output distortion and startup stabilization time. Refer to the crystal resonator
manufacturer for more details on the resonator characteristics (frequency, package,

accuracy, etc.).

Table 5-15 LXTAL oscillator characteristics in external crystal mode @

Symbol Description Condition Min Typ Max Unit
fuxTaL Oscillator frequency - - 32.768 - KHz
Low drive - 170 -
Medium low
LXTAL current ) - 200 -
drive
consumption in
Medium high
common mode - 230 -
Ibp_LxTAL drive nA
High drive - 260 -
LXTAL current Low drive - 240 -
consumption in Medium low
- 275 -
enhanced mode drive
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Symbol Description Condition Min Typ Max | Unit
Medium high
- 315 -
drive
High drive - 370 -
Rr Feedback resistance - - 10.8 - MQ
Low drive - - 1.18
Medium low
Maximum critical ) - - 3.04
drive
Gmerit? crystal HA/V
Medium high
transconductance - - 4.73
drive
High drive - - 7.60
Startup stabilization High drive
tsuttstag® ) CL=125pF - 300 - ms
time @32.768KHz

1. Guaranteed by design. Not tested in production.

2. Maximum oscillation start transconductance of the external crystal resonator supported by the chip.

3. tsu +tstas is the startup time measured from the moment it is enabled (by software) to a stabilized
oscillation is reached. This value is measured for an 32.768 kHz standard crystal resonator. It can vary

significantly with the crystal manufacturer and model.

55.8 Internal clock source characteristics

RCH (16MHz)

Table 5-16 Internal RCH oscillator characteristics

Symbol Description Condition Min Typ Max | Unit

fren RCH frequency - - 16 - MHz

| O RCH oscillator ” 106 A
PP-REH power consumption H

RCH frequency drift | Vpp=1.8V~5.5V

ATemp(rch) -2 - 2 %
over temperature Ta=-40TC ~85<C
Duty(rch) @ RCH Duty cycle - 45 ; 55 %
tsureH) @ RCH startup time - - 0.97 - us
RCH stabilization
tstasreH) @ ] - - 0.31 - us
time

1. Derived from comprehensive assessment.

2. Guaranteed by design. Not tested in production.
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RCL (32KHz)

Table 5-17 Internal RCL oscillator characteristics

Symbol Description Condition Min Typ Max Unit
Vpp=1.8V~5.5V

freL RCL frequency 28.2 32 35.1 KHz
Ta=-40C~85C

RCL oscillator
lop reL® ) - - 135 - nA
power consumption

Duty® Duty cycle - 47 - 53 %

RCL startup
tsureL) + tstaBreL) @ o - - 134 - us
stabilization time

1. Derived from comprehensive assessment.

2. Guaranteed by design. Not tested in production.

55.9 PLL characteristics
Table 5-18 PLL characteristics®
Symbol Description Condition Min Typ Max | Unit
oL in PLL input clock frequency - 4 - 32 MHz
DutypLL i) PLL input clock duty cycle - 45 - 55 %
ferL out PLL output clock frequency - 6 - 48 MHz
Duty(pLL ouT) PLL output clock duty cycle - 45 - 55 %
tLock PLL lock time - - 34 50 us

1. Guaranteed by design. Not tested in production.

5.5.10 Flash memory characteristics

Table 5-19 Flash memory characteristics®®

Symbol Description Condition Min Typ Max Unit
Word programming time - - 50 - us
trroG Fast programming (64
- - 1.97 - ms
words)
terASE Erase time Page erase - 2.5 - ms
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Symbol Description Condition Min Typ Max Unit
Mass erase - 35 - ms
Ta=25C 20000 - -
ECriash Endurance Cycles
Ta= -40C~85<C | 10000 - -
RETFiash Data retention Ta=85<C 25 - - Years
1. Derived from comprehensive assessment.
55.11 EFT characteristics
Table 5-20 EFT characteristics®
Symbol Description Condition Level/type
Fast transient voltage burst limits to Ta=25<T
VEFTB be applied on Vpp and Vss pin to According to IEC 5A
induce a functional disturbance 61000-4-4
1. Derived from comprehensive assessment.
55.12 ESD characteristics
Table 5-21 ESD characteristics(®)
Symbol Description Condition Min Typ Max | Unit
Ta=25<
Human body .
VEsD(HBM) del According to ESDA/JEDEC - 36000 -
mode
JS-001-2017
. Ta=25<
Charge device . \Y/
VEsp(com) del According to ESDA/JEDEC - 42000 -
mode
JS-002-2018
Mechanical Ta=25<
VEspMm) . - 1300 -
model According to JESD22-A115C
1. Derived from comprehensive assessment.
Table 5-22 Latch-up characteristics®
Symbol Description Condition Min Typ Max Unit
Ta=25<
I Latch-up Latch-up current According to - 100 - mA
JEDEC78E
1. Derived from comprehensive assessment.
DS1007 Rev1.8

41/63




ClU32L051x8

HED
5.5.13 1/0O port characteristics
Table 5-23 Input characteristics
Symbol | Description Condition Min | Typ | Max | Unit
PC13/PC14/PC15 - - 10.3Vop
Input low level
Vil PA2/PD2 1.8V<Vpp<5.5V - - |0.3Vop
voltage
Others - - 10.3Vpp
\%
PC13/PC14/PC15 0.7Vop| - -
Input high level
ViH® PA2/PD2 1.8V<Vpp<5.5V  [0.7Vop| - -
voltage
Others 0.7Vop| - -
PC13/PC14/PC15 - -
Schmitt trigger
Vhys® .| PA2/PD2 Vpp=3.3V - 200 - mV
voltage hysteresi
Others - -
PC13/PC14/PC15 - -
Input leakage
l1kg™ PA2/PD2 Vpp=3.3V - 2 - nA
current
Others - -
Weak pull-up
Rpu® equivalent VN = Vss 20 37 60 kQ
resistor
Weak pull-down
Rpp®@ equivalent | Vin=Vop 20 37 60 kQ
resistor
PC13/PC14/PC15 - 1.22 -
1/0 pin
Cio® _ PA2/PD2 - 1.85 . pF
capacitance
Others - 1.30 -
1. Derived from comprehensive assessment.
2. Guaranteed by design. Not tested in production.
Table 5-24 Output characteristics®
Symbol | Description Condition Min Typ Max | Unit
|||o| =15mA
PC13/PC14/PC15 - 0.18 -
VDD =3.3V
Output low [lio] = 10mA
Vo & PA2/PD2 - 0.26 - \Y
level voltage Vpp = 3.3V
|||o|= 5mA
Others - 0.25 -
VDD =3.3V
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Symbol | Description Condition Min Typ Max Unit
[lho| = 1.5mA
PC13/PC14/PC15 - 3.08 -
VDD =3.3V
QOutput high lio|~10mA
Vor® PUENIEN | o A2PD2 ol - 3.04 ;
level voltage Vpp = 3.3V
|||o|=5mA
Others - 3.05 -
VDD =3.3V

1. Derived from comprehensive assessment.

2. The lio sink current must follow the absolute maximum ratings listed in Table: Current characteristics,
and the total current of lio (I/O port and control pin) shall not exceed lvssissa.

3. The lio pull current must follow the absolute maximum ratings listed in Table: Current characteristics,

and the total current of l;o (1/0 port and control pin) shall not exceed lvopvopa.

Table 5-25 AC characteristics®

Symbol Description Condition Min Max Unit
C=50pF, 1.8V<Vpp<<2.7V - 10
. C=50pF, 2.7V<Vpps5.5V - 20
Maximum output
fmax MHz
frequency C=30pF , 1.8V<Vpp<2.7V 16
C=30pF, 2.7V<Vpp<5.5V - 32
C=50pF, 1.8V<Vpp<<2.7V - 24.71
C=50pF , 2.7V<Vpp<5.5V - 14.81
Te Rise time ns
C=30pF, 1.8V<Vpp<<2.7V - 16.72
C=30pF, 2.7V<Vpp<s5.5V - 10.07
C=50pF , 1.8V<Vpp<<2.7V - 27.82
) C=50pF , 2.7V<Vpp<s5.5V - 17.15
Ty Fall time ns
C=30pF, 1.8V<Vpp<<2.7V - 18.37
C=30pF, 2.7V<Vpp<s5.5V - 11.25

1. Guaranteed by design. Not tested in production.

5.5.14 NRST input characteristics

The NRST pin is connected to a permanent internal pull-up resistor. Therefore, it is not
necessary to connect to an external pull-up resistor.
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Table 5-26 NRST input characteristics®

Symbol Description Condition Min Typ Max Unit
VIL (NRsT) Input low-level voltage - - - 0.3Vop
\%
V/IH (NRST) Input high-level voltage - 0.7Vop - -
Schmitt trigger voltage
Vhys (NRST) - - 300 - mV
hysteresis
Pull-up equivalent
RPU V|N=Vss 6 10 18 kQ
resistor
T (nrsn)@ | Filtered pulse 1.8V<Vpp<5.5V | 500 us

1. Guaranteed by design. Not tested in production.

2. The low-level signal on the NRST pin must be greater than 500 s to reset the chip.

Figure 5-1 Recommended circuit for the NRST pin

VbD

Rpu

Extemal reset

NRST Internal reset signal

= O _[ Filter | E——

o
1 T owF

1. The reset circuit can protect the MCU to avoid resets caused by noise interference.
2. The user must ensure that the electrical level on the NRST pin can be reduced to below the V.
maximum level listed in the table of I/O input characteristics; otherwise, no reset is executed.

3. The external capacitor on NRST pin must be placed as close as possible to the device.

5.5.15 ADC characteristics

Table 5-27 ADC characteristics®

Symbol Description Condition Min Typ Max Unit
Vopa | Analog supply voltage - 1.8 - 55 V

Vrer apc | Reference voltage - 1.8 - Vbba \%

faoc ck | ADC clock frequency 2.4V <Vppass.5V 0.6 - 16 MHz
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Symbol Description Condition Min Typ Max Unit
1.8V<Vppa<2.4V 0.6 - 8
fs Sampling rate 12 bits - - 1 Msps
VaIN Conversion voltage range - Vssa - VReF+ \%
Input switch equivalent
Rs - - 0.44 15 kQ
impedance
Internal sample and hold
Canc ) - - 8 - pF
capacitor
fapc_ck>6MHz - - 25 us
tstaB ADC power-up time
fapc_ ck<<6MHz - - 17 1/fapc_ck
tcaL Calibration time - - 112 - 1/fapc_ck
CKSRC =00 - 4.5 -
tLATR Trigger conversion latency CKSRC =01 - 4.25 - 1/fapc_ck
CKSRC =10 - 4.125 -
tsamp Sampling time - 3 - 1919 | 1/fapc_ck
Total conversion time
tconv . ) . - tsamp + 13 1/fabc_ck
(including sampling time)
ADC consumption from
Ibba(abc) fs = 1Msps - 390 - A
Vbpa
ADC consumption from
Ibbv(abc) fs = 1Msps - 40 - pA
VReF+
Laps of time allowed
tioLe - - - 440 ps
between two conversions

1. Guaranteed by design. Not tested in production.

Table 5-28 Sampling time and input signal impedance®

Resolution Sampling cycle (16 Sampling time (16 MHz) | Maximum input impedance
MHz) (ps) Rain (KQ)

3 0.188 26

7 0.438 3.1

12 0.75 3.6

12bits 19 1.188 8.8
39 2.438 14.2

9 4.938 30

119 7.438 50
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Resolution Sampling cycle (16 Sampling time (16 MHz) | Maximum input impedance

MHz) (1s) Rain (k)
159 9.938 67
239 14.938 84
319 19.938 124
479 29.938 182
639 39.938 223
959 59.938 320
1279 79.938 645
1919 119.938 850

1. Derived from comprehensive assessment.

2. The value in the table is the input impedance when the sample tolerance is smaller than 10 LSB.

Table 5-29 ADC accuracy®

Symbol Description Condition Min Typ | Max | Unit
EO Offset error -3 - LSB
EG Gain error 6 - LSB
Differential Vbba = Vrer_apc = 3.3 V;
DNL 2 - LSB
nonlinear error fs=1Msps; Ta=25<
Integral nonlinear
INL 3 - LSB
error
Signal-to-noise
SNR 63 - dB
ratio
Signal-to-noise
SINAD . . . VDDA: VREF_ADC =33 V; 62 - dB
and distortion ratio
fs= 1 Msps; Ta=25 <C;
Total harmonic
THD fin=1KHz -70 - dB
distortion
Effective number
ENOB - 10 - bit
of bits
1. Derived from comprehensive assessment.
55.16 VREFBUF characteristics
Table 5-30 VREFBUF characteristics®®
Symbol Description Condition Min Typ Max Unit
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Symbol Description Condition Min Typ Max Unit
VRS =00 2.4 - 55
Analog suppl
Vbpa 9 SupPY VRS =01 2.8 - 55 \%
voltage
VRS =10 3.3 - 55
VRS =00 | 2.4V<VDDASZ5V | 2.043 | 2.048 | 2.053
Vour® | Output voltage VRS=01 |28V<VDDA<5V | 2495 | 25 | 2505 | V
VRS =10 | 3.3V<VDDASSV | 2.99 3.0 3.01
Trim step
V'rim . - - +).1 - 0%
resolution
CL Load capacitor - 0.5 11 15 uF
VRS =00 - 340 6400
Startup
tstaB e VRS =01 C=1.1pF - 400 760 us
stabilization time
VRS =10 - 460 900®)
lLoap | Static load current - - - 2 mA
Power
Iob consumption from ILoap=0pA~2mA - 13.7 | 18.9¢@ HA
Iob
1. Derived from comprehensive assessment.
2. The typical, maximum, and minimum values are guaranteed at Ta= 25 °C in production test.
3. Guaranteed by design. Not tested in production.
5.5.17 COMP characteristics
Table 5-31 COMP characteristics®
Symbol Description Condition Min Typ | Max | Unit
Vopacomp) | Analog supply voltage - 1.8 - 55 V
VN COMP Input voltage - 0 - Vopa | V
High-speed - 4.0 -
Medium-speed - 4.5 -
tsTART Startup time us
Low-speed - 7.0 -
Ultra-low-speed - 8.4 -
Voftset® Offset voltage - -10.8 - 84 | mv
No hysteresis - 0 -
Vhys Hysteresis Low hysteresis - 10 - mV
Medium hysteresis - 20 -
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Symbol Description Condition Min Typ | Max | Unit
High hysteresis - 30 -
High-speed - 0.08 -
Medium-speed - 0.15 -

to Propagation delay us
Low-speed - 0.98 -
Ultra-low-speed - 3.46 -
High-speed - 22.63 -
Medium-speed - 12.34 -

lcomp Static power consumption LA
Low-speed - 1.59 -
Ultra-low-speed - 0.53 -

1. Derived from comprehensive assessment.

2. Guaranteed by design. Not tested in production.

5.5.18 Temperature sensor characteristics

Table 5-32 Temperature sensor characteristics®

Symbol Description Min Typ Max Unit
TL Vs linearity with temperature - H 2 <
Avg_Slope Average slope - 3.02 - mV/<C
Vs Voltage at 25<C (35C) - 898 - mV
Temperature sensor consumption from
IbbA(TS) - 145 - HA
Vbpa
Startup time of the temperature sensor
tADC_BUF(Z) - - 17.3 us
Vs Buffer
) ADC sampling time when reading the
tsamp @ 5 - - us
temperature

1. Guaranteed by design. Not tested in production.
2. Wait for the startup stabilization time tapc_gur to enable the ADC internal temperature sensor. The

sampling time for ADC to measure the temperature sensor should be at least tsame.

5.5.19 Veat and Vbppa monitoring characteristics

Table 5-33 Vgat and Vppa monitoring characteristics®

Symbol Description Min Typ Max Unit

R Resistor bridge for Vear and Vppa - 34 - kQ
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Symbol Description Min Typ Max Unit
input channels inside ADC
Q Ratio on voltage measurement - 3 - -
Er Error on Q -1 0.26 1 %
Startup time of the Veat and Vppa input
tADC_BUF(Z) - - 15 us
channel Buffer
ADC sampling time when reading the
tsamp® voltage on the Vear and Vppa input 5 - - us
channels

1. Guaranteed by design. Not tested in production.

2. Wait for the startup stabilization time taoc sur to enable the ADC internal Vear and Vppa input

channels. The sampling time for ADC to measure the voltage on the Vear and Vppa input channels

should be at least tsamp.

5.5.20 LCD controller characteristics
Table 5-34 LCD controller characteristics® @
Symbol Description Min Typ | Max Unit
Vop LCD supply voltage 1.8 - 55
LCD voltage in charge pump 1/3bias 2.55 - 5.25
Vico-rump
mode 1/4bias 2.60 - 5.20
LCD voltage in on-chip resistor voltage division \Y/
VLcp-RES 0.548* Vpp - Vb
mode
LCD voltage in off-chip capacitor voltage division
Vicp-cap - - Vb
mode
1/3bias Vicp=5.25V - 2.35 -
Charge pump | Voo =3.3V Vicp = 2.55V - 2.14 -
mode 1/4bias Vicp = 5.20V - 2.49 -
Vop = 3.3V Vicp = 2.60V - 2.15 -
Ico Internal HD=0 - 3.51 - A
VLCD = VDD =3.3V
resistor HD=1 - 12.48 -
voltage Vicp = 0.548 *VVpp
o HD =1 - 6.84 -
division mode| (Vpp=3.3V)
External Vico = Vpp = 3.3V - 0.57 -
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Symbol Description Min Typ | Max Unit
capacitor
voltage
division mode
Drive voltage
Vicp = 5.2V
tstag® | stabilization - 82 100 ms

off-chip capacitance 0.1uF
time

1. Derived from comprehensive assessment.

2. Unless otherwise specified, the configurations of the LCD controller are: 1/8 Duty, 1/4 bias, 32 Hz
frame rate, charge pump clock frequency divider /16, full display for LCD_RAM, and no LCD display
connection without a load.

3. Whenitis configured to the charge pump mode, after the LCD enable bit LCDEN is set to 1, wait for the
drive voltage stabilization time tstag before setting the output control bit SCOC to 1, so as to output a

stable display drive waveform.

55.21 64-level voltage division reference source characteristics

Table 5-35 64-level voltage division reference source characteristics®

Symbol Description Condition Min Typ Max Unit
Power Input reference voltage source
Ipac 0.32 0.84 2.47 pA
consumption VREFBUF 3.0V
tstaB Startup time - - 12 15.63 us

1. Guaranteed by design. Not tested in production.

5.5.22 SPI characteristics

Table 5-36 SPI characteristics®

Symbol Description Condition Min Typ Max Unit
Master
- - 20 MHz
mode
fsck SPI clock frequency
Slave
- - 16 MHz
mode
Slave
tsunss) NSS setup time 4.35 - - ns
mode
thinss) NSS hold time Slave 3.02 - - ns
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Symbol Description Condition Min Typ Max Unit
mode
Master
tW(SCKH) SCK hlgh time Tsck/2-1 Tsck/2 Tsck/2+1 ns
mode
Master
twisckL) SCK low time Tsck/2-1 Tsck/2 Tsck/2+1 ns
mode
Master
tsuqvi - - 3.18 ns
mode
Data input setup time
Slave
tsucsi) 1.98 - - ns
mode
Master
thmn 0 - - ns
mode
Data input hold time
Slave
thesi) 9.7 - - ns
mode
Master
tvvo) - - 2.94 ns
mode
Data output valid time
Slave
tv(so) - - 29.30 ns
mode
Master
thovio) 2.42 - - ns
mode
Data output hold time
Slave
th(so) 22.38 - - ns
mode

1. Guaranteed by design. Not tested in production.

Figure 5-2 SPI timing diagram - slave mode (CPHA = 0)®

[ /_
NSS input N ,

te(sox) trsck) . thinss)

tsuss) twisckH)
i » i A -

CPHA=0 |  ii P
CPOL=0: | J _\— —\—_
SCK input
CPHA=0 ! \ / N/
CPOL=1 ! tys0) twiscky) |} tvso) { th(so) ! tiscex) taisso) :
<> < > —> —p — —» .
MISO — X >
; P thsiy

MOSI >< ><
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1. Measurement points are done at levels: 0.3Vpp and 0.7Vpp.

Figure 5-3 SPI timing diagram - slave mode (CPHA = 1)

NSS input Z
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1. Measurement points are done at levels: 0.3Vpp and 0.7Vpp.

Figure 5-4 SPI timing diagram - master mode®

CPHA=0 < fets0 >
CPOL=0 ‘ / \
CPHA=0 \ /—\ T _\ /7
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1. Measurement points are done at levels: 0.3Vpp and 0.7Vpp.
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6.1

Package information

CIU32L051 offers LQFP64(7 x 7 x 1.4 - 0.4mm), LQFP48(7 x 7 x 1.4 - 0.5mm),
QFN32(4 x 4 x 0.75 - 0.4mm), SSOP24(8.65 x 3.90 x 1.40-0.635mm) and multiple
packages. It complies with the JEDEC standard. The package dimension and size

information are described in this chapter.

LQFP64 package information
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Figure 6-1 LQFP64 (7 x 7 x 1.4 - 0.4mm) package outline
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Table 6-1 LQFP64 (7 x 7 x 1.4 - 0.4Amm) package outline dimension data

Symbol Min Typ Max
A - - 1.60
Al 0.05 - 0.15
A2 1.35 1.40 1.45
A3 0.59 0.64 0.69
b 0.16 - 0.24
bl 0.15 0.18 0.21
c 0.13 - 0.17
cl 0.12 0.13 0.14
D 8.80 9.00 9.20
D1 6.90 7.00 7.10
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Symbol Min Typ Max
E 8.80 9.00 9.20
El 6.90 7.00 7.10
eB 8.10 - 8.25
e 0.40BSC
L 0.45 - 0.75
L1 1.00REF
0 0 - 7

6.2 LQFP48 package information

Figure 6-2 LQFP48 (7 x 7 x 1.4 - 0.5mm) package outline
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Table 6-2 LQFP48 (7 x 7 x 1.4 - 0.5mm) package outline dimension data
Symbol Min Typ Max
A - - 1.60
Al 0.05 - 0.15
A2 1.35 1.40 1.45
A3 0.59 0.64 0.69
b 0.18 - 0.26
bl 0.17 0.20 0.23
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Symbol Min Typ Max
c 0.13 - 0.17
cl 0.12 0.13 0.14
D 8.80 9.00 9.20
D1 6.90 7.00 7.10
E 8.80 9.00 9.20
El 6.90 7.00 7.10
eB 8.10 - 8.25
e 0.50BSC
L 0.45 - 0.75
L1 1.00REF
4 0 - 7
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6.3 QFN32 package information
Figure 6-3 QFN32 (4 x 4 x 0.75 - 0.4mm) package outline
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Table 6-3 QFN32 (4 x 4 x 0.75 - 0.4mm) package outline dimension data
Symbol Min Typ Max
A 0.70 0.75 0.80
Al - 0.02 0.05
A3 0.203REF
0.15 0.20 0.25
D 3.90 4.00 4.10
D1 2.70 2.80 2.90
D2 2.55 2.65 2.80
E 3.90 4.00 4.10
El 2.70 2.80 2.90
E2 2.55 2.65 2.80
e 0.40BSC
L 0.35 0.40 0.45
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6.4

SSOP24 package information

Figure 6-4 SSOP24 (8.65 x 3.90 x 1.40 - 0.635mm) package outline
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Table 6-4 SSOP24 (8.65 x 3.90 x 1.40 - 0.635mm) package outline dimension data

Symbol Min Typ Max
A - - 1.75
Al 0.10 0.15 0.25
A2 1.30 1.40 1.50
A3 0.60 0.65 0.70
b 0.23 - 0.31
bl 0.22 0.25 0.28
c 0.20 - 0.24
cl 0.19 0.20 0.21
D 8.55 8.65 8.75

5.80 6.00 6.20
El 3.80 3.90 4.00
e 0.635BSC
h 0.30 - 0.50
L 0.50 - 0.80
L1 1.05REF
0 0 - 8
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6.5 Silk screen description

The PIN1 identifier location and topside marking information on each package for the
CIU32L051 ultra-low-power security MCU are as follows:

Silk screen for LQFP64 and LQFP48 packages

Figure 6-5 LQFP64 and LQFP48 silk screen information description

PN CluUu321LO0S51
Revision Code
R 8T 6 R

X XY YWW VendorNo.& Date Code
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Silk screen for QFN32 package
Figure 6-6 QFN32 silk screen information description
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Silk screen for QFN32 package

Figure 6-7 SSOP24 silk screen information description
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Ordering information

ClU32L 051R 8 T 6 xx

CPU bit width
32: 32bit

Product type

L: Ultra-low power consumption

Core

0: Cortex-M0O+

Device subfamily

51: ClU32L051

Pin count

E: 24Pin
K: 32Pin
C: 48Pin
R: 64Pin

Flash memory size
8: 64K

Package type
T: LQFP
U: QFN
M: SSOP

Temperature range
6:-40~85C

Packing form

TR: Reel
TY: Pallet
TU: Tube
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8

Revision history

Table 8-1 Revision history

Date Revision Changes
2023-11-15 V1.0 Initial release.
2024-4.7 Vi1 1. Added relevant content in SSOP24 package.
2. Corrected relevant content in electrical characteristics.
2024-4-28 V1.2 Corrected relevant content in 5.5.5 Supply current characteristics.
2024-5-16 V13 Corrected relevant content in 5.5.10 Flash memory characteristics.
Added the circuitry of typical applications, there are some considerations: In
2024-11-5 V1.4 | VBAT mode, the VBAT MODE EN bit should be configured to 1; In other
mode, the VBAT MODE _EN bit configured should be configured to 0.
2024.1.3 V1S 1. Corrected relevant content in 5.5.10 Flash memory characteristics.
2. Corrected relevant content in 5.5.20 LCD controller characteristics.
2024-12-30 V1.6 Corrected relevant content in 6.3 QFN32 package
1. Corrected relevant content in 5.5.4 Embedded voltage reference.
2025-1-13 V1.7 2. Corrected relevant content in 5.5.10 Flash memory characteristics.
3. Corrected relevant content in 5.5.16 VREFBUF characteristics.
2025-2-8 V138 Corrected relevant content in 5.5.5 Supply current characteristics.
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Contact information

Website: www.hed.com.cn

Address: Building C, CEC Network Security and Information Technology Base,
South Region of Future Science and Technology Park, Beigijia County,
Changping District, Beijing, China

Post code: 102209

Feel free to contact us for any comment or suggestion during purchase and use.
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