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Product characteristics

Core ] 8 USARTs, alll upport mas
; £ : SPI and mode ontrol, 3
3it BomteM0+ core S07816 interface, LIN,
Up to 48MHz working frequbeanucdy rate de teucptlon and w
Onchip memory J] 2 SPI (18Mbps)thi ngwepdarcte
Fl dsli2 8 ~256 KB I 2S interface multiplexin
' J 1 CAN
SRAMS 2KB { 1 HDMI CEC
Clock A Analog peripherals
HSECLK: 4~32MHz extermal pegnyYSAAd,! support up t
ceramic oscillator suppordefdnnel s
LSECLK: 32. 768KHz crys&ah)éqequAr@icsupport 2 char
oscill ateodd support
] [ 2 programmabl e anal og con

HSI CLK: 8MHz RC oscill ator . . .

_ ) Up to 24 capacitive sensi
HSI CLK48: 48MHz RC OSCI||baetOJsed fooupghoXiemi t y,i nte
HSI CLK14: 14MHz RC oscil lradtoati on sensors
LSI CLK: 40KHz RC oscillAthirmedipported
PLL: Phase |l ocked | oopf, 12~-B6&6t tadcdeanodd ti mer TMI
frequency supported provi-dkan7nel PWM output,

Reset and power managedneeait zone generation and

f
Vppr ange:3.26.\W0 unctions

.. [ 1 D2t g—puepalse ti mer TMR?2

Vooa angen: 3.V6V bit gpuoepake ti mei
Vearr ange of RTC and backiUmMR3I/oma/i h5adle/ Wi,t he up t
in

ca

power suppBy6VvV1l. 65V dependent channel s to

Vbpiok ange of s ome I / O powep u;?pldyogtt,ﬁ’;rt fcuonmcptairolnssl

. coun
1.653. 6V

Pow®m/ pedwoenn reset (POIE%/IgDa) basic timers TMR6/ -
supported wat chdog ti mer s: one

Programmabl e power suppW&/tCthgal\NDT and one win
detector supported

Lowower mode ] 1 D4t autodecrkeméemierSysTi
Slesp@amd st andbypomotdeeds As URpT C

DMA J] Support calendar functi on

Two DMAs, 12 channels inftatalm 7agBanpetupodifa omwa k
for DMA1l and 5 channels DMA®pt andby mode
Debugging interface A CRC computing uni't

S WD A 9ebit unigue device |ID
I / O

Up to 88 I/ Os

Al'l 1/ 0Os can be mapped to external interrupt
vector

Up to 69 FT 1 /Os, up to 19 |/ Os supplied by
Vopidandependent |y

Communi c aetriiopnhepr al s

2 I 2C interfaces (1Mbit/s), al | of whi ch
support SMBus/ PMBus
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2 Product information
Seeethol l owing table for APM32F091xBxC product funct
TablFRunctions and Peripherals of APM32F091x8B
Product APM32F091
Model CBUx | CCUx | CBTx | CCTx | RBTXx RCTx | VBTx | VCTx
Package QFN48 LQFP48 LQFP64 LQFP100
Core and maximum working frequency Arm® 32-bit Cortex®-M0+@48MHz
Operating voltage 2.0~3.6V
Flash(KB) 128 256 128 256 128 256 128 256
SRAM(KB) 32
GPIOs 38 52 88
USART 6 8
SPI/12S 2/2
Communication
interface 12C 2
CAN 1
CEC 1
16-bit advanced 1
16-bit general 5
_ 32-bit general 1
Timer
16-bit basic 2
System tick timer 1
Watchdog 2
Real-time clock 1
Unit 1
12-bit ADC External channel 10 16
Internal channel 3
Unit 1
12-bit DAC
Channel 2
Analog comparator 2
Capacitive Sensor Channel 24

Operating temperature

Ambient temperature: -40N to 85N /-40N to 105N
Junction temperature: -40N to 105N /-40N to 125N

Not e:
(1) When x is 6,
2) When x is 7,
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3.1

Pin information

Pin distribut.

Fi gdbestribution
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Fi gdbestri bution Diagram of APM32F091xBxCUXx
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32 Pin function description
Tab2leegends/ Abbreviations Used in Output
Name Abbreviation ‘ Definition
Pin name Unless otherwise specified in parentheses below the pin name, the pin functions
during and after reset are the same as the actual pin name
P Power pin
Pin type I Only input pin
1/0 I/O pin
5T FT 1/0
STDA 1/0 with 3.3V standard, directly connected to ADC
I/O structure STD I/0 with 3.3 V tolerance
B Dedicated BootO pin
RST Bidirectional reset pin with built-in pull-up resistor
Note Unless otherwise specified in the notes, all I/O is set as floating input during and after
reset
Default
Pin multiplexing Function directly selected/enabled through peripheral register
function function
Additional function Function selected through GPIO multiplexing function register
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Tab3escription of APM32F091xBxCTx by
Name
_ Structur S _ N | LQFP48 |LQFP|LQFP
(Function after Type Default multiplexing function | Additional function
e /QFN48 | 64 100
reset)
TSC_G7_101,
PE2 /0 5T - - - 1
TMR3_ETR
TSC_G7_102,
PE3 /0 5T - - - 2
TMR3_CH1
TSC_G7_103,
PE4 /0 5T - - - 3
TMR3_CH2
TSC_G7_104,
PES5 I/0 5T - - - 4
TMR3_CH3
WKUP3,
PEG6 I/0 5T TMR3_CH4 - - 5
RTC_TAMP3
VBAT P - Backup power supply 1 1 6
WKUP2,
RTC_TAMP1,
PC13 /0 STD - 2 2 7
RTC_TS,
RTC_OUT
PC14-0OSC32_IN
/0 STD - OSC32_IN 3 3 8
(PC14)
PC15-0SC32_0OUT
110 STD - 0OSC32_0uUT 4 4 9
(PC15)
TMR15_CH1,
PF9 /0 5T - - - 10
USART6_TX
TMR15_CH2,
PF10 110 5T - - - 11
USART6_RX
PFO-OSC_IN CRS_SYNC,
110 5T OSC_IN 5 5 12
(PFO) I2C1_SDA
PF1-OSC_OUT
110 5T 12C1_SCL OSC_OouT 6 6 13
(PF1)
NRST 110 RST - - 7 7 14
EVENTOUT,
PCO 110 STDA USART6_TX, ADC _IN10 - 8 15
USART7_TX
EVENTOUT,
PC1 110 STDA USART6_RX, ADC_IN11 - 9 16
USART7_RX
SPI2_MISO,
12S2_MCK,
PC2 I/0 STDA ADC_IN12 - 10 17
EVENTOUT,
USART8_TX
www. geehy. com 9
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Name
) Structur ) ) ) o ) LQFP48 |[LQFP| LQFP
(Function after Type Default multiplexing function | Additional function
e /IQFN48 | 64 100
reset)
SPI2_MOSI,
12S2_SD,
PC3 I/0 STDA ADC_IN13 - 11 18
EVENTOUT,
USART8_RX
EVENTOUT,
PF2 I/0 5T USART7_TX, WKUP8 - - 19
USART7_CK_RTS
VSSA - Analog ground 8 12 20
VDDA - Analog power supply 9 13 21
EVENTOUT,
PF3 I/0 5T USART7_RX, - - - 22
USART6_CK_RTS
USART2_CTS,
RTC_TAMP2,
TMR2_CH1_ETR,
WKUP1,
PAO I/0 STDA COMP1_OUT, 10 14 23
ADC_INO,
TSC_G1_101,
COMP1_INM6
USART4_TX
USART2_RTS,
TMR2_CH2,
TMR15_CHIN, ADC_IN1,
PA1 I/0 STDA 11 15 24
TSC_G1_102, COMP1_INP
USART4_RX,
EVENTOUT
USART2_TX,
COMP2_OUT, ADC_IN2,
PA2 /0 STDA TMR2_CH3, COMP2_INM6, 12 16 25
TMR15_CH1, WKUP4
TSC_G1_103
USART2_RX,
TMR2_CH4, ADC_IN3,
PA3 I/0 STDA B B 13 17 26
TMR15_CH2, COMP2_INP
TSC_G1_104
VSS - Ground - 18 27
VDD - Digital power supply - 19 28
SPI1_NSS,
12S1_WS, COMP1_INM4,
TMR14_CH1, COMP2_INM4,
PA4 I/0 STDA 14 20 29
TSC_G2_101, ADC_IN4,
USART2_CK, DAC_OUT1
USART6_TX
wWww. geehy. com 10



Name
(Function after
reset)

Type

Structur

e

Default multiplexing function

Additional function

LQFP48
IQFN48

LQFP
64

LQFP
100

PAS

I/0

STDA

SPI1_SCK,
12S1_CK,
CEC,
TMR2_CH1_ETR,
TSC_G2_102,
USART6_RX

COMP1_INMS,
COMP2_INMS,
ADC_IN5,
DAC_OUT2

15

21

30

PAG

110

STDA

SPI1_MISO,
12S1_MCK,
TMR3_CH1,
TMR1_BKIN,
TMR16_CH]1,
COMP1_OUT,
TSC_G2_103,
EVENTOUT,
USART3_CTS

ADC_IN6

16

22

31

PA7

I/10

STDA

SPI1_MOSI,
12S1_SD,
TMR3_CH2,
TMR14_CH1,
TMR1_CHIN,
TMR17_CH1,
COMP2_OUT,
TSC_G2_104,
EVENTOUT

ADC_IN7

17

23

32

PC4

110

STDA

EVENTOUT,
USART3_TX

ADC_IN14

24

33

PC5

110

STDA

TSC_G3_101,
USART3_RX

ADC_IN15,
WKUP5

25

34

PBO

I/10

STDA

TMR3_CH3,
TMR1_CH2N,
TSC_G3_102,
EVENTOUT,
USART3_CK

ADC_IN8

18

26

35

PB1

I/10

STDA

TMR3_CH4,
USART3_RTS
TMR14_CH1,
TMR1_CH3N,
TSC_G3 103

ADC_IN9

19

27

36

PB2

110

5T

TSC_G3_104

20

28

37

PE7

I/0

5T

TMR1_ETR,
USART5_CK_RTS

38

www. geehy.
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Name
(Function after
reset)

Type

Structur

e

Default multiplexing function

Additional function

LQFP48
IQFN48

LQFP| LQFP
64 | 100

PES8

I/0

5T

TMR1_CHI1N,
USART4_TX

PE9

I/0

5T

TMR1_CH1,
USART4_RX

PE10

I/0

5T

TMR1_CH2N,
USART5_TX

PE11

I/0

5T

TMR1_CH2,
USART5_RX

PE12

I/10

5T

SPI1_NSS,
12S1_WS,
TMR1_CH3N

PE13

I/10

5T

SPI1_SCK,
12S1_CK,
TMR1_CH3

PE14

110

5T

SPI1_MISO,
12S1_MCK,
TMR1_CH4

PE15

110

5T

SPI1_MOSI,
12S1_SD,
TMR1_BKIN

PB10

110

5T

SPI2_SCK,
12S2_CK,
12C2_SCL,
USART3_TX,
CEC,
TSC_SYNC,
TMR2_CH3

21

29 47

PB11

110

5T

USART3_RX,
TMR2_CH4,
EVENTOUT,
TSC_G6_IO1,
12C2_SDA

22

30 48

VSS

Ground

23

31 49

VDD

Digital power supply

24

32 50

PB12

110

5T

TMR1_BKIN,
TMR15_BKIN,
SPI2_NSS,
12S2_WS,
USART3_CK,
TSC_G6_102,
EVENTOUT

25

33 51

wWww. geehy. com
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Name
) Structur ) ) ) o ) LQFP48 |[LQFP| LQFP
(Function after Type Default multiplexing function | Additional function
e /IQFN48 | 64 | 100
reset)
SPI2_SCK,
12S2_CK,
12C2_SCL,
PB13 I/0 5Tf - 26 34 52
USART3_CTS
TMR1_CH1N,
TSC_G6_103
SPI2_MISO,
12S2_MCK,
12C2_SDA,
PB14 I/0 5Tf USART3_RTS - 27 35 53
TMR1_CH2N,
TMR15_CH1,
TSC_G6_104
SPI2_MOSI,
12S2_SD,
WKUP?7,
PB15 I/0 5T TMR1_CH3N, 28 36 54
RTC_REFIN
TMR15_CH1N
TMR15_CH2
PD8 I/0 5T USART3_TX - - - 55
PD9 I/0 5T USART3_RX - - - 56
PD10 I/0 5T USART3_CK - - - 57
PD11 I/0 5T USART3_CTS - - - 58
USART3_RTS
PD12 I/0 5T TSC_G8 101, - - - 59
USART8_CK_RTS
TSC_G8 102,
PD13 I/0 5T - - - 60
USART8_TX
TSC_G8 103,
PD14 I/0 5T - - - 61
USART8_RX
TSC_G8 104,
PD15 I/0 5T CRS_SYNC, - - - 62
USART7_CK_RTS
TMR3_CH1,
PC6 I/0 5T ~ - - 37 63
USART7_TX
TMR3_CH2,
PC7 I/0 5T ~ - - 38 64
USART7_RX
TMR3_CH3,
PC8 I/0 5T - - 39 65
USART8_TX
TMR3_CH4,
PC9 I/0 5T - - 40 66
USART8_RX
wWww. geehy. com 13



Name
(Function after Type

reset)

Structur

e

Default multiplexing function

Additional function

LQFP48
IQFN48

LQFP
64

LQFP
100

PA8 I/0

5T

USART1_CK,
TMR1_CH1,
EVENTOUT,
MCO,
CRS_SYNC

29

41

67

PA9 I/0

5T

USARTL_TX,
TMR1_CH2,
TMR15_BKIN,
TSC_G4 101,
MCO,
12C1_SCL

30

42

68

PA10 I/10

5T

USARTL_RX,
TMR1_CH3,
TMR17_BKIN,
TSC_G4_102,
12C1_SDA

31

43

69

PAl1l I/10

5T

CAN_RX,
USART1_CTS,
TMR1_CH4,
COMP1_OUT,
TSC_G4 103,
EVENTOUT,
12C2_SCL

32

44

70

PA12 I/10

5T

CAN_TX,
USARTL_RTS
TMR1_ETR,
COMP2_OUT,
TSC_G4 104,
EVENTOUT,
12C2_SDA

33

45

71

PA13 I/0

5T

IR_OUT,
SWDIO

34

46

72

PF6 I/10

5T

73

VSS P

Ground

35

47

74

Vbbio2 P

Digital power supply

36

48

75

PAl4 I/10

5T

USART2_TX,
SWCLK

37

49

76

PA15 I/0

5T

SPI1_NSS,
12S1_WS,
USART2_RX,
USART4_RTS,

38

50

77

wWww. geehy. com

14



Name
(Function after
reset)

Type

Structur

e

Default multiplexing function

Additional function

LQFP48
IQFN48

LQFP| LQFP
64 | 100

TMR2_CH1_ETR,
EVENTOUT

PC10

I/0

5T

USART3_TX,
USART4_TX

51 78

PC11

I/0

5T

USART3_RX,
USART4_RX

52 79

PC12

110

5T

USART3_CK,
USART4_CK,
USART5_TX

53 80

PDO

I/10

5T

SPI2_NSS,
12S2_WS,
CAN_RX

PD1

I/10

5T

SPI2_SCK,
12S2_CK,
CAN_TX

PD2

110

5T

USART3_RTS
TMR3_ETR,
USART5_RX

54 83

PD3

110

5T

SPI2_MISO,
12S2_MCK,
USART2_CTS

PD4

110

5T

SPI2_MOSI,
12S2_SD,
USART2_RTS

PD5

110

5T

USART2_TX

PD6

110

5T

USART2_RX

PD7

110

5T

USART2_CK

PB3

I/10

5T

SPI1_SCK,
12S1_CK,
TMR2_CH2,
TSC_G5_I01,
EVENTOUT,
USART5_TX

39

55 89

PB4

I/10

5T

SPI1_MISO,
12S1_MCK,
TMR17_BKIN,
TMR3_CH1,
TSC_G5_102,
EVENTOUT,
USART5_RX

40

56 90
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Name
) Structur ) ) ) o ) LQFP48 |LQFP| LQFP
(Function after Type Default multiplexing function | Additional function
e /IQFN48 | 64 100
reset)
SPI1_MOSI,
12S1_SD,
12C1_SMBA,
PB5 I/0 5T WKUP6 41 57 91
TMR16_BKIN,
TMR3_CH?2,
USART5_CK_RTS
I2C1_SCL,
USART1_TX,
PB6 I/0 5Tf - 42 58 92
TMR16_CH1N
TSC_G5_103
[2C1_SDA,
USART1_RX
PB7 I/0 5Tf USART4_CTS - 43 59 93
TMR17_CHI1N
TSC_G5_104
PF11-BOOTO | B - Startup selection 44 60 94
I2C1_SCL,
CEC,
PB8 I/0 5Tf TMR16_CH1, - 45 61 95
TSC_SYNC,
CAN_RX
SPI2_NSS,
12S2_WS,
[2C1_SDA,
PB9 I/0 5Tf - 46 62 96
IR_OUT,TMR17_CH1EVENTO
UT,
CAN_TX
EVENTOUT,
PEO I/0 5T - - - 97
TMR16_CH1
EVENTOUT,
PE1 I/0 5T - - - 98
TMR17_CH1
VSS P - Ground 47 63 99
Vb .
P - Digital power supply 48 64 100
Not e:

" 17 PC13, PC14 and PC15 are powered through power switch. Since the switch only sinks
limited current (3mA), the use of GPIO from PC13 to PC15 in output mode is limited:
The speed shalll not exceed 2MHz when the he:
., Not used for @QurdentviaagurE&Ed) (e
" 27 After reset, PA13 and PA14 are configured as SWDIO and SWCLK multiplexing functions,
and the internal pull-up of SWDIO pin and the internal pull-down of SWCLK pin are activated.

5
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33 GPI O Multiplexing Function Configuration
Tab4@PI OA Mul tiplexing Function Configuration
Name AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
PAO ) USART2_CTS TMR2_CH1_ETR TSC_G1_l01 USART4_TX 3 8 COMP1_OUT
PA1 EVENTOUT USART2_RTS TMR2_CH2 TSC_G1_l02 USART4_RX TMR15_CHIN 8 3
PA2 TMR15_CH1 USART2_TX TMR2_CH3 TSC_G1_l03 d 3 8 COMP2_OUT
PA3 TMR15_CH2 USART2_RX TMR2_CH4 TSC_G1_l04 6} 3 8 8
PA4 SPI1_NSS,I2S1_WS USART2_CK G} TSC_G2_l01 TMR14_CH1 USART6_TX ) G}
PA5 SPI1_SCK,I2S1_CK CEC TMR2_CH1_ETR TSC_G2_102 G} USART6_RX ) G}
PA6 SPI1_MISO,12S1_MCK TMR3_CH1 TMR1_BKIN TSC_G2_103 USART3_CTS TMR16_CH1 EVENTOUT COMP1_OUT
PA7 SPI1_MOSI,12S1_SD TMR3_CH2 TMR1_CHIN TSC_G2_104 TMR14_CH1 TMR17_CH1 EVENTOUT COMP2_OUT
PA8 MCO USART1_CK TMR1_CH1 EVENTOUT CRS_SYNC 3 8 8
PA9 TMR15_BKIN USART1_TX TMR1_CH2 TSC_G4_l01 [2C1_SCL MCO G} 3
PA10 TMR17_BKIN USART1_RX TMR1_CH3 TSC_G4_102 I2C1_SDA G} G} 3
PA11l EVENTOUT USART1_CTS TMR1_CH4 TSC_G4_103 CAN_RX 12C2_SCL d COMP1_OUT
PA12 EVENTOUT USART1_RTS TMR1_ETR TSC_G4_104 CAN_TX 12C2_SDA 3 COMP2_OUT
PA13 SWDIO IR_OUT ) 8 ) 8 8 8
PA14 SWCLK USART2_TX 3 3 G} 3 3 6}
PA15 SPI1_NSS,I2S1_WS USART2_RX TMR2_CH1_ETR EVENTOUT USART4_RTS 3 3 6}
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Tab3@PI OB Multiplexing Function Configuration

Name AFO AF1 AF2 AF3 AF4 AF5
PBO EVENTOUT TMR3_CH3 TMR1_CH2N TSC_G3_102 USART3_CK )
PB1 TMR14_CH1 TMR3_CH4 TMR1_CH3N TSC_G3_103 USART3_RTS )
PB2 3 3 3 TSC_G3_104 ) )
PB3 SPI1_SCK,I2S1_CK EVENTOUT TMR2_CH2 TSC_G5_101 USART5_TX )
PB4 SPI1_MISO,I2S1_MCK TMR3_CH1 EVENTOUT TSC_G5_102 USART5_RX TMR17_BKIN
PB5 SPI1_MOSI,12S1_SD TMR3_CH2 TMR16_BKIN I2C1_SMBA USART5_CK_RTS )
PB6 USART1_TX I2C1_SCL TMR16_CH1N TSC_G5_103 ) )
PB7 USART1_RX I12C1_SDA TMR17_CH1N TSC_G5_104 USART4_CTS 8
PBS CEC I2C1_SCL TMR16_CH1 TSC_SYNC CAN_RX )
PB9 IR_OUT I2C1_SDA TMR17_CH1 EVENTOUT CAN_TX SPI2_NSS,12S2_WS
PB10 CEC I2C2_SCL TMR2_CH3 TSC_SYNC USART3_TX SPI2_SCK,I2S2_CK
PB11 EVENTOUT 12C2_SDA TMR2_CH4 TSC_G6_l01 USART3_RX 8
PB12 SPI2_NSS,12S2_WS EVENTOUT TMR1_BKIN TSC_G6_102 USART3_CK TMR15_BKIN
PB13 SPI2_SCK,I2S2_CK ) TMR1_CHIN TSC_G6_103 USART3_CTS 12C2_SCL
PB14 SPI2_MISO,12S52_MCK TMR15_CH1 TMR1_CH2N TSC_G6_l04 USART3_RTS 12C2_SDA
PB15 SPI12_MOSI,12S2_SD TMR15_CH2 TMR1_CH3N TMR15_CHIN ) )
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Tabé@PIl OC Mul tiplexing Funct

Name AFO AF1 AF2
PCO EVENTOUT USART7_TX USART6_TX
PC1 EVENTOUT USART7_RX USART6_RX
PC2 EVENTOUT SPI2_MISO,12S2_MCK USART8_TX
PC3 EVENTOUT SPI2_MOSI,12S2_SD USART8_RX
PC4 EVENTOUT USART3_TX 3

PC5 TSC_G3_101 USART3_RX 8

PC6 TMR3_CH1 USART7_TX 3

PC7 TMR3_CH2 USART7_RX 3

PC8 TMR3_CH3 USART8_TX 3

PC9 TMR3_CH4 USART8_RX 3
PC10 USART4_TX USART3_TX 3
PC11 USART4_RX USART3_RX d
PC12 USART4_CK USART3_CK USART5_TX
PC13 d 3 d
PC14 o} o} o}
PC15 o} o} o}

www. geenhy. co

on

Conf'E%EYa(%PiloorP Mul tiplexing Funct.i
Name AFO AF1 AF2
PDO CAN_RX SPI2_NSS,1252_WS -
PD1 CAN_TX SPI2_SCK,I2S2_CK -
PD2 TMR3_ETR USART3_RTS USART5_RX
PD3 USART2_CTS SPI2_MISO,1252_MCK -
PD4 USART2_RTS SPI2_MOSI,1252_SD -
PD5 USART2_TX - -
PD6 USART2_RX - -
PD7 USART2_CK - -
PDS8 USART3_TX - -
PD9 USART3_RX - -
PD10 USART3_CK - -
PD11 USART3_CTS - -
PD12 USART3_RTS TSC_G8_I01 USART8_CK_RTS
PD13 USART8_TX TSC_G8_102 -
PD14 USART8_RX TSC_G8_103 -
PD15 CRS_SYNC TSC_G8_I04 USART7_CK_RTS

Pade
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Tab8@PI OE Mul tiplexing Functi
Name AFO AF1
PEO TMR16_CH1 EVENTOUT
PE1 TMR17_CH1 EVENTOUT
PE2 TMR3_ETR TSC_G7_l01
PE3 TMR3_CH1 TSC_G7_102
PE4 TMR3_CH2 TSC_G7_103
PE5 TMR3_CH3 TSC_G7_l104
PE6 TMR3_CH4 -
PE7 TMR1_ETR USART5_CK_RTS
PES TMR1_CH1N USART4_TX
PE9 TMR1_CH1 USART4_RX
PE10 TMR1_CH2N USART5_TX
PE11 TMR1_CH2 USART5_RX
PE12 TMR1_CH3N SPI1_NSS,I2S1_WS
PE13 TMR1_CH3 SPI1_SCK,I2S1_CK
PE14 TMR1_CH4 SPI1_MISO,12S1_MCK
PE15 TMR1_BKIN SPI1_MOSI,12S1_SD

www. geenhy. co
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Conf i Jaib%a@PilcOF Mul ti pl exing Functi

Name AFO AF1 AF2

PFO CRS_SYNC I2C1_SDA -

PF1 - I12C1_SCL -

PF2 EVENTOUT USART7_TX USART7_CK_RTS
PF3 EVENTOUT USART7_RX USART6_CK_RTS
PF6 - - -

PF9 TMR15_CH1 USART6_TX -

PF10 TMR15_CH2 USART6_RX -
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4.1

41.1

W WwWWw.

Functional description

This chapter mainly introduces-cthhe@ snesnoem, act loic
supply and peripheral features of APM32F091xBxC
ArfnCor &M+ core, mpleastehe eAMOE CGercthexiE al refere
which can be dowh@dl| watdedt €rom Arm

System architecture

System Bl ock Diagram

Fi gbABM32F091xBxC System Bl ock Diagram

Cortex- M@
(Fmax48MHy
SWD
[nvic] | scB| [ sTK]|
——> Flash
BUS MATRIX
II 2\ 3
m
s E GPIO
Flash a — s
—interf ||o o (AP | | SRAWBXKB
ace [~ |gk={ DMA| <
[sa]
[ ReMk==zt={ TsC
2\
AHB to APB
CRC - bridge —
N
TMR 2/ 3/ 61 7
/1415 16/ 17
|__CRS |
|__RIC__|
___PvmU_ | 0
= [ wwobT |
|___DAC | -
o IWDT
CEC 9
SPR/ 122
SYSCRGOMF
USARIF 8
EINT
12C1/ 2
____ADC |
SPI/12S1
DBGMCU
\V
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412 Addr ess

Tabl@®&PM32F091xBxC

mappi ng

Storage Mapping Tabl

Regi on Start address Peripheral Name
Code 0Ox0000 0O0OO Code mapping are
Code O0x0004 00O Reserved
Code 0x0800 00O0O Mai n memory areg
Code 0x0804 000O0 Reserved
Code Ox1FFF D8O0O BootLoader
Code OX1FFF F800 Option byte
Code Ox1FFF FCOO Reserved
SRAM 0x2000 00O0O SRAM

o} 0x2000 8000 Reserved
APB bus 0x4000 0000 TMR?2
APB bus 0x4000 0400 T MR
APB bus 0x4000 0800 Reserved
APB bus 0x4000 1000 TMR6
APB bus 0x4000 1400 TMR7
APB bus 0x4000 1800 Reserved
APB bus 0x4000 2000 TMR14
APB bus 0x4000 2400 Reserved
APB bus 0x4000 2800 RTC
APB bus 0x4000 2CO0O WWD T
APB bus 0x4000 3000 | WDT
APB bus 0x4000 3400 Reserved
APB bus 0x4000 3800 SPI 2/ 12S2
APB bus 0x4000 3CO0O Reserved
APB bus 0x4000 4400 USART?2
APB bus 0x4000 4800 USARTS3
APB bus 0x4000 4CO0O USARTA4
APB bus 0x4000 5000 USARTS
APB bus 0x4000 5400 | 2C1
APB bus 0x4000 5800 | 2C2
APB bus 0x4000 5CO0O Reserved
APB bus 0x4000 6000 CAN RAM
APB bus 0x4000 6100 Reserved
APB bus 0x4000 6400 CAN
APB bus 0x4000 6800 Reserved
APB bus 0x4000 6CO0O CRS
APB bus 0x4000 7000O0 P MU
APB bus 0x4000 7400 DAC
APB bus 0x4000 7800 CEC
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Regi on Start address Peripheral Na me
APB bus 0x4000 7CO0O Reserved
o} 0x4000 8000 Reserved
APB bus 0x4001 0000O SYSCFG+COMP
APB bus 0x4001 0400 EI' NT
APB bus 0x4001 0800 Reserved
APB bus 0x4001 1400 USART®G
APB bus 0x4001 1800 USARTY7Y
APB bus 0x4001 1CO0O USARTS
APB bus 0x4001 2000 Reserved
APB bus 0x4001 2400 ADC
APB bus 0x4001 2800 Reserved
APB bus 0x4001 2CO0O TMR1
APB bus 0x4001 3000 SPI11/12S1
APB bus 0x4001 3400 Reserved
APB bus 0x4001 3800 USART1
APB bus 0x4001 3CO0O Reserved
APB bus 0x4001 4000 TMR15
APB bus 0x4001 4400 TMR16
APB bus 0x4001 4800 TMR1 7
APB bus 0x4001 4cC00 Reserved
APB bus 0x4001 5800 DBGMCU
APB bus 0x4001 5CO0O Reserved
o} 0x4001 8000 Reserved
AHB1 bu 0x4002 0000O D MA
AHB1 bu 0x4002 0400 Reserved
AHB1 bu 0x4002 1000 RCM
AHB1 bu 0x4002 1400 Reserved
AHB1 bu 0x4002 2000 Flseh interface
AHB1 bu 0x4002 2400 Reserved
AHB1 bu 0x4002 3000 CRC
AHB1 bu 0x4002 3400 Reserved
AHB1 bu 0x4002 4000 TSC
o} 0x4002 4400 Reserved
AHB2 bu 0x4800 0000O GPI OA
AHB2 bu 0x4800 0400 GPIl OB
AHB2 bu 0x4800 0800 GPI OC
AHB2 bu 0x4800 O0CO0O GPI OD
AHB2 bu 0x4800 1000 GPI OE
AHB2 bu 0x4800 1400 GPI1 OF
o} 0x4800 1800 Reserved
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Regi on Start address Peripheral Name
Cor e OXEOO0OO0 EO010 STK

Core OXEOOO E100 NVI C

Cor e OXxXEOOO EDOO SCB

o} OXEO10 O0O0OO Reserved

413 Startup configuration

At startup, the user camexelsdatrtape mofdetshd yf clelt
|l ow | evels of the Boot pin or configuring nBOOT
Startup from main memory
Startup from BootLoader
Startup -f no&BRAMI | t
The user can use USART or 12C interfacd Ltoadreagpr
42 Cor e

The core of APM32F091xX®xC iBsasfrdmbbnCarhtiesx Bl at for

cost is |l ow and the power consumption is | ow. |
and advanced system antdersupbvarplashrormseeawntd hsoft w

43 I nterrupt controll er

431 Nested Vector Interrupt Controller (NVIC)
It embeds a nested vectored interrupt controll
interrupt channels (not i nc-MBJY i raqidor 4itmptreir er weplts .
interrupt vector entry address can be directly
response processing with | ow delay can give pri.

432 External I nterrupt/ Event Controller (EI NT)
The @exttei nterrupt/ event controller consists of
edge detection circuit and interrupt/ event regq

configured as rising edge triggemaskKaead Iliimde pamdcke
Up to 88 GPI Os can be connected to the 16 exter

44 Onchip memory

Onchip memory includes main memory area, SRAM a
bl ock includes system memory areaorayndaroepa i ®ho
BootlLoabtbéet, usa6b6qgue device I D and capacity infor mi
memory area has been written into the program a
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Tabl¥®nchip Memory Area

Maximum )
Memory ) Function
capacity
Main memory
256 KB Store user programs and data.
area
SRAM 32 KB CPU can access at 0 waiting cycle (read/write).
System memory 8KB Store BootLoader, 96-hit unique device ID, and main memory area capacity
area information
Option byte 16Bytes Configure main memory area read-write protection and MCU working mode

4.5 Cl ock

Cl ock

www. geehy.

tree

com

of APM32F091xBxC is shown in the
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Fi g6ARM32F091xBxC Clock Tree

SY“J]i
_HSICLK
LSECLK
HSICLK8
»| SPI/12S1
HSICLK3 HSICLKE SPR/12%2
48MHz HSICLK _
> HSICLK JIAHBcore/ mem
"] ory/ DMA
PLLD [PLLMUL pLicLk Ny
s R R [ e S oo i
6 ilo16
b= PeLK, " APE |
0[O "|_peripherals
/16
TM®R 2/ 3/
osgout[g: H(S)E%Lk HSECL L2 6/7/14/ 15
/16/17
OSaN 4-32MHZ HSECLK
—
132
= SyYscL
LSECLK —=T=ov USARIT
HSICLK [/ USAR
__LSICL | USARS
__LSECLK
HSICLK4
s HSICLE4 |
14MHz
»| ADC asynchronoys LSECLK
signal input ] CEC
0SB2 OU LSECLK HSICLIC
LSECL
osc ——ESECLK
0S62 IN 32. 768Hz
Flash Programming
LSICLK LSICLK HSICLK interface
40kHz
LSICLK -
/1,/2—PLLCLK
SYSCLK
————HSECLK
CLKoutput ——————HSICLK
"< A /11,12
mCg I« i 7124 —————HSICLK4
——————HSICLH48
LSICLK
LSECLK
> TMR4

451 Cl ock source

Clock source i sspded deeldo eskp eswrddh clgpdbw k accor di ng t
hi glpeed cl ock includes HSI CLKA48, HSI| CL Klpde,e dHS I C
clock includes LSECLsKouancde L $I CGlLiKv;i dceldociknt o i nt e
clock according to the chip inside/outside; t he
HSI CLK and LSI CLK, and the external clock incl
HSI CLK48, HSI CLKhA4eacdl HBr@LKd by the factory.

452 System cl ock

HSI CL K, HSI CLK48, PLLCLK and HSECLK can be sel e
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of PLLCLK can be one of HSI CLK, HSI CLK48 and HS
obtained by configluiremgf ®&cttoc| acdé& mMuéquency di vi

When the product is reset and started, HSICLK
then the user can choose one of the above clock
HSECLK failudg ibe deyetcem will automatically s\
interrupt is enabled, the software can receive
453 Bus c¢cl ock
AHB, APB1 and ABP2 are built in. The c¢cl ock sour ¢
APB1 and APBRLHK;s tAlHB required clock frequency ca
frequency division factor.
454 CRS
Clock Recovery System (CRS) is an embedded mod
internal oscillator. The automamnhichironl zbtaobonomn
Calibration can be completed faster at startup
46 Reset and power management
46.1 Power supply scheme
TablZower Supply Scheme
Vol t agd .
Name I nstruction
range

Voo Mpi o1 2. 0~3.

I/ Os (see pin distribution diagram for

power ed tobpiorugh V

Vboi 02 1. 856\ |/ Os (see pin distribution diagr aomgef o
Thepp¥upploiveesr pt o the ADC, reset modul e
Vbpa Voo~-3. 6|lvol tage doawelt @fl ways be greater thanopm®

which should be given prio

VAT 1. 85 6V

Wh e nppiVs powered off, RTC, edtleaocklp 32&

suppliedsafirough V

4.6.2

Vol tage regul ator

Tabl3®egul ator Operating Mode

Name Instruction
Master mode (MR) Used in run mode
Low-power mode (LPR) Used in stop mode

Power-down mode circuit is powered down, the power consumption of the voltage regulator is zero, and all

Used in standby mode, when the voltage regulator has high impedance output, the core

data of registers and SRAM will be lost.

Note: The voltage regul ator sies ,alawayouit puwer kvi h p-ddivagthe i spE

mode.
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463 Power supply voltage monitor

Powem reset (POBRpwandepetwe( PDR) <circuits are in
These two circuits are always dowworcksetyi ¢ omaint i
that the power supply voltage is bkbo:weg thaem ile
external reset circuit is used, the system wil!/

The product-i mapr agrbaummabl e voltage regwVandr (F
compare pytt hwietshh oV épi sWhoeunt sMv@ieh rtehsehoM d range and
is enabled, the MCU can be set to a safe state

47 Lowower mode

APM32F091xBxC suppomwts modae, | sdmep mode, stor
standby mode, and there aruep dtiifniee raamd swsaléeen a Mo Wg
these three mpadwesr mbhee | ©avn be selected accordi
requirements.

Tablldeowoavr Mode
Mode Instruction

Sleep mode The core stops working, all peripherals are working, and it can be woken up through interrupts/events

Under the condition that SRAM and register data are not lost, the stop mode can achieve the lowest
power consumption;

The clock of the internal 1.5V power supply module will stop, HSECLK crystal resonator, HSICLK and
PLL will be prohibited, and the voltage regulator can be configured in normal mode or low power
Stop mode
mode;

Any external interrupt line can wake up MCU, and the external interrupt lines include one of the 16
external interrupt lines, PVD output, RTC, 12C1, USART1, USART2, USART3, analog comparator

and CEC.

The power consumption in this mode is the lowest;

Internal voltage regulator is turned off, all 1.5V power supply modules are powered off, HSECLK
crystal resonator, HSICLK and PLL clocks are turned off, SRAM and register data disappear, RTC
Standby mode ] ) o
area and backup register contents remain, and standby circuit still works;

The external reset signal on NRST, IWDT reset, rising edge on WKUP pin or RTC event will wake

MCU out of standby mode.

48 DMA

2 b-unl DMASs; DMA1l supports 7 channels and DMA2
supports multiple DMA requests, bnutteronlhye oDiMA TN/
at the same time. The peripherals suppo2rC,i nagn dD M
TMRx. Four |l evels of DMA channel priorityYcan be
Me mor vy, MePweorriyp her al Y Meanoirpyh'ercaadn be supported (
FIl ash and SRAM).
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49 GPI O
GP1 O can be configuredoaspgéenemal tippex] ngehenat
and output. The gener al i nput camp bepwadd@ngurpad
i nput ; the gener al out pupulclano ibtep uato radi indy wougt ebnu d s
mul tipl exicrmpn foenatsieadn f or digital peripherals; a
used for anal og ppeorwieprh emoad es; atnhde |eomealbp /emw@wind di s
resistor can be configured; the speed of 2mMHz, 1
the speed is, the greater the power and the noi
410 Communi cation peripherals
4101 USART
Up to 8-pagemesa&l synchronous/ asynchronous trans mi
chip, and the communication rate dan esudmraerst caal
provided by DMA controll er. The functions of
tabl e.
Tabl®SART Function Differences
USART mode/function USART1/2/3 USART4 USART5/6/7/8
Hardware flow control of modem a a -
Multi-buffer communication (DMA) a a a
Multi-processor communication a a a
Synchronous mode a a a
Half duplex (single-line mode) a a a
Smart card mode a - -
IrDASIR codec module a - -
LIN mode a - -
Dual clock domain and wake-up from stop mode a - -
Receiver timeout interrupt a - -
Modbus communication a - -
Automatic baud rate detection a - -
Drive enable a a a
Not& :support.
4102 | 2C
| 2C1/ 2 can work in master mode-biatn dalmsidtaV&@&d dmroedses, i
modes. l12C1/ 2 supports standard mode (up to 10
addi tion, HNCIPrhags amumaldtl di gnabhbgnanse filters,
www. geehy. com Pag®9



fast mode (up to 1 Mbit/s).

I n addition, | 2C1 al so provides hardware suppor
master notification protocol, hardwar e cGRU(oPMEC)
and alarm protocol management .

| 2C supports DMA function.
4103 SPI1 /1 25S

2 b-unl SPI s, support full dupl ex and half dupl ex
mod e, can use DMA controller, and can configure
rate of wup to 18Mbit/ s.

2 bunlt2s (multiplexed with SPI), support half
sl ave mode, support synchronous tr arbd mipsi sRidoann,d a
32bit data tr-ansf-birt ¥Peball66The configurable ran
rate is 8kHz~48kHz; when one or two 12S interfa
master c¢clock can be output to external DAC or

frequency.
4,104 CAN

A bauinl CANfoecming to CAN2.0A and CAN2.0B (active
supporting 1Mbit/s, sending and receiving -frame
bit identifier andbektieddptdi frameg awpdhalBPedaBRAL
for sending and receiving dat a.

411 Anal og peripherals

4.11.1 ADC
1 b-uhl ADC -withad@Quracy, up to 16 external channe
ADC. The internal channels measure the temperat
VeatVol tage respectively. It can be configured
programmabl e, afchliitbradp port Thel fstartup mode su
hardware trigger. The conversion mnaude CONMPROIIISE DN
i ntermittent conversion, and t he conversion c

conversion and scanning conversion of a certai.
watchdog and DMA.

411.1.1Temperature sensor

A temperaturweilstenismr wiksi dh i s internally connec

voltage generated by the sensor changes | inear/|

value can be obtained by ADC and converted into
411121 nt er nal reference voltage

Buiilmtef erencegrevinktiangeerVial |l y connected to ADC_I N

obtained t hrexumrho AWIDLCes Vst abl e voltage output for
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411.13VsatMoONni t or

4.11.2

4.11.3

411.4

W WwWWw.

The 4 wmiaMioni t or i s i nter ndailvliyd ecro nbngei@dtgeed, e tabnadd B o
ADC_I N18 channel, and can be obtained through A
DAC

Two B uwi-Blit2t DACs, and each corresponding to an ou
i n-bBt a-hdt 1&thodes, and the DMA function is sup,]
supporitsse nnoave and triangle wave. The conversi

simultaneous conversion and the trigger mode surg
update trigger.

Comparator

Two bBuwi Iftats# airlai tompar at orer,natlher eifnetreernncael /wexltt a
speed and support are programmabl e, and the ou
reference voltage can be selected from external
( Neeint and 1/ 4 fort He 2i mrerB3dal oreference voltage,
and support MCU entering sleep and stop modes b

Touch sensing controller

Buitilnt touch sensing controller can detect the ch
touch keys. When a finger touches a key, capaci
capacitance change, so as tcoatjohdigneg wkheeyt.h eTrh et hteoru
compatible with slider, touch key, |l inear and r
Up t o 32s u@PploQst capacitance sensor function, w |
practical application, each sampling capacitor
sensor channels are supported. See the table be

Tabl@&pplicable Pin Distribution of Touch

Group |Capacitance SensdPin n
Gl TSC_G1_1 01 PAO
G1l TSC_G1_102 PA1
G1 TSC_G1_1 03 PA2
Gl TSC_G1_1 O4 PA3

3
G2 TSC_G2_1 01 PA4
G2 TSC_G2 _1 02 PAS5
G2 TSC_G2_1 03 PAG6
G2 TSC_G2_1 04 PA7
3
G3 TSC_G3_1 01 PC5
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Group |Capacitance SensdPin n
G3 TSC_G3_1 02 PBO
G3 TSC_G3 _1 03 PB1
G3 TSC_G3 _ 1| 04 PB2
o)
G4 TSC_G4_101 PA9
G4 TSC_G4_1 02 PA1O0
G4 TSC_G4 _1 03 PA11
G4 TSC_G4 | 04 PA1l2
0
G5 TSC_G5 _1 01 PB3
G5 TSC_G5 | 02 PB4
G5 TSC_G4 | 03 PB6
G5 TSC_G4 | 04 PB 7
0
G6 TSC_G6_1 01 PB11
G6 TSC_G6_1 02 PB12
G6 TSC_G6_1 O3 PB13
G6 TSC_G6_1 04 PB14
d
G7 TSC_G7 _1 01 PE2
G7 TSC_G7_102 PE3
G7 TSC_G7_1 03 PEA4
G7 TSC_G7_1 04 PES
3
G8 TSC_Gs _| 01 PD12
G8 TSC_G8_1 02 PD13
G8 TSC_G8_1 O3 PD14
G8 TSC_G8 _| 04 PD15
Tabl®umber of Touch Sensor Channels Supported
Number of Channels for Each Gr
Group No.
APM32F091 APM32F091 APM32F091
Gl 3 3 3
G2 3 3 3
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Number of Channels for Each Gr
Group No.

APM32FO091 APM32F091 APM32F091

G3 3 3 2

G4 3 3 3

G5 3 3 3

G6 3 3 3

G7 3 0 0

G8 3 0 0

Tot al Number of Capaci 24 18 17
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412 Ti mer

A bainlbliet advanced ti mepur(pdRd )t,i fegeneTMdMR2/ 3/ 14/15/16/17), two basic ti
a window gwvattichmedr and a system tick ti mer.

Watchdog timer can be used to detect whether the program is running nor

The system tick timer is the peripheral of the core witha amnatscknaabtliec sryesl
interrupt, which-técare bepeusmdéed nfosyseéalm and general del ay.

Tabl&unction Compari son betpweaegm shedvBaarsc ecd /aGiedn eSryaslt em Ti ck Ti mer s

Timer type System tick timer Basic timer General-purpose timer Advanced timer
) ) i ™ | TMR | TMR | TMR | TMR1 | TMR
Timer name Sys Tick Timer TMR6 TMR7 TMR1
R2 3 14 15 6 17
Counter 32
) 24 bits 16 bits ] 16 bits 16 bits
resolution bits
Counter type Down Up Up, down, up/down Up, down, up/down
Any integer between 1 ) )
Prescaler factor - Any integer between 1 and 65536 Any integer between 1 and 65536
and 65536
General DMA Not
- OK OK OK OK OK OK
request OK
Capture/Compa
- - 4 1 2 1 1 4

rison channel

Complementary

- No No No Yes Yes Yes Yes
outputs
) ) ] ] Synchronization or event chaining function )
Function Special for real-time operating | Used to generate DAC ded It has complementary PWM output with dead
. . . provide . .
Instruction system trigger signals. band insertion

Timers in debug mode can be frozen.
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Timer type System tick timer Basic timer General-purpose timer Advanced timer
Automatic  reloading  function | Can be used as a 16-bit | Can be used to generate PWM output When configured as a 16-bit standard timer, it has
supported general-purpose Except TMR14, each timer has independent | the same function as the TMRXx timer.
When the counter is 0, it can | timebase counter. DMA request mechanism. When configured as a 16-bit PWM generator, it
generate a maskable system It can handle incremental encoder signals has full modulation capability (0~100%).
interrupt In debug mode, the timer can be frozen, and PWM
Can program the clock source output is disabled.
Synchronization or event chaining function
provided.
Tabl#ndependent Watchdog and Window Watchdog Ti me
Counter Counter Prescaler . o
Name ) Functional Description
resolution type factor
The clock is provided by an internally independent RC oscillator of 40KHz, which is independent of the master clock,
) so it can run in stop and standby modes.
Any integer .
Independent ) The whole system can be reset in case of problems.
12-bit Down between 1 T o o
watchdog 4256 It can provide timeout management for applications as a free-running timer.
an
It can be configured as a software or hardware startup watchdog through option bytes.
Timers in debug mode can be frozen.
Can be set for free running.
Window ) The whole system can be reset in case of problems.
7-bit Down - ) ) ) ) )
watchdog Driven by the master clock, it has early interrupt warning function;
Timers in debug mode can be frozen.
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RTC

A barinl RTC with LSECLK €£€3Z3nkNC320PWT) pi nhr e®S TAM
signal detection pins (RTC_TAMP1/ 2/ 3), one refe
out putsttaimp event output pin (RTC_TS), and one
configured as calibration signal out put or al ar
The external crystal oscillator, resonator or C

frequedzy7®8kHz can be selected as the clock sol

With calendar functseanqgnddg, csaec odn dssp,l ami nswtbe s, h
format), weeks, dates, months and year s. It su
alarm clockxsegmal hoe, and wake up from | ow p¢
receive signals to wake up from | ow power consurl
dayl ight saving ti me compensation, mont h ange
compensateoms bhHh precision, the error caused by
RTC digital <calibration function, and the accur

accurate second source clock (50 or 60HZz).

CRC

A CRC (cyclic redcwddaanoyn amdak) scadlui lt in, whicl
oper abtiet -p8i 1L 6 amidt 3Rat a.
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5 Electrical characteristics

51 Test conditions of el ectrical char ac
511 Maxi mum and minimum values

Unl ess otherwise specifiedhealpropguodsax@ls| Bhe &
maxi mum and mini mum values can support the worst
voltage and clock frequency.

Il n the notes at t he bottom of each tabl e, it
comprehenmsaivwuati on, design simulation or process
the production line; on the basis of comprehens
take the average value and add and sudrtag@e)tN3 hr
to get the maximum and mini mum values.

512 Typical wvalues

Unl ess otherwise specified, typd2d¥ | p¥dVoisr @ . 8Ve m
These data are only used for design guidance.

513 Typical curve

Unl ess otherwise spelcli fdreldy ke pused fcarr vikessiwgn ¢
tested.

514 Power supply scheme

FiguPewer Supply Scheme

' MCU
BAT LSECLK
—|_ — VBat Power RTE
— switch backup
register
y Input VSS:,—
DD 3' Voo Vboia | Schmitt
trigger | K=
. output Coret
10mH_10nH_10Mm ]— buffer Flash,
e Voltage SRAM
— regulator 1/ 0 Logic |
digital
\bpia Sln}?m'tt gh |
chmi eripherals
\boia trigger J bee
1000 4.7 F gu}_PUt
RCoscillator
analog
Vooa peripherals
Voo VSSA:'_“
10015[_[ o I]—F Vier | AD® DAC VREF e
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515 Load capacitance
Fig8bead conditions when measuring pin pa
:I MCU PIN
c=50p
Fi g@Pen I nput Voltage Measurement Scheme
MCU PIN
FigdPeower Consumption Measurement Scheme
—V|D—D I oo MCU
(») mERS
—— | Voo
poia Vss
IDDA
@ | Vboa
Vssq_—1
VDDA |DD_VBAT
@ L Vear
_=
52 Test under gener al operating condi ti
Tdhl20General Operating Conditions
Minimum Maximum
Symbol Parameter Conditions Unit
value value
freik Internal AHB clock frequency - - 48 MH
4
frcLk Internal APB clock frequency - - 48
VoD Main power supply voltage - 2 3.6 \%
Vbpio2 10 supply voltage Only Vop exists to 1.65 3.6 \%
www. geehy. com Paga8



Minimum Maximum
Symbol Parameter Conditions Unit
value value
supply power
Analog power supply voltage
. . VoD 3.6
v (When neither ADC nor DAC is used) Must be the same v
DDA
Analog power supply voltage as Vop 04 36
(When ADC and DAC are used) ' '
VBaT Power supply voltage of backup domain - 1.65 3.6 \%
Ambient temperature (temperature Maximum power
o -40 85 N
T number 6) dissipation
A
Ambient temperature (temperature Maximum power
o -40 105 N
number 7) dissipation
53 Absolute maxi mum ratings
If the |l oad on the device exceeds the absol
damage to the device. Her e, obndryn et hies ngaixviemmu,m a nod
no guarantee that the device functions nor mal
531 Maxi mum temperature characteristics
Tab2Hemperature Characteristics
Symbol Description Numerical Value Unit
Tste Storage temperature range -55 ~ +150 N
Ty Maximum junction temperature 150 N
532 Maxi mum rated voltage characteristics
Al powerppsobMppland( Yesouwdhd pivhs must al ways
power supply within the external i mited
Tab2axi mum Rated Voltage Character.i
Minimum Maximum
Symbol Description Unit
value value
Voo - Vss External main power supply voltage -0.3 4.0
Vopa-Vssa External analog power supply voltage -0.3 4.0
VeaT-Vss Power supply voltage of external backup domain -0.3 4.0 v
Vop-Vbpa Voltage difference allowed by Vboo>Vopa - 0.3
v Input voltage on FT pins Vss-0.3 5.5
IN
Input voltage on other pins Vss-0.3 Vop + 0.3
| spM Voltage difference between different power supply pins - 50 v
m
| Vssx-Vss | Voltage difference between different grounding pins - 50
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533 Maxi mum Rate@mharacteristics
Tab2®axi mum Rated Current Characteristi
Ma x i mu
Symbol Description Uni t
val ue
U Ivoo Total current into sum of all Vpp power lines (source)® 120
U lvss Total current out of sum of all Vss ground lines (sink)® 120
Ioo PN Maximum current into each Vop power pin (source)® 100
Iss PIN- Maximum current out of each Vss ground pin (sink)® 100
Out putntcusrunek by any |/ O angd 25
lio PN
OQut put current source by any -25
Total output current sunk B% sy 80 mA
Ulio piv Total output current sourced®by -80
Tot aoutput current sourced dpyozs 40
I njected currehft pinndB, 5T| -5+0%
Hinageiny @ Injected STUBRM@nRSDnpin 45
I njected STuDgriéAinst on 15
U Iinapiny Total injectedldudry©Ontand® wcmnd 25
T Al'l mai npppoesheran(dVv ggsoudd pivhs must al ways be conr
external power supply, in the permitted range.
e This current consumption must be correctTheg di st
tot al out put current must not be sunk/sourced b
referring tolQFiPgpapkagesunt
T3 A positive injeceio®mhiis ei mduceegdathyw eV i nfecti on i
Vss inl(muyst enebe exceeded.
T4 Positive injection is not possible on these |/ O
than the specified maxi mum value.
5 On these |/ Os, a positiweVvVai MNjegattiioore iisnjiercdu werd dl
anal og pewofotmandevi ce.
"6 When several inputs are submitt egtinstéos) at hceur r ent |
absolute sum of the positive and negative injec!
534 ESD characteristics
Tab24SD Characteristics
) ) Ma x i mu )
Symbol Parameter Condi tig Uni t
val ue
El ectrostatilc adgies o hhaurng
VEsD( HBM) Ta= + N5 6000
model ) v
El ectrostatic discharg
VEsD( cDM) Ta= + N5 2000
model )
Note: The sampl es arpearnteya stuersetdi rogy ocar ggahniirzdat i on and are not t e
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535 St aticud atch

Tab2%taticeupLatch

Symbol Parameter Conditions Type
LU Class of static latch-up Ta=+25N /105N Class II-A
Note: The sampl es arpearnteya stuersetdi rogy ocar gahniirzdat i on and are not t e
54 Onchip memory
541 Fl ash charsacteristic
Tab2@&!| ash Memory Characteristics
. Minimum | Typical Maximum )
Symbol Parameter Conditions Unit
value values value
t 16-bit ing ti Ta= 40=105N 48
-bit programming time - - €s
o prog ¢ Vop=2.4-3.6V
_ Ta= -40~105N
terASE Page (2KBytes) erase time - 3 - ms
Vpop=2.4~3.6V
_ Ta = 25N
tme Whole erase time - 12 - ms
Vpp=3.3V
Vprog Programming voltage Ta =-40~105N 2 - 3.6 \%
Not e: I't is obtained from a comprehensive evalwuation and i s
55 Cl ock
551 Characteristics of external <c¢clock source
Hi goipeed external <c¢clock generated by crystal resonat
For detailed parameters (frequency, package, pr
consult the corresponding manufacturer.
Tab2 21SECLK4~32MHz Oscilbator Characteri s
. Minimum Typical Maximum )
Symbol Parameter Conditions Unit
value values value
Oscillator
fosc_in - 4 8 32 MHz
frequency
Feedback
R ) - - 300 - k q
resistance
HSECLK current Vpp=3.3V,
IDD(HSECLK) . - 0.29 - mA
consumption CL.=10pF@8MHz
tSU(HSECLK) Startup time Voo is stable - 2 - ms
Not e: I't is obtained from a comprehensive evalwuation and i s
Lowpeed external c¢clock generated by crystal resonat

For det ai |
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consult the corresponding manufacturer.
Tab2& SECLK Oscill atorseced82r aé6t8&KHiz9gti cs (f
o Minimum Typical Maximum )
Symbol Parameter Conditions Unit
value values value
Oscillator
fosF_IN - - 32.768 - KHz
frequency
tsu(LSECLK)(1) Startup time Vbbiox is stable - 2 - S
LSECLK current
IDD(LSECLK) . - - 0.9 - e A
consumption
Not e: I is obtained from a comprehensive evalwuation and i s
1" tsugsecriks the startup time, which is measured from the ti me
whemnadle oscillation at 32.768KHz is obtained. This valu
may vary greatly due to different crystal manufacturers.
552 Characteristics of internal clock source
Hi gh speed internal (HSI CLK) RC oscillator
Tab2®SI CLK Oscillator Characteristics
Minimu ) Maxim
o Typical )
Symbol Parameter Conditions m um Unit
values
value value
fHsicLk Frequency - - 8 - MHz
Vo=3.3V" Ta=25N (1) -1 - 1 %
Accuracy of HSICLK Factory
AccHsicLk ) i ) Vp=2-3.6V Ta=-
oscillator calibration -3 - 3 %
40~105N
Startup time of
tsuHsIcLK) ) VDD=3.3V' TA=-40~105N 1 - 5 €s
HSICLK oscillator
Power consumption
IDDA(HSICLK) ) - - 80 100 €A
of HSICLK oscillator
Not e: I't is obtained from a compreliendiome evaluation and i s
Tab3 @SI CLK14 Oscillator Characteristi
Symbol Parameter Conditions Minimum | Typical | Maximum Unit
value values value
fusicLk1a Frequency - - 14 - MHz
Vpp=3.3V'
-1 - 1 %
Accuracy of HSICLK14 Factory Ta=25N @
AcchsicLkia . . .
oscillator calibration | Vpp=2-3.6V
-3 - 3 %
Ta=-40~105N
Startup time of HSICLK14 Vpp=3.3V
tsu(HsIcLK14) ) 1 - 2 €S
oscillator Ta=-40~105N
Power consumption of
IDDA(HSICLK14) ] - - 100 150 e A
HSICLK14 oscillator
Pag 42
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Not e: (1) Except f oorn,c eltihberratdiacdma iamr ep roobdtuacitnied from a compr eh
in production.

Tab3 #SI CLK48 Oscill

ator Characteristic:
. Mini Typical | Maxi .
Symbol Parameter Conditions nimum ypica aximum Unit
value values value
fHsicLkas Frequency - - 48 - MHz
Vop=3.3V
-3 - 3 %
Accuracy of HSICLK48 Factory Ta=25N @D
Acc(HsIcLK4s) . . .
oscillator calibration Vpp=2-3.6V
-5 - 5 %
Ta=-40~105N
Startup time of HSICLK48 Vbp=3.3V'
tsu(HsICLK48) . - - 6.2 €S
oscillator Ta=-40~105N
Power consumption of
IDDA(HSICLKA48) . - - 312 330 e A
HSICLKA48 oscillator
Note: (1) Except for calibration in production, other data a
in production.

Low speed internal (LSICLK) RC oscillator

Tab32S| CLK Osci ||l

ator Characteristics
Minim | Typica | Maxim
Symbol Parameter um I um Unit
value | values | value
fLsicLk Frequency (Vob =2-3.6V, Ta =-40~105N ) 40.12 40 46.10 KHz
tsu(LsicLK) LSICLK oscillator startup time, (Vop=3.3V, Ta=-40~105N ) - - 79.2 €S
Iop(LsicLk) Power consumption of LSICLK oscillator - 0.5 - e A
Not e: I't is obtained from a comprehensive evalwuation and i s
553 PLL Characteristics
Tab3®LL Characteristics
Numerical Value
Symbol Parameter Minimum | Typical | Maximum | Unit
value values value
PLL input clock 1 8.0 24 MHz
feLL N
PLL input clock duty cycle 40 - 60 %
o our PLL frequency doubling output clock, (Vbp=3.3V, Ta=- 16 ) 48 MHz
40~105N )
tLock PLL phase locking time - - 200 €S
Not e: litneids forbothra a comprehensive evaluation and is not testec
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56 Reset and power management
561 Test of Embedded Reset and Power Control
Tab34&mbedded Reset and Power Control Bl ock
o Minimum Typical Maximum )
Symbol Parameter Conditions Unit
value values value
VPOR/PDR
reset threshold Rising edge 1.92 1.95 1.98 v
VPDRhyst PDR hysteresis - 20.00 30.00 40.00 mV
TrsTTEMPO Reset duration 1.10 1.29 1.52 ms
Note: It is obtained from a comprehensive evaluation and is
Tab3®rogrammabl e Power Supply Voltage Detect
o Minimum Typical Maximum )
Symbol Parameter Conditions Unit
value values value
PLS[2:0]=000 (rising edge) 2.18 2.20 2.22 Vv
PLS[2:0]=000 (falling edge) 2.08 2.09 211 V
PLS[2:0]=001 (rising edge) 2.29 2.30 2.32 \%
PLS[2:0]=001 (falling edge) 2.18 2.19 2.21 \Y
PLS[2:0]=010 (rising edge) 2.39 2.40 2.42 \Y
PLS[2:0]=010 (falling edge) 2.28 2.29 231 \Y,
Programmable PLS[2:0]=011 (rising edge) 2.48 2.49 2.52 \Y
power supply | o) 515-01=011 (falling edge) 2.38 2.39 2.41 Vv
VpvD voltage detector
voltage level PLS[2:0]=100 (rising edge) 2.58 2.60 2.62 \%
selection PLS[2:0]=100 (falling edge) 2.47 2.48 251 Vv
PLS[2:0]=101 (rising edge) 2.68 2.69 2.72 \Y,
PLS[2:0]=101 (falling edge) 2.57 2.59 2.61 \Y
PLS[2:0]=110 (rising edge) 2.78 2.79 2.82 \%
PLS[2:0]=110 (falling edge) 2.67 2.68 271 \%
PLS[2:0]=111 (rising edge) 2.87 2.88 291 \%
PLS[2:0]=111 (falling edge) 2.77 2.78 2.81 \%
VPvDhyst PVD hysteresis - - 107.08 - mV
Not e: I't i s obtained from a comprehensive evalwuation and i s
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57 Power consumpti on

571 Power consumption test environment
" 17 The values are measured by executing Coremark, with the Keil.V5 compilation environment
and the L3 compilation optimization level.
~ 27 Al /O pins are configured as analog inputs and are connected to a static level of Vpp or
Vss (non-loaded)
" 3 Unless otherwise specified, all peripherals are turned off
" 47 The relationship between Flash waiting cycle setting and fucik :
0~24MHz: 0 waiting cycle
24~48MHz: 1 waiting cycle
" 57 The instruction prefetch function is enabled (Note: it must be set before clock setting and
bus frequency division)
" 6~  When the peripherals are enabled: fecik =fucLk

572 Power consumption in run mode
Tab3@ower Consumption in Run Mode when the
Typical(lvyg Maxi mum G1a|
Par ame Condi tions fhcLk | TaA=2M" Voo=3. 3| TaA=1 N5 Vo=3. 6
Ippk A) | Iopd mA loprep) Ipd MA)
48MH| 103. 14.5 116.0 15.1
32MH| 71. 8 10.0 83.44 10.5
HSECLK by2’daesabl i .
; 24MH| 58.0 7.93 69.0 8. 414
peripherals
8 MH z 2.17 3.17 7.35 3.614
1 MHz 2.17 1.94 7.17 2.78
48MHl 1@.0 8.99 116. 0 9.30
32MH| 71. 8 6. 23 83. 41 6. 58
HSECLK by?passernin
) 24MH| 58.0 5.07 69. 01 5.56
peripherals
8 MH z 2.17 2.25 7.28 2.65
Run mo
1 MHz 2.17 1.82 7.23 2.68
Power
HSI CLK48, enablin|48MH| 312.] 14.3 320.9 15.0
consum
HSI CLK48, turning|48MH| 312. 2 8.82] 320. 9 9.21
48 MH| 165. 3 14.5 182. 7 14.7
32MH| 134. 9.97| 150.3 10.2
HSI CL?2R enabling a
24MH| 120. 4§ 7.87] 135.7 8.13
8MHzl 64.9 3.12 76. 5( 3.36
48MH| 165. 4 8.89| 18.268 9.01
32MH| 134. ] 6.18 150. 1 6. 44
HSI CL® turning off
24MH| 120. 4§ 5.00f 135. 7 5.25
8MHzl 64.9 2.16 76. 34 2.44
Not e: (1) I't is obtained from a comprehensive evaluation
(2) The external cl ecak8 M8z 8 MPlled. n amm h evhwins ¢, turn off

www. geehy. com Pag 45

Prog

and

PLL.



Tab3 ®ower Consumption in Run Mode when the Procg
Typical(lyg Maxi mum Gia|
Par ame Condi tions fucLk | Ta= 28" Vo= 3. 3| TaA=1 N5 Vor=3. 6
IpD @) Ibo( ma Ipprep) Ibo( mA)
48 MH| 103. 12.3 12.51 12.8
32 MH 71.9 8.52 8. 77 8. 74
HSECLK b&y?daesabl i
) 24MH| 58.0 6.62 6. 75 6.91
peripherals
8 MH z 2.17 2.70 2.89 2.93
1 MHz 2.17 0.98 1.14 1.18
48MH|l 102. 4 6. 75 7.07 6.97
32 MH 71. 3 4. 79 5.08 4. 98
HSECLK bly?p asnagr noif f
24 MH 57. 3 3.72 3.99 4. 01
peripherals
8 MH z 2.33 1.77 1.99 1.96
Run mo
1 MHz 2.33 086 1.07 1.07
Power
HSI CLK48, enablin|{48MH| 312.4 12. 2 320. 9 12.6
consumj
HSI CLK48, ffumahingq 48MH| 312. 6.65 320. 9 7.01
48MH| 165.3 12.3 12.83 12. 8
32MH| 134. 1 8. 57 8.93 8.90
HSI CLZ enabling a
24MH| 120. § 6. 66 6. 96 6. 84
8 MH z 64.9 2. 77 3.00 3.04
4 8Hz| 164. ¢ 6. 74 7.05 7.03
32MH| 134. 3 4. 81 5.05 4. 99
HSI CL?R turning off
24MH| 120. 4§ 3.76 4. 03 4. 05
8 MH z 64. 3 1.84 2.02 2.01
Note: (1) 1t is obtained from a comprehensive evaluation and
(2) The external cl ook ®H5, 8tMHzn amdPWwWbenofherwise, turn off
573 Power consumption i sl eep mode
Tab3ld8ower Consumption in Sleep Mode when the Prog
Typical va Maximum (ad]|
Par ame Condi tions focLk | TaA= 28" Vo=3. 3| TaA=1 N5 Vo3 . 6
Ippk &) | Iod mA Ibpk A) Ip MA)
48 MH|l 103. 1] 9.31 116. 1 9.7
32 MH 71.9 6.52 83. 3] 6. 96
HSECLK b?daesabl i
) 24 MH 58.0 5.009 69. 03 5.59
peripherals
8 MH z 2.17 2.25 7.23 2.65
Sl eep 1 MHz 2.17 1.82 7.22 1.12
Power 48 MH| 103. ] 2.39 115. 9 2.79
consumj 32 MH 71. 8 1.90 83. 1] 2.33
HSECLK by?dassrnin
] 24 MH 57.9 1.65 68. 9] 2.09
peripherals
8 MH z 2.17 1.10 7.13 1.53
1 MHz 2.16 0.72 7.12 0.97
HSI CLK48, enafthleirm| 48MH| 312.13 13.7 320. 7 9. 49
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Typical va Maxi mum G|

Par ame Condi tions fucLk | Ta= 28" Vo= 3. 3] TaA=1 N5 Vo=3. 6

Ibpgk &) | Iod mMA Ibpk A) Ipf MmA)

HSI CLK48, turning|48MH| 312.3 2.26| 320.6 2.56

48 MH| 165. 9. 25 182. 7 9.59

Hs1 cLr enabling a 32MH| 134. 1 6. 47 150. 1 6. 77

24MH| 120. f§ 5.083 135. 5 5. 383

8 MH z 6 49.8 2.21 75. 3] 2.48

48 MH| 165. 3 2.29 182. 5 2.56

Hs1 cLer turning off32MH 134. 3 1.80 150. 0 2.08

24MH| 120. 1§ 1.55 135. 3 1.82

8 MH z 64.9 1.02 75 . 6§ 1.29

Not e:

(1) It is obtained from a ctompersetheedn siinv ep reovdaul cutaitoinoon and i
(2) The external cl pook8 M8z ,8 MHer, n aonrd Rvlhle,n dt her wi se, turn
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574 Power consumption in stop mode and standby mode
Tabl3®ower Consumption in Stop Mode and Standby Mode
Typi callly atlToge Maxi mum (1ad b@E\s . 6
Par ame Condi tions Vor=2. 0V Vor=3. 3V Vob=3. 6V Ta=81% Ta= 1 N5 uni
Ibpa Ibp Ibpa Ibp Ibpa Ibp Ioppa Ibp Ippa Ibp
Regul ator in
Power g _ 2.5(22.13.0] 23.4| 3.25 23.9|4.8{79.(7.5/165.
consum oscillators
istop Regul at eprowenr |noo
mo d e v _ 2.5 8.5| 3.0 9.24 3.25 9.73 4.8/61.417.5/142.
DDA oscillators
Power Moni tor LSICLK and 1wl 2.7 1.7| 3.4 2.62 3.70 3.18 5.2 7.1 7.6| 14. 3
consum
in sta LSICLK and Iwd 2.3 1.4| 2.9 2.25 3.13 2.69 4.6/ 6.6 7.1 13. 4
mo d e
eA
Power Regul ator in | ]
_ 1.3|22. 1.5 23.6| 1.64 24.0/3.1|79.15.9| 165.
consum oslcliat ors OF
eter Regul at eprowenr |no 1.3 8.5| 1.5 9.35 1.63 9.77 3.1/61.¢5.8| 143
mode Vooa oscillators ' ' ' ' ' ' '
Power| Monitor LSICLK and I W[ 1.5 1.7| 1.9 2.75 2.06 3.32 3.5/ 7.2 6.0 14.4
consum
in sta LSICLK and IwQ 1.2 1.4 1.4( 23.0| 1.514 2.74 2.9/ 6.7| 5.4 13.4
mo d e
Not e: (1) I't is obtained from a comprehensive evaluation and s not tested in producti or
wWww. geehy. com P a g e8



575 Backup Domain Power Consumpti on

Tab4d@akup Domain Power Consumption

- Typical value ( 1 Ta=25N Maximum value ¢ 1 ¥gar=3.6V _
Symbol Conditions Unit
Vea1=1.8V | VBaT=2.4V | VBAT=3.3V | TA=25N | TA=85N | Ta=105N

The low-speed

Iop_veat | oscillator and RTC are 0.79 0.97 1.21 2.78 2.6 4.2 e A

in ON state
Note: (1) It is obtained from a comprehensive evaluation and
576 Peripheral power consumpti on

The HSECLK Bypass 1M is ad=mfcted as clock source

=1M.
Peripheral power consumption = cuaurerndntt htah ate ndi
the peripheral clock.
Tab4 ®Peripher al Power Consumption
Parameter Peripheral Typical value { 7 =230, Voo Unit
=3.3V
BusMatrix 1.12
CRC 0.70
DMA 2.25
FLASH 23.75
GPIOA 2.25
GPIOB 2.12
GPIOC 0.87
GPIOD 0.79
GPIOE 1.08
GPIOF 0.71
SRAM 0.25
Peripheral p.ower TSC 2.04 e A/ MH2
consumption ALL_AHB 41.04
APB_Bridge 1.00
ADC 3.00
CAN 6.62
DAC 2.46
DBGMCU 0.25
12C1 7.54
12C2 1.87
PMU 0.91
SPI1 491
SPI2 4.5
SYSCFG 1.08
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Parameter Peripheral Typical value { 7 =230, Voo Unit

=3.3V

TMR1 6.95

TMR2 7.17

TMR3 5.20

TMR6 141

TMR7 1.33

TMR14 2.70

TMR15 4.20

TMR16 3.20

TMR17 3.58

USART1 9.08

USART2 9.10

USART3 9.04

USART4 3.2

USARTS 3.08

USART6 2.83

USART7 3.00

USARTS8 2.95

USBD 48.58

WWDT 0.83
ALL_APB 114.62

Not e: It is obtained from a comprehensive evaluation and i s
58 Wak-ep time in | ow power mode

The measuremampt tofmewakel ow power mode Esehtomot
the time when the user upcrtoigonam gerebawhsi cchhevV f i r st

Tab42Vake Up Ti-mewen Mowe
Typical value (Ta=25N ) | Maximum

Symbol Parameter Conditions Unit
2V 3.3V 3.6V value
Wake-up from
twusLEEP - 0.15 0.15 0.15 0.17
sleep mode
The voltage regulator is in
3..45 3.09 3.02 3.89
Wake up from stop run mode
twusTop — €S
mode The voltage regulator is in
8.15 5.43 5.14 9.72

low power mode

Wake up from
twusToBY - 46.65 37.15 35.93 53.80
standby mode

Note: (1) 1t is obtained from a comprehensive evaluation and
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59 Pin characteristics
591 1/ O pin characteristics
Tab4B®BC Char actae-4 0sltONNc =2 F3. 6V)
Sy mb Par ame Conditio Mi ni mum v|Typi cal Ma x i mum Uni
STD and ST - - 0. 83Mdx0. O
Low | e 5T and 5T - - 0. 405 %0 . 2
Vi L ) - v
input VIJ pins exc
) - - O.BEMOX
pin
STD and ST/ 0. 445 ¥w0. 3 - -
Hi gh | 5T and 5T 0 .vbpidx0. 2 - -
Vi H ) \Y,
I nput V1 /O pins e
) 0. BoM ox - -
pin
Schmi{ STD and ST - 300 -
Vhy s tri mV
Y 99 5T and 5T - 300 -
hyster
STD, 5T a
I / OTTa 1in
- - +0. 1
| mod e,
nput
P VSBVIWYDDI ¢
I 1k | eakag eA
STDA in di
curre . R - - 1
Vob1 bxVi M Vbba
5T and 5T
o o - - 10
Vopo1 bkVi W5 V
We a k -ppl
RPU equi va Virg ¥s 22 42 46 kq
resi st
Weak -p
down
RPD _ Vi & ¥pI ox 22 42 46 kq
equi va
resi st
Not e: Inred sf rodrhad comprehensive evaluation and is not
Tab4484C CharacterNstics (TA =25
o Minimum | Maximum )
OSSELy[1:0] Symbol Parameter Conditions Unit
value value
fmax(i0)out Maximum frequency - 2 MHz
Output fall time from high to _
tigopout CL=50pF, - 18.16
X0(2MHz) low level
Vppiox=2~3.6V ns
Output rise time from low to
tr(IO)out . - 16.66
high level
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o Minimum | Maximum )
OSSELy[1:0] Symbol Parameter Conditions Unit
value value
fmax(o)yout Maximum frequency - 10 MHz
Output fall time from high to _
tf(10)out P 9 CL=50pF, - 11.50
01(10MHz) low level
Vppiox=2~3.6V ns
Output rise time from low to
tr(IO)out . - 11.14
high level
fmax(o)yout Maximum frequency - 50 MHz
Output fall time from high to _
tigo)out CL=30pF, - 3.58
10(50MHz) low level
Vpp=2.7~3.6V ns
Output rise time from low to
tr(IO)out X - 8.06
high level
fmax(o)out Maximum frequency - 2 MHz
FM+ _ CL=50pF
] ) trgo)out Output fall time - 11
configuration VobioxO 2 V ns
traoyout Output rise time - 33
fmax(o)out Maximum frequency - 0.5 MHz
FM+ . CL=50pF
) . tigo)out Output fall time - 14
configuration Vobiox<2V ns
traoyout Output rise time - 43
Figade O AC Characteristics Definit

The external
output load
is 50pF

90%

10%

™ traoyour I truoyour

If (tr 4#f ) is less than or equal to

(2/3) Tandthe

Y

on

S

duty cycleis  (45-55%)
When the load is 50pF, it reaches the maximum
frequency
Not e: I't i s obtained from a comprehensive evalwuation and
Tab4®utput Drive CurrenM)Characteristics
. o Maximum .
Symbol Parameter Conditions Minimum value Unit
value
VoL I/O pin outputs low voltage [[IO]=8mA, - 0.4 v
VoH I/O pin outputs high voltage VopioxQ2 . 7V Vobiox-0.4 -
www. geehy. com PagB2



. o Maximum )
Symbol Parameter Conditions Minimum value Unit
value
VoL I/0 pin outputs low voltage [1O]=20mA, - 13
VoH 1/0O pin outputs high voltage Vopiox02 . 7V Vobiox-1.3 -

592 NRST pin characteristics

The NRST pin input drive adopts CMOS procueps, W
resi sgor R

Tab4d@&QRST Pin CharacteriectBc38M4t08-sINO5condi ti on

o Minimum | Typical Maximum )
Symbol Parameter Conditions Unit
value values value
VIiL(NRST) NRST low level input voltage - 1.44 1.75 1.8 \Y,
VIH(NRST) NRST high level input voltage - 0 1.37 1.38 \Y,
NRST Schmitt trigger voltage
Vhys(NRST) ) - - -0.38 - V
hysteresis
Weak pull-up equivalent
Reu . ViN = Vss 25 40 55 k q
resistance
Note: It is obtained from a comprehensive evaluation and is

510 Communi cation peripherals

5101 | 2C ippéhrer al characteristics

To achieve maxi mum frequengcykmafstl d@ ignm exatt amddrhd
To achieve maxi mum frequeenkmyusdbf be2¢reatéast hmod

Tab422C Interface( &SRBy a¢B8eBNV3tics

Standard 12C Fast 12C Ultra fast 12C
Symbol Parameter Minimum | Maximum | Minimum | Maximum | Minimum | Maximum | Unit
value value value value value value
tw(scrLL) | SCL clock low time 4.82 - 1.67 - 0.54 -
SCL clock high €s
tw( scLH) ) 5.09 - 0.80 - 0.45 -
time
tsu(spa) SDA setup time 4570 - 1432 - 311.11 -
th(spA) SDA data hold time - 3450 0 156.17 0 150.86
tr (spa)/ | SDA and SCL rise ns
) - 310.05 - 301.37 - 314.08
tr (sctL) time
tr ( spiA SDA and SCL fall
) - 3.05 - 3.61 - 5.19
tr (scL) time
Start condition hold
th(ay ) 5.00 - 0.69 - 0.35 - es
time
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Standard 12C Fast 12C Ultra fast 12C
Symbol Parameter Minimum | Maximum | Minimum | Maximum | Minimum | Maximum | Unit
value value value value value value
Repeated start
tsu(sTa) condition setup 5.19 - 0.91 - 0.56 -
time
Setup time of stop
tsu(sToO) - 4.91 - 1.78 - 0.66 -
condition
Time from stop
tw(sTo: sTA condition to start 6.46 - 6.31 - 5.80 -
condition (bus idle)
Not e: I't i s obteahiennesdi vfer oenv aal ucaotmiporn and i s not tested in prodtu
FigadBeus AC Waveform and Measurement Circ
VDD VDD
- -
= =
4.7Ka =4.7Ka=
SDA
| 2C Bus MCU
SCL
Repeated start condition
VA
Start condltlon | | t su(STA >|—:<
| */ | ; """ : ' Start condition
I
SDA !} | | >C | | N~
I ! [ - = e
t ""‘ Lrespp > Lsucsoa | Stop condit it su(sTosTA
f(STA ' ¢ p condition | |
"_’I h(STA | | || | h(SDA I A
tw(scw Lo e
. | I
s N/ NTOD N N
I I | I | !
I I I | :
twscLje—s tf(SC?—t—H »le tisay e tsysTo
Note: The measuring points are set at CMOS |l evels: O0.3VDD an
5102 SPI peripheral characteristics
Tdhl148 Pl Charactew s¥Bc8V|T
o Minimum | Maximum )
Symbol Parameter Conditions Unit
value value
fsck Master mode - 18
SPI clock frequency MHz
1/te(sck) Slave mode - 10
tr(sck) . . .
Sl clock rise and fall time Load capacitance: C = 30pF - 9.7 ns
tisck)
www. geehy. com Pagb4



o Minimum | Maximum ]
Symbol Parameter Conditions Unit
value value
tsuinss) NSS setup time Slave mode 106.89 - ns
th(nss) NSS hold time Slave mode 80.67 - ns
tw(sckH) ) ) Main mode, frcik = 36MHz,
SCK high and low time 54 57 ns
tw(sckL) Prescaler factor=4
tsu(mi) Master mode 17 -
Data input setup time ns
tsu(si) Slave mode 20.93 -
thom Master mode 32.86 -
Data input hold time ns
th(si) Slave mode 25.11 -
ta(so) Data output access time Slave mode, frcik = 20MHz 6.48 8.08 ns
tdis(so) Data output prohibition time Slave mode 14.28 - ns
tv(so) Effective time of data output Slave mode (after enable edge) - 11.89 ns
tv(mo) Effective time of data output Master mode (after enable edge) - 5.4 ns
th(so) Slave mode (after enable edge) 9.5 -
Data output hold time ns
th(mo) Master mode (after enable edge) 1.05 -
Note: It is obtained from a comprehensive evaluation and
FigaBsePl Ti mi ngSIDaawgrMonde and CPHA=0

NSSnput \

toscx

 Thiscry :
I

s |
|

-

e T I
| 'SUNS$ I I T
[ [ [
CPHMW |
CPOEO I ' I
[
[

CPHAOQ_1 twisc | I
CPOtlm 1/ N /
SCHnput ' -—- I

+
< this)

|
N | I
MISO  tusq i: o | o fhis9 | e GS(_SJE
Qutput 4 i i MSB OUT K BIT6~1 OUT i>< LSB OUT /'
tsus»—ﬂ—ﬁ—l | | ______
! :i MSB IN l>< BIT6~1IN >< LSBIN ¥
(! |
MOSIInput I i o
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Fi gadsePl Ti mi ngSIDaawgrMonde and CPHA=1

NSSinput \ 1
. - -—- {i
I I r torsa > 1
1 tsuss | : , : | It "
. NSy ' |
CPHA=L | I/ N | 1\ |
=0 (W) el | : : - : by |
CPHA=L 1 twsy : | | | _ | : | :
POL= |
L=1 I Y i ) Vi |
SXlnput T h | | i |
| ! | | | {r(SJ() |
I I e I T
| e e L UE ) PR
MISO | tasol ! : V(SO): _____ thso) | Lasso) :
Output ' ! il | |
—<:>< MSB out ! BIT6~1 OUT ! LBOUT
I I
I
- —— === |
I
| .
I
:<—tsu(5)—>! - thay ‘:
| __
><><>< | Msb in :>< BIT6~1IN >< LBIN ><><><><
I ! __
MOS Input

Note: The measuring points arde O®tV at CMOS |l evels: 0.3VDD an

Fi gaBsePl Ti mi ngMds tagnr akhod e

High
NSSinput | Lo |

" CPHA=OD I I '
CPOL=0 | | I — I
CPHA=0 —
[ cPOLET ——\ |/ | a N /
SXinput I | | I
[CPHA=1 I

GPOL=0
CPHA=L
| POLEL
SKinput I | tw<sa<H) ¢
tW(S:KL) | (S
tSJ(MI) tf(SD<)
' _ .
MISOinput W | MSBIN | :>< BIT6~1IN : >< LBIN ><XXX
= thoay | > |
I ]
i - _
MOS >< MSB OUT BT6~LOUT | LB OUT ><
output | -
tymo), tl
h(MO)

Note: The measuring pointsppamre etV at CMOS | evels: 0.3V

511 Anal og peripherals

5.11.1 ADC

Test parameter description:
Sampling rate: ntvee shnwmberf @afmadog quantity t
per second

5
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Sample rate=ADC clock/ (number of sampling p:
periods)

511111 2bi t ADC characteristics

Tab4d 2bit ADC Characteristics
Minimum Typical Maximum

Symbol Parameter Conditions Unit
value values value
VDDA Power supply voltage - 2.4 - 3.6 \%
ADC pwoer Vopa=3.3V'  fapc=14MHZ
Iopa . . . - 1 - mA
consumption Sampling time=1.5 fADCs
fabc ADC frequency - 0.6 - 14 MHz

Internal sampling and
Cabc ) ) - - 8 - pF
holding capacitance

Rabc Sampling resistor - - - 1000 o]
ts Sampline Time fanc=14MHz 0.107 - 17.1 s
Sampling and fabc=14MHz, 12-bit
Tconv . . _ 1 - 18 €S
conversion time conversion

Tabd@20it ADC Accuracy

. Typical | Maximum .
Symbol Parameter Conditions Unit
values value
|ET| Composite error - 3.8
frcLk=48MHz,
|EO| Offset error - 2.7
fabc=12MHz,
|EG]| Gain error - 1.9 LSB
Vbba=2.4V-3.6V
|ED| Differential linear error - 1
Ta=-40N ~105N
|EL| Integral linear error - 3.4
Note: &atnéed Dbom a comprehensive evaluation and is not teste

511.12Test o4 nBReftrence Voltage Characteristics

Tab3®EEmbedded Reference Voltage Characteri

Minimum | Typical | Maximum

Symbol Parameter Conditions Unit
value values value
40N <Ta<
VREFINT Built-in Reference Voltage +105N 1.19 1.23 1.27 V
Vop= 2-3.6V
tsTART ADC_IN17 buffer startup time - - - 10 €S
Sampling time of ADC when
Ts_vrefint reading out internal reference - 4 - - €S
voltage

. Built-in reference voltage
YVREFINT Voba=3.3V - - 25 mV
extends to temperature range

Not e: I't i s obtained from a comprehensive evalwuation and i s
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5.11.2 DAC
Test parameter description:
, DNL diffedeémeiaal emnomwor the devi ad o des bied wee
1 LSB
., I'NL intdgrnelarncecmrror the difference between
and the value at code i on the connection
Tab3®AC Characteristics
o Minimum | Typical | Maximum )
Symbol Parameter Conditions Unit
value values value
Analog power
Voba - 2.4 - 3.6 \
supply voltage
o Load is connected to Vssa with
RLoap Resistive load 5 - - k q
buffer on
The resistive load between
RO Output impedance | DAC_OUT and VSS - - 15 k q
buffer off
N Maximum capacitive load at
CLoap Capacitive load S - - 50 pF
DAC_OUT pin with buffer on
DAC_OuT Low DAC_OUT Maximum output offset of DAC, 0.2 v
min voltage with buffer (OXOE1) corresponding to 12-bit '
) input code to Vrer+= (OXF1B) at
DAC_OUT | High output voltage
3.6V and Vger+= (0x154) at 2.4V - - Vopa-0.2 \
max with buffer
and (OXEAC)
Power Non-load, the input terminal
) ) - - 295 UA
| consumption of adopts intermediate code (0x800)
DDA
DAC in quiescent Non-load, the input terminal
) - - 340 uA
mode adopts difference code (0xF1C)
Differential non-
DNL ] Configured with 12-bit DAC - - 2 LSB
linear error
Integral non-linear i ) )
INL Configured with 12-bit DAC - - 15 LSB
error
Vrer+=3.6V, configuring 12-bit
Offset Offset error - - 8 LSB
DAC
Gain error Gain error Configured with 12-bit DAC - - 0.5 %
Note: It is obtained from a comprehensive evalwuation and i s
5.11.3 ConuJarat or
Tab3ompaoa Characteristics
) ) Mini mTypi|Maxim
Sy mb Parameter Conditions Uni
valu|valu val u
Anal og powe
VbbpA - Vbb - 3.6 \%
vol tage
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o MinimTypi|Maxi m )
Sy mb Parameter Conditions uni
valujvalu val u
Comparator i
Vi N - 0 - Vbba -
range
Veroyw Ipower mo - 428 627
Full range s Lowower mode - 144 165 ns
to propagation Medi um power - 93 100
100mV VooR2V 7 - 32 39
Full spe ns
Vopa 2. 7\ - 45 50
VoFFsE Of fset er - - -2 + 6 mV
Wit hout hyst ¢ )
(HYSCFGx[ 1: 0]
Low hysteresi
5 6 7
Comparator | (HYSCFGx[ 1: 0]
VHys mV
vol tage Medi um hystere
9 12 14
(HYSCFGx[ 1: 0]
Hi h hysteres
9 Y 17 22 26
(HYSCFGx[ 1: 0]
Not e: I't is obtained from a comprehensive evalwuation and
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6 Package information

61 LQFP100 Package Diagram

Fi gaBdeQFP100 Package Diagram

D

D1

5.25 REF.
oor———
PIN 1 m
et | &

E1
E

& &
i L —

H REF.

A2

0.25 BASE
GAGE PLANE

| |

Il

in

in

in
i)
o

o L] L

" 17 The figure is not drawn to scale.
" 27 All pins should be soldered to the PCB
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Tab3 4 QFP100 Package Dat a

DI MENSI ONFIOOSPRI NT: 2.00
S/ N SYM DI MBNONS REMARKS
1 A MAX. 1.600 OVERALL HEI GHT
2 A2 1.400N0.050 PKG THI CKNESS
3 D 16. 000N0. 20 LEAD TIP TO TIP
4 D1 14.000N0.10 PKG LENGTH
5 E 16. 000N0.20 LEAD TIP TO TIP
6 E1l 14.000N0.10 PKG WDTH
7 L 0.600NO0. 150 FOOT LENGTH
8 L1 1.000 REF LEAD LENGTH
9 e 0.500 BASE LEAD PI TCH
10 H REF ~12.700 CUM LEAD PI TCH
11 b 0.22N0.050 LEAD WI DTH

"~ 17 Dimensions are displayed in mm

Fi gadMeQFP 210000 pins, 14T 14mm recommended wel di

— 1
A 1111111 111

A

12.3 >

A

16.7 >

"~ 17 Dimensions are expressed in mm
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Fi ga®deQF P 310000

Geehylogo —>»

Product series —»

Specific model —»

PINL —»

www. geehy. com

pins,

Geehy

APIGR
F091VC®

XX
XXXX
arm

—

—

—

CCCCCCCCCCCCC

14T 14mm package identif

Revision Code

Date Code

Arm authorization
mark

Page2



6.2

W WwWWw.

LQP64 Package Diagram
Fi gad®eQFP64 Package Diagram
D
D1
370
REF.
PIN 1 64
T~ | AARRRARARRARARY
N \
‘ W I
C@.Jb‘ |
N | O |
s+t L =
%Jg |
N
—D
JULLLLLL
LB.BO
REF.
H REF
e —
<| o | | |
< | | | Ll
| ! ! DW=
| | | = |5
| ! ! o a
] :
] |
li | | |
= 1 N—
b e B L
L1
The figure is not drawn to scale.
All pins should be soldered to the PCB
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Tabd® QFP64 Package Dat a

DI MENSI ONFIOOSPRI NT: 2.00
S/ N SYM DI MBNONS REMRKS
1 A MAX. 1.600 OVERALL HEI GHT
2 A2 1.400N0.050 PKG THI CKNESS
3 D 12.000K0. 20 LEAD TIP TO TIP
4 D1 10. 000NO. 10 PKG LENGTH
5 E 12.000K0. 20 LEAD TIP TO TIP
6 E1l 10.000RK0. 10 PKG WDTH
7 L 0.600N0.150 FOOT LENGTH
8 L1 1.000 REF LEAD LENGTH
9 e 0500 BASE LEAD PI TCH
10 H REF ~7.500 CUM LEAD PI TCH
11 b 0.22N0.050 LEAD WI DTH
"~ 17 Dimensions are expressed in mm

Fi g20eQFP64 pins, 107 10mm recommended wel din

£ (oooooonoooopnl
= =
Vo Euununnnnuunnnu6~ -tz
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Fi g@2dleQFP64 pins, 107 10mm package identi fi
e — Geehy
Product series —» APMZ
Specific model —» :09 1RC-$
XX <4—— Revision Code
XXXX <«—— Date Code
q rm ¢ Arm au::g;ikzation
Pt —> | @
63 LQFP48 Package Diagram
FigaleQFP48 Package Diagram
PIN 1 48 *I!P—@
” |
1 \/l\ | -
L [ U d |
bl ! T
2 i 2.40 REF. E_L
o~ I
| | _|_ _____ — =
Il Il
f f
|Q|000|C|A B[D
‘ H REF. ‘ i4%)
. ) 1 A [bbb[H[A-B]D]
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R0.30 TYP
ALL AROUND
f 0.20 Min.
|
| e 3
P
S I R T‘*“
<C (<\(l | | |
=\ (] gk
g I I I ;-;E
q ! ‘ R010~020 S
/_;_ P 1 ,_ﬁ
S P s e
= e L N
b L1
[#]ddd®@|[c[A-8B[p]
" 17 The figure is not drawn to scale.
" 27 All pins should be soldered to the PCB
Tab3 @ QFP48 Package Dat a
DI MENSI ON LI ST(FOOTPRI NT: 2.00
S/ N SYM DI MBNONS REMARKS
1 A MAX. 1.60 OVERALL HEI GHT
2 Al 0.1N0.05 STANDOFF
3 A2 1.40N0.05 PKG THI CKNESS
4 D 9.00NK0.20 LEAD TIP TO TIP
5 D1 7.00N0.10 PKG LENGTH
6 E 9.00NK0.20 LEAD TIP TO TIP
7 E1l 7.00N0.10 PKG WDTH
8 L 0.60N0. 15 FOOT LENGTH
9 L1 1.00 REF LEAD LENGTH
10 T 0.15 LEAD THI CKNESS
11 T1 0.127N0.03 LEAD BASE METAL THI
12 a 0A~T7A FOOT ANGLE
13 b 0.22N0.02 LEAD WIDTH
14 b1 0.20NK0.03 LEAD BASE METAL W
15 e 0.50 BASE LEAD PI TCH
16 H( REF. (5.50) CUM. LEAD PITCH
17 aaa 0. 2 PROFILE OF LEAD T
18 bbb 0.2 PROFI LE OF MOLD SU
19 ccc 0.08 FOOT COPLANARITY
20 ddd 0.08 FOOT POSI TI ON

>
=

www. geehy. com

Dimensions are expressed in mm
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Fig2B8eQFP48, 71 7mm recommended welding Lay
» e 0.50

000000t

1.20

P

-« 7.30 >

Tiooomoooo

[ —5.80———»

< 9.70

Y

"~ 17 Dimensions are expressed in mm

Fiug 24. QFP-48 pins, 71 7mm identification dise

Geehy logg —> Geehy

Product series —» AP m
Specific model —» :09 1CCE

XX <—— Revision Code

XXXX <—— Date Code

q rm ¢ Arm autrzgikzation
Pt —> | @
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64 QFN48 package i nformati on
Fig2aB®FN48 Package Diagram
; #
e | | ‘ o
! A — [ 7T 000000000000
1 | ‘ o ‘ a1
PIN 1 ‘
) AN ! d
(Laser Mark) | = UJ J
) d
4 — Lol ] =
) d
| - D2
| §‘+ | =
| = | g
| (00000000000
| - -— -
e
TOP VIEW BOTTOM VIEW
—
K
f : <
‘ SIDE VIEW ‘ ‘
Note: The figure is not drawn to scale.
Tab® ®FN4Backage Dat a
MI LLI METER
SYMBOL
MI N NOM MA X
0.70 0.75 0.80
Al 0 0.02 0.05
b 0.20 0.25 0.30
c 0. 203 REF
e 0.50BSC
D 6.90 7.00 7.10
D2 5.50 5.60 5.70
E 6.90 7.00 7.10
E2 5.50 5.60 5.70
L 0.35 0.40 0. 45
Not e: Di mensi ons are marked in millimeters
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CCCCCCCCCCCCC

Fi g@2BEFN48 recommended welding | ayout

< 7.30 >
6.20
A I
= @] A
] ]
[ ] [ ]
0.20L1 | 5.60 ]
[ ] [ ]
7.30 ] [ ]
6.20 ] — — — ] 5.80
[ ] [ ]
QWE% « 5.60 } > E%
[ ] E
U“
v DDDDDDDDDDI T
0.50 0.75
0.55
« 5.80 >
Not e: Di mensi ons are marked in millimeters.

Fi g@7®FN4488 pins, 71 7mm identification di

Geehy logg —> Geehy

Product series —» AP W
Specific model —> :09 1CC 6

XX <—— Revision Code

XXXX <—— Date Code

q rm ¢ Arm autrzgiikzation
Pt —> | @
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7 Packaging Information

71 Reelackaging

Fig@Bsepecificati Bad@rckwign grgof

O 0 0 00 0 0 0 0 0 © 0 O

1 — o ( ) ( ) "
; o—+ttotto1t}l o
1 T D ( ) (

)
[
—-I ~— kb = A —=

AO Di mension designed to accommod
BO Di mension designed to accommod
KO Di mension designed to accommod a
W Overall tWwiedtclarofi er tape

Quadrant Assignments for PI N1

Orientation in Taj

O O O O O O ()4—1—SprocketHoIes
| 1

\
I |
|atjoz] Jatjoz) |\ )

a3lasl [a3las]l | ) Feed Direction

AN ' /
N
Pocket Quadrants
Reel Di mensi ons
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—

La

L

Reel Diameter
D=330+-20

appe:

All photos are for reference onl and the
Tabd&edlackaging Parameter Specification
Reel
Device Package Pins | SPQ | Diameter AO B0 Ko W Pint
Type N . © mm” mm~ | " mm mm”~ Quadrant
mm
APM32F091RBT6 LQFP 64 1000 330 12.35 12.35 2.2 24 Q1
APM32F091RCT6 LQFP 64 1000 330 12.35 12.35 2.2 24 Q1
APM32F091CBT6 LQFP 48 2000 330 9.3 9.3 2.2 16 Q1
APM32F091CCT6 LQFP 48 2000 330 9.3 9.3 2.2 16 Q1
APM32F091CBU6 QFN 48 2500 330 7.4 7.4 1.4 16 Q1
APM32F091CCU6 QFN 48 | 2500 330 7.4 7.4 1.4 16 Q1
APM32F091RBT7 LQFP 64 1000 330 12.35 12.35 2.2 24 Q1
APM32F091RCT7 LQFP 64 1000 330 12.35 12.35 2.2 24 Q1
APM32F091CBT7 LQFP 48 2000 330 9.3 9.3 2.2 16 Q1
APM32F091CCT7 LQFP 48 2000 330 9.3 9.3 2.2 16 Q1
APM32F091CBU7 QFN 48 2500 330 7.4 7.4 1.4 16 Q1
APM32F091CCU7 QFN 48 2500 330 7.4 7.4 1.4 16 Q1
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7.2 Tr goyackaging

Fig2aole #dvackaging Diagram

Tray Di mensions

All photos are for reference only, and the appe:

www. geehy. com Page@2


















