Datasheet

APM32E103xCxE
Arm® Cortex®-M3 based 32-bit MCU

Version: V1.4

CCCCCCCCCCCCC



1. Product characteristics

Core

32-bit Arm® Cortex®-M3 core

Up to 120MHz working frequency
On-chip memory

Flash: 512KB

SRAM: 128KB

EMMC: Supports CF card, SRAM,
PSRAM, SDRAM NOR and NAND
memory
Clock

HSECLK: 4~16MHz external
crystal/ceramic oscillator supported

LSECLK: 32.768KHz crystal/ceramic
oscillator supported

HSICLK: 8MHz RC oscillator
calibrated by factory

LSICLK: 40KHz RC oscillator
supported

PLL: Phase locked loop, 2~16 times
of frequency supported

Reset and power
management

Voo range: 2.0~3.6V

Voba range: 2.0~3.6V

Vear range of backup domain power
supply: 1.8V~3.6V
Power-on/power-down reset
(POR/PDR) supported

Programmable power supply voltage
detector supported(PVD)
Low-power mode

Sleep, stop and standby modes
supported

DMA

Two DMA; DMA1 supports 7
channels and DMA2 supports 5
channels

Debugging interface
JTAG

SWD

/10

Up to 112 1/Os

All I/Os can be mapped to external
interrup vector

Up to 87 FT input I/Os
Communication peripherals
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2 12C interfaces (1Mbit/s), all of which
support SMBus/PMBus

3 USART, 2 UART, support ISO78186,
LIN and IrDA functions

3 SPI (18Mbps) interfaces, two of
which support 12S interface
multiplexing

2 CAN, USBD and CAN can work
independently at the same time

1 USBD

1 SDIO Interface
Analog peripherals

3 12-bit ADCs

2 12-bit DACs
Timer

2 16-bit advanced timers TMR1/8 that
can provide 7 channels PWM output,
support dead zone generation and
braking input functions

4 16-bit general-purpose timers
TMR2/3/4/5, each with up to 4
independent channels to support
input capture, output comparison,
PWM, pulse count and other
functions

2 16-bit basic timers TMR6/7

2 watchdog timers: one independent
watchdog IWDT and one window
watchdog WWDT

1 24-bit autodecrement SysTick
Timer

RTC

Support calendar and clock functions
84Bytes backup register

FPU

CRC computing unit

96-bit unique device ID

Chip packaging
QFN48/LQFP48/LQFP64/LQFP100/
LQFP144
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2. Product information

See the following table for APM32E103xCxE product functions and peripheral configuration.

Table 1 Functions and Peripherals of APM32E103xCxE Series Chips

Product APM32E103xCxE
Model CC | CE CcC CE RC RE VC VE ZC ZE
Package QFN48 LQFP48 LQFP64 LQFP100 LQFP144
Core and maximum working
Arm® 32-bit Cortex®-M3@120MHz
frequency
Operating voltage 2.0~3.6V
Flash(KB) 256 | 512 256 | 512 | 256 512 256 512 256 | 512
SRAM(KB) 64 128 64 128 64 128 64 128 64 128
1 (Not
1 (support
EMMC 0 supported
SDRAM)
SDRAM)
GPIOs 37 51 80 112
USART/UART 3 3/2
SPI/12S 3/2
Communi 12C 2
cation 12C3 1
interface USBD 1
CAN 2
SDIO 0 1
16-bit advanced 1 2
16-bit general 4
i 16-bit basic 2
Timer
System tick ;
timer
Watchdog 2
Real-time clock 1
Unit 2 3
12-bit
External channel 10 16 21
ADC
Internal channel 2
12-bit Unit 2
DAC Channel 2
] Ambient temperature: -40°C to 85°C/-40°C to 105°C
Operating temperature
Junction temperature: -40°C to 105°C/-40°C to 125°C
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3. Pin information

3.1. Pin distribution

Figure 1 Distribution Diagram of APM32E103xCxE Series LQFP144 Pins
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Figure 2 Distribution Diagram of APM32E103xCxE Series LQFP100 Pins
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Figure 3 Distribution Diagram of APM32E103xCxE Series LQFP64 Pins
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Figure 4 Distribution Diagram of APM32E103xCxE Series LQFP48 Pins

VBAT

PC13—-TAMPER-RTC
PC14-0SC32_IN
PC15—0SC32_0UT
PDO-0SC_IN
PD1-0SC_OUT

NRST
VSSA
VDDA

PAO-WKUP

PA1
PA2

OO0 0M[A

481 vDD_3

o NN WON =

- o o v
N = O

473 vSS_3

461 PB9

451 PB8

441 BOOTO
433 PB7
421 PB6
413 PB5

LQFP48

401 PB4

39 A PB3

38 1 PA15

372 PA14

36
35
34
33
32
31
30
29
28
27
26
25

OOoOoOooooooooog

PA3 013
PA4 14
PA5 015
PA6 (016
PA7 O017
PBO 018
PB1 019
PB2 020

PB10 [0 21

PB11 022
Vss_1023

VDD 1 024

VDD_2
VSS_ 2
PA13
PA12
PA11
PA10
PA9
PAS
PB15
PB14
PB13
PB12

Page 9



K 5 Distribution Diagram of APM32E103xCxE Series QFN48 Pins
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VBAT [7:1 36<7] VDD_2
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PC14-0SG32_IN [ 3 3471 PA13
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3.2. Pin function description

Table 2 Legends/Abbreviations Used in Output Pin Table

Name Abbreviation Definition
bi Unless otherwise specified in parentheses below the pin name, the pin functions during
in name
and after reset are the same as the actual pin name
P Power pin
Pin type | Only input pin
1/0 1/O pin
5T FT I/0
5Tf FT 1/0, FM+ function
STDA 1/0 with 3.3 V standard, directly connected to ADC
I/O structure
STD I/0 with 3.3 V standard
B Dedicated BootO pin
RST Bidirectional reset pin with built-in pull-up resistor
Note Unless otherwise specified in the notes, all 1/0 is set as floating input during and after reset
Default
Pin multiplexing Function directly selected/enabled through peripheral register
Remap Select this function through AFIO remapping register

www.geehy.com
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Table 3 Description of APM32E103xCxE by Pin Number

Name Default
Typ | Struc QFN48/L | LQFP6 | LQFP10 | LQFP14
(Function after multiplexing Remap
e ture QFP48 4 0 4
reset) function
TRACECK,
PE2 I/0 5T - - - 1 1
SMC_A23
TRACEDO,
PE3 I/0 5T SMC_A19, - - - 2 2
DMC_DQ4
TRACED1,
PE4 I/0 5T - - - 3 3
SMC_A20
TRACED?2,
PE5 I/0 5T SMC_A21, - - - 4 4
DMC_DQ5
TRACED3,
PE6 I/0 5T SMC_A22, - - - 5 5
DMC_DQ6
Vear P - - - 1 1 6 6
PC13-TAMPER-
RTC /O | STD TAMPER_RTC - 2 2 7 7
(PC13)
PC14-
OSC32_IN /O | STD OSC32_IN - 3 3 8 8
(PC14)
PC15-
0SC32_0OuUT /0O | STD 0SC32_0uT - 4 4 9 9
(PC15)
SMC_AO0,
PFO I/O 5T - - - - - 10
DMC_DQ7
PF1 I/0 5T SMC_A1 - - - - 11
SMC_A2,
PF2 /0 | 5T - - - - - 12
DMC_CS
PF3 I/0 5T SMC_A3 - - - - 13
SMC_A4,
PF4 I/0 5T - - - - - 14
DMC_RAS
SMC_AS5,
PF5 I/0 5T - - - - 15
DMC_CAS
Vss 5 P - - - - - 10 16
Vop_s5 P - - - - - 11 17
ADC3_IN4,
PF6 I/0 - SMC_NIORD, - - - - 18
DMC_WE
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Name Default
Typ | Struc QFN48/L | LQFP6 | LQFP10 | LQFP14
(Function after multiplexing Remap
e ture QFP48 4 0 4
reset) function
ADC3_IN5,
PF7 I/0 - - - - - - 19
SMC_NREG
ADC3_ING,
PF8 110 - - - - - 20
SMC_NIOWR
ADC3_IN7,
PF9 110 - - - - ; 21
SMC_CD
ADC3_IN8,
PF10 I/0 - SMC_INTR, - - - - 22
DMC_LDQM
OSC_IN I STD - PDO 5 5 12 23
OSC_OuUT O STD - PD1 6 6 13 24
NRST 110 RST - - 7 7 14 25
PCO I/O | STDA ADC123_IN10 - - 8 15 26
PC1 I/O | STDA ADC123_IN11 - - 9 16 27
PC2 I/O | STDA ADC123_IN12 - - 10 17 28
PC3 I/O | STDA ADC123_IN13 - - 11 18 29
Vssa P - - - 8 12 19 30
VREF- P - - - - - 20 31
VREF+ P - - - - - 21 32
Vbpa P - - - 9 13 22 33
WKUP,
USART2_CTS,
PAO-WKUP ADC123_INO,
I/O | STDA - 10 14 23 34
(PAO) TMR2_CH1_ETR,
TMR5_CH1,
TMR8_ETR
USART2_RTS,
ADC123_IN1,
PA1 I/O | STDA - 1 15 24 35
TMR5_CH?2,
TMR2_CH2
USART2_TX,
TMR5_CHS3,
PA2 I/O | STDA - 12 16 25 36
ADC123_IN2,
TMR2_CH3
USART2_RX,
PA3 I/O | STDA TMR5_CH4, - 13 17 26 37
ADC123_IN3,
www.geehy.com Page 12



Name Default
Typ | Struc QFN48/L | LQFP6 | LQFP10 | LQFP14
(Function after multiplexing Remap
e ture QFP48 4 0 4
reset) function
TMR2_CH4
Vss_4 P - - - - 18 27 38
Vop_4 P - - - - 19 28 39
SPI1_NSS,
USART2_CK,
PA4 I/O | STDA - 14 20 29 40
DAC_OUT1,
ADC12_IN4
SPI1_SCK,
PA5 I/O | STDA DAC_OUT2, - 15 21 30 41
ADC12_IN5
SPI1_MISO,
TMR8_BKIN,
PAG I/lO | STDA TMR1_BKIN 16 22 31 42
ADC12_IN6
TMR3_CH1
SPI1_MOSI,
TMR8_CH1N,
PA7 I/O | STDA TMR1_CH1N 17 23 32 43
ADC12_IN7,
TMR3_CH2
PC4 I/O | STDA ADC12_IN14 - - 24 33 44
PC5 I/O | STDA ADC12_IN15 - - 25 34 45
ADC12_IN8,
PBO I/O | STDA TMR3_CH3, TMR1_CH2N 18 26 35 46
TMR8_CH2N
ADC12_IN9,
PB1 I/O | STDA TMR3_CH4, TMR1_CH3N 19 27 36 47
TMR8_CH3N
PB2
11O 5T - - 20 28 37 48
(PB2,BOOT1)
SMC_NIOS16,
PF11 I/0 5T - - - - 49
DMC_BA
SMC_AS,
PF12 I/0 5T - - - - - 50
DMC_A10
Vss_6 P - - - - - - 51
Vbb_s P - - - - - - 52
SMC_A7,
PF13 I/O 5T - - - - 53
DMC_AO
SMC_AS8,
PF14 110 5T - - - - - 54
DMC_A1
www.geehy.com Page 13



Name Default
Typ | Struc QFN48/L | LQFP6 | LQFP10 | LQFP14
(Function after multiplexing Remap
e ture QFP48 4 0 4
reset) function
SMC_A9,
PF15 110 5T - - - - 55
DMC_A2
SMC_A10,
PGO 110 5T N - - - - 56
DMC_A3
PG1 I/0 5T SMC_A11 - - - - 57
PE7 I/0 5T SMC_D4 TMR1_ETR - - 38 58
SMC_D5,
PE8 I/0 5T TMR1_CH1N - - 39 59
DMC_A4
SMC_D6,
PE9 110 5T TMR1_CH1 - - 40 60
DMC_A5
Vss_7 P - - - - - - 61
Vop_7 P - - - - - - 62
SMC_D7,
PE10 I/0 5T TMR1_CH2N - - 41 63
DMC_A6
SMC_Ds,
PE11 I/0 5T TMR1_CH2 - - 42 64
DMC_A7
SMC_D?9,
PE12 I/0 5T TMR1_CH3N - - 43 65
DMC_AS8
SMC_D10,
PE13 I/0 5T TMR1_CH3 - - 44 66
DMC_A9
PE14 I/O 5T SMC_D11 TMR1_CH4 - - 45 67
SMC_D12,
PE15 I/0 5T TMR1_BKIN - - 46 68
DMC_CLK
12C2_SCL,
PB10 I/O 5T USART3_TX, TMR2_CH3 21 29 47 69
DMC_UDQM
[12C2_SDA,
PB11 I/O 5T USART3_RX, TMR2_CH4 22 30 48 70
DMC_CKE
Vss_t P - - - 23 31 49 71
Vop_1 P - - - 24 32 50 72
SPI2_NSS,
1282_WS,
12C2_SMBAI,
PB12 I/0 5T - 25 33 51 73
USART3_CK,
TMR1_BKIN,
CAN2_RX
PB13 I/0 5T SPI2_SCK, - 26 34 52 74
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Name Default
Typ | Struc QFN48/L | LQFP6 | LQFP10 | LQFP14
(Function after multiplexing Remap
e ture QFP48 4 0 4
reset) function
12S2_CK,
USART3_CTS,
TMR1_CH1N,
CAN2_TX
SPI2_MISO,
PB14 I/0 5T TMR1_CHZ2N, - 27 35 53 75
USART3_RTS
SPI2_MOSI,
PB15 I/0 5T 12S2_8SD, - 28 36 54 76
TMR1_CH3N
PD8 I/0 5T SMC_D13 USART3_TX - - 55 77
PD9 I/0 5T SMC_D14 USART3_RX - - 56 78
PD10 110 5T SMC_D15 USART3_CK - - 57 79
PD11 110 5T SMC_A16 USART3_CTS - - 58 80
TMR4_CHT1,
PD12 I/0 5T SMC_A17 - - 59 81
- USART3_RTS
PD13 I/O 5T SMC_A18 TMR4_CH2 - - 60 82
Vss_s P - - - - - - 83
Vop_s P - - - - - - 84
PD14 I/O 5T SMC_DO TMR4_CH3 - - 61 85
PD15 I/O 5T SMC_D1 TMR4_CH4 - - 62 86
PG2 I/O 5T SMC_A12 - - - - 87
PG3 I/0 5T SMC_A13 - - - - 88
PG4 I/0 5T SMC_A14 - - - - 89
PG5 I/O 5T SMC_A15 - - - - 90
PG6 I/O 5T SMC_INT2 - - - - 91
PG7 I/0 5T SMC_INT3 - - - - 92
PG8 11O 5T - - - - - 93
Vss o P - - - - - - 94
Vbb_9 P - - - - - - 95
1282_MCK,
PC6 I/O 5T TMR8_CH1, TMR3_CH1 - 37 63 96
SDIO_D6
12S3_MCK,
PC7 110 5T - TMR3_CH2 - 38 64 97
TMR8_CH2,
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Name Default
Typ | Struc QFN48/L | LQFP6 | LQFP10 | LQFP14
(Function after multiplexing Remap
e ture QFP48 4 0 4
reset) function
SDIO_D7
TMR8_CH3,
PC8 I/0 5T TMR3_CH3 - 39 65 98
SDIO_DO
TMR8_CH4,
PC9 110 5T N TMR3_CH4 - 40 66 99
SDIO_D1
USART1_CK,
PA8 I/0 5T TMR1_CH1, - 29 41 67 100
MCO
USART1_TX,
PA9 110 5T N - 30 42 68 101
TMR1_CH2
USART1_RX,
PA10 110 5T N - 31 43 69 102
TMR1_CH3
USART1_CTS,
USBDDM,
PA11 I/0 5T USBD2DM, - 32 44 70 103
CAN1_RX,
TMR1_CH4
USART1_RTS,
USBDDP
PA12 I/0 5T USBD2DP, - 33 45 71 104
CAN1_TX,
TMR1_ETR
PA13
I/0 5T - PA13 34 46 72 105
(JTMS,SWDIO)
NC - - - - - - 73 106
Vss 2 P - - - 35 a7 74 107
Vbp_2 P - - - 36 48 75 108
PA14
I/O 5T - PA14 37 49 76 109
(JTCK,SWCLK)
TMR2_CH1_E
PA15 SPI3_NSS,
I/0 5T TR,PA15, 38 50 77 110
(JTDI) 12S83_WS
SPI1_NSS
UART4_TX,
PC10 I/0 5T SDIO_D2, USART3_TX - 51 78 111
DMC_DQs8
UART4_RX,
PC11 I/0 5T SDIO_D3, USART3_RX - 52 79 112
DMC_DQ9
PC12 110 5T UART5_TX, USART3_CK - 53 80 113
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Name Default
Typ | Struc QFN48/L | LQFP6 | LQFP10 | LQFP14
(Function after multiplexing Remap
e ture QFP48 4 0 4
reset) function
SDIO_CK
PDO
I/0 5T SMC_D2 CAN1_RX - - 81 114
(OSC_IN)
PD1
110 5T SMC_D3 CAN1_TX - - 82 115
(OSC_0OuUT)
TMR3_ETR,
UARTS5_RX,
PD2 110 5T N - - 54 83 116
SDIO_CMD,
DMC_DQ10
SMC_CLK,
PD3 110 5T - USART2_CTS - - 84 117
DMC_DQ11
SMC_NOE,
PD4 110 5T - USART2_RTS - - 85 118
DMC_DQ12
SMC_NWE,
PD5 110 5T B USART2_TX - - 86 119
DMC_DQ13
Vss_10 P - - - - - - 120
Vbb_10 P - - - - - - 121
SMC_NWAIT,
PD6 I/O 5T N USART2_RX - - 87 122
DMC_DQ14
SMC_NEH1,
PD7 I/O 5T - USART2_CK - - 88 123
SMC_NCE2
SMC_NEZ2,
PG9 110 5T SMC_NCES3, - - - - 124
DMC_DQ15
SMC_NCE4_1,
PG10 I/O 5T - - - - 125
SMC_NE3
PG11 I/0 5T SMC_NCE4_2 - - - - 126
SMC_NE4,
PG12 I/O 5T - - - - 127
DMC_DQO
SMC_A24,
PG13 I/O 5T - - - - 128
DMC_DQ1
SMC_A25,
PG14 I/O 5T - - - - 129
DMC_DQ2
Vss_11 P - - - - - - 130
Vop_11 P - - - - - - 131
PG15 I/O 5T DMC_DQ3 - - - - 132
PB3 SPI3_SCK, PB3,
110 5T 39 55 89 133
(JTDO) [283_CK TRACESWO,
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Name Default
Typ | Struc QFN48/L | LQFP6 | LQFP10 | LQFP14
(Function after multiplexing Remap
e ture QFP48 4 0 4
reset) function
TMR2_CH?2,
SPI1_SCK
PB4,
PB4
I/0 5T SPI3_MISO TMR3_CHT1, 40 56 20 134
(NJTRST)
SPI1_MISO
12C1_SMBAI, TMR3_CH?2,
PB5 I/0 STD SPI3_MOSI, SPI1_MOSI, 41 57 91 135
12S3_SD CAN2_RX
12C1_SCL,
- USART1_TX,
PB6 I/0 5T 12C3_SCL, 42 58 92 136
CAN2_TX
TMR4_CH1
[2C1_SDA,
[2C3_SDA,
PB7 I/0 5T USART1_RX 43 59 93 137
SMC_NADV,
TMR4_CH2
BOOTO B - - 44 60 94 138
12C1_SCL,
TMR4_CH3, -
PB8 I/0 5T 12C3_SCL, 45 61 95 139
SDIO_D4
CAN1_RX
12C1_SDA,
TMR4_CH4,
PB9 I/0 5T 12C3_SDA, 46 62 96 140
SDIO_D5
CAN1_TX
TMR4_ETR,
PEO I/0 5T - - - 97 141
SMC_NBLO
PE1 I/0 5T SMC_NBL1 - - - 98 142
Vss_3 P - - - 47 63 99 143
Vop_3 P - - - 48 64 100 144

Note:

(1) PC13, PC14 and PC15 are powered through the 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 shall not exceed 2MHz when the heavy load is 30pF;

@ Not used for current source (e.g. driving LED).
(2) For Pin 5 and Pin 6 of LQFP64 and LQFP48 package, the default configuration after the chip is reset is OSC_IN and
OSC_OUT, the software can reset these two pins with PD0 and PD1 functions; for LQFP100 package, PDO and PD1

are inherent function pins.
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4. Functional description

This chapter mainly introduces the system architecture, interrupt, on-chip memory, clock, power
supply and peripheral features of APM32E103xCxE series products; for information about the
Arm® Cortex®-M3 core, please refer to the Arm® Cortex®-M3 technical reference manual, which
can be downloaded from Arm’s website.
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4.1. System architecture

4.1.1. System block diagram

Figure 6APM32E103xCxE System Block Diagram
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4.1.2. Address mapping

Figure 7 APM32E103xCxE Series Address Mapping Diagram

EMMC Register giﬁggg 8555
EMMC bank
0x4002 4400
0x4002 4000
0x4002 3400
0x4002 3000 EMMC bank4 PCCARD 045000 0000
0x4002 2400 X
Flash Interface 0x4002 2000 EMMC bank 3
0x4002 1400 NAND (NAND2) 0x8000 0000
0x4002 1000 ENNC bank 2
0x4002 0400 NAND (NAND1) 0x7000 0000
BINC bk |
0x4002 0400
OKFFFF FFFF [ Reserved DUAT 044002 0000 NOR/PSRAM 4/SDRAM) 0x600 0000
EMMC bank 1
3 Core D10 0x4001 8400 NOR/PSRAM 3/SDRAM| 044800 0000
0xEC00 0000 Peripheral 0x4001 8000 G Bark 1
an
0x4001 4000 NOR/PSRAM 2/SDRAM| 06400 0000
0x4001 3C00 e b
0x4001 3800 NOR/PSRAM 1/SDRAM| 046000 0000
AHB Perrpheral 0x4001 3400
0x4001 3000
TMR1
0x4001 2600
0x4001 8000
ADC2 0x4001 2800
ADC 0x4001 2400
Port G 0x4001 2000
APB2 Per ipheral Port ¥ 0x4001 1600
Port E 0x4001 1800
Port D
0x4001 0000 o, 0x4001 1400
or 0x4001 1000
Port B 0x4001 0C00
Port A 0x4001 0800
APBI Peripheral EINT 0x4001 0400
AF 10 0x4001 0000
0x4000 0000 TG 0x4000 7800
0x2002 0000 = 0x4000 7400
0x4000 7000
SRAM BAKPR 0x4000 6000
0x2000 0000 0xd000 4800
Ox1FFF FBOF_ CAN1/2 0x4000 6400
Option Byte 0x4000 6000
Ox1FFF  F800 USBD Register 0x4000 500
System Memory 12¢2 0x4000 5800
OxIFFF F000 1C1/1%c3 0x4000 5400
| Reserved | UARTS 0x4000 5000
Elach UART4 0x4000 4000
as USART3 0x4000 4800
0x0800 0000 USART2 0x4000 4400
Mapping Area 0x4000 4000
0x0000 0000 SP13/1%83 0x4000 3C00
SP12/1752 0x4000 3800
0x4000 3400
IwoT 0x4000 3000
ot 0x4000 2600
RTC 0x4000 2800
[ Reserved | o 0e0 a0
TMR7 0x4000 1400
TMR6 0x4000 1000
THRS 0x4000 0G00
TMR4 0x4000 0800
TMR3 0x4000 0400
TMR2 0x4000 0000
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4.1.3. Startup configuration
At startup, the user can select one of the following three startup modes by setting the high and
low levels of the Boot pin:
® Startup from main memory
® Startup from BootLoader
® Startup from built-in SRAM
The user can use USART interface to reprogram the user Flash if boot from BootLoader.

4.2. Core

The core of APM32E103xCxE is Arm® Cortex®-M3. Based on this platform, the development
cost is low and the power consumption is low. It can provide excellent computing performance
and advanced system interrupt response, and is compatible with all Arm tools and software.

4.3. Interrupt controller

4.3.1. Nested Vector Interrupt Controller (NVIC)
It embeds a nested vectored interrupt controller (NVIC) that can handle up to 65 maskable
interrupt channels (not including 16 interrupt lines of Cortex®-M3) and 16 priority levels. The
interrupt vector entry address can be directly transmitted to the core, so that the interrupt
response processing with low delay can give priority to the late higher priority interrupt.

4.3.2. External Interrupt/Event Controller (EINT)
The external interrupt/event controller consists of 19 edge detectors, and each detector
includes edge detection circuit and interrupt/event request generation circuit; each detector can
be configured as rising edge trigger, falling edge trigger or both and can be masked
independently. Up to 112 GPIOs can be connected to the 16 external interrupt lines.

4.4. On-chip memory

On-chip memory includes main memory area, SRAM and information block; the information
block includes system memory area and option byte; the system memory area stores
BootLoader, 96-bit unique device ID and capacity information of main memory area; the system
memory area has been written into the program and cannot be erased.

Table4 On-chip Memory Area

Memory Mammpm Function
capacity
Main memory 512 KB Store user programs and data.
area
SRAM 128 KB CPU can access at 0 waiting cycle (read/write).
System memory oKB Store BootLoader, 96-bit unique device ID, and main memory area
area capacity information
Option byte 16Bytes Configure main memory area rerz]i"l(i—(\;\glte protection and MCU working

4.4.1. External Memory Controller (EMMC)

EMMC includes SMC (static memory controller) and DMC (dynamic memory controller). SMC is
responsible for controlling SRAM, PSRAM, NandFlash, NorFlash and PCCard; DMC is
responsible for controlling SDRAM.
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Function:
® Three EMMC interrupt sources, through logic or connected to the NVIC list
® Write FIFO
® Code could run on external storage besides NAND Flash and PC card
® Connect with LCD

4.4.2. LCD parallel interface

EMMC can be configured to the seamless connection with most graphic LCD controller, it
supports the Intel 8080 and Motorola 6800 model, and can be flexibly with specific LCD
interface. Using the parallel interface LCD can be easily build simple graphics applications, or
use a special scheme of high performance speed controller.

4.5. Clock

Clock tree of APM32E103xCxE is shown in the figure below:

www.geehy.com Page 23



Figure 8 APM32E103xCxE Clock Tree
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45.1. Clock source

Clock source is divided into high-speed clock and low-speed clock according to the speed; the
high-speed clock includes HSICLK and HSECLK, and the low-speed clock includes LSECLK
and LSICLK; clock source is divided into internal clock and external clock according to the chip
inside/outside; the internal clock includes HSICLK and LSICLK, and the external clock includes
HSECLK and LSECLK, among which HSICLK is calibrated by the factory to +1% accuracy.

4.5.2. System clock

HSICLK, PLLCLK and HSECLK can be selected as system clock; the clock source of PLLCLK
can be one of HSICLK and HSECLK; the required system clock can be obtained by configuring
PLL clock multiplier factor and frequency dividing coefficient.

When the product is reset and started, HSICLK is selected as the system clock by default, and
then the user can choose one of the above clock sources as the system clock by himself. When
HSECLK failure is detected, the system will automatically switch to the HSICLK, and if an
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interrupt is enabled, the software can receive the related interrupt.

4.5.3. Bus clock
AHB, APB1 and APB2 are built in. The clock source of AHB is SYSCLK, and the clock source of
APB1 and APB2 is HCLK; the required clock can be obtained by configuring the frequency
dividing coefficient. The maximum frequency of AHB and high-speed APB2 is 120MHz, and the
maximum frequency of APB1 is 60MHz.

4.6. Power supply and power management

4.6.1. Power supply scheme

Table 5 Power Supply Scheme

Name Voltage range Instruction

1/0s (see pin distribution diagram for specific 10) and internal voltage regulator
are powered through Voo pin.

Power supply of ADC, DAC, reset module, RC oscillator and PLL analog part;
Vppa/Vssa 2.0~3.6V when ADC or DAC is used, Vppa shall not be less than 2.4V; Vopa and Vssa
must be connected to Vop and Vss.

When Voo is closed, RTC, external 32KHz oscillator and backup register are
supplied through internal power switch.

Vbb 2.0~3.6V

Vear 1.8~3.6V

4.6.2. Voltage regulator
Table 6 Regulator Operating Mode

Name Instruction
Master mode (MR) Used in run mode
Low-power mode (LPR) Used in stop mode
Used in standby mode, when the voltage regulator has high impedance output, the core
Power-down mode circuit is powered down, the power consumption of the voltage regulator is zero, and all
data of registers and SRAM will be lost.

Note: The voltage regulator is always in working state after reset, and outputs with high impedance in power-down

mode.

4.6.3. Power supply voltage monitor
Power-on reset (POR) and power-down reset (PDR) circuits are integrated inside the product.
These two circuits are always in working condition. When the power-down reset circuit
monitors that the power supply voltage is lower than the specified threshold value (Vror/ror),
even if the external reset circuit is used, the system will remain reset.

The product has a built-in programmable voltage regulator (PVD) that can monitor Vpp and
compare it with Vpyp threshold. When Vpp is outside the Vpyp threshold range and the interrupt
is enabled, the MCU can be set to a safe state through the interrupt service program.

4.7. Low-power mode

APM32E103xCxE supports three low-power modes, namely, sleep mode, stop mode and
standby mode, and there are differences in power, wake-up time and wake-up mode among
these three modes. The low-power mode can be selected according to the actual application
requirements.
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Table 7 Low Power Consumption 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 1.3V power supply module will stop, HSECLK crystal resonator, HSICLK and

Stop mode PLL will be prohibited, and the voltage regulator can be configured in normal mode or low power 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 and USBD.

The power consumption in this mode is the lowest;
Internal voltage regulator is turned off, all 1.3V power supply modules are powered off, HSECLK crystal
resonator, HSICLK and PLL clocks are turned off, SRAM and register data disappear, RTC area and
Standby mode b - . o }
ackup 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.
4.8. DMA

2 built-in DMAs; DMA1 supports 7 channels and DMA2 supports 5 channels. Each channel
supports multiple DMA requests, but only one DMA request is allowed to enter the DMA
channel at the same time. The peripherals supporting DMA requests are ADC, SPI, USART,
12C, and TMRx. Four levels of DMA channel priority can be configured. Support
"memory—memory, memory—peripheral, peripheral-memory" transfer of data (the memory
includes Flash. SRAM. SDRAM)

4.9. GPIO

4.10.

4.10.1.

GPIO can be configured as general input, general output, multiplexing function and analog
input. output. The general input can be configured as floating input, pull-up input and pull-down
input; the general output can be configured as push-pull output and open-drain output; the
multiplexing function can be used for digital peripherals; and the analog input and output can be
used for analog peripherals and low-power mode; the enable and disable pull-up/pull-down
resistor can be configured; the speed of 2MHz, 10MHz and 50MHz can be configured; the
higher the speed is, the greater the power and the noise will be.

Communication peripherals

USART/UART

Up to 5 universal synchronous/asynchronous transmitter receivers are built in the chip. The
USART1 interface can communicate at a rate of 4.5Mbit/s, while other USART/UART interfaces
can communicate at a rate of 2.25Mbit/s. All USART/UART interfaces can configure baud rate,
parity check bit, stop bit, and data bit length; except UARTS, all the other USART/UART can
support DMA. USART/UART function differences are shown in the table below:

Table 8 USART/UART Function Differences

USART mode/function USART1 USART?2 USARTS3 UART4 UARTS
Hardware flow control of modem \ \ N — _
Synchronous mode S \ \ \ N
Smart card mode v N N _ _
IrDASIR coder-encoder functions Y \ Y \ V
LIN mode V l \ V \/
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USART mode/function USARTL1 USART?2 USARTS3 UART4 UARTS
Single-line half-duplex mode \ \ \ \ \
Support DMA function \ \ \ \ —

Note: v = support.

4.10.2. 12C

4.10.3.

4.10.4.

4.10.5.

12C1/2 and 12C3 bus interfaces are built in. 12C1 and 12C3 share hardware interface and
register base address. Therefore, 12C1 and I12C3 cannot be used at the same time.

12C1/2 both can work in multiple master modes or slave modes, support 7-bit or 10-bit
addressing, and support dual-slave addressing in 7-bit slave mode; the communication rate
supports standard mode (up to 100kbit/s) and fast mode (up to 400kbit/s); hardware CRC
generator/checker are built in; they can operate with DMA and support SMBus 2.0
version/PMBus.

I2C3 bus can operate in standard mode, fast mode and high-speed mode. The devices in high-
speed mode and fast mode are downward compatible.

SPI/12S

Three built-in SPIs, support full duplex and half duplex communication in master mode and
slave mode, can use DMA controller, and can configure 4~16 bits per frame, and communicate
at a rate of up to 18Mbit/s.

2 built-in 12S (multiplexed with SPI12 and SPI3 respectively), support half duplex communication
in master mode and slave mode, support synchronous transmission, and can be configured
with 16-bit, 24-bit and 32-bit data transfer with 16-bit or 32-bit resolution. The configurable
range of audio sampling rate is 8kHz~48kHz; when one or two 12S interfaces are configured as
the master mode, the master clock can be output to external DAC or decoder (CODEC) at 256
times of sampling frequency.

CAN

2 built-in CANs (CAN1 and CAN2 can be used at the same time), compatible with 2.0A and
2.0B (active) specification, and can communicate at a rate of up to 1Mbit/s. It can receive and
send standard frame of 11-bit identifier and extended frame of 29-bit identifier. It has 3 sending
mailboxes and 2 receiving FIFO, 28 3-level adjustable filters.

usSBD

The product embeds USBD modules (USBD1 and USBD2) compatible with full-speed USBD
devices, which comply with the standard of full-speed USBD devices (12Mb/s), and the
endpoints can be configured by software, and have standby/wake-up functions. The dedicated
48MHz clock for USBD is directly generated by internal PLL. When using the USBD function,
the system clock can only be one of 48MHz, 72MHz, 96MHz and 120MHz, which can obtain
48MHz required for USBD through 1 fractional frequency, 1.5 fractional frequency, 2 fractional
frequency and 2.5 fractional frequency respectively.

USBD1 and USBD2 share register address and pin interface, so only one of them can be used
at the same time.

1.1.1 Simultaneous use of USBD and CAN interfaces

This product USBD1 (2) and CAN1 (2) sharing the same dedicated 512 - byte SRAM memory
used to send and receive data, USBD and CAN therefore be ready to use at the same
time.Details are as follows:

® CAN1 and USBD2 could be used at the same time

www.geehy.com Page 27



® CAN2 and USBD1 could be used at the same time
® USBD1 and USBD2 could not be used at the same time
® CAN1 and CAN2 could be used at the same time

Note: Although there are actually 2 identical USBDs (with the same pins), they can't be used together, so it's equivalent to

only 1.Users can achieve "simultaneous use" by remapping (reuse of pins).

4.11.

4.11.1.

4.11.1.1.

411.1.2.

4.11.2.

4.12.

Analog peripherals

ADC

3 built-in ADCs with 12-bit accuracy, up to 21 external channels and 2 internal channels for
each ADC. The internal channels measure the temperature sensor voltage and reference
voltage respectively. ADC1 and ADC2 have 16 external channels, ADC3 generally has 8
external channels; A/D conversion mode of each channel has single, continuous, scan or
intermittent modes, ADC conversion results can be left aligned or right aligned and stored in 16
bit data register; they support analog watchdog, and DMA.

Temperature sensor

A temperature sensor (TSensor) is built in, which is internally connected with ADC_IN16
channel. The voltage generated by the sensor changes linearly with temperature, and the
converted voltage value can be obtained by ADC and converted into temperature.

Internal reference voltage
Built-in reference voltage VrerinT, internally connected to ADC_IN17 channel, which can be
obtained through ADC; VrerinT provides stable voltage output for ADC.

DAC

Two built-in 12-bit DACs, and each corresponding to an output channel, which can be
configured in 8-bit and 12-bit modes, and the DMA function is supported. The waveform
generation supports noise wave and triangle wave. The conversion mode supports independent
or simultaneous conversion and the trigger mode supports external signal trigger and internal
timer update trigger.

Timer

2 built-in 16-bit advanced timers (TMR1/8), 4 general-purpose timers (TMR2/3/4/5), 2 basic
timers (TMR6/7), 1 independent watchdog timer, one window watchdog timer and 1 system tick
timer.

Watchdog timer can be used to detect whether the program is running normally.
The system tick timer is the peripheral of the core with automatic reloading function. When the

counter is 0, it can generate a maskable system interrupt, which can be used for real-time
operating system and general delay.

Table 9 Function Comparison between Advanced/General-purpose/Basic and System Tick Timers

Timer type Systti?:ér“(:k Basic timer General-purpose timer Advanced timer
Timer name Sys Tick Timer TMR6 | TMR7 | TMR2 | TMR3 | TMR4 | TMR5 | TMR1 | TMRS8
Counter resolution 24-bit 16 bits 16 bits 16 bits
Up, down,
Counter type Down Up Up, down, up/down up/down
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Timer type Systti%n;rtlck Basic timer General-purpose timer Advanced timer
Any integer . Any integer
Prescaler coefficient - between 1 and Any mtegeéSbseé\éveen 1and between 1 and
65536 65536
General DMA request - OK OK OK
Capture/Comparison
- - 4 4
channel
Complementary outputs - No No Yes

Pin characteristics

There are 9 pins
in total:

1-way external
trigger signal
input pins,
1-way braking
input signal pins,

There are 5 pins in total:
1-way external trigger signal
input pins,

4-way channel (non- gg?r?rl ment

complementary channel) pins plementary
channel pins,
1-way channel
(non-

complementary
channel) pins

Special for real-
time operating

It has
complementary
PWM output with
dead band
insertion

When configured

Synchronization or event

as a 16-bit
standard timer, it

system L - - has the same
. Used to generate | chaining function provided .
Automatic . . - function as the
- . DAC trigger Timers in debug mode can be .
reloading function | _. TMRXx timer.
. supported signals. frozen. When configured
Function Can be used as -Can be used to generate PWM .
; When the counter ; . as a 16-bit PWM
Instruction . . a 16-bit general- | output Each timer has .
is 0, it can ; generator, it has
purpose independent DMA request :
generate a . . full modulation
timebase generation. L
maskable system . capability
. counter. It can handle incremental
interrupt encoder sianals (0~100%).
Can program the 9 In debug mode,
clock source the timer can be
frozen, and PWM
output is
disabled.
Synchronization
or event chaining
function provided.
Table 10 Independent Watchdog and Window Watchdog Timers
Counter Counter Prescaler . S
Name . o Functional Descri