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OVERVIEW

CHAPTER 1. OVERVIEW
1.1 INTRODUCTION

AC33M8128 is special purpose microcontroller for motor application. This microcontroller brings high-
performance 32-bit computing to low cost system solution.

AC33M8128 provides 3-phase PWM generator units which are suitable to inverter motor drive system. Built-in
two channels of 3-phase PWM generators control two inverter motors simultaneously.

Three 12-bit high speed ADC units with 16-channel analog multiplexed inputs support to get feedback
information from motor. It can control up to two inverter motors or one inverter motor and PFC (Power Factor
Correction) function simultaneously.

On-chip four operational AMPs and four analog comparators help to measure analog input signals. The Op-
Amp can amplify input signal to proper signal range and transfer it to ADC input channel. The comparator
monitors external signals and helps to makes internal emergency signal

Powerful and various external serial interface engines help to communicate with on-board sensors and

devices.
UART x 4 SYSCON
CODE FLASHROM

. (128KB)

SPI x 2 TIMER x 6
. Cortex-M3
s Max 72MHz

’Cx2 Flash Controller
L 3-Phase

PWM #1

JTAG/SWD
3-Phase
Trace/ETM DMAC il

10SC PLL LVD

(20MHz) (Max 72MHz) OPAMPx4 l
Ext. OSC COMPx4

(8MHz Xtal) l

Figure 1.1. Block Diagram

O
—

12-bit ADC
1.5Msps
(3-unit)

I

!
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Figure 1.2. Pin layout (MQFP-80)
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Figure 1.4. Pin layout (LQFP-64)
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1.2 Product Features

Product features of AC33M8128 are as below:

€ High Performance Low-power Cortex-M3 Core
¢ 128KB Code Flash Memory with Cache function
¢ 12KB SRAM
4 3-Phase Motor PWM with ADC triggering function
® 2 Channels
¢ 1.5Msps high-speed ADC with burst conversion function
® 2 or 3 units with 16 channel input
€ Built-in PGA(Programmable Gain Amplifier) for ADC inputs
® 4 Channels
B 3 Channels for 3 shunt resistor configuration
B 1 Channel for 1 shunt resistor configuration
€ Built-in Analog Comparator
® 4 channels
B 3 channels for 3 shunt resistor configuration
B 1 channel for 1 shunt resistor configuration
System Fail-Safe function by Clock Monitoring
XTAL OSC Fail monitoring
Precision Internal Oscillator Clock (20MHz +3%)
Watchdog Timer
Six General Purpose Timers
Quadrature Encoder Counter
External communication ports: 4 UARTS, 2 I12Cs, 2 SPIs
High current driving port for UART photo couplers
Debug and Emergency stop function
Real-time Monitoring function support for more effective development

JTAG and SWD in-circuit debugger

L IR JEE 2BR 2R JER 2R 2N JER R 2N R 4

Various Memory size and Package options
® MQFP-80, LQFP-80, LQFP-64
€ Industrial grade operating temperature (-40 ~ +85C)

Tablel.1l. Device type

Part Number | Flash SRAM UART SPI 12C MPWM ADC I/O PORT PKG
AC33M8128 4 2 2 2 ) 64 MQFP-80
AC33M8128L 128KB | 12KB 4 2 2 2 i:s: 68 LQFP-80
AC33M6128L 2 2 1 2 48 LQFP-64
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1.3 ARCHITECTURE

1.3.1 Block Diagram
AC33M8128 Block diagram.
JTAG
swp € DEBUG NVIC
Cortex-M3 CODE FLASH
NMl ——»] (Max. 72MHz) (128KB) SRAM
(12KB)
¢ t t POR
AHB BUS Matrix vbc
t t 10SC20
DMAC APB Ring0OSC
4 A Main0SC
» UARTx4 APl scu PEEN PLL
> SPIx 2 4+—Plet—P WDT
I2C x 2 4—Pp14—P| 16-bit TIMER x 6
»| 12-bit ADC —le—
> 3-unit < > 3-Phase PWM
2-unit
»] comPxs4 |e >
. 4 4 v L A
OPAMP x 4 PA PB PC PD
Figurel.5. Internal Block Diagram
1.3.2  Functional Description

The following section provides an overview of the features of AC33M8128 microcontroller.

ARM Cortex-M3

ARM powered Cortex-M3 Core based on v7M architecture which is optimized for small size and low power
system.

On core system timer (SYSTICK) provides a simple 24 bit timer easy to manage the system operation

Thumb-compatible Thumb-2 only instruction set processor core makes code high-density.

Hardware division and single-cycle multiplication is present

\BO\
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Integrated Nested Vectored Interrupt Controller (NVIC) providing deterministic interrupt handling.
Full feature of debug solution is provided — JTAG and SWD, FPB, DWT, ITM and TPIU.

Max 72MHz operating frequency with zero wait execution

Nested Vector-Interrupt Controller (NVIC)

The ARM Nested Vectored Interrupt Controller (NVIC) on the ARM Cortex-M3 core is included which handles
all the internal and external exceptions. When interrupt condition is detected, the processor state is
automatically stored to the stack and automatically restored from the stack at the end of interrupt service routine.

The vector is fetched in parallel to the state saving, which enables efficient interrupt entry.

The processor supports tail-chaining, which enables back-to-back interrupts to be performed without the

overhead of state saving and restoring.

128KB Internal Code Flash Memory

The AC33M8128 provides internal 128KB code flash memory and its controller. This is enough to program
motor algorithm and general control the system. Self-programming is available and ISP and JTAG programming
is also supported in boot or debugging mode.

Instruction and data cache buffer are present and overcome the low bandwidth flash memory.

12KB 0-wait Internal SRAM
On chip 12KB 0-wait SRAM can be used for working memory space and program code can be loaded on this

SRAM.

Boot Logic
The smart boot logic supports the flash programming. The AC33M8128 can be entered by external boot pin
and UART and SPI programming are available in boot mode. UARTO or SPIO is used in boot mode

communication.

System Control Unit (SCU)

The SCU block manages internal power, clock, reset and operation mode. It also controls analog blocks
(INTOSC, VDC and LVD)
32-bit Watchdog Timer (WDT)

The watchdog timer performs system monitoring function. It will generate internal reset or interrupt to notice

abnormal status of the system.

Multi-purpose 16bit Timer
Six-channel 16-bit general purpose timers supports below functions.
- Periodic timer mode - Counter mode

- PWM mode - Capture mode
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PWM Generator

3-phase PWM generator 2 channels are implemented. 16 bit up/down counter with prescaler supports both of
triangular and saw tooth waveform.

The PWM generate internal ADC trigger signal to measure the signal on time.

Dead time insertion and emergency stop functionality help that the chip and system are under safety

conditions.

Serial Peripheral Interface (SPI)

Synchronous serial communication is provided with SPI block. The AC33M8128 has 2 channel SPI modules.
It has DMA function supported by DMA controller. Transfer data moved to/from memory area without CPU
operation.

Boot mode will use this SPI block to download flash program.

Inter-Integrated Circuit Interface (1°C)
The AC33M8128 has 2 channel I2C block and it support up to 400KHz 12C communication. The master and

the slave mode supported.

Universal Asynchronous Receiver/Transmitter (UART)

The AC33M8128 has 4 channels UART block. For accurate baud rate control, the fractional baud rate
generator is provided.

It has DMA function supported by DMA controller. Transfer data moved to/from memory area without CPU

operation.

General PORT I/Os
16 bits PA, PB, PC, PD ports are available and provide multiple functionality
- General /O port
- Independent bit set/clear function
- External interrupt input port
- Pull-up/Open-drain
- On chip Debounce Filter

12-bit Analog-to-Digital Converter (ADC)
3 built-in ADCs can convert analog signal up to lusec conversion rate. 16-channel analog mux and OP-AMP

provides various combinations from external analog signals.

Operational Amplifier (OPAMP)
4 built-in OPAMPs amplify analog signals up to x8.74 gain.

Analog Comparator (COMP)

4 built-in analog comparators.

ABOV Semiconductor
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1.4 Pin Description

Below pin configuration is temporary one and 16 pins are reserved for power/ground pair and dedicated pins.

The configuration including pin ordering will be changed in the future.

Tablel.2. Pin Description

Pin No Pin Name Type Description Remark
MQFP80| LQFP80 | LQFP64
1 79 63 VDD P VDD
2 80 64 GND P Ground
3 1 1 GND P Ground
4 5 : PD2 10US PORT D Bit 2 Input/Output
MOSI1 1/O SPI Channel 1 Master Out / Slave In
s 3 : PD3* 10US PORT D Bit 3 Input/Output
MISOI1 1/0 SPI Channel 1 Master In / Slave Out
PAO* 10US PORT A Bit O Input/Output
6 4 2 ANO 1A Analog Input 0
COMPO 1A Comparator 0 Input
PA1* 10US PORT A Bit 1 Input/Output
7 5 3 AN1 IA Analog Inputl
COMP1 1A Comparator 1 Input
PA2* 10US PORT A Bit 2 Input/Output
8 6 4 AN2 1A Analog Input 2
COMP2 1A Comparator 2 Input
PA3* 10US PORT A Bit 3 Input/Output
9 7 5 AN3 1A Analog Input 3
COMP3 1A Comparator 3 Input
PA4* 10US PORT A Bit 4 Input/Output
10 8 6 TOO Output | Timer O Output
AN4 IA Analog Input 4
PAS* 10US PORT A Bit 5 Input/Output
11 9 7 T10 Output | Timer 1 Output
AN5 1A Analog Input 5
PAG* 10US PORT A Bit 6 Input/Output
12 10 3 T20 Output | Timer 2 Output
AN6 IA Analog Input 6
CREFO 1A Comparator 0 Reference Input
PA7* 10US PORT A Bit 7 Input/Output
TRACED3 Output | ETM Trace Data 3
13 11 9 T30 Output | Timer 3 Output
AN7 1A Analog Input 7
CREF3 1A Comparator 3 Reference Input
14 12 10 AGND P Analog Ground
15 13 11 AVDD P Analog VDD
PA8* 10US PORT A Bit 8 Input/Output
TRACECLK Output | ETM Trace Clock
16 14 12
ADOO Output | ADCO Start Signal
AN8 IA Analog Input 8
PA9* 10US PORT A Bit 9 Input/Output
TRACEDO Output | ETM Trace Data O
17 15 13 -
AD10 Output | ADC1 Start Signal
AN9 IA Analog Input 9
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PA10* 10US PORT A Bit 10 Input/Output
TRACED1 Output | ETM Trace Data 1
18 16 14 -
AD20 Output | ADC2 Start Signal
AN10 IA Analog Input 10
PA11* 10US PORT A Bit 11 Input/Output
19 17 15 TRACED2 Output ETM Trace Data 2
AN11 1A Analog Input 11
PA12* 10US PORT A Bit 12 Input/Output
SSO 1/0 SPIO Slave Select signal
20 18 16 -
AD2I Input ADC2 Start Input signal
AN12 IA Analog Input 12
1 19 : PD4 10US PORT D Bit 4 Input/Output
SCL1 Output | 12C Channel 1 SCL In/Out
22 20 : PD5 10US PORT D Bit 5 Input/Ouput
SDA1 Output | 12C Channel 1 SDA In/Out
23 21 17 VDD P VDD
24 22 18 GND P Ground
PD6* 10US PORT D Bit 6 Input/Ouput
25 23 - TXD2 Output [ UART Channel 2 TxD Input
ADOI Input ADCO Start Input signal
PD7* 10US PORT D Bit 7 Input/Ouput
26 24 - RXD2 Input UART Channel 2 RxD Input
AD1I Input ADC1 Start Input signal
PA13* 10US PORT A Bit 13 Input/Output
27 25 19 SCKO 1/0 SPIO Data Clock Input/Output
AN13 1A Analog Input 13
PA14* 10US PORT A Bit 14 Input/Output
28 26 20 MOSIO 1/0 SPI0 Master-Output/Slave-Input Data signal
AN14 IA Analog Input 14
PA15* 10US PORT A Bit 15 Input/Output
29 27 21 MISO0 1/0 SPI0 Master-Input/Slave-Output Data signal
AN15 1A Analog Input 15
PBO 10US PORT B Bit 0 Input/Output
30 28 22
PWMOHO Output | PWMO HO Output
PB1 10US PORT B Bit 1 Input/Output
31 29 23
PWMOLO Output | PWMO LO Output
PB2 10US PORT B Bit 0 Input/Output
32 30 24
PWMOH1 Output | PWMO H1 Output
PB3 10US PORT B Bit 1 Input/Output
33 31 25
PWMOL1 Output [ PWMO L1 Output
34 32 26 TEST Input Test-mode Input (Always tied ‘L’) Pull-down
35 33 27 SCANMD Input Scan-mode Input (Always tied ‘L) Pull-down
PB4 10US PORT B Bit 4 Input/Output
36 34 28 PWMOH2 Output PWMO H2 Output
T9C 1/0 Timer 9 Clock/Capture Input
PB5 10US PORT B Bit 5 Input/Output
37 35 29 PWMOL2 Output | PWMO L2 Output
T90 1/0 Timer 9 Output
PB6 10US PORT B Bit 6 Input/Output
38 36 30 PRTINO Input PWMO Protection Input signal 0
WDTO Output | WDT Output
PB7 10US PORT B Bit 7 Input/Output
39 37 31 -
OVINO Input PWMO Over-voltage put signal 1
\BO\ ABOV Semiconductor
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STBYO Output | Power-down mode indication signal
PB8 10US PORT B Bit 8 Input/Output
40 38 32 PRTIN1 Input PWM1 Protection Input signal 0
RXD3 Input UART3 RXD Input
a1 39 : PD8 10US PORT D Bit 8 Input/Output
WDTO Output | WDT Output
42 30 : PD9 10US PORT D Bit 9 Input/Output
STBYO Output | Power-down mode indication signal
43 41 33 VDD P VDD
44 42 34 GND P Ground
PB9 10US PORT B Bit 9 Input/Output
45 43 35 OVIN1 Input PWM1 Over-voltage Input signal 1
TXD3 Output | UART3 TXD Output
46 a4 36 PB10 10US PORT B Bit 10 Input/Output
PWM1HO Output | PWM Channel 1 Phase 0 H-side Output
47 45 37 PB11 10US PORT B Bit 11 Input/Output
PWM1LO Output | PWM Channel 1 Phase 0 L-side Output
48 46 38 PB12 10US PORT B Bit 12 Input/Output
PWM1H1 Output | PWM Channel 1 Phase 1 H-side Output
49 47 39 PB13 10US PORT B Bit 13 Input/Output
PWM1L1 Output [ PWM Channel 1 Phase 1 L-side Output
50 48 40 PB14 10US PORT B Bit 14 Input/Output
PWM1H2 Output [ PWM Channel 1 Phase 2 H-side Output
51 29 " PB15 IOUS | PORT B Bit 15 Input/Output
PWM1L2 Output | PWM Channel 1 Phase 2 L-side Output
52 50 42 GND P Ground
53 51 43 VDD P VDD
PCO 10US PORT C Bit 0 Input/Output
54 52 44
TCK/SWCK Input JTAG TCK, SWD Clock Input
55 53 45 PC1 10US PORT C Bit 1 Input/Output
TMS/SWDIO 1/0 JTAG TMS, SWD Data Input/Output
PD10 10US PORT D Bit 10 Input/Output
56 54 - ADOSOC Output | ADCO Start-of-Conversion
TOC/PHA Input Timer O Clock/Capture/Phase-A Input
PD11 10US PORT D Bit 10 Input/Output
57 55 - ADOEOC Output | ADCO End-of-Conversion
T1C/PHB Input Timer 1 Clock/Capture/Phase-B Input
58 56 46 NMI Input Non-maskable Interrupt Input
PD12 IOUS | PORT D Bit 12 Input/Output
59 57 - AD1SOC Output | ADC1 Start-of-Conversion
T2C/PHZO Input Timer 2 Clock/Capture/Phase-Z Input
PD13 10US PORT D Bit 13 Input/Output
60 58 - AD1EOC Output | ADC1 End-of-Conversion
T3C Input Timer 3 Clock/Capture Input
61 59 47 VDD P VDD
62 60 48 GND P Ground
63 61 49 PC2 10US PORT C Bit 2 Input/Output
TDO/SWO Output | JTAG TDO, SWO Output
PC3 10US PORT C Bit 3 Input/Output
64 62 50
TDI Input JTAG TDI Input
PC4 10US PORT C Bit 4Input/Output
65 63 51 nTRST Input JTAG nTRST Input
TOC/PHA Input Timer 0 Clock/Capture/Phase-A Input
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PC5 10US PORT C Bit 5Input/Output
66 64 52 RXD1 Input UART1 RXD Input
T1C/PHB Input Timer 1 Clock/Capture/Phase-B Input
PC6 10US PORT C Bit 6lnput/Output
67 65 53 TXD1 Output UART1 TXD Output
T2C/PHZ Input Timer 2 Clock/Capture/Phase-Z Input
PC7 10US PORT C Bit 7Input/Output
68 66 54 SCLO Output 12C Channel 0 SCL In/Out
T3C Input Timer 3 Clock/Capture input
PC8 10US PORT C Bit 8 Input/Output
69 67 55
SDAO Output | 12C Channel 0 SDA In/Out
PC9 10US PORT C Bit 9 Input/Output
70 68 56 CLKO Output | System Clock Output
T80 Output | Timer 8 Output
PC10 10US PORT C Bit 10 Input/Output
71 69 57
nRESET Input External Reset Input Pull-up
PC11 10US PORT C Bit 11 Input/Output
72 70 58 BOOT Input Boot mode Selection Input
T8C Input Timer 8 Clock/Capture Input
73 71 : PD14 10US PORT D Bit 14 Input/Output
AD2S0C Output | ADC2 Start-of-Conversion Output signal
o . _ TD15 IOUS | PORT D Bit 15 Input/Output
AD2EOC Output | ADC2 Start-of-Conversion Output signal
PC15 10US PORT C Bit 14 Input/Output
75 73 59 TXDO Output | UARTO TXD Output
MISO0 1/0 SPI0 Master-Input/Slave-Output
PC14 10US PORT C Bit 14 Input/Output
RXDO Input UARTO RXD Input
76 74 60
MOSIO 1/O SPI0 Master-Output/Slave-Input
VMARGIN OA Not used. (test purpose)
77 75 61 PC13 10US PORT C Bit 13 Input/Output
XOUT OA External Crystal Oscillator Output
PC12 10US PORT C Bit 12 Input/Output
78 76 62 .
XIN IA External Crystal Oscillator Input
79 77 : PDO 10US PORT D Bit 0 Input/Output
SS1 1/O SPI1 Slave Select
80 78 : PD1 10US PORT D Bit 1 Input/Output
SCK1 1/0 SPI1 Clock Input/Output

*Notation: I=Input, O=Output, U=Pull-up, D=Pull-down,
S=Schmitt-Trigger Input Type, C=CMOS Input Type, A=Analog, P=Power
(*) Selected pin function after reset condition

Pin order may be changed with revision notice

ABOV Semiconductor
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1.5 Memory Map

Address

Memory map

0x0000_0000

0x0001 FFFF

Code Flash ROM
(128KB)

0x0002_0000

Ox1FFE_FFFF

Reserved

O0xLFFF_0000

0x1FFF_07FF

Boot ROM

0x1FFF_0800

0x1FFF FFFF

Reserved

0%2000_0000

0x2000 2FFF

SRAM
(12K)

0x2000_3000
0x2FFF FFFF

Reserved

0x2200_0000

0x23FF FFFF

SRAM Bit-banding region

0x2400_0000
0x2FFF FFFF

Reserved

0x3000_0000

0x3001 FFFF

Code Flash ROM(Mirrored)
(128KB)

0x3002_0000

0x3002 07FF

Boot ROM (Mirrored)

0x3003_0000

0x3003_07FF

OTP ROM (Mirrored)

0x3004_0000

0x3FFF_FFFF

Reserved

0x4000_0000

0x4000 FFFF

Periperals

0x4001_0000
0x41FF FFFF

Reserved

0x4200_0000

0x43FF FFFF

Periperals bit-banding region

0x4400_0000
0x5FFF FFFF

Reserved

0x6000_0000

0x9FFF FFFF

External Memory
(Not supported)

0xA000_0000

O0xDFFF_FFFF

External Device
(Not supported)

0xE000_0000

0xE003 FFFF

Private peripheral bus:
Internal

0xE004_0000

0xEOOF FFFF

Private peripheral bus:
Debug/External

0xE010_0000

OxFFFF_FFFF

Vendor Specific

Figurel.6. Main Memory MAP
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Address

Core memory map

0xE000_0000

0XE000_OFFF

I™

0xE000_1000

0xE000 1FFF

DWT

0xE000_2000

0xE000 2FFF

FPB

0xE000_3000

0xE000_DFFF

Reserved

0xXE000_E000

0xE000_EFFF

System Control

0xXE000_F000

0xE003_FFFF

Reserved

0xE004_0000

0xE004 OFFF

TPIU

0xE004_1000

0xE004_1FFF

ETM

0xE004_2000

0xEOOF EFFF

External PPB

0xE0OF_F000

0XEOOF_FFFF

ROM Table

Figurel.7. Cortex-M3 Private Memory Map
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Peripheral map

Address
0x4000_0000
SCU
0x4000_0100
FMC
0x4000_0200
WDT
0x4000 0300
- Reserved
0x4000_0400
DMAC(15)
0x4000 0500
- Reserved
0x4000_1000
PCU
0x4000_2000
GPIO(A,B,C,D)
0x4000_3000
TIMER(6)
0x4000_4000
MPWMO
0x4000_5000
MPWM1
0x4000 6000
B Reserved
0x4000_8000
UARTO
0x4000_8100
UART1
0x4000_8200
UART2
0x4000_8300
UART3
0x4000 8600
- Reserved
0x4000_9000
SPIO
0x4000_9100
SPI1
0x4000_9200
Reserved
0x4000_A000
1>Co
0x4000_A100
1’c1
0x4000 A200
*x4000_~ Reserved
0z4000_B000
ADCO
0x4000_B100
ADC1
0x4000_B200
ADC2
0x4000_B300
AFE
0x4000_B400
Reserved

0x4000_FFFF

Figurel.8. Peripheral Memory Map
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CPU

CHAPTER 2. CPU
2.1 Cortex-M3 Core

CPU core is supported from the ARM Cortex-M3 processor which provides a high-performance, low-cost
platform.

Document DDI337 from ARM provides detail information of Cortex-M3.

ABOV Semiconductor
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CPU

2.2 Interrupt Controller
Table2.1. Interrupt Vector Map

Priority Vector Address Interrupt Source
-16 0x0000_0000 Stack Pointer
-15 0x0000_0004 Reset Address
-14 0x0000_0008 NMI Handler
-13 0x0000_000C Hard Fault Handler
-12 0x0000_0010 MPU Fault Handler
-11 0x0000_0014 BUS Fault Handler
-10 0x0000_0018 Usage Fault Handler
-9 0x0000_001C
-8 0x0000_0020

Reserved
-7 0x0000_0024
-6 0x0000_0028
-5 0x0000_002C SVCall Handler
-4 0x0000_0030 Debug Monitor Handler
-3 0x0000_0034 Reserved
-2 0x0000_0038 PenSV Handler
-1 0x0000_003C SysTick Handler
0 0x0000_0040 LVDDETECT
1 0x0000_0044 SCLKFAIL
2 0x0000_0048 XOSCFAIL
3 0x0000_004C WDT
4 0x0000_0050 Reserved
5 0x0000_0054 TIMERO
6 0x0000_0058 TIMER1
7 0x0000_005C TIMER2
8 0x0000_0060 TIMER3
9 0x0000_0064
10 0x0000_0068
Reserved
11 0x0000_006C
12 0x0000_0070
13 0x0000_0074 TIMER8
14 0x0000_0078 TIMER9
15 0x0000_007C Reserved
16 0x0000_0080 GPIOAE
17 0x0000_0084 GPIOAO
18 0x0000_0088 GPIOBE
19 0x0000_008C GPIOBO
20 0x0000_0090 GPIOCE
21 0x0000_0094 GPIOCO
22 0x0000_0098 Reserved
23 0x0000_009C GPIODO
ABOV Semiconductor \BO\
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CPU

24 0x0000_00AO0 MPWMO
25 0x0000_00A4 MPWMOPROT
26 0x0000_00A8 MPWMOOVV
27 0x0000_00AC MPWM1
28 0x0000_00B0O MPWM1PROT
29 0x0000_00B4 MPWM10VV
30 0x0000_00B8
Reserved
31 0x0000_00BC
32 0x0000_00C0 SPIO
33 0x0000_00C4 SPI1
34 0x0000_00C8
Reserved
35 0x0000_00CC
36 0x0000_00D0 12C0O
37 0x0000_00D4 12C1
38 0x0000_00D8 UARTO
39 0x0000_00DC UART1
40 0x0000_00EO UART2
41 0x0000_00E4 UART3
42 0x0000_00E8 Reserved
43 0x0000_00EC ADCO
44 0x0000_00F0 ADC1
45 0x0000_00F4 ADC2
46 0x0000_00F8 COMPO
47 0x0000_00FC COMP1
48 0x0000_0100 COMP2
49 0x0000_0104 COMP3
50 0x0000_0108
51 0x0000_010C
52 0x0000_0110
53 0x0000_0114
54 0x0000_0118
55 0x0000_011C
56 0x0000_0120
Reserved
57 0x0000_0124
58 0x0000_0128
59 0x0000_012C
60 0x0000_0130
61 0x0000_0134
62 0x0000_0138
63 0x0000_013C
\BO\ ABOV Semiconductor
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BOOT MODE

CHAPTER 3. Boot Mode

3.1 Boot Mode Pins

AC33M8128 has boot mode option to program internal flash memory.

Boot mode can be entered by setting BOOT pin to ‘L’ at reset timing. (Normal state is ‘H’)

The boot mode supports UART boot and SPI boot.

UART boot uses UARTO port, and SPI boot uses SPIO.

The pins for boot mode are listed as following:

Table3.1. Boot mode pin list

Block Pin Name Dir Description
NRESET/PC10 | Reset Input signal
SYSTEM
BOOT/PC11 | ‘0’ to enter Boot mode
RXDO0/PC14 | UART Boot Receive Data
UARTO
TXDO/PC15 (0] UART Boot Transmit Data
SS0/PA12 | SPI Boot Slave Select
SPIo SCKO/PA13 | SPI Boot Clock Input
MOSIO/PA14 | SPI Boot Data Input
MISOO0/PA15 (0] SPI Boot Data Output

3.2 Boot Mode Connections

User can design target board using any of boot mode ports — UART or SPI.

Followings are sample connection diagrams of boot mode.

TARGET RESET | >
BOOT sw | >

HOST_TXD | >
HOST_RXD < |

AV
AV

3.3~5V

VDD
NRESET
BOOT

AC33M8128

RXDO
TXDO

GND

Figure3.1. Connection diagram of UART Boot

ABQOV Semiconductor
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BOOT MODE

3.3~5V
10kQ) VDD
TARGET_RESET | > v NnRESET

BOOT_SW | > v BOOT

HOST_SS D SS0 AC33M8128
HOST_SCK | > SCKO
HOST_SDOUT | > MOSIO
HOST_SDIN < : MISO0

Figure3.2. Connection diagram of SPI Boot
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System Control Unit - SCU

CHAPTER 4. SYSTEM CONTROL UNIT (SCU)
4.1 OVERVIEW

The AC33M8128 has built-in intelligent power control block which manages system analog blocks and
operating modes
Internal reset and clock signals are controlled by SCU block to maintain optimize system performance and

power dissipation.

APB BUS > SCu > SCU
MODE CONTROL [«
y
, SCu » HCLK
| cLock Gen > PCLK
A
< > SLEEP
INTITEERséJPT < WAKE UP  [¢————— Wakeup
¢ Source
. » VDC/LVD/PLL VDC/LVD/PLL
INTERRUPT € IntOSC CONTROL INtOSC

Figure4.1. SCU Block Diagram

ABOV Semiconductor
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System Control Unit - SCU

4.2 CLOCK SYSTEM

AC33M8128 has two main operating clocks. One is HCLK which supplies the clock to CPU and AHB bus

system. The other one is PCLK which supplies the clock to Peripheral systems.

User can control the clock system variation by software. Figure 4.2 shows the clock system of the chip. And

Table 4.1 shows clock source descriptions.

I0SCCONI0]

losC ‘
(20MHz)

En/Dis

IOSCCON([1]

0

MOSC ‘
= (4MHZz/8MHZ)
En/Dis

;

MOSCCON([1]

L__EnDis |

‘SOSCCON[I]

O_rcclk_pre

o
B pLL | PLLCLK

FINSEL

FINCLK

0

1~ O_emclk_pre

MOSCCONI[0]

SOSCCON[0]
SOSsC H 0 SUBCLK
(IMH_Z) . 5‘ O_rclk_pre

MCLKSEL[0]

MCLKSEL[1]

HCLK_FREE CM3_FCLK

0
) B MCLK HCLK_FREE

HCLK CM3_HCLK

SLEEP
MEM_HCLK
(

DMAEN

Figure 4.2. System clock configuration

All the mux to switch clock source have a glitch-free circuit in each. So clock can be switched without glitch

risks.

Table4.1. Clock sources

Clock name Frequency Description
10SC20 20MHz Internal OSC

MainOSC X-TAL(4MHz~8MHz) External Crystal IOSC
PLL Clock 8MHz ~ 72MHz On Chip PLL

ROSC 1MHz Internal RING OSC

The PLL can synthesize PLLCLK clock up to 72MHz with FIN reference clock. It also has internal pre-divider

and post-divider.

421 HCLK clock domain

HCLK clock feeds the clock to the CPU and AHB bus. Cortex-M3 CPU requires 2 clocks related with HCLK

clock. FCLK and HCLK. FCLK is free running clock and it is always running except power down mode. HCLK

can be stopped in the idle mode.

\BO\

SEMICONDUCTOR

24 /61

ABOV Semiconductor




System Control Unit - SCU

422 Miscellaneous clock domain for Cortex-M3
‘_\OSC — ﬂ
\ \
STCLKDIV[7:0] PLL TEXTOCLKDIV[7:0]
STSRCSEL[2:0] TEXTOSRCSEL[2:0]
— —
\
PLL TRACECLKDIV[7:0] PLL WDTEXTCLKDIV[7:0]
TRACESRCSEL[2:0] WDTEXTSRCSEL[2:0]
] ]
\ \ PR o
PLL PWMOCLKDIV[7:0] PLL DEBPXTCLKDIV[7:0]
PWM1CLKDIV[7:0]

PWMOSRCSEL[2:0] DEBPXSRCSEL[2:0]

PWM1SRCSEL[2:0]

Figure 4.3. Miscellaneous clock configuration

423 PCLK clock domain
PCLK is master clock of all the peripherals. It can be stopped in powerdown mode. Each peripheral clocks
generated by PCER register set.
424 Clock configuration procedure

After power up, the defulat system clock is feed by RINGOSC (1MHz) clock. RINGOSC is default enabled at
power up sequence. The other clock sources will be enabled by user controls with the RINGOSC system clock.

MOSC clock can be enabled by CSCR register. Before enable MOSC block, the pin mux configuration should
be set for XIN, XOUT function. PC12 and PC13 pins are shared with MOSC’s XIN and XOUT function -
PCCMR and PCCCR registers should be configured properly. After enabling the MOSC block, you must wait for
more than 1msec time to ensure stable operation of crystal oscillation.

PLL clock can be enabled by PLLCON register. After enabling the PLL block, you must wait for pll lock flag.
PLL output clock is stable, you can select MCLK for your system requirement. Before changing the system
clock, flash access wait should be set to the maximum value. After the system clock is changed, you will need

to set flash access wait that you want if necessary.

ABQOV Semiconductor
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System Control Unit - SCU

You can find an example flow chart to configure the system clock in Figure 4.4

Power up
MCLK == RING OSC
(default set)

L

Set Flash wait control in
FM.CFG.WAIT == Maximum wait

Set 10SC
Set MOSC
PCCMR[27:24]«+XIN,XOUT
PCCCR[27:24] +analog
CSCR.IOSCCON[3] = 1
CSCR.EOSCCONI1] = 1

check EOSCSTS bit in CMR

Wait 5msec for MOSC crystal
oscillation stabilizing

Change MCLK from
RINGOSC to MOSC in SCCR
(MCLK == MOSC)

Set PLL CON

Check PLL LOCK bit

in PLLCON

Change MCLK
from MOSC to PLL in SCCR
(MCLK == PLL)

L

Set flash wait control in
FM.CFG.WAIT

END >

Figure 4.4. Clock configuration procedure
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System Control Unit - SCU

4.3 RESET

AC33M8128 has two system reset. One is the cold reset by POR which is effective during power up or down
sequence. The other reset is the warm reset which is generated by several reset sources. The reset event
make the chip to turn initial state.

The cold reset has only one reset source which is POR.

The warm reset has several reset sources as below
NRESET pin

WDT reset

LVD reset

MCLK Fail reset

MOSC Fail reset

S/W reset

CPU request reset

L 2B 2R 2R 2R 2R 2 2

431 The Cold Reset

The cold reset is important feature of the chip when power is up. This characteristic will globaly affect the
system boot. Internal VDC is enabled when VDD power is turn on. Internal VDD level slope will follow by
External VDD power slope. Internal PoR trigger level is 1.4V of internal VDC voltage out level. At this time, boot
operation is started. The ringosc clock is enabled and counts 4msec time for internal VDC level stabilizing. In
this time, external VDD voltage level should be over than initial LVD level (2.3V). After 4msec counting , the
CPU reset is released and start the operation.

The figure 4.5 shows power up sequence and internal reset waveform.

Voltage
5 VDD
LVD = 2.3V
VDD18=18V VDD18
POR(R)=14V
POR(A=1.2V h i
1 1
1 1 :
1 1 .
: . . Time
. 1 1
o 1 1
Internal RESETB i : :
11
0" :
11
1 4ms U 4ms
L —
1 |
II L .
Time

Figure 4.5. Power-up POR sequence
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System Control Unit - SCU

RSSR register shows the POR reset status. The last reset is come from POR, RSSR.PORST is set to “1".
After power up, this bit is always “1”. If abonormal internal voltage drop is occurred during normal operation, the
system will be reset and this bit also set to “1”.

When the cold reset applied, all the chip returns to initial state.

y ABOV Semiconductor
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System Control Unit - SCU

432 The Warm Reset

The warm reset event has several reset sources and some parts of chip returns to itinial state when warm
reset codition is occurred.

The wram reset source is controlled by RSER register and the status is appeared in RSSR register. The reset
for each peripheral blocks is controlled by PRER register. The reset can be masked independently.

The CM3_SYSRESETN signal resets the processor excluding debug logics in the processor.

Internal VDD
VDD vDC POR amseccounter 29883l s poResemn
LVD
SYSRESET
LVD Reset detector
RSER.LVDRST
el | PN Resetdeector |
RSER.PINRST
CPU REQUEST
- - CPU Reset detector
RSER.CORERST L
SW RESET
SW Reset detector

Warm Reset

|

WDT OVERFLOW . WDT Reset detector

RSER.WDTRST
. MCLK FAIL Reset
detector

MCLK FAILT
RSER.MCKFRST

MOSC FAIL
RSER.XFRST

SYSRESET-

PRER1.5CU PRER2.5PIO

SPI0 RESET

PRER1.FMC PRER2.12C0

12C0.RESET

PRERL.WDT PRER2.UARTO

UARTO RESET

PREL.PCU PRER2.UARTL

UART1 RESET

PRER1.DMA PRER2.MPWMO

MPWMO RESET

PRER1L.GPIOA PRER2.ADCO

ADCO RESET

PRER1.GPIOB PRER2.ADCL

ADCL RESET

PRE1.GPIOC

PRER1.GPIOD

PRERL.TIMERO

PRER1.TIMER1

PER1.TIMER2

Figure 4.6. Reset configuration
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System Control Unit - SCU

4.4 OPERATION MODE

The INIT mode is initial state of the chip when reset is asserted. The RUN mode is max performance of the
CPU with high-speed clock system. And the SLEEP mode can be used as the low power consumption mode.
The low power consumption is achieved by halting processor core and unused peripherals.

Figure 4.5 shows the operation mode transition diagram.

Power-on
Reset

Reset Event
Reset Event

MCU
Initialization

Wake-up Event

< WFI
SLEEPDEEP=0

Figure4.7. Operating Mode

441 RUN Mode

This mode is to operate the CPU core and the peripheral hardware by using the high-speed clock. After reset

followed by INIT state, it is entered into RUN mode.

442 SLEEP Mode

Only the CPU is stopped in this mode. Each peripheral function can be enabled by the function enable and

clock enable bit in the PER and PCER register.

4.5 PIN DESCRIPTION

Table4.2. SCU and PLL pins

PIN NAME TYPE DESCRIPTION
NRESET | External Reset Input
XIN/XOUT OSC | External Crystal Oscillator
STBYO (0] Stand-by Output Signal
CLKO (0] Clock Output Monitoring Signal

ABOV Semiconductor
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Port Control Unit - PCU

CHAPTER 5. PORT CONTROL UNIT (PCU)
5.1 OVERVIEW

PCU(Port Control Unit) controls the external I/Os as below

u Set external signal directions of each pins
u Set interrupt trigger mode for each pins
u Set internal pull-up register control and open drain control

APB BUS ey PORT
CONTROL — 3
=P FUNCTION PA/PB/PC
Function /05 ed g/ MUX & cppepr [P PORTs

——3 INTERRUPT ¢ I
NVIC ¢ CONTROL

Figure5.1. Block Diagram

VDDIO
| Pull-up Enable I O—|
VDDIO
I Open-Drain Enable I—l
VDDI
Input Mode @—ol °©

| Port MUX I

PIN-ad
GPIO Output
Function 1 Output 8‘,’
10

Function 2 Output 1"
Function 3 Output

Analog Disable

Function Input
Debounce

Logic
| Debounce Enable I |
| Debounce Count I

Analog Input
(ANO~ANT15,
XTALIXTALO)

Figure5.2. I/O Port Block Diagram (ADC and External Oscillator pins)
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VDDIO

| Pull-up Enable I O—|

VDDIO

I Open-Drain Enable I—l
oo vode | j}; of VDDIO

| Port MUX I

PIN-ad

Analog Disable

Function Input

| Debounce Enable I
| Debounce Count =

Analog Input
(ANO~ANT15,
XTALILXTALO)

Debounce
Logic

Figure5.3. I/O Port Block Diagram (General I/O pins)
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Port Control Unit - PCU

5.2 Pin Multiplexing

GPIO pins have alternative function pins. Below table shows pin multiplexing information.

Table 5.1. GPIO Alternative function

PORT FUNCTION
00 01 10 11
0 | PAO* AINO/COMPO
1 | PA1* AIN1/COMP1
2 | PA2* AIN2/COMP2
3 | PA3* AIN3/COMP3
4 | PA4* TOO AIN4
5 | PA5* T10 AIN5
6 | PAG* T20 AIN6/CREFO
7 | PAT* TRACED3 | T30 AIN7/CREF3
oA 8 | PAS* TRACECLK | ADOO AIN8
9 | PA9* TRACEDO | AD1O AIN9
10 | PA10* TRACED1 | AD20 AIN10
11 | PA11* TRACED2 AIN11
12 | PA12* SSO AD2I AIN12
13 [ PA13* SCKO AIN13
14 | PA14* MOSIO AIN14
15 | PA15* MISOO0 AIN15
0 | PBO* PWMOHO
1 | PB1* PWMOLO
2 | pPB2* PWMOH1
3 | PB3* PWMOL1
4 | PB4* PWMOH2 T9C
5 | PB5* PWMOL2 T90O
6 | PB6* PRTINO WDTO®
7 | PB7* OVINO STBYO®
Pe 8 | PB8* PRTIN1 RXD3

9 | PB9* OVIN1 TXD3
10 | PB10O* PWM1HO
11 | PB11* PWM1LO
12 | PB12* PWM1H1
13 | PB13* PWM1L1
14 | PB14* PWM1H2
15 | PB15* PWM1L2

(*) mark indicates default pin setting.
@ mark indicates secondary port

ABOV Semiconductor
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Table5.2. GPIO Alternative function

FUNCTION
PORT
00 01 10 11

0 | PCO TCK/SWCLK*
1 |PC1 TMS/SWDIO*
2 | PC2 TDO/SWO*
3 | PC3 TDI*
4 | PC4 NTRST* TOC/PHA®
5 | PC5* RXD1 T1C/PHB®
6 | PCo6* TXD1 T2C/PHZ®
7 | PCT* SCLO T3C

Pe 8 | PC8* SDAO
9 | PC9* CLKO T80
10 | PC10 NRESET*
11 | PC11/BOOT* T8C
12 | PC12* XIN
13 | PC13* XOUT
14 | PC14* RXDO MISO0®@
15 | PC15* TXDO MOSI0@
0 | PDO* SS1
1 | PD1* SCK1
2 | PD2* MOSI1
3 | PD3* MISO1
4 | PD4* SCL1
5 | PD5* SDAl
6 | PD6* TXD2 ADOI
7 | PD7* RXD2 AD1lI

PP 8 | PD8* WDTO
9 | PD9* STBO
10 | PD10* ADOSOC TOC/PHA
11 | PD11* ADOEOC T1C/PHB
12 | PD12* AD1SOC T2C/PHZ
13 | PD13* AD1EOC T3C
14 | PD14* AD2S0OC
15 | PD15* AD2EOC

(*) mark indicates default pin setting.
@ mark indicates secondary port

\BO\
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Gerneral Purpose I/0 - GPIO

CHAPTER 6. GENERAL PURPOSE 1/O (GPIO)
6.1 OVERVIEW

Most of pins except dedicated function pins can be used general I/O ports. General input/output ports are
controlled by GPIO block.

[ | Output signal level (H/L) select
[ | Input signal level
[ | Output Set/Clear pin as writing ‘1’
GPIO Port
PSEL =P
—JP( PnSRR
DOUT[31:0] 4 » PnODR g
pcu [P PINs
DIN[31:0] 4 PniDR |4

Figure6.1. Block diagram
6.2 Pin description

Table 6.1. External signal

PIN NAME |TYPE DESCRIPTION
PA 10 PAO - PA15
PB 10 PBO - PB15
PC 10 PCO - PC15
PD 10 PDO - PD15

ABQOV Semiconductor
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Flash Memory Controller

CHAPTER 7. FLASH MEMORY CONTROLLER

7.1 Flash Memory Controller Introduction

Flash Memory Controller is an internal flash memory interface controller.

128KB Flash code memory

32-bit read data bus width

Code cache block for fast access mode
128-byte page size

Support page erase and sector erase
128-byte unit program

Table7.1. Internal flash specification

Item Decription
Size 128KB
Start Address 0x0000_0000
End Address 0x0001_FFFF
Page Size 128-byte
Total Page Count 1,024 pages
PGM Unit 128-byte
Erase Unit 128-byte
B
AHB BUS o
D B < «—>
Read CACHE CODE
A C FlashROM
128KB
S (32K x 32bit)
T
APB BUS P | R
Register file < ” o
L
M
U
X

Figure7.1. Block Diagram
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SRAM

CHAPTER 8. INTERNAL SRAM
8.1 OVERVIEW

The AC33MX128 has a block of 0-wait on-chip SRAM. The size of SRAM is 12KB.

The SRAM base address is 0x2000_0000

The SRAM memory area usually used for data memory and stack memory. Sometimes the code is dumped into the
SRAM memory for fast operation or flash erase/pgm operation.

This device does not support memory remap starategy. So jump and return is required to perform the code in SRAM

memory area

ABOV Semiconductor
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DMA Controller

CHAPTER 9. DIRECT MEMORY ACCESS CONTROLLER (DMAC)

9.1 DMAC Introduction

DMA is direct memory access controller

15 Channels

Single transfer only

Support 8/16/32-bit data size

Support multiple buffer with same size

Interrupt condition is transferred through peripheral interrupt

| REGISTER INTERFACE

| ADR | GDNfT | BUF

PCLK »
DST SRC
CNT CNT
INTERRUPT e
CHANNEL AHE
MASTER
DMA_REQ ——t
H"W Handshake
DMA_ACK e

AHE BUS

Figure9.1. Block Diagram
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Watch-Dog Timer

CHAPTER 10. WATCH-DOG TIMER (WDT)
10.10VERVIEW

The Watchdog timer can monitor the system and generate an interrupt or a reset. It has 32-bit down-counter.

32bit down counter (WDTCVR)
Select reset or periodic interrupt
Count clock selection

Dedicated pre-scaler

Watchdog overflow output signal

WPRS
WDT.CON[2:0]

'

ok —m

WODT prescale b, underflow
wdt_resetn
extck — ) woT WDTRE
LOGIC WDT.CON[6]

{\r

sel_mux WDT_APBreg

‘wdt internal
counter

WDT.LR
APB inten‘ace< > <:>
WDTIE
WDT.CON WDT.CON[7] .
wdt_int
v

WDT.CNT WDT.CON[8]

Figurel0.1. Block diagram
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16-bit Timer

CHAPTER 11. 16-BIT TIMER

11.10VERVIEW

The timer block is consisted with 6 channels of 16 bit General purpose timers. They can support periodic timer,

PWM pulse, one-shot timer and capture mode.

16-bit up-counter
Periodic timer mode
One-shot timer mode
PWM pulse mode
Capture mode
10-bit prescaler

EXFeHc

J

i [

OTHER TIMER
START

Output [P TnADTRG
Generat [—TnINT
or L
16-bit Counter i
>Countup ICI|93|' hl |_I—TnCR1.ADCTRGEN
93 TnCR1.STARTLVL
Comparator 0 [ comparator J4 TnCR1.0UTP
| Data0 buffer |
1t SYNC CLEAR
[ mera KN out
OTHER TIMER
CLEAR TnCR1.CSYNC

nO

11.2Pin description

Tablell1.1. External pin

Figurell.l. Block diagram

PIN NAME TYPE DESCRIPTION
™nC I External clock / capture input
TnO (0] Timer output
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UART

CHAPTER 12. UNIVERSAL ASYNCHRONOUS
RECEIVER/TRANSMITTER (UART)

12.10VERVIEW

4-Channel UART (Universal Asynchronous Receiver/Transmitter) modules are provided. Dedicated DMA
support to data transfer between memory buffer and transmit or receive buffer of UART block.

UART operation status including error status can be read from status register. The prescaler which generates
proper baud rate, is exist for each UART channel. The prescaler can divide the UART clock source which is
PCLK/2, from 1 to 65535. And baud rate generation is by clock which internally divided by 16 of the prescaled
clock and 8-bit precision clock tuning function.

Programmable interrupt generation function will help to control the communication via UART channel

Compatible with 16450

Support DMA transfer

Standard asynchronous control bit (start, stop, and parity) configurable
Programmable 16-bit fractional baud generator

Programmable serial communication

= 5. 6-, 7- or 8- bit data transfer

= Even, odd, or no-parity bit insertion and detection
= 1-, 1.5- or 2-stop bit-insertion and detection
16-bit baud rate generation with 8-bit fraction control
Hardware inter-frame delay function

Stop bit error detection

Detail status register

Loop-back control

ABOV Semiconductor
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UART

RECEIVER
< BUFFER
—
2 RECEIVER X RECEIVER
<« I BUFFER < SHIFT “— R
0 REGISTER REGISTER
LINE ]
> CONTROL >
DATA[7:0] REGISTER Riﬁaléla
&
CONTROL
ADDR[4:2]
BDR
[ —— <> BAUD
BFR GENERATOR
APB IIF !
PSEL - & (Fration)
CONTROL
PWRIT LOGIC
»|  TRNASMITTER
TIMING
PENABLE LINE < Py
R STATUS < CONTROL
PCLK o REGISTER
TRANSMITTER
—DRESEL, | > BUFFER
v
TRANSMITTER 5
—> HOLDING A o TRANSMITTER
REGISTER > | o |— SHIFTER  —% TxD
o REGISTER
INTERRUPT INTERRUPT
<> ENABLE — CONTROL >
REGISTER LOGIC » INTERRUPT
INTERRUPT
< ID ——
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Figure 12.1. Block diagram
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12.2Pin description
Table 12.1. External signal

PIN NAME |TYPE DESCRIPTION
TXDO O | UART Channel 0 transmit output
RXDO | UART Channel 0 receive input
TXD1 O | UART Channel 1 transmit output
RXD1 | UART Channel 1 receive input
TXD2 O | UART Channel 2 transmit output
RXD2 | UART Channel 2 receive input
TXD3 O | UART Channel 3 transmit output
RXD3 | UART Channel 3 receive input
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CHAPTER 13. SERIAL PERIPHERAL INTERFACE (SPI)
13.1 OVERVIEW

2-Channel serial Interface are provided for synchronous serial communications with external peripherals. SPI
block support both of master and slave mode. 4 signals will be used for SPI communication — SS, SCK, MOSI,
and MISO.
[ | Master or Slave operation.
Programmable clock polarity and phase.
8,9,16,17-bit wide transmit/receive register.
8,9,16,17-bit wide data frame.
Loop-back mode.
Programmable start, burst, and stop delay time.

DMA transfer operation.

—PRESET o} TxData[16:0] TxSData[16:0]
psEL Tx Data Tx  Shifter
— Register < > SS

PENABLE < > SCK

PWRITE, ) Transmiy  [€—> Mos!
—_— Register
Receive |G MISO

block
PADDR logic

|

PWDATA[3L:0] RxData[16:0] RxSData[16:0]

|

R xShifter

PRDATA[31:0] Rx Data
Register

|

PENABLE PENABLE

DMA req
(Tx &Rx)

< Clock SPICLKDIV
divider

SSDET

\

TRDY Interrupt
DMA en (Tx & Rx) > PL = sPIRQ

DMA ack ( Tx & Rx) generator
DMA done (Tx & Rx) RRDY

\/

DMA Tx/Rx done Interrupt

Figure 13.1. SPI block diagram

13.2 PIN DESCRIPTION
Tablel3.1. External Pins

PIN NAME TYPE DESCRIPTION
SSO 110 SPI0 Slave select (Master output, Slave input)
SCKO 110 SPI0 Serial clock (Master output, Slave input)
MOSIO 110 SPI0 Serial data (Master output, Slave input)
MISOO0 110 SPI0 Serial data (Master input, Slave output)
SS1 110 SPI1 Slave select (Master output, Slave input)
SCK1 110 SPI1 Serial clock (Master output, Slave input)
MOSI1 110 SPI1 Serial data (Master output, Slave input)
MISO1 110 SPI1 Serial data (Master input, Slave output)
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CHAPTER 14. I°C Interface
141 OVERVIEW

I2C(Inter-Integrated Circuit) bus serves as an interface between the microcontroller and the serial I1°C bus. It
provides two wires, serial bus interface to a large number of popular devices and allows parallel-bus systems to
communicate bidirectionally with the 1°C-bus.

Master and slave operation
Programmable communication speed
Multi-master bus configuration

7-bit addressing mode

Standard data rate of 100/400 kbps
STOP signal generation and detection
START signal generation

ACK bit generation and detection

. N
Slave Addr. Register
(I2CSAR)
Debounce |
enable Slave Addr. Registerl n
(I2CSAR1) t

— SDAIN
. oise o ) e
SDA D_< Canceller F/E > 8-bit Shift Register r
> (SHFTR) N
a
] Y |
SDAOUTATN SDA _ Data Out Register |/ ! \
out Controller (12CDR) N—] s
v ) u
s
Debounce SCLHigh Period | A4 |
enable SCLIN Register N— b
X N i
Noise SCL Low Period
sc.[ s/ - SCL g ! —,
Canceller ~| out Controller Register N
e
:J SDAHoldTimeRegister |/ L

(I2CDAHR) N

Figurel4.1 I1°C Block diagram
14.2 PIN DESCRIPTION

Tablel4.1 I12C interface external pins

PIN NAME |TYPE DESCRIPTION
SCLO I/0 | I2C channel 0 Serial clock bus line (open-drain)
SDAO 1/0 | I2C channel 0 Serial data bus line (open-drain)
SCL1 I/0 | I2C channel 1 Serial clock bus line (open-drain)
SDA1 I/0 | I12C channel 1 Serial data bus line (open-drain)
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CHAPTER 15. MOTOR PULSE-WIDTH-MODULATOR (MPWM)
15.1 MPWM Introduction

MPWM is Programmable Motor controller

u 6-Channel outputs for motor control
u Dead- time zone support
u Protection event and over voltage event handling
[ | Six ADC trigger outputs
[ | Interval interrupt mode (period interrupt only)
[ | Up-down count mode
Over voltage
detection
Protection event ———
\ AN
PWM CONTROL ‘ POLUH > UH
B = |3
Period Dead time | —{ POLUL P» £ | 8 | € — UL
Duty UH S1§|38
Y POLVH B Q| 8 | o — VH
Duty UL g 25| 9
Dea S|l s | =
Duty VH . POLVL © » VL
owy | | G5 | PO b2 88 >
generator POLWH el 2| @ » WH
Duty WH _ L? o 5 L
Duty WL POLWL » WL
APB I/F i L i
Main Counter
- - PWM port Port Hi-Z
Interrupt e
ADC Trigger0 | ADC Triggerl e p Control 1 ontrol
ADC Trigger2 | ADC Trigger4
ADC Trigger3 | ADC Trigger5 Status
YYVYVYYVYY v VvV
O =d N M W o O O
5555538 Z Lo
5929220909 = 5 9
FEEFEE e E 5 8
Q o
° >
s %
O

Figurel5.1. Block Diagram

\BO\ ABOV Semiconductor

i _ 46 /61
SEMICONDUCTOR



Motor PWM

15.2Pin description

Tablel5.1. External Signals

PIN NAME TYPE DESCRIPTION
MPOUH (0] MPWM 0 Phase-U H-side output
MPOUL (0] MPWM 0 Phase-U L-side output
MPOVH (0] MPWM 0 Phase-V H-side output
MPOVL (0] MPWM 0 Phase-V L-side output
MPOWH (0] MPWM 0 Phase-W H-side output
MPOWL (0] MPWM 0 Phase-W L-side output
MP1UH (0] MPWM 1 Phase-U H-side output
MP1UL (0] MPWM 1 Phase-U L-side output
MP1VH (0] MPWM 1 Phase-V H-side output
MP1VL (0] MPWM 1 Phase-V L-side output
MP1WH o] MPWM 1 Phase-W H-side output
MP1WL o] MPWM 1 Phase-W L-side output
PRTINO I MPWM 0 Protection Input 0
OVINO I MPWM 0 Over-voltage Input 1
PRTIN1 | MPWM 1 Protection Input O
OVIN1 I MPWM 1 Over-voltage Input 1
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12-bit A/D Converter

CHAPTER 16. 12-BIT A/D CONVERTER
16.1 12-bit ADC Introduction

ADC block consists of 3 independent ADC units.

16 Channels of analog inputs

Single and Continuous conversion mode

Up to 8 times burst conversion support

External pin trigger support

4 internal trigger sources support (PWMs, timers)
Adjustable sample & hold time

. Triager < Timers
channel selection ¢ gg
CHSEL “ ) Ny
STSEL Control * MPWM
\ ADC > Interrupt »ADC IRQ
CHO CHO CONTROL Control
CH CH »APB BUS
CH2 CH2
CH3 CH3 l y l
CHd ch4 SOC EQC PD
CH5 CH5
CH6 CH8 12-bit
CH7 CH7 SAR ADCO
CH8 CHB8
CH9 CH9
CH10 CH10
CH11 CH11
CH12 CH12
CH13 CH13

Figurel6.1. Block Diagram
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16.2Pin description

Tablel6.1. External Signal

PIN NAME TYPE DESCRIPTION
AVDD P Analog Power(3.0V~VDD)
AVSS P Analog GND

ANO A ADC Input 0
AN1 A ADC Input 1
AN2 A ADC Input 2
AN3 A ADC Input 3
AN4 A ADC Input 4
ANS5S A ADC Input 5
ANG6 A ADC Input 6
AN7 A ADC Input 7
AN8 A ADC Input 8
AN9 A ADC Input 9
AN10 A ADC Input 10
AN11 A ADC Input 11
AN12 A ADC Input 12
AN13 A ADC Input 13
AN14 A ADC Input 14
AN15 A ADC Input 15
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CHAPTER 17. ANALOG FRONT END (AFE)

17.1Analog Front-end Control Introduction

AFE(Analog Front End) is OPAMPs and comparators interface controller

[ ] 4 OPAMPs
| 4 Comparators
u OPAMP output can be connected with ADC or comparator
| Internal BGR reference for comparator
[ ] Comparator output de-bounce function
[ ] Level and edge interrupt mode support for comparator
OPAMPO
AINO To ADC CH1
OPAMP1
AIN1 To ADC CH3
OPAMP2
AIN2 To ADC CH5
OPAMP3
AIN3 To ADC CH7
L COMPO IPOL COIRQ
—+ %
o
] g PPOL COMPO_PWM
- 3 (protection)
- ClIRQ
L N e
g PPOL COMP1_PWM
*— =1 .
_ 3 (protection)
comr coma
—+ E
g PPOL COMP2_PWM
* — 3 (protection)
COMP_REF 8
comre cama
—+ g
g PPOL COMP3_PWM
1 - 3 (protection)
COMP3_REF )
Internal BGR

Figurel7.1. Block Diagram
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17.2Pin description

Tablel7.1. External Signal

PIN NAME TYPE DESCRIPTION
AVDD P Analog Power (3.0V~VDD)
AVSS P Analog GND
CPO A Comparator Input 0
CP1 A Comparator Input 1
CP2 A Comparator Input 2
CP3 A Comparator Input 3
CREFO A Comparator Reference Input 0
CREF3 A Comparator Reference Input 3

ABOV Semiconductor

51/61

\BO\

SEMICONDUCTOR
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CHAPTER 18. Electrical Characteristic
18.1DC Characteristics

18.1.1 Absolute Maximum Ratings

Absolute maximum ratings are limiting values of operating and environmental conditions which should not be

exceeded under the worst possible conditions..

Tablel18.1. Absolute maximum rating

Parameter Symbol min max unit
Power Supply (VDD) Vop -0.5 +6 \
Analog Power Supply (AVDD) AVbp -0.5 +6 \Y
Input High Voltage - Vpp+0.5 \Y,
Input Low Voltage Vss=0.5 - Vv
Output Low Current per pin lou - 20 mA
80-pin > loL - 100
Output Low Current Total mA
64-pin > oo - 80
Output High Current per pin lon - -10 mA
80-pin > lon - 100
Output High Current Total mA
64-pin > lon - 80
Input Main Clock Range 0.4 10 MHz
Operating Frequency - 72 MHz
Storage Temperature Tst -55 +125 °C
Operating Temperature Top -40 +85 °C
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18.1.2 DC Characteristics

Table 18.2 Recommended Operating Condition

Parameter Symbol Condition Min Typ. Max unit
Supply Voltage VDD 3.0 5.5 \%
Supply Voltage AVbp 3.0 5.0 5.5 \%

OSCwmain 4 8 MHz
Operating Frequency OSCint 20 MHz
PLL 4 72 MHz
Operating o
Temperature Top Top -40 +85 C
Table 18.3 DC Electrical Characteristics (VDD = +5V, Ta = 25 °C)

Parameter Symbol Condition Min Typ. Max unit
Input Low Voltage Vi Schmitt input - - 0.2Vop \%
Input High Voltage ViH Schmitt input 0.8Vop - - \

lo = 10mA
VoL1 All output ports - - Vss +1.0 \%
except Vor2

Output Low loL = 3mA

Voltage PAO-PA6,PB6-PB7,

PC4,PC7,PC8,PC1
Vo2 | 9.pC13,PDO-PDS, ) - Vesrlo WV

PD10,PD11,PD14,

PD15
lon = -3mA
VoH1 All output ports Vop —1.0 - - \%
except Vorz
Output High lon =-1.2mA

Voltage PAO-PA6,PB6-PB7,

PC4,PC7,PC8,PC1
Vorz 0-PC13,PD0-PD3, | V°° 10 ) ) v

PD10,PD11,PD14,

PD15
Input High
Leakage i 4 KA
Input Low
Leakage e 4 KA
. Rwmax:Vop=3.0V
Pull-up Resister Reu Run:Vop=5V 30 - 70 kQ
ABOV Semiconductor \BO\
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18.1.3 Current Consumption

Table18.4 Current consumption in each mode (Temperature: +25°C)

Parameter Symbol Condition Min Typ. Max unit
OSCrincg =RUN
. I0SC20=RUN
Normal Operation IpD NORM OSCuan =8MHz - 35 - mA
HCLK=72MHz
OSCring =RUN
I0SC20=RUN
Sleep Mode Iop sLeep OSCuan =STOP - 3 - mA
HCLK =RUN
18.1.4 POR Electrical Characteristics
Table18.5 POR Electrical Characteristics (Temperature: -40 ~ +85°C)
Parameter Symbol Condition Min Typ. Max unit
Operating Voltage vDD18 1.6 1.8 2.0 \%
. Typ. <6UA
Operating Current IDDpor If always on - 60 - nA
VDD rising
POR Set Level VRPpor (slow) 1.3 1.4 1.55 \%
VDD falling
POR Reset Level VFpor (slow) 11 1.2 14 \
18.1.5 LVD Electrical Characteristics
Table18.6 LVD Electrical Characteristics (Temperature: -40 ~ +85°C)
Parameter Symbol Condition Min Typ. Max unit
Operating Voltage Vbp18 1.7 5 \%
i Typ. <6HA } -
Operating Current Iop If always on 1 mA
LVD Set Level 0 VRISING VE(’;(')'VSV')”Q 16 1.8 2.0 v
LVD Set Level 1 VEALLING Vfglg\f,i)”g 2.0 2.2 25 v
Vb rising
LVD Set Level 2 Vbp1s (slow) 2.5 2.7 3.0 V
LVD Set Level 3 Ioo Voo rising 3.9 43 4.6 v
(slow)
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18.1.6 VDC Electrical Characteristics

Table18.7VDC Electrical Characteristics (Temperature: -40 ~ +85°C)

Parameter Symbol Condition Min Typ. Max unit
Operating Voltage Vobp 3.0 - 5.5 \
@RUN 1.62 1.8 1.98 \Y
VDC Output Voltage Vour
@STOP 14 1.8 2.0 \Y
Regulation Current lout 100 mA
VDDVDC=3.0V
Drop-out Voltage Vbror IOUT=100mA - - 200 mV
Current Iob NORM @RUN - 100 150 HA
Consumption Ibp sTopP @STOP - 1 2 pA

18.1.7 External OSC Characteristics

Table18.8External OSC Characteristics (Temperature: -40 ~ +85°C)

Parameter Symbol Condition Min Typ Max unit
Operating Voltage Vop 3.0 - 5.5 \%
IDD Iop @4MHz/5V - 240 HA

Frequency fosc 4 8 10 MHz
Output Voltage Vour 1.2 2.4 - \%
Load Capacitance CL 5 22 35 pF

18.1.8 Internal RC OSC Characteristics

Table 18.9 Internal RC OSC Characteristics (Temperature: -40 ~ +85°C)

Parameter Symbol Condition Min Typ Max unit
Operating Voltage Vb 3.0 55 \%
IDD losc @20MHz - 240 MA

Frequency fiosc 20 MHz
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18.1.9 PLL Electrical Characteristics

Table18.10PLL Electrical Characteristics (Temperature: -40 ~ +85°C)

Parameter Symbol Condition Min Typ. Max unit
Operating Voltage Vb 3.0 5.5 \
Output Frequency four 4 72 MHz
Operating Current Iob @72MHz 1.3 mA

Duty fouty 40 - 60 %

P-P Jitter JITTER @Lock 500 Ps
VCO VCO 30 72 MHz
Input Frequency fin 4 8 MHz
Locking time tLock 1 ms

18.1.10 ADC Electrical Characteristics

Table 18.11ADC Electrical Characteristics (Temperature: -40 ~ +85°C)

Parameter Symbol Condition Min Typ. Max unit
Operating Voltage AVbp 3.0 5 5.5 \%
Reference Voltage AVRer 3.0 5 5.5 \%

Resolution 12 Bit
Operating Current Alpp 2.8 mA

Analog Input Range 0 AVDD \%
Conversion Rate - 1.6 Msps
Operating Frequency facLk 25 MHz
INL +2.5 LSB

DC Accuracy

DNL +1.0 LSB
Offset Error *15 LSB
Full Scale Error 15 LSB

SNDR SNDR 68 dB

THD -70 dB
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18.1.11 OP-Amp Electrical Characteristics

Table 18.12 ADC Electrical Characteristics (Temperature: -40 ~ +85°C)

Parameter Symbol Condition Min Typ. Max unit
Operating Voltage AVbp 3.0 5 5.5 \%
Operating Current Alpp 2.2 mA

Analog Input Range 0 AVpp-1.4 \%

Slew Rate @ C. = 20pF 15 V/ us

Ga|n=$.19~4.3 3 +3 %
Gain Error
Gain=5.0~8.74 -4 +4 %
Common Mode
Rejection Ratio 50 70 dB
Power Supply
Rejection Ratio 40 70 dB
Gain Bandwidth @C,=20pF 16 MHz
Open Loop Voltage 100 dB
Gain
Open Loop Phase _ o
Margin @C.=20pF 45
Closed Loop Phase o
’ 70
Margin
Turn On time ton 2 Us
Gain 2.19 8.74

18.1.12 Comparator Electrical Characteristics

Table 18.13 Comparator Electrical Characteristics (Temperature: -40 ~ +85°C)

Parameter Symbol Condition Min Typ. Max unit
Operating Voltage AVpp 3.0 5 5.5 \%
Analog Input Range VIN AVss AVbp \%
Refe;f;fge'”p“t Vier 0.9 AVop-02 | V
Input Offset Voltage -4 +4 %
Response Time 1 Hs
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CHAPTER 19. Package
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imension

19.1 MQFP-80 Package d
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DESCRIPTION
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NOTES:
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A - - 3.00
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A2 255 265 2.75
b 0.30 - 0.40
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D1 19.80 2000 | 2020
E 17.60 17.90 18.20
Ef 13.80 14.00 14.20
e 0.80 BSC
L 060 | o080 [ 1.00
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B 0 [ 4 [ s
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PROTRUSION IS 0.25MM PER SIDE. 'D1' AND 'E1' ARE MAXIMUM PLASTIC BODY SIZE
DIMENSIONS INCLUDING MOLD MISMATCH.
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PROTRUSION SHALL NOT CAUSE THE LEAD WIDTH TO EXCEED THE MAXIMUM 'b’
DIMENSION BY MORE THAN 0.08MM.
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.'A1'IS DEFINED AS THE DISTANCE FROM THE SEATING PLANE TO THE LOWEST
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Figure 19.1. Package dimension (MQFP-80 14X20)
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19.2LQFP-80 Package dimension
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19.3LQFP-64 Package dimension
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