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Introduction

TheMCUOO07s a lowpower CMOS 3bit microcontroller based on thA&rm MO core
architecture operation with wide range supply voltage from 1.8V ~ 5.5V

MCUOQO7s built with compact, high energy efficiemMCUprocessor operate at base
frequency 16MHzsupport up to25MHzwith external clock sourcéntegrated with20KB Flash
program memory4KB (4 bank x 512 bytslVM (EEPROM)KB SRAMIree (3)32 bits
timers/counter, WDT, SysTick counter, 7 channels PWM, 16 channbisARC (analg to
digital converter), 28 kilirection GPIOs, 2 UART, SPI, 428 SWDAlink interface.Peripherals
can flexible configuration through difference GPIO pin.

Features Overview
CPU
32 bit MO embedded core
base frequency at 16MHz (support upa2MHz)
single cyclenultiplier
AHB bus
APB bus
DMA AHB master

MEMORY
4K bytes SRAM
20Kbytes Flash
2K bytesNVM (EEPROMyYganize irb12 bytes » banks
ICP programming
Sector Endurance: 100,000 cycles
10years Data Retention

CLOCK
Internal 16MHz RG@Gscillator
Internal 32KHz RC oscillator
External BMMH25MHz Crystal oscillator
External 32.768KHz RTC Crystal oscillator
External high frequency input (mux with GPIO, ugimHz)

INTERRUPT
NVIC
16 peripheral functioninterrupt sources
4 level interrupt priorities (low, high, rising edge, falling edge)

TIMER/COUNTER
Three (382 bitsincrementalTimer / Counter
Configurale asonestop mode or continuous mode
Configurableaswrapping mode or freeun mode
Configurablefor interruptgeneration
Configurablefor input capture
24 bits system tick timer

WATCHDOG
32bits incremental counter
Configurale asonestop mode or continuous mode
Configurableaswrapping mode or freeunmode
Configurable as normal Timer aige
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GPIO

MCUOO07 32bit MCU with PUF security

28 general purposénput or Output(GPIO)

bi-directional

Pinsindividualpull high or puldown configurable

Hardware bit set, clear or toggle feature make software easy and faster
Capable serve as interrupt request

Open drain outputonfigurable

drive current configurable

6.4mA @3.3V drivecapability

PWM
7 channels

SWbDead-zone control

Versatile operation configurable

Channel pair capable operation in complemental mode
configuiableindependent output

COMMUNICATION

UARTL
UART2
SPI
12C

ADC (Analog to Digital Converter)
12 bits IMSPS conversion
Maximum 16 channels

Internal VREF

Programmable VREF
External VREF support on ADC channel

SECURITY (built with PUF and HW encryption engine)

PUF

NeoPUF (Physical Unclonable Function)

1024 bits

DES / TDES / proprietary PUF algorithm
SFR option selectable 1. DES, 2. TDES, 3. PUF algorithm
SFR selectable 1. PUF provide pass key, 2. User pragségy
Maximum 192 bits user pass key register
Enable / disable through SFR

MISC SUPPORT

GPIO Peripherafsinctionalmapping

Built inPOR (Power On Reset)

Built in rown out reset (BOREgisterconfigurable
Low voltage detection (LVDgisterconfigurable
Software control reset

Watchdog timer reset

SWD/JTAGHINk interface

POWER MODE
active mode
Idle mode
sleep mode
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OPERATION ENVIRONMENT
2.2/ ~5.5V

-40C ~+85

PACKAGE
LQIP48
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Description

Configuration Summar
Features MCUOO7

Package/Pin LQFP48

FLASH 20KB

SRAM 4KB

NVM 4 Bank 512 Byte

GPIO 28

Interrupt sources 16 peripheral external

Interrupt level 4

ADC 12bit, 500Ksps@3.3V, IMSPS@5V,
16 channel

PWM 7 channel

UART 2

SPI 1, master

12C 1, master

SWD/JITAG/J-link 1

32 bits Timer/Counter 3

PUF 1024 bits

DES / TDES / proprietary PUF

algorithm

Order Information

Speed Supply Voltage Package Operation Range

24MHz 2.2Vi 5.5V LQFP-48 40 to +85
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1. System

1.1 Block Diagram

MCUO007 32bit MCU with PUF security
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2. Electrical Characteristics (Typical)

Absolute maximum ratings

Description Symbol Min Typical Max unit
DC supplyoltage VDDVSS -0.3 5.25 Vv
GPIO voltage VilVo VSSD.3 VDD+0.3
Current flow into VDD lvop 150 mA
Current flow out from VSS lvss 150

Thermal characteristics

Description Symbol Min Typical Max unit
Operatingenvironment

temperature Tote -40 85

Storage temperature Tstc -55 125

GPIO DC characteristic¢CE3.3V

Description Condition Symbol Min Typical Max Unit

High level output lor=1.4/-2.9 [-6mA VoH 2.4

Low level output lor=1.3/2.5/4.7mA VoL 0.4

Input high voltage ViH 2.0 3.9

Input low voltage ViL -0.3 0.8
CMOS interface 125| 146 | 1.71 \Y,

Switch threshold Schmittfalling-trigger Vin 098 | 1.11 | 1.27
Schmittrisingtrigger 153 | 1.82 | 2.02

Schmitttrigger

hystersis 055 | 0.65 | 0.75

Input pultup Vin=0 Reu 30 52 98 KK

resistance Vin= VDD Reo 25 46 97

Input leakage 1 1

current Vin= 0 or VDD

Input leakage Vin=0 38.2| -56.3 | -136

current with pull up lin

Input leakage HA

current with pull Vin=VDD 316 | 549 | 143

down

Tri-state output o 1 1

leakage current

10
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GPIO DC characteristic¢CC5.0V

MCUOO07 32bit MCU with PUF security

Description Condition Symbol Min  Typical Max Unit
High level output | lor=3/-6mMA Von 3.7
lor=5.8mA VoH 2.5
Low level output lor=2.3 / 4.7mA VoL 0.5
. ViH 3.15
Input high voltage TTL 5
ViL 1.35
Input low voltage O 08 Vv
CMOS interface 2.11 2.3 2.53
Switch threshold | Schmittfalling-trigger Vin 1.53 1.68 1.83
Schmittrisingtrigger 2.43 2.63 2.83
Schmitttrigger
hystersis 0.9 0.95 1
Input pultup Vin=0 Reu 22K 36K 63K %
resistance Vin= VDD Rep 18K 31K 62K
Input leakage 1 1
current Vin=0 or VDD
nputleakage . o g 89 | -169 | -301
current with pull up lin
Input leakage MA
current with pull Vin=VDD 67 159 308
down
Tri-state output o 1 1

leakage current

11
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General operation conditions

Parameter Symbol Min Typical Max Unit
AHBclock frequency fhcik 0 24 26 M
APB clock frequency frcik 0 24 26

Clock start up time TsTART 50 100 uS
Clock jitter (pp) Fp +/-300 pS
Standard operation voltage Vbp 0 3.0 55

Core voltage Vbbc 1.4 15 1.75 Vv
GPIO input voltage Vin -0.3 5.5

Ambient temperature Ta -40 85 C
POR reset delay time To 300 us
POR falling setup time T 50 nS
BOR/VDT hystersis voltage 30 mV
BOR/VDT delay 100 nS
ADC SNR SNR 62 dB
ADC THD THD 66

ADC INKreference to App INL +/-3 LSB
ADC DNL (reference tany DNL +/-1.5

ADC setup time from power down TseTup 100 us

12
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3. Pin Out Description

3.1 MCUOO7-48FT

36

== WM

H5 o T
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MCUOO 7-48FT Pinout Function Table

Pin Pin Name Pin Direction Defau_lt (Reset) Alternative Function
No. Type Function
1 1V5 Power | -
2 VCC Power | Input Vcce (+2.3V~5V) | Vce (+2.3V~5V)
3 VCC Power | Input Vee( +2.3V~5V) | Vee( +2.3V~5V)
4 GND Power | Input GND, Vss GND, Vss
5 GND Power Input GND, Vss GND, Vss
6 PAO /O Bidirectional PAO CTNO/AN15/PWMO
7 PA1 /1O Bidirectional PA1 CTN1/AN14/PWM1
8 PA2 /0 Bidirectional PA2 SWD CLK /CTN2/AN13/PWM2
9 PA3 /O Bidirectional PA3 SWD IO / AN12/PWM3
10 PA4 /1O Bidirectional PA4 USARRX0/AN11/PWM4
11 PA5 /0 Bidirectional PA5 USART Tx0/AN10/PWM5
12 PAG6 /1O Bidirectional PAG USART Rx1/AN9/PWM6
13 PA7 /0 Bidirectional PA7 USART Tx1/ANS8
14 PCO /0 Bidirectional PCO USART Rx1/AN7/SCL

13
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15 PC1 I/0 Bidirectional PC1 USARTx1/AN6/SDA

16 PC2 I/0 Bidirectional PC2 SPI CS/AN5/PWMO

17 PC3 I/0 Bidirectional PC3 SPI CLK/AN4/PWM1

18 PC4 I/0 Bidirectional PC4 SPI RxD/AN3/PWM3

19 PC5 I/0 Bidirectional PC5 SPI TxD/AN2/PWM4

20 PC6 I/0 Bidirectional PC6 SCL/AN1/PWM5

21 PC7 I/0 Bidirectional PC7 SDA/ANO/PWM6

22 PBO I/0 Bidirectional PBO SPI CS/USART Rx0/PWMO
23 PB1 1/0 Bidirectional PB1 SPI CLK/USART Tx0/PWM1
24 PB2 I/0 Bidirectional PB2 CTNO/SPI RxD/PWM2

25 PB3 I/0 Bidirectional PB3 CTN1/SPI TxD/PWM3

26 PB4 I/0 Bidirectional PB4 CTN2/SCL/PWM4

27 PB5 I/0 Bidirectional PB5 CTNO/SDA/PWM5

28 FC Power | Input Filter Capacitor | Filter Capacitor

29 PB6 I/0 Bidirectional PB6 CTN1/USART Rx0/PWM6
30 PB7 I/0 Bidirectional PB7 CTN2/USART Tx0

31 PDO I/0 Bidirectional PDO SPI CS/OSC CLK

32 PD1 I/0 Bidirectional PD1 CTNO/SPI CLK/OSC32

33 PD2 I/0 Bidirectional PD2 CTN1/SPI RxD/USART Rx0/SC
34 PD3 I/0 Bidirectional PD3 CNT2/SPI TXxXD/USART Tx0/SD/
35 RSTN | System | Input Reset Reset

36 WM System | Input WM WM

37 ™ System | Input ™ ™

38 VCC2 | Power | Input Vce( +2.3V~5V) | Vee( +2.3V~5V)

39 VCC2 | Power | Input Vee( +2.3V~5V) | Vee( +2.3V~5V)

40 NC

41 NC

42 NC

43 NC

44 GND Power Input GND, Vss GND, Vss

45 NC

46 NC

47 GND Power Input GND, Vss GND, Vss

48 1V5 Power | -

14
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4. System Clock

4.1 Description
MCUOQ have 4 clock sources:
1 2 Internal clock sources with R@MHz high frequency and RC 32.0KHz low frequency
clock.
1 2 optioral configurable external clock sources with high frequency oscillator
(4MHz~25MHz) and external low frequency 32.768KHz RTC oscillator.
1 CPU designed to run highest frequency at 25MHz witeraal clock.,

MCUO007 32bit MCU with PUF security

4.2 Clock Source Selection

rosc_sel
rosc_sel: backup Clock selector, when HIGH, ROSC

l fast clk sel Clock come from external PIN. Default LOW, uses
- Internal ROSC Clock.

rosclom clk —— l fast_clk_sel: glitch free clock mux selector. From
B - system register, LOW selected ROSC, HIGH for external
= .
g gF
ext16m_clk > 7 Sl fast_dk
o
L
; -
rosc_sel
rosc_sel: Backup Clock selector, default LOW,
,l slow_clk_sel uses Internal Clock. When HIGH, Clock from
External.
32k_clk ——s l ,
e - slow_clk_sel: glitch free clock mux. LOW Clock
- >~ a from Internal, when HIGH, clock from External
P~ &l
2 |_3
ext32k_clk » = E— slow_clk
=g
p~ 3

15
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5. CPU Core

5.1 Description

ARM MO CPU
AHB BUS (2 bus master)

(0]
(0]
(0]
(0]

MCUOO07 32bit MCU with PUF security

MO System Bus

DMA AHB Master

Polarityc MO System Bus > DMA AHB Master
8 slaves

AHB to APB bridge
APB BUS (15 slaves)
Single bus DMAontroller

(0]

(0]
(0]
(0]

5.2 DMA

memory to memory

memory to peripheral

peripheral to memory

peripheral support UART, SPI, I12C and ADC

Single bus DMA controller

(0]

(0]
(0]
(0]

memory-to-memory
memoryto-peripheral
peripheratto-memory
peripherato-peripheral

16
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6. System Control and Reset

A set ofRegisters contréihg the system functionally and behaviors, clocks, resets,
peripherals and etc.

6.1 System Address Mapping

6.1.1 Memory Mapping

Address Space Segment Physical Slave
0x0000_0000 ~ 0x0000_4FFF| Code 20KBFlash ROM
0x0000_5000 ~ 0x0000_57FF | NVR Flash NVR
0x0000_5800 ~ 0x0003_FFFF| - Reserved
0x0004_0000 ~ 0x0004 OFFF| System 4KB System SRAM
Mirror
0x2000_0000 ~ 0x2000_OFFF| System 4KB System SRAM
0x2000_1000 ~ Ox20FF_FFFF| - Reserved
0x2100_0000 ~ 0x2100_4FFF | Code Mirror | 20KB Flash ROM
0x2100 5000 ~ Ox3FFF_FFFF| - Reserved

0x4000_0000 ~ 0x4005_FFFF| Peripheral APB Peripherals
0x4006_0000 ~ 0x4006_FFFF| System Ctrl | AHB System Control Module
0x4007_0000 ~ 0x4007_FFFF| DMA AHB DMAViodule
0x4008_0000 ~ 0x4008 FFFF| Flash Citrl AHB Flash Control Module
0x4009_0000 ~ 0x4009_ FFFF| DES DES Slave Module

0x400A_0000 ~ OXFFFF_FFFF

Reserved

6.1.2 APB Peripherals Mappin

Address Space Segment Physical Slave
0x4000_0000 ©x4000_OFFF GPIO
0x4000_1000 ~ 0x4000_7FFF Reserved
0x4000_8000 ~ 0x4000_8FFF WatchDog Timer
0x4000_9000 ~ 0x4000_9FFF Timer0
0x4000_A000 ~ 0x4000_AFFF Timerl
0x4000_BO000 ~ 0x4000 BFFF Timer2
0x4000_CO000 ~ 0x4000_FFFF Reserved
0x4001_0000 ~ 0x4001_OFFF UARTO
0x4001_1000 ~ 0x4001_1FFF| APB UART1
0x4001_2000 ~ 0x4001_7FFF | Peripherals Reserved
0x4001_8000 ~ 0x4001_8FFF SPI
0x4001_9000 ~ 0x4001_FFFF Reserved
0x4002_0000 ~ 0x4002_OFFF 12C
0x4002_1000 ~ 0x4002_7FFF Reserved
0x4002_8000 ~ 0x4002_8FFF LVD
0x4002_9000 ~ 0x4002_FFFF Reserved
0x4003_0000 ~ 0x4003 OFFF ADC
0x4003_1000 ~ 0x4003_7FFF Reserved
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0x4003_8000 ~ 0x4003_8FFF PWMO
0x4003_9000 ~ 0x4003_9FFF PWM1
0x4003_A000 ~ 0x4003_AFFF PWM2
0x4003_B000 ~ 0x4003_BFFF PWM3
0x4003_CO000 ~ 0x4003_FFFF Reserved
0x4004_0000 ~ 0x4004_OFFF Pin Control
0x4004_1000 ~ 0x4005_FFFF Reserved

6.2 Reset

PORPower On Reset)

BOR (Brown Out Reset)
LVD (low Voltage Detection)
Watchdog Timeout Reset
Software Reset

External Reset

6.3 Register Description

Base Address 0x4006_ 0000

6.3.1 Clock Source Selection Register

Reg Intro: Clock Source Selection

Reg Name Reg Offset Reg Msb Reg Lsb Reg Type Reg Rstval Reg Function Comment

iClkSrcSel 0x00+ 31 2 RESERVED 0 rsvd Reserved
1 1 RWC 0 slow_clk_sel 0- ROSC32K 1-EXT32K
0 0 RWC 0 fast_clk_sel 0- ROSC16M 1-EXT16M

6.3.2 Clock Control Selection Register

Reg Intro: Clock Control Selection
Reg Name Reg Offset Reg Msb Reg Lsb Reg Type Reg Rstval Reg Function Comment
iCIkCtrISel 0x10+ 31 3 RESERVED 0 rsvd Reserved
2 2 RWC 0 apb_clk_sel 0-sys clk; 1-sys div clk
1 1 RWC 0 sys_clk_sel 0-osc clk; 1-osc div clk
0 0 RWC 0 osc_clk_sel 0- fast clk; 1-slow clk
6.3.3 OSC Clock Divider Register
Reg Intro: OSC Clock Divider(need tog)
Reg Name Reg Offset Reg Msb Reg Lsb Reg Type Reg Rstval Reg Function Comment
iOscClkDiv 0x20 31 5 RESERVED 0 rsvd Reserved
4 0 RW 0 value OSC Clock Divider
6.3.4 System Clock Divider
Reg Intro: System Clock Divider(need tog)
Reg Name Reg Offset Reg Msb Reg Lsb Reg Type Reg Rstval Reg Function Comment
iSysCIkDiv 0x24 31 5 RESERVED 0 rsvd Reserved
4 0 RW 0 value System Clock Divider
6.3.5 AHB ClockGate Register
Reg Intro: AHB Clock Gate
Reg Name Reg Offset Reg Msb Reg Lsb Reg Type Reg Rstval Reg Function Comment
iAhbClkGate 0x30+ 31 1 RESERVED 0 rsvd Reserved
1 1 RWC 0 des AHB DES Clock Gate

0 0 RWC 0 dma AHB DMA Clock Gate
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6.3.6 APB Clock Gate Register

Reg Intro: APB Clock Gate
Reg Name Reg Offset Reg Msb Reg Lsb Reg Type Reg Rstval Reg Function Comment
iApbClkGate 0x40+ 31 16 RESERVED 0 rsvd Reserved
15 15 RWC 0 gio APB GPIO Clock Gate
14 14 RWC 0 wdg APB WatchDog Clock Gate
13 11 RWC 0 tmr APB TIMER Clock Gate
10 9 RWC 0 sci APB SCI Clock Gate
8 8 RWC 0 spi APB SPI Clock Gate
7 7 RWC 0 i2c APB 12C Clock Gate
6 3 RWC 0 pwm APB PWM Clock Gate
2 2 RWC 0 adc APB ADC Clock Gate
1 1 RWC 0 Ivd APB LVD Clock Gate
0 0 RWC 0 pinctl APB PinCtrl Clock Gate
6.3.7 Work clock Gate Register
Reg Intro: Work Clock Gate
Reg Name Reg Offset Reg Msb Reg Lsb Reg Type Reg Rstval Reg Function Comment
iWorkClkGate 0x50+ 31 1 RESERVED 0 rsvd Reserved
0 0 RWC 0 wdg WatchDog Work Clock Gate
6.3.8 AHB Block Reset Register
Reg Intro: AHB Block Reset
Reg Name Reg Offset Reg Msb Reg Lsb Reg Type Reg Rstval Reg Function Comment
iAhbBIkRst 0x60+ 31 1 RESERVED 0 rsvd Reserved
1 1 RWC 0 des AHB DES Clock Gate
0 0 RWC 0 dma AHB DMA Clock Gate
6.39 APB Block Reset Register
Reg Intro: APB Block Reset
Reg Name Reg Offset Reg Msh Reg Lsb Reg Type Reg Rstval Reg Function Comment
iApbBIkRst 0x70+ 31 16 RESERVED 0 rsvd Reserved
15 15 RWC 0 gio_rst_set APB GPIO Clock Gate
14 14 RWC 0 wdg_rst_set APB WatchDog Clock Gate
13 11 RWC 0 tmr_rst_set APB TIMER Clock Gate
10 9 RWC 0 sci_rst_set APB SCI Clock Gate
8 8 RWC 0 spi_rst_set APB SPI Clock Gate
7 7 RWC 0 i2c_rst_set APB I12C Clock Gate
6 3 RWC 0 pwm_rst_set APB PWM Clock Gate
2 2 RWC 0 adc_rst_set APB ADC Clock Gate
1 1 RWC 0 Ivd_rst_set APB LVD Clock Gate
0 0 RWC 0 pinctl_rst_set APB PinCtrl Clock Gate

6.3.10 Work Block Reset Register

Reg Intro: Work Block Reset
Reg Name Reg Offset Reg Msb Reg Lsb Reg Type Reg Rstval Reg Function Comment
iWorkBIkRst 0x80+ 31 1 RESERVED 0 rsvd Reserved
0 0 RWC 0 wdg_rst_set WatchDog Work Clock Gate

6.3.11 Software Warm Reset Register

Reg Intro: Software Warm Reset
Reg Name Reg Offset Reg Msb Reg Lsb Reg Type Reg Rstval Reg Function Comment
iSoftwarmReset  0x90 31 1 RESERVED 0 rsvd Software Reset

0 0 WiP 0 set Software Warm Reset

6.3.12 Software Cold Reseegister

Reg Intro: Software Cold Reset
Reg Name Reg Offset Reg Msb Reg Lsb Reg Type Reg Rstval Reg Function Comment
iSoftColdReset 0x94 31 1 RESERVED 0 rsvd Software Reset

0 0 WiP 0 set Software Cold Reset

6.3.13 Reserved Register
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6.3.14 RCOSC Control Register

Reg Intro: RCOSC
Reg Name Reg Offset Reg Msh Reglsb
iRCOSC OxAO+ 31 0

6.3.15 Chip Mode Register

Reg Intro: Chip Mode
Reg Name Reg Offset Reg Msb Reg Lsb
iChipMode 0xB0O 31 3

2 2
1 1
0 0

Reg Type
RESERVED

Reg Type
RESERVED
RO

RO

RO

Reg Rstval

Reg Rstval
0

0
0
0

Reg Function Comment

0 rsvd

Reg Function
rsvd

awm

wm

tm

Reserved

Comment
Reserved

Aux Work Mode
Work Mode
Test Mode
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Support single bus DMA
71DMA Pr ogr amocet r 6 s

Single bus DMA controller
memory-to-memory
memory-to-peripheral
peripheratto-memory
peripherato-peripheral

7.2 Programming a DMA channel

To program a DMA channel:

1.

6.
Control Registers

7.

Choose a free DMA channel with the necessary priority. DMA channel 0 has the
highest priority and DMA channel 7 have the lowest priority.

. Clear ap pending interrupts on the channel you want to use by writing to the

DMACIntTCClear and DMACIntErClr Registerdntgeript Terminal Count
Clear RegistasndInterrupt Error Clear Register
The previous channel operation might have left interrupts\ecti

. Write the source address into the DMACCxSrcAddr RegisteChaeeael

Source Address Registers

. Write the destination address into the DMACCxDestAddr RegisteClzemel

Destination Address Registers

. Write the address of the next LLI into the DMACCXLLI Regist&@hSeeel

Linked List Item Registett§the transfer consists of a single packet
of data, you must write 0 into this register.

Write the control information into the DMACCxControl Register C3eanel
Write the channel configuration information into the DMACCxConfiguration

Register. Se€hannel Configuration Registetsthe Enable bit is
set, then theDMA channel is automatically enabled.

7.3 Summary of DMA Register

Base Address 0x4007 0000

Address _

Name (base+) Type| Reset value| Description

DMACIntStatus 0x000 RO | Ox00 Interrupt Status Register

DMACINTCStatus | 0x004 RO | 0x00 Interrupt TerminalCount
Status Register

DMACINtTCClear 0x008 wo | - Inter_rupt Terminal Count Clea|
Register

DMACIntErrorStatus 0x00C RO | 0x00 Interrupt Error Status Registe
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DMACINtErrClr 0x010 WO | - Interrupt Error Clear Register

DMACRawIntTCStatus | 0x014 WO |- eI VEfIIEL Caur
Status Register

DMACRawIntErrorStaty 0x018 RO |- Raw Error Interrupt Status
Register

DMACEnNbIdChns 0x01C RO [ Ox00 Enabled Channel Register

DMACSoftBReq 0x020 R/W | 0x0000 Software Burst Request
Register

DMACSoftSReq 0x024 S| loaean || 2RI SRR R
Register

DMACSOftLBReq 0x028 RW | oxo000 | Software Last Burst Request
Register

DMACSOftLSReq 0x02C | paeen || SEREE R SR R S
Register

DMACConfiguration 0x030 R/W | 0x0000 Configuration Register

DMACSync 0x034 R/W | 0x0000 Synchronization Register

DMACCOSrcAddr 0x100 R | 0x0000000¢ Ehanne! Source Address
Registers

DMACCODestAddr | 0x104 20 || margEaney| SR REEIEIE ARl
Registers

DMACCOLLI 0x108 R | 0x00000009 Ehanne! Linked List ltem
Registers

DMACCOControl 0x10C R/W | 0x0000000Q Channel Control Registers

DMACCOConfiguration | 0x110 RIW | oxo0000 | Channel Configuration
Registers

DMACC1SrcAddr 0x120 R | 0x0000000d Ehanne! Source Address
Registers

DMACC1DestAddr | 0x124 RW | 0x0000000¢ Ehanne! Destination Address
Registers

DMACCILLI 0c128 RMW | 0x0000000¢ EManne! Linked List ftem
Registers

DMACC1Control 0x12C R/W | 0x0000000Q@ Channel Control Registers

DMACC1Configuration | 0x130 iy || G@ggEn || GBS CEIGNIETRR
Registers

DMACC2SrcAddr 0x140 RW | 0x0000000¢ Ehanne! Source Address
Registers

DMACC2DestAddr | 0x144 20 || GaneEaees | S DEEIEE) Akl EE
Registers

DMACC2LLI 0x148 RW | 0x0000000¢[ EMane! Linked List ftem
Registers

DMACC2Control 0x14C R/W | 0x0000000Q Channel Control Registers

DMACC2Configuration | 0x150 RW | oxo0000 | Shannel Configuration

Registers
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Channel Source Address

DMACC3SrcAddr 0x160 R/W | 0x0000000d =&
Registers

DMACC3DestAddr | 0x164 RW | 0x0000000¢ Shannel Destination Address
Registers

DMACC3LLI 0x168 rw | oxo000000d Ehanne! Linked List ltem
Registers

DMACC3Control 0x16C R/W | 0x0000000( Channel Control Registers

DMACC3Configuration | 0x170 R Allox00000 N fnaunE U Iguakon
Registers

DMACCA4SrcAddr 0x180 RW | 0x0000000¢ Shannel Source Address
Registers

DMACCADestAddr | 0x184 20 || margraaey| S DESHliE e AEIEEs
Registers

DMACCALLI 0x188 R | 0x0000000¢ Ehanne! Linked List ltem
Registers

DMACC4Control 0x18C R/W | 0x0000000( Channel Control Registers

DMACC4Configuration | 0x190 RIW | oxo0000 | Channel Configuration
Registers

DMACCS5SrcAddr O0X1A0 20 || angreaes| SRS SEUER ARk
Registers

DMACCS5DestAddr | Ox1A4 RIW | 0x0000000¢ Ehanne! Destination Address
Registers

DMACCS5LLI OX1A8 RMW | 0x0000000¢ EManne! Linked List ftem
Registers

DMACCS5Control Ox1AC R/W | 0x0000000Q@ Channel Control Registers

DMACCS5Configuration | 0x1B0 R | oxoo000 | Channel Configuration
Registers

DMACC6SrcAddr 0x1CO RIW | 0x0000000¢ Ehanne! Source Address
Registers

DMACC6DestAddr | 0x1C4 20 || angEaaes| SR REEIEE ARl
Registers

DMACCSLLI 0x1C8 RW | 0x0000000¢[ SMaNne! Linked List ftem
Registers

DMACCG6Control 0x1CC R/W | 0x0000000Q Channel Control Registers

DMACC6Configuration | 0x1DO RIW | oxo0000 | ChanneConfiguration
Registers

DMACC7SrcAddr OX1EO R | 0x0000000q Ehanne! Source Address
Registers

DMACC7DestAddr | Ox1E4 RW | 0x0000000¢ Ehanne! Destination Address
Registers

DMACC7LLI OX1E8 RIW | 0x0000000¢ EManne! Linked List ftem
Registers

DMACCT7Control Ox1EC R/W | 0x0000000Q@ Channel Control Registers
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Channel Configuration

DMACCT7Configuration | Ox1FO R/W | 0x00000 .
Registers
DMACPeriphlDO OxFEO RO [ 0x80 DMACPeriphlDO Register
DMACPeriphiD1 OxFE4 RO | Ox10 DMACPeriphiD1 Register
DMACPeriphlD2 OxFES8 RO | Ox04 DMACPeriphlD2 Register
DMACPeriphiD3 OXFEC RO [ Ox0A DMACPeriphlD3 Register
DMACPCellIDO OxFFO RO [ 0x0D DMACPCEellIDO Register
DMACPCelllD1 OxFF4 RO | OxFO DMACPCellID1 Register
DMACPCelllD2 OxFF8 RO [ 0x05 DMACPCellIDRegister
DMACPCelllID3 OxFFC RO | OxB1 DMACPCellID3 Register
DMACITCR 0x500 R/W | Ox0 Test Control Register
DMACITOP1 0x504 RIW | oxo000 | Integration Test Output
Register 1
DMACITOP2 0x508 RIW | oxo000 | Integration Test Output
Register 2
DMACITOP3 0X50C RIW | 0x0 MR Ol

Register 3
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8. MEMORY

8.1 Program (Flash) Memory

20K Bytes Flash

4K bytes SRAM

4K bytes NVR (EEPROM)
NVR oganized in 4 $12Bytes
2KB block protection

Supportin-circuit programming (ICP)
100,000 sector erase cycles
10years data retention

8.2 Flash Mapping

(RO = Read Only, RW = Read and Write, NA = Not Acdels}

Size Used By Authorization
Base Aldress | (byt Block Utility Erase ICP | 1AP TES
e) d T
0x4008 038 476 Reserved
0x4008 0034 4 Remap RW RW | RW | RW
0x4008 0030 4 Interrupt RW RW | RW | RW
0x4008 002C | 4 Timing_Set4 RW RW | RW | RW
0x4008 0028 4 Timing_Set3 RW RW | RW | RW
0x4008 0024 | 4 Timing_Set2 RW RW | RW | RW
0x4008 0@0 4 Timing_Setl RW RW | RW | RW
0x4008 _0acC 4 CSR Timing_Set0 RW RW | RW | RW
0x4008 0a8 4 Timer Set RW RW RW | RW
0x4008 004 4 Pin_Set RW RW | RW | RW
0x4008_0a0 4 Read Delay RW RW | RW | RW
0x4008 0@C 4 Write_Mode RW RW | RW | RW
0x4008 008 4 Flash_Unlock RW RW | RW | RW
0x4008 004 4 SWD_Unlock RW RW | RW | RW
0x4008_0mO0 4 Chip_Erase RW RW | RW | RW
0x0000_5800 512 EI\&/\SRhS FactoryReserved Factory RW RO RO RW
0x0000 5FC 4 Chip ID User RW RO RO | RW
0x0000 5F8 4 ChipInfo User RW RO RO | RW
0x0000_5F0 8 SWD Key User RW NA NA RW
0x0000_5F8 8 Flash FlashKey User RW NA NA RW
0x0000 5E4 4 NVR 4 FlashLock BitsSetl | Use/SWD RW NA NA RW
0x0000 5EO0 4 FlashLock Bits Set0| Use/MO RW NA NA RW
0x0000 5DC 4 SYSCFQ® User RW RW | RW | RW
0x0000 5600 480 Parameters User RW RW RW | RW
Flash
0x0000 5400 512 NVR 3
Flash
0x0000 5200 512
= NVR 2 Bootloader ISP

0x0000 5000 512 Flash UserProgQram User RW RW | RW | RW

XOUOU2 NVR 1

0x0000_0000 | 20k | F1ash

- Main
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Size Bit Name Description
63:33 Reserved
SWD Key 8 32 swd_key_disable 1 ?ESE)ND keysis\,/\;ilgs abll(ec(ie y
31:0 swd_key pattern
63:33 Reserved
Flash Key 8 32 flash_key_ disable 1 glzglgst]keyfisldi:asblﬁd K
31.0 flash_key pattern
31:28 Reserved
27:26 Reserved
2524 NVR3_lock_bits
2322 NVR2_lock_bits
21:20 NVR1_lock_bis
19:18 | block9_lock_bits
17:16 block8_lock_bits R
gLatsl*;oLOCk Bits |, [15:14 | block7 lock_bis goébb1110: Rvir ’ dt o
13:12 block6_lock_bits 26b01: Read O
1110 | blocks_lock_bis 2 6 b Motaccessible
9:8 blockd lock_bits
7.6 block3 lock_bits
5:4 block2_lock_bits
3:2 blockl_lock_bits
1.0 block0 _lock_bits

8.4 Register Description

CSR base addres®x4008 0000, refer to 4.2 Address Mapping tabfellowing

describe the register usage.

8.4.1 0x00Chip_Erase

High | Low Name Access | Default Function
31 1 Reserved
Auto Clear
0 0 csr_erase_req RW 160 | 1d1 Start ToErase
1 6 b Brase Done
8.4.2 0x04 SWD_Unlock
High | Low Name Access | Default Function
31 4 Reserved
Poweron Reset of Flash IP is
3 3 por_done RO Done
2 1 cur_work_mode RO Value of WorkMode Pins
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l 0 l 0 ‘ swd_key_verified l RO l l
8.4.3 0x08 Flash_Unlock
High | Low Name Access | Default Function
31 1 Reserved
0 0 flash_key_verified RO
8.4.4 0x0C Write_Mode
High Low Name Access | Default Function
31 3 Reserved
11 ite/ isd
2 2 csr_bus_write_done RO 11 ~ wr! elerase !S . one
1 6 b Write/erase is in process
Auto Clear
1 1 csr_bus_write_erase RW 150 1&1 Erase when write to secto
1 6 b Not Erase
161 Hold HREADY of AHB
0 0 csr_bus_write_mode RW 1&0 Bus when write/erase
1 6 b Mot Hold HREADY
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9. SECURITY

9.1.1 PUF

MCUOO07 32bit MCU with PUF security

1. NeoPUFRhysical Unclonable Function)

2. silicon basedinique Physical ID

1024 bits size

9.1.2 DES/ TDES / PUF algorithm
Builtin 1. DES, 2. TDES, 3. RO&ryption engine
selectable 1. PUF provide pass kay2. User provide pass key
support192 bit user pass key
ProprietaryPUF algorithm

9.2 Register Description
CSR base addres®x4009 0000

9.2.1 0x00 DES_Enable

High Low Name Access | Default Function
31 1 Reserved
1&1 Enable DES module
0 0 | DESEnable RW | 180 | 4 5 b pisable DESmodule
9.22 0x10 DES_Mode
High Low Name Access | Default Function
31 9 Reserved
. . 1&1 QC mode
8 8 Quaity RW 10b 1860 normal mode
211 Reserved
. 2 6 b 1POF
7 6 Algorithm Sel RO 161 2101 TDES
2 6 b DES
5 5 Reserved Reserved
. 1d1 From Reg
4 4 Key Sel RW 16b 16b0 From PUFR
3 1 Reserved Reserved
. 11 Encrypt Mode
0 0 DES function RW 180 1 6 b Decrypt Mode
9.2.3 0x20 DES Status
High Low Name Access | Default Function
31 22 PUF enable setup coCuSnt 0x84 How many mcu clk puf enable
21 21 Reserved
20 16 MCU clk : PUF clk C';Em 0x4 How many mcu clk for 1 pdout
15 14 Reserved
13 13 Quality check finish RW 16b(16b1l: Quality
. N 1&1: Quality Good
12 12 Quality status RO 10b(16b0: Quality ¥
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11 9 Reserved
N 16b1: Busy
8 8 DESbusy RO 10b(16b0: Not Busy
7 5 Reserved
A 16b1: Ready
4 4 Input Ready RO 16b 16b0: Not Read)
3 1 Reserved
A 16b1: Ready
0 0 Output Ready RO 16b 16b0: Not Read)
9.24 0x30 DES DinL
High Low Name Access | Default Function
31 0 Datainput LSB32 RW 0x0 Input Data LSB32
9.2.5 0x40 ES _DinH
High Low Name Access | Default Function
31 0 Data input MSB32 RW 0x0 Input Data MSB32
9.2.6 OX50DES_DoutL
High Low Name Access | Default Function
31 0 Output Data LSB32 RW 0x0 Output Data LSB32
9.2.7 Ox60 DES_DoutH
High Low Name Access | Default Function
31 0 Output Data MSB32 RW 0x0 Output Data MSB32

9.2.8 0x70/0x80/0x90/0xA0/0xB0O/OXCDES_keyO~key5

High Low Name Access | Default Function
31 0 DES Key storage RW 0x0 User provide key 192bits
9.29 0x140PUF_Enable
High Low Name Access | Default Function
31 1 Reserved
1&1 Enable PUF
0 0 PUF enable RW 1&0 1 6 b Disable PUF
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10. Interrupts
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Level Source
0 WatchDog
1 DMA
2 ADC
3 LVD
4 PWMO
5 PWM1
6 PWM2
7 PWM3
8 UARTO
9 UART1
10 TIMERO
11 TIMER1
12 TIMER2
13 [2C
14 SPI
15 GPIO
16 FLASH
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11. GPIOs

11.1 General Characteristics

Maximum 28 bidirection General Programmable Input Output ports
Share peripherals functions configuration

Input with pulthigh pull-low configuration

Output with pulthigh pullow configuration

Support open drain (OD) configuration

Support input debouncing with versatile configuration

Support output driving current configuration (max 6mA@3.3V)
Support interrupt configuration

Sipport input capture for Timer

MCUOO07 32bit MCU with PUF security

11.2 Address Base
0x4000_0000

11.3 GPIO Set/Clear/Toggle feature
Each GPIO Registaxccupied4 word space.

Address Type Operation
offset
0x0 Common WRITE | GPIO = DATA WRITE
0x 4 Bit SET GPIO = GPIO PATA WRITE
Ox 8 Bit CLR GPIO = GPIO & ~DATA WRITE
0x C Bit Toggle GPIO = GPIO * DATA WRITE

By using bit set/clr/toggle fuction, software cgificiently change every GPIO pin
individually, this avoids common readodify-write operation.

11.4 Register Description

Name Address Resetvalue Description
GPIO_DiI 0x000 pin input
GPIO_DO 0x01x  0x0000_ 0000 pin output
GPIO_OE 0x02x  0x0000_0000 pin direction(toutput/O-input)
GPIO_IS 0x04x  0x0000_0000 interrupt status
GPIO_LV 0x05x  0x0000_0000 interrupt type(Gedge/l-level)
GPIO_PE 0x06x  0x0000_0000 enable Positive sense
GPIO_NE 0x07x  0x0000_0000 enable Negative sense
DB_EN 0x08x  0x0000_0000 debouncing start enable (trigger)
DB_LMT 0x09x  0x0000_0000 debouncing limit
CTNO_LV Ox0OAx  0x0000_0000 interrupt type(Gedge/l-level) for CTNO
CTNO_PE 0xOBx  0x0000_0000 enable Positive sense for CTNO
CTNO_NE 0X0Cx  0x0000_0000 enable Negative sense for CTNO
CTN1_LV 0xODx  0x0000_0000 interrupt type(0-edge/l-level) for CTN1
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CTN1_PE OXOEx  0x0000_0000 enable Positive sense for CTN1
CTN1_NE OxOFx  0x0000_0000 enable Negative sense for CTN1
CTN2_LV 0x10x 0x0000_0000 interrupt type(Gedge/l-level) for CTN2
CTN2_PE Ox11x 0x0000_0000 enablePositive sense for CTN2
CTN2_NE 0x12x 0x0000_0000 enable Negative sense for CTN2
DB_BEN 0x13x 0x0000_0000 pin debouncing enable

Data In Register, GPIO_DI

The GPIO_DI register reflect all the GPIO pins.

By read from it, software can determine tbgic level of each pin.
Bit Name Access| Reset| Description
31:.0 | Dl RO - Input data

Data Out Register, GPIO_DO
The GPIO_DO register set the output value of each GPIO pin.
Only pinset withoutput direction can pasise value to the GPIO pin.
Bit Name Access| Reset| Description
31.0 | DO RW All 0 | Output data

Data Output Enable Register, GPIO_OE
The GPIO_OE register is the data direction control register. Bits set to 1 configure
corresponding pin to be atput. Clearing a bit configures the pin toibput. All bits
areclearedby a reset. Therefore, the GPIO pinsiaput by default.

Bit Name Access| Reset| Description

31.0 |OE RW All 0 | Bit set(1), pinoutput
Bit cleared(0), pininput

Interrupt Status Register, GPIO_IS
The GPIO_IS register is the interrupt status register. Bits read HIGH in GPIO_IS reflect
the status of interrupts trigger conditions detected.

Bit Name Access| Reset| Description

31.0 |IS RW All 0 | Reflect interrupt status of each GPIO pin
Write 0, or use @ar operation can reset IS to
zero

Interrupt Type Register, GPIO_LV
The GPIO_LV register configure the sensitivity type of the GPIO interrupt. A bit of
HIGH means level sensitivity, and LOW means edge sensitivity.

Bit Name Access| Reset| Description

31.0 |LV RW All 0 | Bit set, interrupt occur at certain logic level
Bit clear, interrupt occur at certain signal edg

Positive Detect Enable Register, GPIO_PE
GPIO_PE register enables interrupt when positive condition detected.
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Bit

Name

Access

Reset

Description

31:0

PE

RW

AllO

If set, Logic HIGH or Signal Rising condition
will trigger an interrupt

Negative Detect Enable Register, GPIO_NE
GPIO _NE register enables interrupt when negative condition detected.

Bit

Name

Access

Reset

Description

31:0

NE

RW

AllO

Bit set, If Logicis LOW or signalfalling edge
detected, an interrupt will be triggered

DebouncingEnable Register,DB_EN
DB_ENregister enables GPIO pin with debouncing function

Bit Name Access| Reset| Description
311 - - - -
0 DB EN RW 0 Bit set,the debouncingounterenabled

DebouncingCounter Limit Register,DB_LMT
DB_LMT register is used to set the limit of debouncing counter

Bit Name Access| Reset| Description

31:20 | - - - -

190 |DB_LMT |RW All0O | DB_LMT register is used to set the limit of
debouncing counter

Input Capture Type for CTNO Register, CTNO_LV
TheCTNO_LV register configure the sensitivity type of t8&NO input captureA bit
of HIGH means levetensitivity, and LOW means edge sensitivity.

Bit Name Access| Reset| Description
31:4 |- - - -
3.0 CTNO LV | RW All 0 | Bit set,input captureoccurs at certain logic

level
Bit clear, input captureccurs at certain signal
edge

Positive Detect Enabldor CTNO Register, CTNO_PE
CTNO PE register enabl@sput capturavhen positive condition detected.

Bit Name Access| Reset| Description

314 |- - - -

3.0 CTNO PE | RW All 0 | If set, Logic HIGH or Signal Rising condition
will trigger aninput capture

Negative Detect Enabldor CTNO Register, CTNO_NE
CTNO _NE register enablesput capturavhen negative condition detected.

Bit

Name

Access

Reset

Description

31:4
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3.0 CTNO_NE | RW All 0 | Bit set, If Logic LOW or Signal Falling
detected, amput capturewill be triggered

Input Capture Typefor CTN1 Register, CTN1 LV
TheCTNL1 LV register configure the sensitivity type of t8& N1 input captureA bit
of HIGH means level sensitivity, and LOW means edge sensitivity.

Bit Name Access| Reset| Description

31:4 |- - - -

3.0 CTN1 LV | RW All 0 | Bit set,input captureoccurs at certain logic
level
Bit clear, input captureccurs at certain signal
edge

Positive Detect Enabldor CTN1 Register, CTN1_PE
CTN1 PE register enabl@sput capturavhen positive condition detected.

Bit Name Access| Reset| Description
314 |- - -
3.0 CTN1_PE | RW All 0 | If set, Logic HIGH or Signal Rising condition
will trigger aninput capture

Negative Detect Enabldor CTN1 Register, CTN1 NE
CTN21 NE register enablesput capturavhen negative condition detected.

Bit Name Access| Reset| Description
314 |- -
3.0 CTN1 NE | RW All 0 | Bit set, If Logic LOW or Signal Falling

detected, amput capturewill be triggered

Input Capture Type for CTN2 Register,CTN2_LV
TheCTN2_LV register configure the sensitivity type of tB& N2 input captureA bit
of HIGH means level sensitivity, and LOW means edge sensitivity.

Bit Name Access| Reset| Description

314 |- - - -

3.0 CTN2 LV | RW All 0 | Bit set,input captureccurs at certain logic
level
Bit clear, input captureccurs at certain signal
edge

Positive Detect Enabldor CTN2 Register,CTN2_PE
CTN2 PE register enabl@sput capturavhen positive condition detected.

Bit Name Access| Reset| Description
314 |- - - -
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3.0 CTN2_PE | RW All 0 | If set, Logic HIGH or Signal Rising condition
will trigger aninput capture

Negative Detect Enabldor CTN2 Register, CTN2_NE
CTN2 _NE register enablesput capturavhen negative condition detected.
Bit Name Access| Reset| Description
314 |- -
3.0 CTN2 NE | RW All 0 | Bit set, If Logic LOW or Signal Falling
detected, amput capturewill be triggered
DebouncingBit Enable Register,DB_BEN
DB ENregisterenables debouncing function for every GPIO
Bit Name Access| Reset| Description
31:28 | - - -
270 |DB_BEN |RW All 0 | Bit set,the debouncindunctionenabled for the
corresponding pin

11.5 Input Capture for Timer

Combined with Timer, inputapture can be realized both in level and edge mode.

In MCUOQOY, there are three timers. Each tirean capture one of four GPIOs.

The relationship between timer and GPIO is illustrated in the following figure.
TIMER GPIO
TIMERO | PAD_PAQ PAD_PB2 PAD_PB5 PAD_PD1
TIMER1 | PAD_PAl PAD_PB3 PAD_PB§ PAD_PD2
TIMER2 | PAD_PA2 PAD_PB4 PAD_PB7 PAD_PD3
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12. Timer/Counter
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12.1 Programmable timer

32-bit incremenal counter and 32bit compare register
Selectable onetop mode or continuous mode.
Selectable wrapping mode or frean mode.

Interrupt generation.

Input capture.

12.2 Register Description

Base Address
Timer00x4000 9000
Timer10x4000_A000
Timer20x4000 B00O

Name Address Reset Description
TMR_CNT  0x000  Unknown Timer count register
TMR_CMP  0x004  Unknown Timer load register

TMR_CTL 0x008  0x0000_0000 Timer control register

TMR_LOCK 0x00C 0x0000 0000 Timer lock register

Timer Counter Register (TMR_CNT)

Bits Name Type Description

31:0 Counter RO Timer Counter Register
Timer Compare Register (TMR_CMP)

Bits Name Type Description

31:.0 Compare RW Timer Compare Register
Timer Control Register (TMR_CTL)

Bits Name  Type Description

0 EN RW Timer Enable.
1 CcC WO Clear Counter. Write 1 to this bit clears
TMR_CNT, always read as 0
3:2 OM RwW Operating Mode

00: Continuous wrapping mode
10: Continuous fregun mode
x1: Onestop mode

4 IE RwW Intermupt Enable

5 EE RW WatchdogReset Enable (TIMERO only)

6 IS RW Interrupt Status

7 ES RW Watchdog Reset Status (TIMERO only)

8 FE RW Input Capture Enable

9 FM RW Input Capture Mode,-EEdge Mode, 1 Level
Mode

31:10 - - RESERVED
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Timer Lock Register (TMR_LOCK)
Bits Name Type Description
31:0 Lock RW Timer Write Lock Register (TIMERO only)

12.3 Function Description

Timer Operation

After a system reset, bits in the Control Register are reset, while the Counter Register

and Compare Register is unknown.

The Timer is enabled when the EN bit in the Control Register is set and the counter

starts running. The Control Register and Comegister must be set to appropriate

values first before enabling the Timer. The Counter Register can only be reset by

writing 1 to CC bit in the Control Register.

¢tKS ha oAda Ay (GKS /2y iNRf wS3IA&GSNI RSTAYySa

below:
Mode Description
Wrapping The counter generates an interrupt at a constant interval, r
mode to O after reaching the value in compare register, and conti
to count up.This is the default mode.

Freerun The counter reset to0 aftexaching its maximum value, i.e.
mode OxFFFF FFFEand continues to count up.

Onestop The counter generates an interrupt once. When the counte
mode reaches the value in compare register, it automatically dise

until you reenabile it.

When the EN biis cleared the counter value freezes. All other register values are
retained.

When the value in counter matches the value in compare register, the interrupt status
bit in control register is set and a interrupt request is generated to the system
interrupt controller (NVIC) if interrupt status bit in control register is also set. The
interrupt status bit is cleared only through writing 1 to this bit, or by system reset.

Input Capture Function

2 KSy C9 o0Al0 Ay ¢awy/ ¢[ Aa a

G2 O2dzyiSNJ GKS AyLlzi aadayl f

2 KSy Ca Aa t2¢> GKS AyLdzi A& I LizZ aSz FyR
KSYy Ca Aada KAIKINWKSIRY LAY SN A f{SOGTdzy i (K

KSYy (GKSENONEY OKSa (GKS fAYAGET Fy AydSNNHzLIG (

BEERDPUKKSA T ANZE NOB
I OO2NRAY3I (2 Ca

2
2
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13. WatchDog Timer

13.1 Overview
CKS 2 $QR®BAIIE IZHR Of 20 YR Y QS gz Wbl lyR A y i SN

MCUOO07 32bit MCU with PUF security

NBasSi |c'>c'>2NJ‘:’27\y3cD G2 GKS O2y A 3dNT GA2Y
¢KS &0dNHzO( dzMB YENI ARG AKFAA NI GSR Ay (KS ?2t
AyOf dzZRSa GKNBS, e NOBY2Ht{ ey QPisAREzDS | yR 21|
l't. LYGSNFIFOS A& dzaSR uzmwﬁosygsa“KSN‘aﬁvl
AYUSINARZINB&ASG aAdyltao
2} OK523 {8yPaadzR8&R F2N Of 201 R2YIFIAYy ONRAa
YR 25D Of 201 R2YlIAYy®
2} GOK523 [/ 2dzyiSNJ A& GKS O2dzyiSNJ Ay 25D Of 2
LY FRRAGAZ2YZ (GKS 21 10K523 ¢AYSNI Oy |taz2 o
APB Clock Domain WDG Clock Domain
——> ——>
APB WatchDog WatchDog
Interface Sync Counter
— «—

13.2 Features

- 32-bit incrementl counter and 32bit compare register
- Selectable onestop mode or continuous mode.

- Selectable wrapping mode or freen mode.

- Interrupt generation.

- Watchdog function

13.3 Pin Description
The Timers have no externahB.
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13.4 Register Description

Base Addres€0x4000 8000
Name Address Reset Description
TMR_CNT 0x000  0x0000_000C Timer count register
TMR_LMT 0x004  OXFFFFFFFF Timer compare register
TMR_CTL 0x008 0x0000_000C Timer control register
TMR_LOCK  0x00C 0x0000_000c Timer lock register
Timer Counter Register (TMR_CNT)
Bits Name  Type Description
31:0 Counter RO Timer Counter Register
Timer Compare Register (TMR_LMT)
Bits Name Type Description
31:0 Compare RW Timer Compar®&egister for Upper Limit
Timer Control Register (TMR_CTL)
Bits Name Type Description
0 EN RwW Timer Enable.
1 LD RwW Clear Counter. Write 1 to this bit clears TMR_CHI
3:2 OM RwW Operating Mode

00: Continuons wrapping mode
10: Continuondree-run mode
x1: Onestop mode

4 IE RW Interrupt Enable
5 EE RW Watchdog Reset Enable
6 IS RW Interrupt Status
7 ES RW Watchdog Reset Status
8 UM RW Watchdog Counter Update Mode
31:9 - - Reserved
Timer Lock Register (TMR_LOCK)
Bits Name Type Description
31:.0 Lock RW Timer Write Lock Register

13.5 Function Description
Timer Operation
After a system reset, bits in the Control Register are reset.
The Timer is enabled when the EN bit in the Control Register is set and the counter
startsrunning. The Control Register and Compare Register must be set to appropriate
values first before enabling the Timer. The Counter Register can only be reset by
writing 1 to LD bit in the Control Register.
The OM bits in the Control Register defines theyfeauS N & 2 LISNI A2y Y2RS®
below:

Mode Description
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Wrapping The counter generates an interrupt at a constant interval, r

mode to 0 after reaching the value @@mpare register, and continu
to count upThis is the default mode.

Freerun The counter reset to0 after reaching its maximum value, i.¢

mode OxXFFFF_FFFEFand continues to count up.

Onestop The counter generates an interrupt once. When the counte

mode reaches the value in compare register, it automatidagbled

until you reenable it.

When the EN bit is cleared the counter value freezes. All other register values are
retained.

When the value in counter matches the value in compare register, the interrupt status
bit in control register is set and ant@rrupt request is generated to the system

interrupt controller (NVIC) if interrupt status bit in control register is also set. The
interrupt status bit is cleared only through writing 1 to this bit, or by system reset.

Watchdog Function

The watchdog furtgon provides a way of recovering from software crashes. WDG have
control bits to facilitate watchdog functionality, that is Watchdog Reset Enable (EE)
and Watchdog Reset Status (ES) bits in Control Register and a single bit TMR_LOCK
register.

When WDG isised to generate a regular interrupt, depending on a programmed

value, the watchdog monitors the interrupt and set the ES bit if the interrupt remains
no servicesfor the entire programmed period. When ES bit is set, the WDG asserts a
reset signal if EGtlis also set.

The Watchdog Reset Status (ES) is only cleared by Hardware reset (POR or RESETN
pin), and will not be cleared under other reset condition. This allows boot up program
to check the cause of most recent system reset.

Write access to the regisrs within the WDG can be disabled by the use of the
watchdog lock register. Writing a value of OXDEADFACE to this allows write access to all
other registers. Writing any other value disables write access. This feature is included
to allow some protectioragainst software which might otherwise disable the

watchdog functionality.

13.6 SysTick Counter
Dedicated timer for fixed time interval SYSTICK (typical 1us interval)
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14. DPWM
DPWM are versatile dual channel PWM that can program as complementary PWM
output, or program with different phase relationship within DPWM channel, or
program as single PWM channel with shared clM&UOQ have 3 DPWM pair,
DPWMQ DPWM1 and DPWM2.
Below &ble are 3 DPWM clock, reset signals and base address

MCUOO07 32bit MCU with PUF security

Clock Reset Base Address
DPWM 0O pwmO_apb g clk | pwmO_apb_g_rstn | 0x4003_®00
DPWM 1 pwml_apb g clk | pwml_apb_g_rstn| 0x4003_900
DPWM 2 pwm2_apb g clk | pwm2_apb_g_rstn | 0x4003_A000

14.1 Overview

Below is dual channels PWM module block diagram, having Register Pleés
Counter and PWM Out Control sufiodules.

Register Files inside are PWM control registers;

PWM Counter, 2 PWM channels shared one counter;

PWM Out Control, every PWM have thewn output control module.

pwm_regfiles

— pwm_cnt

M_CTRL
CHO_CTRL l

CH1 CTRL
CHO_PER

CH1_PER pwm_oc chO
PERIOD E—

INT —3| |pwm_oc chl
CMD_ST

14.2 Registers Description

Base Address

PWMO 0x4003_8000
PWM1 0x4003_ 9000
PWM2 0x4003_A000
PWMS3 0x4003_B000

Name Address Reset Description
M_CTRL 0x00  0x0000_0000 PWM Main ControRegister
CHO _CTRL 0x04  0x0000 0000 PWM Channel #0 Control Register
CH1 CTRL 0x08  0x0000_0000 PWM Channel #1 Control Register

CHO_PER 0x0C  0x0000 0000 PWM Channel #0 Period Register
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CH1_PER 0x10  0x0000_0000 PWM Channel #1 Period Register
PERIOD 0x14  0x0000 0000 PWM Counter Period Register
INT 0x18  0x0000 0000 PWM Interrupt Register
CMD_STATL 0Ox1C  0x0000 0000 PWM Command Status Register

PWM Main Control Register M_CTRL)

Bits Name Type Description

3111 Reserved - Reserved
0 pwm_en RW PWM Counter Enable Registers[isable,

1-Enable
PWM Channel #0 Control Register CHO _CTRL)

Bits Name Type Description

318 Reserved - Reserved
7 chO_oen_n RW PWM Output enable of Inactive Period
6 ch0O_ oen p RW PWM Output enable of Active Period
5 chO_out_n RW PWM Polarity of Inactive Period
4 chO_out p RW PWM Polarity of Active Period

31 Reserved - Reserved
0 chO_ocen RW PWM Channel #0 Enable Register, 0

Disable, 1Enable

PWM Channel #1 Control Register CH1_CTRL)

Bits Name Type Description

318 Reserved - Reserved
7 chl oen_.n RW PWM Output enable of Inactive Period
6 chl oen p RW PWM Output enable of Active Period
5 chl out n RW PWM Polarity of Inactive Period
4 chl out p RW PWM Polarity of Active Period

31 Reserved - Reserved
0 chl _ocen RW PWM Channel #1 Enable Register, 0

Disable, 1Enable

PWM Channel #0 PeriodRegister CHO_PER)

Bits Name Type Description
3116 chO_p_point RW PWM Channel #0 Active Point
15:0 chO_n_point RW PWM Channel #0nactive Point

PWM Channel #1 PeriodRegister CH1 _PER)

Bits Name Type Description
3116 chl p _point RW PWM Channel #1 Active Point
15:0 chl_n_point RW PWM Channel #1 Inactive Point

PWM Counter Period Register PERIOD)
Bits Name Type Description
3116  pwm_div RwW PWM Counter Divider
15:0 pwm_Imt RW PWM Counter Limit
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PWM Interrupt Register (NT)

Bits Name Type Description
312 Reserved - Reserved
1 Int_clear WI1C PWM InterruptClear
0 Int_en RW PWM Interrupt Enable
PWM Command StatusRegister CMD_ST)
Bits Name Type Description
311 Reserved - Reserved
0 pwm_status RO O-IDLE, 1-BUSY

14.3 Function Description

Below timing diagram showing a dd®NVM function, each channel has their own
control registers set bushared with same clock timer.

They generate PWM signals with same frequency, but can programming in different
space make ratio.

1a 1 R PWM
2a PERIOD bw PWM
33 Y i
43 h Lcho cm (e
! ! ! ! ! ! ! !
S RN Y IS NS VA SR SRR N S
! ! ! . ! ! ! .
pwm_cnt ! ! ! ! ! ! ! !
. ! ! ! . ! ! !
- [ I ‘!'____!__ [ I I T____!'___O
! ! ! !
pwm_chO0 | | | |
; ; ; ;
Lo ' Lo '
pwm_chl I I I I
! ! ! !
ﬁwm_chO_n _point ! pwm_chl_n_point éwm_cho_n _point ! pwm_chl_n_point
I I I I
pwm_chO_p_point  pwm_chl_p_point pwm_chO_p_point  pwm_chl_p_point

14.4 Application Example

14.4.1 Target PWM wave form
Assume system clock2gMHz targetPWM wave as below shown.
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2ms 12ms 20ms 30ms 38ms
(| (| [ (| (|
[ [ [ [ [
| | I | (|
pwm_cho! |e » | L » | I
- [ | [ | | 1
o 8ms T 8ms |
(| | (| | |
pwm_chl| | [ > | | | >
— } 6ms +—t } 6ms
[ [ [ [ [
[ [ [ [ [
[ [ [ [ [

Oms 10ms 18ms22ms 32ms 40ms

14.4.2 Task analysis

As diagram shown, theRWM channels have same periodically which are 20ms
channelpwm_chO output high at 2ms~10ms, pwm_ch1 output high at :2i8sns.
This PWM are complementary wave form,

<1>divide24MHz to generate 500KHz PWM clock.

<2> calculate the counter (pwm_cnt) range, here PWM cycle is 20ms, counter period
2us(500KHz), counter upper count is 9999(20000us/Ays

<3> mapping PWMuput is HIGH to counter (pwm_cnt), set value to
1000~5000(1000 = 2000us/2u$000 = 10000us/2us) for pwm_ch0 (2ms~10ms),
set value to 6000~9000(6000 = 12000us/2 @000 = 18000us/2us) for pwm_chl
(12ms~18ms).

14.4.3 configuration

<1>CHO_CTRtonfiguration

chO_o=In;_n /I conifnacitdievseabl| e d)

chO _oen_p /I configure active (enabl ed)
chO_out _n /I configure inactive (output
chO _out _p // configure active(output po
chO eonc = 1;//fenalclheannel 0

<2>CHO_PER configuration

chO_p_=Adiot,; /I configure active (star
chO n_point = /I confidema @potiintg

<3>CH1_CTRtonfiguration

chl o=In;_n // conifnacutriev e

44



S iciai

MCUO0O07 32bit MCU with PUF security

chl_oen_p /I configure active
chl out_n /I configure inactive
chl out _p // configure active
chl eonc= 1;//lenalkclheannel 1

<4>CH1_PER configuration

CH1PER®cmamcO u dnnnT
chil_ p_36d0i0r0t; /I configure active (star
chh point = 9C/ confidema potiint g

<5>M_CTRL configuration

pwm_=In; lenabl e PWM functi on

<6>PERIOD configuration
CH1PER®OomMMCO Y pdddpT
pwm_d&BZ ; /I di vdde by
pwm_ I=mtl G10;0 O flupper | imited (ceiling)

14.4.4 Output wave form

Clk—

pwm_oen[1:0] [*]

pnoutllOliﬁ] 1 Iﬁ]§1a| Iﬁlflﬁl |U|§|5] ]UIEIUI ]Ulflﬁ]
| pwm_out(1]]
[__pvn_out (0]}

pvm_cnt_dat[15:0]

pap P8O [ [ | :
pap _PE1 [ = [ 1
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15. SPWM

SPWAM is a single channel PWM, use with DPWM could form total 7 channels PWM

function.

Below table are SPWM clock, reset signals and base address

Clock

Reset

Base Address

SPWM pwm3_apb_g_clk

pwm3 apb_g_rstn | 0x4003_B00

15.1 Overview

Below is single channel PWM module block diagram, having Register Piés!
Counter and PWM Out Control suodules.
Register Files inside are PWM control registers;
PWM Canter, generate PWM control clock;
PWM Out Control, every PWM have their own output control module.

pwm_regfiles

M_CTRL
CH1 CTRL
CH1 PER
PERIOD
INT
CMD_ST

—p pwm_cnt
pwm_oc chO
—

15.2 Registers Description
Base Address 0x4003 B00O

Name Address Reset Description
M_CTRL 0x00 0x0000 0000 PWM MainControl Register
CH1_CTRL  0x08 0x0000 0000 PWM Channel #1 Control Register
CH1_PER 0x10 0x0000 0000 PWM Channel #1 Period Register
PERIOD 0x14 0x0000 0000 PWM Counter Period Register
INT 0x18 0x0000 0000 PWM Interrupt Register
CMD STATUS  0Oxlc 0x0000 0000 PWM Command Status Register

PWM Main Control Register M_CTRL)
Bits Name Type

31:1 Reserved -

Reserved

Description
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0 pwm_en RW  PWM Counter Enable RegistesDiable, iEnable
PWM Channel #1 Control Register CH1_CTRL)

Bits Name Type Description

318 Reserved - Reserved
7 chl oen_.n RW PWM Output enable of Inactive Period
6 chl oen_ p RW PWM Output enable of Active Period
5 chl out n RwW PWM Polarity of Inactive Period
4 chl out p RwW PWM Polarity of Active Period

3:1 Reserved - Reserved
0 chl oc_ en RW PWM Channel #1 Enable Register, 0

Disable, iIEnable

PWM Channel #1 PeriodRegister CH1_PER)

Bits Name Type Description
31:16 chl p point RW PWM Channel #1 Active Point
15:0 chl n_point RW PWM Channel #lhactive Point

PWM Counter Period Register PERIOD)

Bits Name Type Description
31:16  pwm_div RW PWM Counter Divider
15:0 pwm_Imt RW PWM Counter Limit

PWM Interrupt Register (NT)

Bits Name Type Description
31:2 Reserved - Reserved
1 Int_clear wicC PWM InterruptClear
0 Int_en RW PWM Interrupt Enable
PWM Command StatusRegister CMD_ST)
Bits Name Type Description
31:1 Reserved - Reserved

0 pwm_status RO O-IDLE, BUSY
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15.3 Function Description
Below timing diagram showing a typical single chafeM function.

1a ws R~ PWM
23 PERIOD 0w PWM
3a Ty "
! ! ! !
B e e e B LD L
pwm_cnt | | I |
! ! ! !
T T T L ToToTrT o0
| | | |
pwm_chl
i ' , i _
i pwm_chl n_point - pwm_chl_n_point
pwm_chl_p_point pwm_chl_p_point
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16. LVD
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Below table are SPWM clock, reset signals and base address

Clock

Reset

Base Address

LVD

lvd_apb_g_clk

lvd_apb_g_rstn

0x4002_800

16.1 Overview

Below is LYD function diagram, having 5 main units;
Registers File control registers;

(DC process Ivd input cross clock domain;

Filter filter synchronized Ivd signal;
Edge& Level Detector detect edge or level trigger according to registetting;
Reset & IRQ Genreset or IRQ generation;

. . Edge& Level
lvd_in =—» CDC | Filter —p getector —>
Reset » lvd_rst
Reg Files &
Ivd_byp < CR o
ST —> » [vd_irq
lvd_set< SET
FLT
16.2 Registers Description
Base Address 0x4002 8000
Name Address Reset Description
CR 0x00 0x0000 0000 LVD Control Register
ST 0x04 0x0000 0000 LVD Status Register
SET 0x08 0x0000 0000 LVD Set Register
FLT 0x0c 0x0000 0000 LVD Filter Register
LVD Control Register CR)
Bits Name Type Description
31:5 Reserved - Reserved
4 Ilvd_ne RW Low level/Negtivetrigger
3 Ilvd_pe RW High level/Posive trigger
2 Ivd_Iv RW 0-Edge Trigger,-Level Trigger
1 Ivd_mode RW O-Interrupt Mode, X*Reset Mode
0 Ivd_en RW LVD enable
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LVD Status Register ST)

Bits Name Type Description
31:1 Reservec - Reserved
0 Ivd_st RO LVD Status
LVD Set Register SET)
Bits Name Type Description
31:7 Reserved - Reserved
6:4 Lvd_set RW LVD SET
3:1 Reserved - Reserved
0 Lvd_byp RwW LVD Bypass
LVDSET®6:4] Trigger Voltage
000 1.80
001 2.00
010 2.40
011 2.60
100 3.00
101 3.60
110 3.90
111 4.20
LVD Filter Register FLT)
Bits Name Type Description
31:16 flt_Imt - LVD filter counter limit
15:1 Reservec - Reserved
0 Flt_en RW LVD Filter enable

16.3 Function Description

Monitor input or battery voltage, generated Reset or Interrupt if voltage lower

trigger level ofregister setting.

Avoid confusion, only support either LVD IRQ or LVD RESET in setting register.

Lvd_mode = OxPgenerate interrupt IRQ
Lvd_mode = Oxlgenertae RESET
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17. Pin Control
Below table is pin control clock, reset signals and base address

MCUOO07 32bit MCU with PUF security

Clock Reset Base Address

Pin Control pinctl_apb_g _clk | pinctl_apb_g_rstn | 0x4004_@O00

17.1 Overview

Chip designed with four (4BP10 portPAI PBI PCI PDI **
PortPA: 8GPIQ PAW PAL PA21 PA3I PA4I PALI PAG PA7;
Port PB: 8 GPIO,PBQ PBL PB21 PB3I PB4 PBal PBa PB7;
Port PC: 8 GPIO,PCO PCL PC2 PC3 PC4 PCH PCa PC7;
PortPD: 4GPIO,PDOr PDL PD21 PD3;

Pin Control versatile settingsP10 functionality Driver strength
*GPIO pin may not be available in all packages

17.2 Registers Description
BaseAddress 0x4004_ 0000

Name Address Description
PCTL_PAO 0x00 PAO Pin Control Register
PCTL_PA1 0x04 PA1 Pin Control Register
PCTL_PA2 0x08 PA2 Pin Control Register
PCTL_PA3 0x0C PA3 Pin Control Register
PCTL_PA4 0x10 PA4 Pin Control Register
PCTL_PA5 0x14 PA5 Pin Control Register
PCTL_PAG6 0x18 PAG6 Pin Control Register
PCTL_PA7 0x1C PA7 Pin Control Register
PCTL_PBO 0x20 PBO Pin Control Register
PCTL_PB1 0x24 PB1 Pin Control Register
PCTL_PB2 0x28 PB2 Pin Control Register
PCTL_PB3 0x2C PB3 Pin Control Register
PCTL_PB4 0x30 PB4 Pin Control Register
PCTL_PB5 0x34 PB5 Pin Control Register
PCTL_PB6 0x38 PB6 Pin Control Register
PCTL_PB7 0x3C PB7 Pin Control Register
PCTL_PCO 0x40 PCO Pin Control Register
PCTL_PC1 0x44 PCL1 PirControl Register
PCTL_PC2 0x48 PC2 Pin Control Register
PCTL_PC3 0x4C PC3 Pin Control Register
PCTL_PC4 0x50 PC4 Pin Control Register
PCTL_PC5 0x54 PC5 Pin Control Register
PCTL_PC6 0x58 PC6 Pin Control Register
PCTL_PC7 0x5C PC7 Pin Contr&tegister
PCTL_PDO 0x60 PDO Pin Control Register

PCTL_PD1 0x64 PD1 Pin Control Register
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PCTL_PD2 0x68 PD2 Pin Control Register
PCTL_PD3 0x6C PD3 Pin Control Register

Pin Control Register(PCTL_PXn) [Remark: X =A/B/C/D n =0/1/2/3/4/5/6/7]

Bits Name Type Description
31:16 Reserved - Reserved
15:12 FUN RW  Function select
11:8 Reserved - Reserved
7:6 SEL RW  Output power supply select
5:4 ES RW  Driver Strength select
3 oD RW  Open drain select enable;Qpen Drainp-
Output Buffer
2 SONOF RW  Schmitt Trigger,-Bchmitt Trigger, LMOS
Trigger
1 PD RW  Pull down, valid HIGH
0 PU RW  Pull up, valid HIGH

Remark:FUN has foolproof protect, PCTL_PXn[15:14houldbe26 b 11 when FUN
configuration.

Functionselection bits:

Bits
FUN 15:12 4'b1100 4'n1101 4'n1110 4'n1111
PAD Group Function 0 Function 1 Function 2 Function 3
NAME
PAO GIO_O0/CTNO | Reserved AN_15 PWMO
PAl GIO_1/CTN1 | Reserved AN_14 PWM1
PA2 GIO_2/CTN2 | Reserved AN_13 PWM2
PA3 PORT A GIO_3 Reserved AN_12 PWM3
PA4 GIO_4 SCI_RX_0 AN_11 PWM4
PA5 GIO 5 SCIL_TX_0 AN_10 PWM5
PA6 GIO 6 SCI_RX_1 AN 9 PWM6
PA7 GIO_7 SCI_TX_1 AN_8 Reserved
PBO GIO 8 SPI_CS SCI_RX_0 PWMO
PB1 GIO_ 9 SPI_CLK SCIL_TX_0 PWM1
PB2 GIO_10/CTNO | SPI_RXD Reserved PWM2
PB3 PORT B | GIO_11/CTN1 | SPI_TXD Reserved PWM3
PB4 GIO_12/CTN2 | 12C_SCL Reserved PWM4
PB5 GIO_13/CTNO | 12C_SDA Reserved PWM5
PB6 GIO_14/CTN1| SCI_RX_0 Reserved PWM6
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PB7 GIO_15/CTN2 | SCI_TX_0 Reserved Reserved
PCO GIO_16 SCI_RX_1 AN_7 I2C_SCL
PC1 GIO_17 SCILTX_1 AN_6 I2C_SDA
PC2 GlO_18 SPI_CS AN_5 PWMO
PC3 GIO_19 SP|_CLK AN_4 PWM1
PC4 PORTC GIO_20 SPI_RXD AN_3 PWM3
PC5 GIO 21 SPI_TXD AN_2 PWM4
PC6 GlO_22 12C_SCL AN_1 PWM5
PC7 GlO_23 12C_SDA AN_O PWM6
PDO GlO_24 SPI_CS Reserved OSC_CLK
PD1 PORT D GIO_25/CTNO | SPI_CLK Reserved OSC32K_CLK
PD2 GIO_26/CTN1 | SPI_RXD SCI_RX_0 12C_SCL
PD3 GIO_27/CTN2 | SPI_TXD SCI_TX_0 I2C_SDA

Driver Strength selection:

driving strength| driving strength| driving strength
ESL | ESO (g.OV) ’ (g.BV) ’ (g.zv) ’
0 0 2.3mA 1.3mA 0.5mA
0 1 4.5mA 2.5mA 1.0mA
1 0 8.1mA 4.8mA 1.7mA
1 1 9.0mA 6.1mA 2.3mA
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18. ADC

18.1 Feature

12 bits +/1 LSB®1Msps

500Ksps @ 3.38Upply, IMsps @ 5V supply

16 channel (10 pins)

Internal vRef

Configuration registers on APB bus, 5 bits address width, 16 bits data
Support one shot, continuous or DMA mode

Support ADC data valid and FIFO overflow interrupt

18.2 Block Diagram

ADC
aph clk ADC_CLK
- CLK = »| CLK ADC
aphrstn > DIVIDE RSTN
I PD
clk_div_num PDBIAS
»| REGISTER =N INSEL[3:0]
> SN SAMCTRL[2:0]
soc drv
i < < > » SOC
ade interrupt Interrupt interrupt enable —g— & soc
A A DvA mode 4|  Driver
dmareq - I
fifo_no_empty
fifo_datd11:0] -+— EOC
fifo_over_full -«—|BUSY
RXFIFO = : SAROUT11:0]
12x8 :One Shot mod&& Cdntinuous mod JOUTEN
DMA mode
dma_req_clr dma req_clr =:|DF: -DFF

18.3 Function

18.3.1 One Shot Mode

OneShot mode is one of ADC support mode, in this m&B€E will only convert
once in each time which control by software/firmware. Program can decide when to
start the conversion, how may samples. ADC SOC Control Register detect Rising
Edge in this mode. (Continuous Mode uses Level Detect).
Typical configuration
1) Clear ADC Clock Gate resetADC Resetregister set registetADC PD low.
(ADC PDdefault is power down)
2) Polling theADC ResetegisterReadybit to waitADC ready (after ADC Reset
need aboulOOusfor ADC Analog part start up
3) ConfigureADC Moderegister toOneShot mode
4)  ConfigureADC ConfiguratiorregisteiINSELandSAMCTRL
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5)

6)
7
8)
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ConfigureADC SOCregister, High is valid(in this mode ADC SOCis control

by Register Write signal, recommend write 0 trigger SOC to HIGH)

Polling Data registerto wait data valid or uses interrupt.

If need multiple sampling, repeat step 5

SetOneShotModeto 0 to shutdown one shot mode. (note: FIFO will be cleared
when Mode set to 0)

18.3.2 Continuous Mode

ADC support continuous mode, in this moA&C will continuously convert input
signal. Program decide when and sampling timing. Set SDCregister 1 to start
ADC and 0 to stop ADC.

Typical configuration;

1)
2)

3)
4)
5)

6)
7)
9)

ClearADC Clock Gate resetADC Resetset registeADC PD low. (ADC PD
default is power down)

Polling theADC ResetegisterReadybit to waitADC ready (after ADC Reset
need aboulOOusfor ADC Analog part start up

ConfigureADC Moderegister toContinuous mode

ConfigureADC ConfiguratiorregisteiNSELandSAMCTRL

ConfigureADC SOCregister, High is valid.(in this mode ADC SOCsignal is
control bySOCregister value, recommend Writdo pull SOCHigh

Polling Data registerto wait data valid or uses interrupt.

SetSOCregister 0 to end ADC sampling.

Set ADC ModeContinuousModeO to close ADC function. (note: FIFO will be
cleared when Mode set to 0)

18.3.3 DMA Mode

DMA mode is usinddMA transfer ADC sampled/converted data. In this mode
program can control when to start the sampling. How much sampling of data is set in
ADC sample NUM register, ADC will Stop when samples reach the counter value.
Setting SOCregister tol will start ADC sampling and caert input data, set SOC to 0
when reach decided number.

Typical configuration;

1)
2)

3)
4)
5)
6)
7

8)
9)

ClearADC Clock Gate resetADC Resetset registeADC PD low. (ADC PD
default is power down)

Polling theADC ResetegisterReadybit to waitADC ready (after ADCReset
need aboulOOusfor ADC Analog part start up

ConfigureADC Moderegister toContinuous mode

ConfigureADC ConfiguratiorregisterINSELandSAMCTRL

ConfigureADC sample NUMegister to decide samples data.
ConfigureADC Modeto DMA mode

Configure SOCregister. Recommend Write (in DMA mode, ADC SOCis
control by Register Write signal. Same as One Shot Mode)

Polling Data registerto check data is transferred by.

EndADC DMA modédnote:FIFO will be cleared when Mode set to 0)

56



DX fmdi=

18.3.4 Interrupt

ADC have 2 interrupt sources mux and control by regisE interrupt enable
u Source 1, Data Valid.
a Source2, FIFO Overflow.
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18.4 Register

18.4.1 Register Summary

BaseAddr 0x4003_0000

Table 4.1 Registers list

ADDRESS | Name Default | Type | FUNCTION

BaseAddr + ADC Reset 0x0 RW | Control ADC ResetADC
0x00 Ready and Data Valid status
BaseAddr + ADC Data Register | 0x0 RO | ADC data

0x04

BaseAddr + ADC Clock DIV 0x2 RW | ADC clock configuration
0x08

BaseAddr + ADC Mode 0x0 RW | MODE configuration

0x0c

BaseAddr + ADC SOC Control | Ox0 RW | SOCconfiguration

0x10

BaseAddr + ADC Configuration| 0x0 RW | INST SAMCTRL

0x14

BaseAddr + ADC PD 0x3 RW | ADC PowerDown

0x18

BaseAddr + ADC sample NUM | Ox1 RW | DMA MODE sample nurher
Ox1c

BaseAddr+ ADC interrupt 0x0 RW | ADC interrupt enable

0x20 enable

BaseAddr + ADC data valid intr| Ox0 RW | ADC Data Valid Interrupt
0x24

BaseAddr + ADC overflow intr | Ox0 RW | ADC Data overflow Interrupt
0x28

BaseAddr + ADC busy 0x0 RO | ADC busy

0x2c

BaseAddr+ ADC Clock Gate | Ox1 RW | ADC Clock Gaing

0x30

18.4.2 Register Description

1) ADC reset (BaseAddr + 0x0p
ControlADC resetregister, status &ADC Ready and Data valid.

Bits Name Type Function
31:3 - - Reserved
2 data_valid RO ADC Data

1 DataValid
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0 Data not Valid

1 adc startup RO ADC startup ready signal. Nee@Qus to ready
after ADC reset.
1 Ready

0 Not Ready

0 adc_reset RW ADC Reset
1 Not Reset

0 Reset

2) ADC Data (BaseAddr + OxOx%
Check data validation IADC resetegister.

Bits Name Type Function
31:12 - - Reserved
110 data RO ADC Data,12bit, data fromFIFQ,

3) ADC Clock Divide(BaseAddr + 0x0B
ADC Clockdivided fromAPB

Bits Name Type Function
316 - - Reserved
50 clk_div RW ADC Clock divider 6 bit

Default2, that isSMHz

(Only supporiAPB_CLK=16MHz)
2, 8BMHz

4, 4MHz

8, 2MHz

16,1MHz

4) ADC mode(BaseAddr + OxO¢
Support 3 modes, One shot mo@antinuous Mode anBMA mode

Bits Name Type Function
31:3 - - Reserved
2 dma_mode RwW DMA mode

1 DMA modeEnable
0 DMA modeDisable

1 Continuous_mode RW Continuous mode
1 Continuous mode Enable

0 Continuous mod®isable

0 One_shot_mode RW One Shot mode
1 One Shot mod&nable

0 One Shot mod®isable

5) ADC SOCControl (BaseAddr + 0x1p
ADC Clock, dividefrom APB,
Bits Name Type Function
311 - - Reserved
0 SOC RW ADC SOC, high level (1) valid
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6) ADC Configurdion Register(BaseAddr + Ox1¥
ADC INSEL andSAMCTRL

Bits Name Type Function

317 - - Reserved

6:4 SAMCTRL RW ADC SAMCTRL, controlADC sample timming
3:0 INSEL RW ADC INSEL, selecADC inputchannel

7) ADCPD (BaseAddr + 0x18
ADC PDandPDBIAS Control Register

Bits Name Type Function
312 - - Reserved

1 PDBIAS RW ADC PDBIAS, controlADC Bias power down
1:Power Down
O:Power On
Default1, Power Down mode

0 PD RW ADC P, controlADC Analog part power down
1:Power Down
O:Power On
Default1, Power Downmode

8) ADC sample NUM(BaseAddr + Ox1E
For DMA mode ADC sample number

Bits Name Type Function

31:12 - Reserved

11:0 sample number RW  Only for DMA mode, sample numbetr2bit
Number of samples faAdDMA transfer, word, 12
bit valid data.

Default is 1, should be greater than O

9) ADC interrupt enablgBaseAddr + 0x2p
ADC interrupt control

Bits Name Type Function
31:2 - - Reserved
1 FIFO overflow RW  ADC FIFO overflow interrupt enable
interrupt enable 1 enable
0 disable
0 data valid RW ADC data valid interrupt enable
interrupt enable 1 enable
0 disable

10) ADC Data Valid Interrupt(BaseAddr + Ox2}4
ADC dataavailable/interrupt register

Bits Name Type Function

311 - - Reserved

0 data valid RO Data Validinterrupt status
interrupt 1 Interrupt Happened

0 Interrupt Not Happened

59



B 1}
Siiam
MCUOO07 32bit MCU with PUF security

11) ADC Overflow Interrupt(BaseAddr + 0x28
ADC overflow interrupt register

Bits Name Type Function

311 - - Reserved

0 overflow RO Overflow interrupt status
interrupt 1 Interrupt Happened

0 Interrupt Not Happened

12) ADC busy(BaseAddr + 0x2¢
ADC busystatus register

Bits Name Type Function

311 - Reserved

0 adc busy RO ADC is in conversion
1 ADC is Busy

0 ADC is Not Busy

13) ADC Clock GateRegister(BaseAddr + 0x3p
ADC Clock Gate register

Bits Name Type Function

31:1 - - Reserved

0 adc clk RW ADC Clock Gate function. Default 1, defadlDC
gate clock in Gated mode

1 ADC Clock is gated
0 ADC Clock is not gated
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19. UART Interface

19.1 Introduction

The UART is an AMBA slave module that connects to the Advanced Peripheral Bus
(APB).

MCUOO07 32bit MCU with PUF security

19.2 Features

Support 2 UART

Compliance to the AMBA Specification (Rev 2.0) onwards for easy integration into
SoC implementation

Separate 32x8 transmit and 32x12 receive HirsFirstOut (FIFO) memory buffers

to reduce CPU interrupts.

Programmable baud ratgenerator.

Fullyprogrammable serial interface characteristics

Interrupt generation with error condition interrupts

Support DMA

19.3 Functional Description
Block Diagram

Read data[11:0]

UARTRST
z xd[7:0] rxd[11:0]
Write data[7:0] 32x8 . = 32"12
transmit receive o
FIFO FIFO
L
PCLK
— ¥
PRESETn
> UARTTXD
PSEL Control and status
———» < >
Transmitter
Baud rate divisor
PENABLE APB > nSIROUT
interface
PWRITE and -
piLLL L L gist
FTJ?;EF Baud rate Baudi6
generator
PADDR[11:2] -
——— x UARTRXD
‘7
PWDATA[15:0] » Receiver
SIRIN
PRDATA[15:0] >
A———
Transmit Recieve
UARTCLK FIFO FIFO FIFO
Reference clock flags status status
X ’ nUARTRI
UARTRXDMACLR " nUARTCTS
UARTTXDMACLR | UARTTXINTR nUARTDSR
L, UARTRXDMASREQ UARTRXINTR nUARTDCD
- DMA —ORIRATINTR | —_ i I ——
_ UARTRXDMABREQ interface UARTMSINTR FIFO status EIL'd interrupt nUARTDTR
- -« generation
<UARTTXDMASREQ . UARTRTINTR NUARTRTS
. UARTTXDMABREQ UARTEINTR | nUARTOut1
- UARTINTR nUARTOut2
+-——

The functions of the UART are described in the following sextio
AMBA APB interface

5
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Register block

Baud rate generator

Transmit FIFO

Receive FIFO

Transmit logic

Receive logic

Interrupt generation logic

DMA interface

Synchronizing registers and logic
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19.3.1 AMBA APB interface
The AMBA APB interfagenerates read and write decodes for accesses to
status/control registers, and the transmit and receive FIFOs.

19.3.2 Register block
The register block stores data written, or to be read across the AMBA APB interface.

19.3.3 Baud rate generator
The baudate generator contains freeunning counters that generate the internal x16
clocks, Baud16 and IrLPBaud16 signals. Baud16 provides timing information for UART
transmit and receive control. Baud16 is a stream of pulses with a width of one
UARTCLK clock pmat and a frequency of 16 times the baud rate

19.3.4 Transmit FIFO
The transmit FIFO is arb® wide, 32 location deep, FIFO memory buffer. CPU data
written across the APB interface is stored in the FIFO until read out by the transmit
logic. You can disée the transmit FIFO to act like a ehgte holding register.

19.3.5 Receive FIFO
The receive FIFO is a-i® wide, 32 location deep, FIFO memory buffer. Received data
and corresponding error bits, are stored in the receive FIFO by the receive lodjic unt
read out by the CPU across the APB interface. The receive FIFO can be disabled to act
like a onebyte holding register.

19.3.6 Transmit logic
The transmit logic performs paral&d-serial conversion on the data read from the
transmit FIFO. Control lagoutputs the serial bit stream beginning with a start bit,
data bits with the Least Significant Bit (LSB) first, followed by the parity bit, and then
the stop bits according to the programmed configuration in control registers.

19.3.7 Receive logic
Thereceive logic performs seri&d-parallel conversion on the received bit stream
after a valid start pulse has been detected. Overrun, parity, frame error checking, and
line break detection are also performed, and their status accompanies the data that is
written to the receive FIFO.

19.3.8 Interrupt generation logic
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Individual maskable active HIGH interrupts are generated by the UART. A combined
interrupt output is also generated as an OR function of the individual interrupt
requests.

You can use thsingle combined interrupt with a system interrupt controller that
provides another level of masking on a g&ripheral basis. This enables you to use
modular device drivers that always know where to find the interrupt source control
register bits.

You ca also use the individual interrupt requests with a system interrupt controller
that provides masking for the outputs of each peripheral. In this way, a global interrupt
service routine can read the entire set of sources from one wide register in thexsyste
interrupt controller. This is attractive where the time to read from the peripheral
registers is significant compared to the CPU clock speed in-timeatystem.

19.3.9 DMA interface
The UART provides an interface to connect to the DMA controlle A&TUDMA
interface.

19.3.10 Synchronizing registers and logic
The UART supports both asynchronous and synchronous operation of the clocks, PCLK
and UARTCLK. Synchronization registers and handshaking logic have been
implemented, and are active at all timékhis has a minimal impact on performance or
area. Synchronization of control signals is performed on both directions of data flow,
that is from the PCLK to the UARTCLK domain, and from the UARTCLK to the PCLK
domain.

during transmission, the UARIata bit is used as the base for encoding
during reception, the decoded bits are transferred to the UART receive logic.

5

The lowpower divisor value is calculated as:
Lowpower divisor = (FUARTCLK / FIrLPBaud16)
where FIrLPBaud16 is nominally 1.8432H
The divisor must be chosen so that 1.42MHz < FIrLPBaud16 < 2.12MHz.

19.4 Registers

19.4.1 Summary of registers

UARTO Base Address 0x4001 0000
UART1 Base Address 0x4001 1000

Offset Name Type Reset Width Description
0x000 UARTDR RW Ox--- 12/8 Data Register, UARTDR
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0x004 UARTRSR/ RW 0x0 4/0 Receive Status Register / Error Clear
UARTECR Register, UARTRSR/UARTECR

0x0080x014 | - - - - Reserved

0x018 UARTFR RO 0b-1001G- | 9 Flag Register, UARTFR

0x01C - - - - Reserved

0x020 UARTILPR RW 0x00 8 Low-Power Counter Register, UARTILPR

0x024 UARTIBRD RW 0x0000 16 Integer Baud Rate Register, UARTIBRD

0x028 UARTFBRD RW 0x00 6 Fractional Baud Rate Register, UARTFBR

0x02C UARTLCR_H RW 0x00 8 Line Control Register, UARTLCR_H

0x030 UARTCR RW 0x0300 16 Control Register, UARTCR

0x034 UARTIFLS RW 0x12 6 Interrupt FIFO Level Select Register,
UARTIFLS

0x038 UARTIMSC RW 0x000 11 Interrupt Mask Set/Clear Register,
UARTIMSC

0x03C UARTRIS RO 0x00 11 Raw Interrupt Status Register, UARTRIS

0x040 UARTMIS RO 0x00 11 Masked Interrupt Status Register,
UARTMIS

0x044 UARTICR WO - 11 Interrupt Clear Register, UARTICR

0x048 UARTDMACR RW 0x00 3 DMA Control Register, UARTDMACR

0x04COx07C | - - - - Reserved

0x0800x08C | - - - - Reserved for tegiurposes

0x0900xFCC | - - - - Reserved

OxFDO - - - - Reserved for future ID expansion

OxFDC

19.4.2 Data Register, UARTDR

The UARTDR Registeris thedataregiste.

For words to be transmitted:
if the FIFOs are enabled, data written to thisation is pushed onto the transmit FIFO
if the FIFOs are not enabled, data is stored in the transmitter holding register (the bottom
word of the transmit FIFO).

The write operation initiates transmission from the UART. The data is prefixed with bitstart
appended with the appropriate parity bit (if parity is enabled), and a stop bit. The resultant word
is then transmitted.

For received words:
if the FIFOs are enabled, the data byte and thi¢ gtatus (break, frame, parity, and overrun)
is pushed am the 12bit wide receive FIFO
if the FIFOs are not enabled, the data byte and status are stored in the receiving holding
register (the bottom word of the receive FIFO).

The received data byte is read by performing reads from the UARTDR Register atlorigewi
corresponding status information. The status information can also be read by a read of the
UARTRSR/UARTECR Register.

Bits Name Function
15:12 - Reseved.
11 OE Overrunerra. Thisbit is setto 1 if datais received and the eceive FIFO is
areadyfull.

This is ckared to Oonce hereis an enpty spa&e in the FIFCand a rew
character can be writen to t.

10 BE Breakerrar. Thisbit is setto 1 if abreakcorditionwasdetected, indicating that
thereceived datainput was héd LOW for longer tran afull-word transmission
time (cEfined asstart, daf, parity and stop bits).

In FIFO mode, this error is assodated with the character at the top of the
FIFO.When abreak occurs, onlyone0Q characteis loadedinto the FIFO. The
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next characters only enabledafterthereceve data inpuigoesto a1 (marking
state) andthenext valid startbit is recaved.

9 PE Paiity error. Whenset to 1, it indicates thattheparity of thereceiveddata
charcter does notmatchthe paity that theEPS andSPSbitsin theLine
Cortrol Register, UARTLCR_H select.

In FIFOmode, this eror is assoi@ed with thecharacter at the bp of the
FIFO.

8 FE Framingerrar. Whensetto 1, it indicateghattherecevedcharactedid not
haveavalid stopbit (avalid stopbit is 1).

In FIFOmode, this eroris assoi@ed with thecharacter at the bp of the
FIFO.

7:0 DATA Receive (read) daa cheracter.

Transnit (write) daa character.

Note: You mustdisablethe UART before any of the control registersarereprogranmed. When
the UART is disabledin the middle of transmissioror recepton, it completeghe current
charactebeforestopping.

19.4.3 Receive Status Register / Error Clear Register,
UARTRSR/UARTECR

The UARTRSRUARTECR Registeris thereceve statusregister/eror clearregister. Recéve
statuscanalsobereadfrom the UARTRSR Regista. If the statuss readfrom thisregster, then
the stausinformationfor break,framing and parity correspondsatthe datacharater readfrom
the DataRegista, UARTDR prior to readng the UARTRSR Registe. The statusnformation
for overrun is setimmediatelywhenan overrunconditionoccurs.

A write to the UARTECR Registerclearsthe framing, parity, break,andoverrunerrors.All the
bits are clearedo 0 on reset.

Bits Name Function
7:0 - A write to this egister clears theframing, pariy, break, andverrun erros.
The ditavalue isnot important.
74 - Reseved, unpredictable when read.
3 OE Overrun eror. This bit is setto 1 if datais received andhe FIFO isalready
full.

This bit is cleared to 0 by a write toUARTECR.

TheFIFOcontertsremain valid becausenomore datais writtenwhen theFIFO
isfull, only theconterts of the sHi registerare overwritten. The CPU must
now read the dta, to enpty the FIFO.

2 BE Breakerrar. This bit is setto 1 if abreakconditionwas detectedindicating
thattherecaveddatainput washeldLOW for longerthanafull -word
transmissioime (definedasstart,data parity, andstopbits).

This bit is cleared to 0 &ter a write toUARTECR.

In FIFO mode this erroris associatedvith the characer at the topof the
FIFO. Whena breakoccurs, oty one Ocharacter isloaded intothe FIFO.The
next charater is only enabledfterthereceve data iput goes to a {marking
state) and thenext valid start bit is received.

1 PE Parity error. When set to 1, it indicatesthat the parity of thereceiveddata
charaderdoes notmatchthe parity that theEPS ad SPS his in thelLine
Contol Regista, UARTLCR_H select.

This bit is cleared to 0 by a write toUARTECR.

In FIFO mode this erroris associatedvith the claracter at thetop ofthe
FIFO.

0 FE Framing error. When setto 1, it indicatesthat therecevedcharactedid not
have avalid stopbit (avalid stopbit is 1).

This bit is cleared to 0 by a write toUARTECR.

In FIFO mode this erroris associatedvith the ctaracter at thetop ofthe
FIFO.

Note: Thereceived datacharactemustbereadfirst from the DataRegister, UARTDR before
readingthe error statusas®ciatedwith thatdatacharactefrom the UARTRSRRegiste. This

65



B 1}
Siiam
MCUOO07 32bit MCU with PUF security

readsequenceannotbereversed pecauséhe UARTRSRRegisteris updatedonly whenaread
occursfrom the UARTDR Registe. However, the gatusinformation canalsobe obtanedby
readngthe UARTDR Regster.

19.4.4 Flag Register, UARTFR

The UARTFR Register is the flag register. After reset TXFF, RXFF, and BUSY are 0, and
TXFE and RXFE are 1.

Bits Name Function
15:9 - Reseved, do not modify, readaszero.
8 RI Ringindicator. Thisbit isthecomplement of the UART ring indicator,
nUARTRI, modemstatusnput. Thet is, the lit is 1 whennUARTRI is LOW.
7 TXFE Transnit FIFO enpty. The nearing of this bit depend®n the stateof the

FEN bit in theLine Contol Registe, UARTLCR_H.

If the FIFO is disaked, this bit is &€ when thetransnit holdng registeris
empty.

If the FIFO is eabled, theTXFE bit is set when the ransnit FIFO isempty.
This bit does not indicate fhere isdata in the transmghift registe.

6 RXFF Receve AFO full. The meaningof this bit dependsonthe state ofhe FENbit
in theUARTLCR_H Regista.

If the FIFO is disaled,this bit is €t when the eceive tolding register is full.
If the FIFO is eabled, the RXFPbit is set wten the leceive FIFO is ful.

5 TXFF Transnit FIFO full. The meaning of this bit dependson the stateof the FEN
bit in the UARTLCR_H Registe.

If the FIFO is disaled,this bit is & when thetransnit holdng registeris full.
If the FIFO is eabled, theTXFF bitis st when thetransmit FIFO isfull.

4 RXFE Receive FIFO enpty. The meaning of this bit dependson the stateof the FEN
bit in the UARTLCR_H Regista.

If the FIFO is disaked, this bit is € when the eceive holding register is
empty.

If the FIFO is enbled, the RXFE biis set wien the receive FIFO isempty.
3 BUSY UART busy. If thishit is setto 1, theUART is busytransnitting da&. This bit
remains set util the canplete byte, includingall the sbp bits, has ben sent
from the shft register.

Thisbit is setassoonasthe transmitFIFO becomesion-empty, regardlessof
whetherthe UART is enableabr not.

2 DCD Datacarrier detect. This bit is the compgementof the UART data carrier
detect, N'UARTDCD, modem statumput. That is, théit is 1 when
NUARTDCD is LOW.

1 DSR Datasd ready. Thishit is thecomgement of the UART datase ready,
nUARTDSR, modemstatus inputThatis, thebit is 1 whennUARTDSR is
LOW.

0 CTS Clearto send. Thisbit is the compementof the UART clearto send,
nUARTCTS, modemstatusnput. Thet is, the it is 1 whennUARTCTSis
LOW.

19.4.5 Integer Baud Rate Register, UARTIBRD

The UARTIBRD Ragisteris theintegerpartof the baudratedivisorvalue.
Bits Name Function

15:0 BAUD DIVINT The integer baud rate divisor.

These bits are cleared to 0 on reset.

19.4.6 Fractional Baud Rate Register, UARTFBRD

The UARTFBRD Registeris thefractional partof the baud ratedivisor value.
Bits Name Function

5.0 BAUD DIVFRAC | Thefractional baudratedivisor..

These tis ae cleared to Oon reset.
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Thebaudratedivisor is calculatedasfoll ows:
Baudrate divisor BAUDDIV = (FUARTCLK / (16 xBaudrate))
whereFUARTCLK is theUART referenceclock frequerty.

The BAUDDIV is comprisedof theinteger value(BAUD DIVINT) andthe fracionalvalue
(BAUD DIVFRAC).

Note:

The contents of the UARTIBRD and UARTFBRD regsters are not updated until
transmissioror receptionof the currentcharacteris complete.

The minimum divide ratio posgble is 1 and the maximum is 65535(216 - 1). That is,
UARTIBRD = 0isinvalid and UARTFBRD is ignored whenthisis the case.

Similarly, when UARTIBRD = 65535 (that is OxFFFF), hen UARTFBRD must notbe
greagr thanzero.If thisis exceededt resultsin anabortedransmision or reception.

5

19.4.7 Line Control Register, UARTLCR_H

TheUARTLCR_H Registeris theline controlregister. This register accesesbits 29to 22 of
the UART Line Control Regster, UARTLCR.

All thebits areclearedto 0 whenreset.

Bits Name Function
15:8 - Reseved,do notmadify, readaszero.
7 SPS Stick paiity select.
0 = stick parity is disabled
1 = ather:

if theEPS bit is Ghen the parity bits transmittedandchekedasa 1
if theEPS bit is lthen the parity biis transmittedandchededasa0.
This bithasno effectwhenthe PENbit disablegarity checkingand
generation.
6:5 WLEN Word lergth. These His indicate the nunber of databits transmittedor
received in a femeas fdlows:
b11 = 8 bits
b10 =7 bits
b01 = 6 bits
b00 = 5 bits.
4 FEN Enable FIFOs:
0 = FIFOsaredisabled(charactemode) ttet is, theFIFOsbecomel-byte-
deepholdingregisters
1 = transmitand receive FIFObuffers areenalded (FIFO node).
3 STP2 Two stopbitsselect. If thisbit is setto 1, two stop bitsaretransnittedat theend
of theframe.Thereceive logic doesnot checkfor two stopbits being recaved.
2 EPS Even ity sdect. Cortrols the ype ofparity the UART usesduring
transmissiorandreception:
0 = oddparity. The UART generatesr checksfor anoddnumberof 1sin the
dataandparity bits.
1 = evenparity. The UART geneatesor checksfor anevennumberof 1sin
the data angarity bits.
This bithasno effectwhenthe PENDit disablegarity checkingand
generation.
1 PEN Parity enable:
0 = parity is disabledandno parity bit addedo thedataframe
1= parity checkingandgenerationis enabled.
0 BRK Sendbreak.If thisbit is setto 1, alow-lewel is continuallyoutputon the
UARTTXD output, after completinggansmissionof the currentcharacte For
theproperexecutbn of the breakcommaul, the softvare mustet thisbit for
at least two compkte framres.
For normaluse,this bit mustbe clearedto 0.
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TheUARTLCR_H, UARTIBRD, andUARTFBRD registersform the single 30-bit wide
UARTLCR Rejister that is updatedon a single write strobe generded by a UARTLCR_H
write. S0, to internally updatethe contentsof UARTIBRD or UARTFBRD, aUARTLCR_H
write mustalwaysbe performedattheend.

Note:
To updatethethreeregisterstherearetwo possiblesequences:
E UARTIBRD write, UARTFBRD write, andUARTLCR_H write
E UARTFBRD write, UARTIBRD write, andUARTLCR_H write.
To updateUARTIBRD or UARTFBRD only:
E UARTIBRD write, orUARTFBRD write, and UARTLCR_H write.

B

Taleisa tuth table for the Stick Parity Select(SFS), EvenParity Select(EPS), andParity
ENable (PEN)hits of the Line Control Regster, UARTLCR H.

PEN EPS SPS Parity bit (transmitted or checked)
0 X X Not transmittecbr cheded
1 1 0 Even parity
1 0 0 Oddparity
1 0 1 1
1 1 1 0
Note

TheUARTLCR_H, UARTIBRD, andUARTFBRD registersmustnot be changed:
E whentheUART is enabled
E whencompletinga transmision or a receptiorwhenit hasbeen pogrammedto becane
disabed.
The FIFOintegity is not guararteedunderthefollowing corditions:
E aftertheBRK bit hasbeeninitiated
E if thesoftwaredisableshe UART in the middle of atransmssionwith data inthe FIFO,
andthenre-enablest.

5

19.4.8 Control Register, UARTCR

The UARTCR Register is the control register. All the bits are cleared to 0 on reset except for
bits 9 and 8 that are set to 1.

Bits Name Function
15 CT<En CTShardwareflow control enale. If this bit is setto 1, CTShardvareflow
cortrol iserebled. Datais oy transnitted when theUARTCTSsigrdl is
asserted.
14 RTSEN RTS hardware flow cortrol enale. If thishit is setto 1, RTS hadware flow

control isenabled. Datais ory requested when tkre is s@acein the eceive
FIFO for itto be eceived.

13 Out2 Thisbit isthecomplement of theUART Out2(nUARTOuUt2) modem status
output. Thatis, whenthebit is programmedo a 1, the outputis 0.For DTE
this canbeusedasRing Indicator(RI).

12 Outl Thisbit isthecomplement of theUART Out1(nUARTOut1) modem status
output. Thatis, whenthebit is programmedo a 1 theoutputis 0. For DTE
this canbe used aBataCarrierDetect(DCD).

11 RTS Requesto send.Thisbit is the canplement of theUART requesto send,
NUARTRTS, modem statusutput. Thatis, whenthebit is programmedo a1
thennUARTRTS is LOW.

10 DTR Data trarsmit ready. Thisbit is thecomplement of the UART data trarsmit
ready, 'UARTDTR, modemstatusoutput. Thatis, whenthebit is
programmedo a1 thennUARTDTR is LOW.

9 RXE Receive enable. If thisbit is set to 1, the eceive sction ofthe UART is
enaled.Data reception occursfor eitherUART signalsor SIR signals
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dependingnthesettingof the SIREN bit. Whenthe UART is disabledn the
middle of reception, it completeghe currentcharactebeforestopping.

TXE

Transmitenalde.If thishitis setto 1, thetransmit sectionof theUART is
enabled. Datatransmissioroccursfor either UART signalsor SIR signals
dependingonthesetting of the SIRENbit. Whenthe UART is disabledn the
middle of transmissionit completeghecurrent charactdveforestopping.

LBE

Loopbackenablelf thisbit is setto 1 andthe SIREN bit is setto 1 andthe
SIRTESThit in theTestControl Regista, UARTTCRIis setto 1, thenthe
nSIROUT path isinverted, andfed throughto the SIRIN path. The SRTEST
bit in the st registermust beset to 1to override thenormalhalf-duplex SIR
operatian. Thismustbetherequiremet for acessingthe testregistersduring
normaloperationandSIRTEST mustbeclearedo 0 whenloopbacktestingis
finished.This featurereduceshe amountof extemal coupling requiredduring
systemtest.

If thishit is set to 1, and theSIRTEST bhitis set td), the UARTTXD path is
fed throughto the UARTRXD path.

In either SIR modeor UART mode, when thibit is set,the modemoutputs
arealsofed throughto the malem npus.

This bit is clearedto 0 on resetto disableloopback.

Reseved,do not modify, readaszero.

SIRLP

Reserved

SIREN

Reserved

olr(Ne

UARTEN

UART enable:

0= UART isdisabledlf the UART is disebled in the middle of transmission
or receptionjt completeghecumrentcharactebefore stopping.

1 = theUART is erebled. Dda transmission ad receptionocaurs for either
UART signalsor SIR signalgdependingn the settingof the SIREN bit.

Note: To enale transmission, the TXE bit and UARTEN bit mustbesetto 1. Smilarly, to
enalbe reception, the RXE bit andUARTEN bit, mustbe setto 1.

Note: Progranmthe controlregistersasfoll ows:

1. Disadethe UART.

2. Waitfor theendof transmissionor receptionof the currentcharacte

3. Flushthe transmit FIFO by sdting the FEN bit to 0 in the Line Control Register,
UARTLCR_H.

4.  ReprograntheUARTCR Regster.

5. Enablethe UART.

*MCUOO7 are NOT support hardware flow control.

19.4.9 Interrupt FIFO Level Select Register, UARTIFLS

The UARTIFLS Registeris theinterruptFIFO level selectregister. You canuse this regsterto
define the FIFO level thattriggersthe assetion of UARTTXINTR andUARTRXINTR.

Theinterrugs aregeneraed basedon atranstion througha level rather thanbeng basedon the
level. Thatis, theinterupts aregeneratedwhenthefill level progresseshroughthetrigger

level.

Thebits areresetsothatthetrigger level is whenthe FIFOsatre at the half-way mark.

Bits Name Function
15:6 - Reseved,do not modify, read as zero.
5:3 RXIFLSEL Receiveinterrupt FIFOlevel select. Thetrigger points for the eceive

interrupt areas fdlows:
b000 = Recwe AFO become®1/g full

b001 = Recwe AFO become®1/4 full
b010 = Recwe AFO become®1/5 full
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b011 = Reciwe AFO become®3/4 full

b100 =Recéve AFO become® /g full
b101-b111=reseved.

2.0

TXIFLSEL

Transmit interrupt FIFOlevel select. The tigger points forthe tansirit
interruptare as folbws:

b000= TransmitFIFO become® /g full
b001= TransmitFIFO become /4 full
b010= TransmitFIFO become /2 full
b011= TransmitFIFO become®3/4 full

b100= TransmitFIFO become7/g full
b101kb111=reseved.

19.4.10 Interrupt Mask Set/Clear Register, UARTIMSC
The UARTIMSC Register is the interrupt mast/clear register. It is a read/write register.

On a read this register returns the current value of the mask on the relevant interrupt. On a write
of 1 to the particular bit, it sets the corresponding mask of that interrupt. A write of O clears the

corresponding mask.

Bits

Name

Function

15:11

Reseved,readaszero,do not modify.

10

OEIM

Overrunerror interruptmask.A readreturnsthe currentmaskfor the
UARTOEINTR interrupt.

Onawrite of 1, the maskof the UARTOEINTR interruptis setA write of O
clears the nmask.

BEIM

Breakerrorinterruptmask.A readreturnsthe currentmaskfor the
UARTBEINTR interrupt.

Onawrite of 1, themaskof the UARTBEINTR interruptis set. A wrie of0
clearsthe nask.

PEIM

Parity errorinterrupt mask. Aeadreturnsthe currentmaskfor the
UARTPEINTR interrupt.

Onawrite of 1, themaskof the UARTPEINTR interrupt is set. A write 0d
clearsthe mask.

FEIM

Framing errorinterruptmask.A readreturnsthe currentmaskfor the
UARTFEINTR interrupt.

Onawrite of 1, themaskof the UARTFEINTR interrupt is set. A write 0®
clearsthe mask.

RTIM

Receive timeoutinterrupt mask.A readreturnsthe currentmaskfor the
UARTRTINTR interrupt.

Onawrite of 1, themaskof theUARTRTINTR interrupt is €t. A write of 0
clears themask.

TXIM

Transmit interrupt mask. A read returnthe currentmaskfor the
UARTTXINTR interrupt.

Onawrite of 1, themaskof theUARTTXINTR interrupt is €t. A write of0
clears themask.

RXIM

Recéveinterruptmask.A readreturnsthe currat maskfor the
UARTRXINTR interrupt.

Onawrite of 1, themaskof the UARTRXINTR interruptis set. A write of0
clearsthe mask.

DSRMIM

NUARTDSR modem interrypt mask. A red returns thecurrent mask for the
UARTDSRINTR interrupt.

Onawrite of 1, themaskof the UARTDSRINTR interrupt is set. A wte of0
clears the rask.

DCDMIM

nNUARTDCD modeminterrupt mask.A readreturnsthe currentmaskfor the
UARTDCDINTR interrupt.

Onawrite of 1, the maskof the UARTDCDINTR interrupt is set. A write of
0 clearghe mask.

CTSMIM

NUARTCTS modeminteruptmask.A readreturnsthe curentmaskfor the
UARTCTSINTRinterrupt.
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Onawrite of 1, themaskof the UARTCTSINTR interrupt is set. A write o®
clearsthemask.

0 RIMIM nUARTRI modeminterrupt mask.A readreturnsthe curentmaskfor the
UARTRIINTR interrupt.

Onawrite of 1, themaskof the UARTRIINTR interrupt is set. A write o
clearsthe mask.

All thebits arecleaed to O whenreset.

19.4.11 Raw Interrupt Status Register, UARTRIS

The UARTRIS Register is the raw interrupt status register. It is aoalgidtegister. This
register returns the current raw status value, prior to masking, of the corresponding interrupt. A
write has no effect.

Cadion: All the bits, except for the modem status interrupt bits (bits 3 to 0), are cleared to O
when reset. The modem status interrupt bits are undefined after reset.

Bits Name Function

15:11 - Reseved, readaszero, do not modify.

10 OERIS Overrun errorinterrupt status Reurnsthe raw interrypt stateof the
UARTOEINTR interrupt.

9 BERIS Breakerrorinterrupt status Returnstheraw interupt stateof the
UARTBEINTR interrupt.

8 PERS Parity error interruptstatus Returnsthe raw interupt gate ofthe
UARTPEINTRinterrupt.

7 FERIS Framingerror interruptstatus Returns the aw interruptstate of the
UARTFEINTR interrupt.

6 RTRIS Recave timeoutinterupt statusReturnstheraw interruptstateof the
UARTRTINTR interrupt.

5 TXRIS Transnit interrupt sétus. Returnsthe raw interrupt stte ofthe
UARTTXINTR interrupt.

4 RXRIS Receive interrupt datus. Returns theraw interrupt sate ofthe UARTRXINTR
interrupt.

3 DSRRMIS NUARTDSR modem interrupstatus Returnsthe raw interrupt date ofthe
UARTDSRINTRinterrupt.

2 DCDRMIS NUARTDCD modem interrupt statuReturnsthe iaw interrupt stae of the
UARTDCDINTR interrupt.

1 CTSRMIS NUARTCTSmodeminterruptstatus Returnsthe raw interrupt stte of the
UARTCTSINTR interrupt.

0 RIRMIS NUARTRI modem interrupt statuReturnsthe iaw interrupt stae of the
UARTRIINTR interrupt.

19.4.12 Masked Interrupt Status Register, UARTMIS

The UARTMIS Register is the masked interrupt status register. It is aondadegister. This
register returns the current masked status value of the corresponding interrupt. A write has no
effect.

All the bits except for the modem status interrupt bits (bits 3 to 0) are cleared to 0 when reset.
The modem status interrupt bits are undefined adtsst.

Bits Name Function
15:11 - Reseved, readaszero,do not modify
10 OEMIS Overrun errormaskedinterruptstatus Returnsthe masked interrupt state of
the UARTOEINTR interrupt.
9 BEMIS Breakerrormakedinteruptstatus. Retrns themasedinterrupt gate ofthe
UARTBEINTR interrupt.
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8 PEMIS Parity error maskedinterrupt satus. Reéurnsthe meskedinterupt gate ofthe
UARTPEINTRInterrupt.

7 FEMIS Framing error masked interrupt status. Returns the masked interrupt sta
the UARTFEINTR interrupt.

6 RTMIS Receive timeout masked interrupt status. Returns the masked interrupt 4
of the UARTRTINTR interrupt.

5 TXMIS Transmit masked interrupt status. Returns the masked interrupt state of
UARTTXINTR interrupt.

4 RXMIS Receive masked interrupt status. Returns the masked interrupt state of {
UARTRXINTR interrupt.

3 DSRMMIS NUARTDSR modem masked interrupt status. Returns the masked interr
state of the UARTDSRINTR interrupt.

2 DCDMMIS NUARTDCD modem masked interrugtatus. Returns the masked interrup
state of the UARTDCDINTR interrupt.

1 CTSMMIS NUARTCTS modem masked interrupt status. Returns the masked interr
state of the UARTCTSINTR interrupt.

0 RIMMIS nUARTRI modem masked interrupt status. Returns the masterdupt state
of the UARTRIINTR interrupt.

19.4.13 Interrupt Clear Register, UARTICR

The UARTICR Register is the interrupt clear register and is gritg. On a write of 1, the
corresponding interrupt is cleared. A write of 0 has no effect.

Bits Name Function
15:11 Reserved Reserved, read as zero, do not modify.
10 OEIC Overrun error interrupt clear. Clears the UARTOEINTR interrupt.
9 BEIC Break error interrupt clear. Clears the UARTBEINTR interrupt.
8 PEIC Parity error interrupt clea€lears the UARTPEINTR interrupt.
7 FEIC Framing error interrupt clear. Clears the UARTFEINTR interrupt.
6 RTIC Receive timeout interrupt clear. Clears the UARTRTINTR interrupt.
5 TXIC Transmit interrupt clear. Clears the UARTTXINTR interrupt.
4 RXIC Receive interrupt clear. Clears the UARTRXINTR interrupt.
3 DSRMIC NUARTDSR modem interrupt clear. Clears the UARTDSRINTR interrup
2 DCDMIC NUARTDCD modem interrupt clear. Clears the UARTDCDINTR interrup
1 CTSMIC NUARTCTS modem interrupt cleatlears the UARTCTSINTR interrupt.
0 RIMIC NUARTRI modem interrupt clear. Clears the UARTRIINTR interrupt.

19.4.14 DMA Control Register, UARTDMACR

The UARTDMACR Registeris the DMA controlregiste. It is areadivrite register. All the bits
areclearedto O onrest.

Bits Name Function

15:3 - Reserved, read as zero, do not modify.

2 DMAONERR DMA on error. If this bit is set to 1, the DMA receive request outputs,
UARTRXDMASREQ or UARTRXDMABREQ, are disabled when the
UART error interrupt isasserted.

1 TXDMAE Transmit DMA enable. If this bit is set to 1, DMA for the transmit FIFO is
enabled.

0 RXDMAE Receive DMA enable. If this bit is set to 1, DMA for the receive FIFO is
enabled.
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20. SPI

20.1 Introduction

The SPI is a master slave interface that enables synchronous serial communication with slave
or master peripherals having one of the following:

a SPicompatible interface

a SynchronousSerial interface

a Microwire interface.

MCUOO07 32bit MCU with PUF security

B

B

In both master and slawenfigurations, the SPI performs:
paralletto-serial conversion on data written to an internalbitéwide, 8location deep
transmit FIFO
seriatto-parallel conversion on received data, buffering it in a similanii&ide, 8location
deep receive FIFO.

Interrupts are generated to:
request servicing of the transmit and receive FIFO
inform the system that a receive FIFO cuan has occurred
inform the system that data is present in the receive FIFO after an idle period has expired.

20.2 Features of the SPI

The SPI has the following features:

Compliance to the AMBA Specification (Rev 2.0) for easy integration into Syste@hip
(SoC) implementation.

Master or slave operation.

Programmable clock bit rate apde-scale

Separate transmit and receive finst firstout memory buffers, 16 bits wide, 8 locations
deep.

Programmable choice of interface operation, SPI, Microwir&yonchronousSerial.
Programmable data frame size from 4 to 16 bits.

Independent masking of transmit FIFO, receive FIFO, and reoeareun interrupts.
Internal loopback test mode available.

Support for Direct Memory Access (DMA).

Identification registers that uniquely identify the SPI. These can be used by an operating
system to automatically configure itself.

5

20.3 Functional

The functions of the SPI are described in the following sections:
AMBA APB interface

Register block

Clock pre-scale

Transmit FIFO

Receive FIFO

Transmit and receive logic

Interrupt generation logic

Synchronizing registers and logic

DMA interface
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SPI Block Diagram

20.4 Operation

The operation of the SPI is described in the following sections:
Interface reset

Configuring the SPI

Enable SPI operation

Clock ratios

Programming the SSPCRO Control Register
Programming the SSPCR1 Control Register
Frame format

Synchronous serial frame format

SPI frame format

Microwire frame format

DMA interface

20.4.1 Interface reset

The SPI is reset by the global reset signal PRESETn and adpeckKic reset signal nNSSPRST.
An external reset controller must use PRESETn teraeSSPRST asynchronously and negate
it synchronously to SSPCLK. PRESETn must be asserted LOW for a period long enough to
reset the slowest block in the-ohip system, and then taken HIGH again. The SPI requires
PRESETN to be asserted LOW for at least period of PCLK.
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20.4.2 Configuring the SPI

Following reset, the SPI logic is disabled and must be configured when in this state.

Control registers SSPCR0 and SSPCR1 need to be programmed to configure the peripheral as a
master or slaveperating under one of the following protocols:

SPI

SSI

Microwire

B

B

The bit rate, derived from the external SSPCLK, requires the programming of th@ock
scaleregister SSPCPSR.

20.4.3 Enable SPI operation

You can either prime the transmit FIFO, bytimg up to eight 1&it values when the SPI is
disabled, or allow the transmit FIFO service request to interrupt the CPU. Once enabled,
transmission or reception of data begins on the transmit (SSPTXD) and receive (SSPRXD) pins.

20.4.4 Clock ratios

There is a constraint on the ratio of the frequencies of PCLK to SSPCLK. The frequency of
SSPCLK must be less than or equal to that of PCLK. This ensures that control signals from the
SSPCLK domain to the PCLK domain are certain to get synchronized bei®feame

duration:

FSSPCLK <= FPCLK.

In the slave mode of operation, the SSPCLKIN signal from the external master is double
synchronized and then delayed to detect an edge. It takes three SSPCLKSs to detect an edge on
SSPCLKIN. SSPTXD has less setup titoghe falling edge of SSPCLKIN on which the master

is sampling the line. The setup and hold times on SSPRXD with reference to SSPCLKIN must
be more conservative to ensure that it is at the right value when the actual sampling occurs
within the SSPMS. Tensure correct device operation, SSPCLK must be at least 12 times faster
than the maximum expected frequency of SSPCLKIN.

The frequency selected for SSPCLK must accommodate the desired range of bit clock rates.
The ratio of minimum SSPCLK frequency to S3IKOUT maximum frequency in the case of
the slave mode is 12 and for the master mode it is two.

To generate a maximum bit rate of 1.8432Mbps in the Master mode, the frequency of SSPCLK
must be at least 3.6864MHz. With an SSPCLK frequency of 3.6864MH33REPSR register

has to be programmed with a value of two and the SCR[7:0] field in the SSPCRO register needs
to be programmed as zero.

To work with a maximum bit rate of 1.8432Mbps in the slave mode, the frequency of SSPCLK
must be at least 22.12MHz. Wian SSPCLK frequency of 22.12MHz, the SSPCPSR register
can be programmed with a value of 12 and the SCR][7:0] field in the SSPCRO register can be
programmed as zero. Similarly the ratio of SSPCLK maximum frequency to SSPCLKOUT
minimum frequency is 254 x5B.

The minimum frequency of SSPCLK is governed by the following equations, both of which
have to be satisfied:
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FSSPCLK(min) => 2 x FSSPCLKOUT(max) [for master mode]
FSSPCLK(min) => 12 x FSSPCLKIN(max) [for slave mode].

The maximum frequency of SSPCli&governed by the following equations, both of which
have to be satisfied:

FSSPCLK(max) <= 254 x 256 x FSSPCLKOUT(min) [for master mode]
FSSPCLK(max) <= 254 x 256 x FSSPCLKIN(min) [for slave mode].

20.4.5 Programming the SSPCRO Control Register

The SSERO register is used to:

program the serial clock rate

select one of the three protocols

select the data word size (where applicable).

5

5

The Serial Clock Rate (SCR) value, in conjunction with the SSPCPSR cleskglesdivisor
value (CPSDVSR), is used tierive the SPI transmit and receive bit rate from the external
SSPCLK.

The frame format is programmed through the FRF bits and the data word size through the DSS
bits.

Bit phase and polarity, applicable to SPI format only, are programmed through tfen&PH
SPO bits.

20.4.6 Programming the SSPCR1 Control Register

The SSPCR1 register is used to:
select master or slave mode
enable a loop back test feature
enable the SPI peripheral.

5

To configure the SPI as a master, clear the SSPCRL1 register mastee aestation bit (MS)
to 0, which is the default value on reset.

Setting the SSPCR1 register MS bit to 1 configures the SPI as a slave. When configured as a
slave, enabling or disabling of the SPI SSPTXD signal is provided through the SSPCR1 slave
mode SSIPXD output disable bit (SOD). This can be used in some rslaltie environments

where masters might parallel broadcast.

To enable the operation of the SPI set the Synchronous Serial Port Enable (SSE) bit to 1.

Bit rate genreration

The serial bit rate is derived by dividing down the input clock SSPCLK. The clock is first
divided by an evepre-scalevalue CPSDVSR from 2 to 254, which is programmed in
SSPCPSR. The clock is further divided by a value from 1 to 256, which is 1 + SERR, 8GR

is the value programmed in SSPCRO.

The frequency of the output signal bit clock SSPCLKOUT is defined below:
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FSSPCI_K
CPSDVR x (1+SCR)

For example, if SSPCLK is 3.6864MHz, and CPSDVSR = 2, then SSPCLKOUT has a
frequency range from 7.2kHz to 1.8432MHz.

FSSPC LEOUT =

20.4.7 Frameformat

Each data frame is between 4 and 16 bits long depending on the size of data programmed, and is
transmitted starting with the MSB. There are three basic frame types that can be selected:
Synchronous serial

SPI

Microwire.

5

For all three formats, thegal clock (SSPCLKOUT) is held inactive while the SPI is idle, and
transitions at the programmed frequency only during active transmission or reception of data.
The idle state of SSPCLKOUT is utilized to provide a receive timeout indication that occurs
when the receive FIFO still contains data after a timeout period.

For SPI and Microwire frame formats, the serial frame (SSPFSSOUT) pin is active LOW, and is
asserted (pulled down) during the entire transmission of the frame.

For Synchronous serial framerfmat, the SSPFSSOUT pin is pulsed for one serial clock period
starting at its rising edge, prior to the transmission of each frame. For this frame format, both the
SPI and the ofthip slave device drive their output data on the rising edge of SSPCLKOUT,

and latch data from the other device on the falling edge.

Unlike the fulkduplex transmission of the other two frame formats, the Microwire format uses a
special masteslave messaging technique, which operates atdugliex. In this mode, when a
frame kegins, an &it control message is transmitted to thedfip slave. During this transmit,

no incoming data is received by the SPI. After the message has been senichie siffve

decodes it and, after waiting one serial clock after the last bied it control message has

been sent, responds with the requested data. The returned data can be 4 to 16 bits in length,
making the total frame length anywhere from 13 to 25 bits.
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20.4.8 Synchronous serial frame format

SSPCLKIM

SSPCLKOUT/ | \ \ Lp L \

S5PRXD

SSPTXD —

nssSPOE

SSPFSSOUT/
SSPFSSIN | .
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synchronous seria frame forma (single transfer)

In this mode, SSPCLKOUT and SSPFSSOUT are forced LOW, and the transmit data line
SSPTXD is tristated whenever the SPI is idle. Once the bottom entry of the transmit FIFO
contains data, SSPFSSOUT is pulsed HIGH for one SSPCLKOUT peliedialue to be
transmitted is also transferred from the transmit FIFO to the serial shift register of the transmit
logic. On the next rising edge of SSPCLKOUT, the MSB of the 4 thitiéata frame is shifted

out on the SSPTXD pin. Likewise, the MSB of tieeeived data is shifted onto the SSPRXD
pin by the offchip serial slave device.

Both the SPI and the ethip serial slave device then clock each data bit into their serial shifter
on the falling edge of each SSPCLKOUT. The received datarisferred from the serial shifter
to the receive FIFO on the first rising edge of SSPCLKOUT after the LSB has been latched.

SSPCLKOUT/ |
SSPCLKIN |

S5PFSS

S3PF3SIN

SSPTXD
SSPRXD

nssSPOE

—4

ouT/

C:Unh'nuﬂus transfer

—if H}

J i |

(=0)

MSB ! LSB

h 4

synchronous seria frame forma (continues transfer)
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20.4.9 SPI frame format

The SPI interface is a fowvire interface where the SSPFSSOUT signal behaves as a slave
select. The main feature of the SPI format is that the inactive state and phase of the
SSPCLKOUT signal are programmable through the SPO and SPH bits within the SSPSCRO
control register.

SPO, clock mlarity

When the SPO clock polarity control bit is LOW, it produces a steady state low value on the
SSPCLKOUT pin. If the SPO clock polarity control bit is HIGH, a steady state high value is
placed on the SSPCLKOUT pin when data is not baagsferred.

SPH, dock phase

The SPH control bit selects the clock edge that captures data and allows it to change state. It has
the most impact on the first bit transmitted by either allowing or not allowing a clock transition
before the first data cape edge.

When the SPH phase control bit is LOW, data is captured on the first clock edge transition. If
the SPH clock phase control bit is HIGH, data is captured on the second clock edge transition.

20.4.10 SPI Format with SPO=0, SPH=0

SSPCLKOUT/ 1 '. T
SSPCLKIN i . \ ' | . l .

S8PFSS0OUT! '
S5PFSSIN

SSPRXD —  wmse y \ | | y I:I:I { s ol —

nSSPOE

) ] 1 i ) IIII i N
S5PTXD | Mse | | :I: Iﬂ \ (&8

—

SPI frame formg(single transfer) SPO=0, SPH=0
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