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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

ARM® Cortex®-M0

32-Bit Single-Core

48MHz

12C, SPI, UART/USART

Brown-out Detect/Reset, I12S, POR, PWM, WDT
22

29.5KB (29.5k x 8)

FLASH

4K x 8

2.1V ~ 5.5V

A/D 8x12b

External

-40°C ~ 105°C (TA)

Surface Mount

28-TSSOP (0.173", 4.40mm Width)
28-TSSOP
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- Hardware fault brake and software brake protections

- Supports rising, falling, central, period, and fault break interrupts

- Supports duty/period trigger A/D conversion

- Timer comparing matching event trigger PWM to do phase change

- Supports comparator event trigger PWM to force PWM output low for current
period

- Provides interrupt accumulation function
®  USCI (Universal Serial Control Interface Controller)
- Two USCI devices
- Supports to be configured as UART, SPI or I2C individually
- Supports programmable baud-rate generator
® ADC (Analog-to-Digital Converter)
- 12-bit ADC with 700 kSPS
- Supports 2 sample/hold
- Up to 8-ch single-end input from 1/O and one internal input from band-gap.

- Conversion started either by software trigger, PWM trigger, ACMP trigger or
external pin trigger

- Supports temperature sensor for measurement chip temperature

- Supports Simultaneous and Sequential function to continuous conversion 4
channels maximum.

® Programmable Gain Amplifier (PGA)
- Supports 8 level gain selects from 1, 2, 3,5, 7,9, 11 and 13
- Unity gain frequency up to 8 MHz
®  Analog Comparator
- Two analog comparators with programmable 16-level internal voltage reference
- Built-in CRV (comparator reference voltage)
- Supports Hysteresis function
- Interrupt when compared results changed
®  Hardware Divider
- Signed (two’s complement) integer calculation
- 32-bit dividend with 16-bit divisor calculation capacity

- 32-bit quotient and 32-bit remainder outputs (16-bit remainder with sign extends
to 32-bit)

- Divided by zero warning flag
- 6 HCLK clocks taken for one cycle calculation
- Waiting for calculation ready automatically when reading quotient and remainder

® [SP (In-System Programming) and ICP (In-Circuit Programming)
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® BOD (Brown-out Detector)

- 8 programmable threshold levels: 4.3V/4.0V/3.7VI3.0V/2.7V/[2.4V/2.2V[2.0V
- Supports Brown-out interrupt and reset option

96-bit unique ID

LVR (Low Voltage Reset)

Operating Temperature: -40°C ~105°C

Reliability: EFT > + 4KV, ESD HBM pass 4KV

Packages:

- Green package (RoHS)
- 20-pin TSSOP, 28-pin TSSOP, 33-pin QFN
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3 ABBREVIATIONS

Acronym Description

ACMP Analog Comparator Controller

ADC Analog-to-Digital Converter

AHB Advanced High-Performance Bus

APB Advanced Peripheral Bus

BOD Brown-out Detection

BPWM Basic Pulse Width Modulation

DAP Debug Access Port

EPWM Enhanced Pulse Width Modulation

FIFO First In, First Out

FMC Flash Memory Controller

GPIO General-Purpose Input/Output

HCLK The Clock of Advanced High-Performance Bus
HIRC 48 MHz Internal High Speed RC Oscillator
HXT 4~24 MHz External High Speed Crystal Oscillator
ICP In Circuit Programming

ISP In System Programming

ISR Interrupt Service Routine

LDO Low Dropout Regulator

LIRC 10 kHz internal low speed RC oscillator (LIRC)
LXT 32.768 kHz External Low Speed Crystal Oscillator
NVIC Nested Vectored Interrupt Controller

PCLK The Clock of Advanced Peripheral Bus

PWM Pulse Width Modulation

SPI Serial Peripheral Interface

SPS Samples per Second

TMR Timer Controller

UART Universal Asynchronous Receiver/Transmitter
UCID Unique Customer ID

wWDT Watchdog Timer

Table 3-1 List of Abbreviations
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Pin No. |Pin Name Type MFP* Description
BPWM_CHO 1/0 MFP3 PWM channelO output/capture input.
ACMP1_PO A MFP5 Analog comparatorl positive input pin.
[2C1_SCL I/ MFP8  [IC1 clock pin.
SPIO_SS /0 MFP9 SPIO slave select pin.
SPI1_CLK /0 MFPA SPI1 serial clock pin
UART1_TXD o MFPB Data transmitter output pin for UART1.

16 PD.4 1/0 MFPO General purpose digital 1/0 pin.
BPWM_CHO 1/0 MFP3 PWM channelO output/capture input.
UART1_RXD | MFPB Data receiver input pin for UART1.

17 PD.1 /0 MFPO General purpose digital 1/0 pin.
ICE_CLK | MFP1 Serial wired debugger clock pin
ACMP1_P2 A MFP5 Analog comparatorl positive input pin.
I2C0_SCL 110 MFP8 1°CO clock pin.

SPI0_CLK 1/0 MFP9 SPIO serial clock pin.
SPI1_SS /0 MFPA SPI1 slave select pin
UARTO_TXD (0] MFPB Data transmitter output pin for UARTO.

18 PC.3 /0 MFPO General purpose digital I/O pin.
ACMP1_O (0] MFP5 Analog comparatorl output.

PGA O A MFP6  |PGA output pin
SPI0_CLK 110 MFP9 SPI0 serial clock pin.
SPI1_SS 1/0 MFPA SPI1 slave select pin

19 PD.5 1/0 MFPO General purpose digital /0 pin.
UARTO_TXD (0] MFPB Data transmitter output pin for UARTO.

20 PA5 1/0 MFPO General purpose digital 1/0 pin.
XT_OUT O MFP1 External 4~24 MHz (high speed) crystal output pin.
EPWM_CH5 1/0 MFP3 PWM channel5 output/capture input.
ACMPO_O (0] MFP4 Analog comparator0O output.

21 PA.4 1/0 MFPO General purpose digital 1/0 pin.

XT_IN | MFP1 External 4~24 MHz (high speed) crystal input pin.
EPWM_CH4 1/0 MFP3 PWM channel4 output/capture input.

22 PA.3 1/0 MFPO General purpose digital 1/0 pin.
EPWM_CH3 110 MFP3 PWM channel3 output/capture input.
[2C0_SCL 110 MFP8  [ICO clock pin.
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Pin No. |Pin Name Type MFP* Description
ADC1_CH2 A MFP2 ADC1 channel2 analog input.
BRAKE | MFP3 Brake input pin of EPWM.
CCAP_P1 | MFP7 Timer Continuous Capture input pin
12C1_SDA /0 MFP8 I°C1 data input/output pin.
SPIO_MISO /0 MFP9 SPIO0 1st MISO (Master In, Slave Out) pin.
SPI1_MOSI /0 MFPA SPI1 MOSI (Master Out, Slave In) pin.
UART1_RXD | MFPB Data receiver input pin for UART1.

10 PD.2 1/0 MFPO General purpose digital /0 pin.
ICE_DAT 1/0 MFP1 Serial wired debugger data pin
ADC1_CH1 A MFP2 ADC1 channell analog input.
CCAP_PO | MFP7 Timer Continuous Capture input pin
12CO_SDA 110 MFP8  [I’CO data input/output pin.

SPI0_MOSI 110 MFP9 SPI0 1st MOSI (Master Out, Slave In) pin.
SPI1_MISO 1/0 MFPA SPI1 MISO (Master In, Slave Out) pin.
UARTO_RXD | MFPB Data receiver input pin for UARTO.

11 PC.0 1/0 MFPO General purpose digital 1/0 pin.
ADCO_CH3 A MFP2 ADCO channel3 analog input.
BPWM_CHO 1/0 MFP3 PWM channelO output/capture input.
ACMP1_PO A MFP5 Analog comparatorl positive input pin.
I2C1_SCL o] MFP8  [I°C1 clock pin.

SPIO_SS 1/0 MFP9 SPIO slave select pin.
SPI1_CLK 1/0 MFPA SPI1 serial clock pin
UART1_TXD (0] MFPB Data transmitter output pin for UART1.

12 PD.1 1/0 MFPO General purpose digital 1/0 pin.
ICE_CLK | MFP1 Serial wired debugger clock pin
ACMP1_P2 A MFP5 Analog comparatorl positive input pin.
[2C0_SCL 110 MFP8  [ICO clock pin.

SPI0_CLK 1/0 MFP9 SPIO serial clock pin.
SPI1_SS /O MFPA SPI1 slave select pin
UARTO_TXD O MFPB Data transmitter output pin for UARTO.

13 PC.3 1/0 MFPO General purpose digital 1/0 pin.
ACMP1_O (0] MFP5 Analog comparatorl output.

PGA_O A MFP6 PGA output pin
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PB.3 1/0 MFPO |General purpose digital I/O pin.
ACMP1_N A MFP5 |Analog comparatorl negative input pin.
H PGA_| A MFP6 |PGA input pin
T™MO 1/0 MFP7 |TimerOevent counter input / toggle output
PC.2 /0 MFPO |General purpose digital 1/0O pin.
ADC1_CH2 A MFP2 |ADC1 channel2 analog input.
BRAKE | MFP3 |Brake input pin of EPWM.
CCAP_P1 | MFP7 |Timer Continuous Capture input pin
2 12C1_SDA 1/0 MFP8 [I’C1 data input/output pin.
SPIO_MISO 1/0 MFP9 |SPIO 1st MISO (Master In, Slave Out) pin.
SPI1_MOSI /0 MFPA [SPI1 MOSI (Master Out, Slave In) pin.
UART1_RXD | MFPB |Data receiver input pin for UART1.
PD.2 /0 MFPO |General purpose digital I/O pin.
ICE_DAT 1/0 MFP1 |Serial wired debugger data pin
ADC1_CH1 A MFP2 |ADC1 channell analog input.
CCAP_PO | MFP7 |Timer Continuous Capture input pin
e 12C0_SDA 1/0 MFP8 [I*CO data input/output pin.
SPI0O_MOSI I/0 MFP9 |SPIO 1st MOSI (Master Out, Slave In) pin.
SPI1_MISO /10 MFPA |SPI1 MISO (Master In, Slave Out) pin.
UARTO_RXD | MFPB |Data receiver input pin for UARTO.
PD.3 1/0 MFPO |General purpose digital /O pin.
14 BPWM_CH1 1/0 MFP3 |PWM channell output/capture input.
UART1_TXD (0] MFPB |Data transmitter output pin for UART1.
15 NC No Connection
16 NC No Connection
17 NC No Connection
18 NC No Connection
PD.5 1/0 MFPO |General purpose digital 1/0O pin.
10 UARTO_TXD (0] MFPB |Data transmitter output pin for UARTO.
PA.5 /O MFPO |General purpose digital /0 pin.
XT_OuUT O MFP1 |External 4~24 MHz (high speed) crystal output pin.
20 EPWM_CH5 1/0 MFP3 |PWM channel5 output/capture input.
ACMPO_O (0] MFP4 |Analog comparatorO output.
21 PA.4 1/0 MFPO |General purpose digital /O pin.
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XT_IN | MFP1 |External 4~24 MHz (high speed) crystal input pin.
EPWM_CH4 1/0 MFP3 |PWM channel4 output/capture input.

22 NC No Connection
PA.3 1/0 MFPO |General purpose digital /0O pin.
EPWM_CH3 /0 MFP3 |PWM channel3 output/capture input.
12C0_SCL 110 MFP8  [I°CO clock pin.

2 SPIO_CLK /0 MFP9 |SPIO serial clock pin.

SPI1_SS 110 MFPA |SPI1 slave select pin

UARTO_TXD (0] MFPB |Data transmitter output pin for UARTO.
PA.2 1/0 MFPO |General purpose digital /0O pin.
EPWM_CH2 /0 MFP3 |PWM channel2 output/capture input.
12C0_SDA 110 MFP8 [I°CO data input/output pin.

2 SPI0O_MOSI /0 MFP9 |SPIO 1st MOSI (Master Out, Slave In) pin.
SPI1_MISO 1/0 MFPA |SPI1 MISO (Master In, Slave Out) pin.
UARTO_RXD | MFPB [|Data receiver input pin for UARTO.
PA.1 /0 MFPO |General purpose digital 1/0O pin.
EPWM_CH1 1/0 MFP3 |PWM channell output/capture input.
I2C1_SDA 110 MFP8 [I°C1 data input/output pin.

2 SPI0_MISO 110 MFP9 [SPIO 1st MISO (Master In, Slave Out) pin.
SPI1_MOSI 110 MFPA |SPI1 MOSI (Master Out, Slave In) pin.
UART1_RXD | MFPB |Data receiver input pin for UART1.
PA.O 1/0 MFPO |General purpose digital 1/0O pin.

CLKO (0] MFP1 |Clock Out

EPWM_CHO /O MFP3 |PWM channelO output/capture input.
26 12C1_SCL /10 MFP8 [I*C1 clock pin.

SPI0_SS 110 MFP9 [SPIO slave select pin.

SPI1_CLK 110 MFPA |SPI1 serial clock pin

UART1_TXD (0] MFPB |Data transmitter output pin for UART1.

PC.4 1/0 MFPO |General purpose digital 1/0O pin.

2! ECAP_P3 | MFP7 |Enhanced Input Capture input pin
PC.0 1/0 MFPO |General purpose digital I/0 pin.
ADCO_CHS3 A MFP2 |ADCO channel3 analog input.

2 BPWM_CHO 110 MFP3 |PWM channelO output/capture input.
ACMP1_PO A MFP5 |Analog comparatorl positive input pin.
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BRAKE PC.2 MFP3 [ EPWM brake pin.
EPWM_CH5 PA5 MFP3 (0] Enhanced PWM output pin.
EPWM_CH4 PA.4 MFP3 (@) Enhanced PWM output pin.
EPWM EPWM_CH3 PA.3 MFP3 (@) Enhanced PWM output pin.
EPWM_CH2 PA.2 MFP3 (@) Enhanced PWM output pin.
EPWM_CH1 PA.1 MFP3 (0] Enhanced PWM output pin.
EPWM_CHO PA.O MFP3 (0] Enhanced PWM output pin.
12C1_SDA PC.2 MFP8 110 I°C1 data pin.
12C0_SDA PD.2 MFP8 lfe} I°CO data pin.
12C0_SCL PD.1 MFP8 lfe} 1°CO clock pin.
, 12C1_SCL PC.0 MFP8 110 I°C1 clock pin.
I‘C
12C0_SCL PA.3 MFP8 110 |I*CO clock pin.
12C0_SDA PA.2 MFP8 /O |1’CO data pin.
12C1_SDA PA.1 MFP8 110 I°C1 data pin.
12C1_SCL PA.O MFP8 lfe} I°C1 clock pin.
ICE_DAT PD.2 MFP1 110 Serial wired debugger data pin
ICE
ICE_CLK PD.1 MFP1 | Serial wired debugger clock pin
nRESET nRESET | External reset pin, internal pull-high.
PGA_| PB.3 MFP6 A PGA analog input pin.
PGA
PGA_O PC.3 MFP6 A PGA analog output pin.
SPI0O_MOSI PC.1 MFP9 110 SPI0O MOSI (Master Out, Slave In) pin.
SPI0_MISO PC.2 MFP9 lfe} SPI0 MISO (Master In, Slave Out) pin.
SPI0_MOSI PD.2 MFP9 l{e} SPI0 MOSI (Master Out, Slave In) pin.
SPI0O_CLK PC.3 MFP9 110 SPI0 clock pin.
SPI0O_CLK PD.1 MFP9 110 SPI0 clock pin.
SPIO
SPIO_SS PC.0 MFP9 | SPI0 slave selection pin.
SPI0_CLK PA.3 MFP9 lfe} SPIO clock pin.
SPI0_MOSI PA.2 MFP9 l{e} SPI0 MOSI (Master Out, Slave In) pin.
SPI0_MISO PA.1 MFP9 lfe} SPI0 MISO (Master In, Slave Out) pin.
SPIO_SS PA.O MFP9 | SPIO slave selection pin.
SPI1_MISO PC.1 MFPA 110 SPI1 MISO (Master In, Slave Out) pin
SPI1_MOSI PC.2 MFPA 110 SPI1 MOSI (Master Out, Slave In) pin.
SPI1
SPI1_MISO PD.2 MFPA lfe} SPI1 MISO (Master In, Slave Out) pin
SPI1_SS PC.3 MFPA I} SPI1 Slave Select
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6.2 System Manager

6.2.1 Overview
System management includes the following sections:
®  System Reset
®  System Power Architecture
®  System Memory Map
°

System management registers for Part Number ID, chip reset and on-chip controllers
reset, and multi-functional pin control

System Timer (SysTick)
Nested Vectored Interrupt Controller (NVIC)

System Control registers

6.2.2 System Reset

The system reset can be issued by one of the events listed below. These reset event flags can be
read from SYS_RSTSTS register to determine the reset source. Hardware reset can reset chip
through peripheral reset signals. Software reset can trigger reset through control registers.

® Hardware Reset Sources
- Power-on Reset (POR)
- Low level on the nRESET pin
- Watchdog Timer Time-out Reset (WDT)
- Low Voltage Reset (LVR)
- Brown-out Detector Reset (BOD Reset)
®  Software Reset Sources
- CHIP Reset will reset whole chip by writing 1 to CHIPRST (SYS_IPRSTO[0])

- MCU Reset to reboot but keeping the booting setting from APROM or LDROM
by writing 1 to SYSRESETREQ (SCS_AIRCR[2])

- CPU Reset for Cortex®-MO core Only by writing 1 to CPURST (SYS_IPRSTO[1])
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6.2.8 System Timer (SysTick)

The Cortex®-MO includes an integrated system timer, SysTick, which provides a simple, 24-bit
cleared-on-write, decrementing, wrap-on-zero counter with a flexible control mechanism. The
counter can be used in several different ways, for example:

An RTOS tick timer fires at a programmable rate (for example 100Hz) and invokes a SysTick
routine.

A high-speed alarm timer uses Core clock.

A variable rate alarm or signal timer — the duration range is dependent on the reference clock
used and the dynamic range of the counter.

A simple counter can be used by software to measure task completion time.

An internal Clock Source control based on missing/meeting durations. The COUNTFLAG bit-field
in the control and status register can be used to determine if an action completed within a set
duration, as part of a dynamic clock management control loop.

When enabled, the timer will count down from the value in the SysTick Current Value Register
(SYST_CVR) to 0, and reload (wrap) to the value in the SysTick Reload Value Register
(SYST_RVR) on the next clock edge, and then decrement on subsequent clocks. When the
counter transitions to 0, the COUNTFLAG status bit is set. The COUNTFLAG bit clears on read.

The SYST_CVR value is UNKNOWN on reset. Software should write to the register to clearitto O
before enabling the feature. This ensures the timer will count from the SYST_RVR value rather
than an arbitrary value when it is enabled.

If the SYST_RVR is zero, the timer will be maintained with a current value of zero after it is
reloaded with this value. This mechanism can be used to disable the feature independently from
the timer enable bit.

For more detailed information, please refer to the “ARM® Cortex®-M0 Technical Reference
Manual” and “ARM® v6-M Architecture Reference Manual”.
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34 18 Reserved Reserved

35 19 Reserved Reserved

36 20 Reserved Reserved

37 21 HIRCTRIM_INT HIRC TRIM interrupt

38 22 TMRO_INT Timer O interrupt

39 23 TMRL_INT Timer 1 interrupt

40 24 Reserved Reserved

41 25 Reserved Reserved

42 26 ACMP_INT Analog Comparator 0 or Comparator 1 interrupt
43 27 Reserved Reserved

44 28 PWRWU_INT Chip wake-up from Power-down state interrupt
45 29 ADCO_INT ADCO interrupt

46 30 ADCL1_INT ADCH1 interrupt

47 31 ADCWCMP_INT |ADC Window Compare interrupt

Table 6.2-9 System Interrupt Map Vector Table

6.2.9.4 Vector Table

When an interrupt is accepted, the processor will automatically fetch the starting address of the
interrupt service routine (ISR) from a vector table in memory. For ARMv6-M, the vector table
based address is fixed at 0x00000000. The vector table contains the initialization value for the
stack pointer on reset, and the entry point addresses for all exception handlers. The vector
number on previous page defines the order of entries in the vector table associated with the
exception handler entry as illustrated in previous section.

Vector Table Word Offset (Bytes) Description

0x00 Initial Stack Pointer Value

Exception Number * 0x04 Exception Entry Pointer using that Exception Number

Table 6.2-10 Vector Table Format

6.2.9.5 Operation Description

The NVIC interrupts can be enabled and disabled by writing to their corresponding Interrupt Set-
Enable or Interrupt Clear-Enable register bit-field. The registers use a write-1-to-enable and write-
1-to-clear policy, both registers reading back the current enabled state of the corresponding
interrupts. When an interrupt is disabled, interrupt assertion will cause the interrupt to become
Pending, however, the interrupt will not activate. If an interrupt is Active when it is disabled, it
remains in its Active state until cleared by reset or an exception return. Clearing the enable bit
prevents new activations of the associated interrupt.

NVIC interrupts can be pended/un-pended using a complementary pair of registers to those used
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IRO0 ~ IRO31 Set-pending Control Reqgister (NVIC ISPR)

Register Offset R/W |Description Reset Value
NVIC_ISPR SCS_BA+0x200 R/W |IRQO ~ IRQ31 Set-Pending Control Register 0x0000_0000
31 30 29 28 27 26 25 24
SETPEND
23 22 21 20 19 18 17 16
SETPEND
15 14 13 12 11 10 9 8
SETPEND
7 6 5 4 3] 2 1 0
SETPEND
Bits Description
Set Interrupt Pending Register
Write operation:
0 = No effect.
1 = Write 1 to set pending state. Each bit represents an interrupt number from IRQO ~
[31:0] SETPEND IRQ31 (Vector number from 16 ~ 47).
Read operation:
0 = Associated interrupt in not in pending status.
1 = Associated interrupt is in pending status.
Note: Read value indicates the current pending status.
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IRO0 ~ IRO31 Clear-pending Control Register (NVIC ICPR)

Register Offset R/W |Description Reset Value
NVIC_ICPR SCS_BA+0x280 R/W  |IRQO ~ IRQ31 Clear-Pending Control Register 0x0000_0000
31 30 29 28 27 26 25 24
CLRPEND
23 22 21 20 19 18 17 16
CLRPEND
15 14 13 12 11 10 9 8
CLRPEND
7 6 5 4 3] 2 1 0
CLRPEND
Bits Description
Clear Interrupt Pending Register
Write operation:
0 = No effect.
1 = Write 1 to clear pending state. Each bit represents an interrupt number from IRQO ~
[31:0] CLRPEND IRQ31 (Vector number from 16 ~ 47).
Read operation:
0 = Associated interrupt in not in pending status.
1 = Associated interrupt is in pending status.
Note: Read value indicates the current pending status.
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PCLK >
WDTCKEN (CLK_APBCLK[0]) - VLT 21 W
TMROCKEN (CLK_APBCLK[2])
>
TMR1CKEN (CLK_APBCLK[3]) }
CLKOCKEN (CLK_APBCLK[6]) j—’ Frequency Divider
»
ECAPCKEN (CLK_APBCLK][8]) ECAP
PGACKEN (CLK_APBCLK[12]) }
»
EPWMCKEN (CLK_APBCLK[20]) }
-
BPWMCKEN (CLK_APBCLK[16])
>
UART1CKEN (CLK_APBCLK[17]) s
USCIOCKEN (CLK_APBCLK[24]) } uscio
>
usci1
USCICKEN (CLK_APBCLK[25])
ADC
ADCCKEN (CLK_APBCLK([28])
-
ACMPCKEN (CLK_APBCLK[30]) ACMP
>

Figure 6.3-5 Peripherals Bus Clock Source Selection for PCLK
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Peripheral Clock Selectable Ext. CLK HIRC LIRC HCLK
(HXT Or LXT)

WDT Yes Yes No Yes Yes
WWDT Yes Yes No Yes Yes
Timer0 Yes Yes Yes Yes Yes
Timerl Yes Yes Yes Yes Yes
USCIO Yes Yes Yes Yes Yes
USCI1 Yes Yes Yes Yes Yes

ADC Yes Yes Yes No Yes
ACMP No No No No Yes
ECAP No No No No Yes
EBWM No No No No Yes
BPWM No No No No Yes
HDIV No No No No Yes

Table 6.3-1 Peripheral Clock Source Selection Table

Note: For the peripherals those peripheral clock are not selectable, its clock source is fixed to
PCLK.

6.3.5 Power-down Mode Clock

When entering Power-down mode, system clocks, some clock sources and some peripheral
clocks are disabled. Some clock sources and peripherals clock are still active in Power-down
mode.

The clocks still kept active are listed below:
® Clock Generator
® 10 kHz internal low speed oscillator (LIRC) clock

® 32.768 kHz external low speed crystal oscillator (LXT) clock (If PDLXT = 1 and
XTLENJ[1:0] = 10)

®  Peripherals Clock (When 10 kHz low speed oscillator is adopted as clock source)
€ Watchdog Clock
€ Timer 0/1 Clock

6.3.6 Frequency Divider Output

This device is equipped with a power-of-2 frequency divider which is composed of 16 chained
divide-by-2 shift registers. One of the 16 shift register outputs selected by a sixteen to one
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®  Supports High Drive and High Sink I/O mode
Supports software selectable slew rate control
Configurable default I/O mode of all pins after reset by CIOINI (CONFIGO[10]) setting
€4 CIOIN =0, all GPIO pins in Quasi-bidirectional mode after chip reset
4 CIOIN =1, all GPIO pins in input mode after chip reset
GPIOA supports the pull-up and pull-low resistor enabled in four I/O modes
GPIOB to GPIOD internal pull-up resistor enabled only in Quasi-bidirectional I/O mode

Enabling the pin interrupt function will also enable the wake-up function

6.5.3 GPIO Interrupt and Wake-up Function

Each GPIO pin can be set as chip interrupt source by setting correlative RHIEN
(Px_INTEN[n+16])/ FLIEN (Px_INTEN[n]) bit and TYPE (Px_INTTYPE[n]). There are five types of
interrupt conditions to be selected: low level trigger, high level trigger, falling edge trigger, rising
edge trigger and both rising and falling edge trigger. For edge trigger condition, user can enable
input signal de-bounce function to prevent unexpected interrupt happened which caused by noise.
The de-bounce clock source and sampling cycle period can be set through DBCLKSRC
(GPIO_DBCTL[4]) and DBCLKSEL (GPIO_DBCTL][3:0]) register.

The GPIO can also be the chip wake-up source when chip enters Idle/Power-down mode. The
setting of wake-up trigger condition is the same as GPIO interrupt trigger.

1. To ensure the I/O status before entering Idle/Power-down mode

When using toggle GPIO to wake-up system, user must make sure the I/O status before entering
Idle/Power-down mode according to the relative wake-up settings.

For example, if configuring the wake-up event occurred by 1/O rising edge/high level trigger, user
must make sure the 1/O status of specified pin is at low level before entering Idle/Power-down
mode; and if configuring 1/O falling edge/low level trigger to trigger a wake-up event, user must
make sure the 1/O status of specified pin is at high level before entering Power-down mode.

2. To disable the I/O de-bounce function before entering Idle/Power-down mode

If the specified wake-up I/O pin with enabling input signal de-bounce function, system will
encounter two GPIO interrupt events while the system is woken up by this GPIO pin. One
interrupt event is caused by wake-up function, the other is caused by I/O input de-bounce
function. User should be disable the de-bounce function before entering Idle/Power-down mode to
avoid the second interrupt event occurred after system woken up.
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6.10 Watchdog Timer (WDT)

6.10.1 Overview

The Watchdog Timer is used to perform a system reset when system runs into an unknown state.
This prevents system from hanging for an infinite period of time. Besides, the Watchdog Timer
supports the function to wake-up system from Idle/Power-down mode.

6.10.2 Features
®  18-hit free running up counter for Watchdog Timer time-out interval

®  Selectable time-out interval (24 ~ 218) WDT_CLK cycle and the time-out interval
period is 104 ms ~ 26.3168 s if WDT_CLK =10 kHz

®  System kept in reset state for a period of (1 / WDT_CLK) * 63

Supports Watchdog Timer time-out wake-up function only if WDT clock source is
selected as 10 kHz
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6.13 USCI - SPI Mode

6.13.1 Overview

The SPI protocol of USCI controller applies to synchronous serial data communication and allows
full duplex transfer. It supports both master and Slave operation mode with the 4-wire bi-direction
interface. SPI mode of USCI controller performs a serial-to-parallel conversion on data received
from a peripheral device, and a parallel-to-serial conversion on data transmitted to a peripheral
device. The SPI mode is selected by FUNMODE (USPI_CTL[2:0]) = Ox1.

The SPI protocol can operate as master or Slave mode by setting the SLAVE
(USPI_PROTCTL[0]) to communicate with the off-chip SPI Slave or master device. The
application block diagrams in master and Slave mode are shown as Figure 6.13-1 and Figure

6.13-2.
USCI SPI Master
SPI Slave Device
Master Transmit Data
SPI_MOSI |
x » SPI_MOSI
(USCIx_DATO) -
Master Receive Data
SPI_MISO |
(USCIx_DAT1) | SPI_MISO
Serial Bus Clock
SPI_CLK
(USCIx_CLK) » SPI_CLK
SPI SS Slave Select
= » SPI_SS
(USCIx_CTL) -
Note: x=0,1
Figure 6.13-1 SPI Master Mode Application Block Diagram (x=0, 1)
USCI SPI Slave
SPI Master Device
SPI MOSI Slave Receive Data
x = SPI_MOSI
(USCIx_DATO) -
SPI MISO Slave Transmit Data |
" » SPI_MISO
(USCIx_DAT1) -
Serial Bus Clock
SPI_CLK |
(USCIx_CLK) | SPI_CLK
SPI SS Slave Select
g SPI_SS
(USCIx_CTL) -
Note: x=0, 1

Figure 6.13-2 SPI Slave Mode Application Block Diagram (x=0, 1)

6.13.2 Features
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8.4 Analog Characteristics

8.4.1 12-bit SAR ADC

Symbol Parameter Min Typ Max [Unit Test Condition

- Resolution - - 12 Bit -

DNL Differential Nonlinearity Error - 2 - LSB Vpp =3.0~5.5V

INL Integral Nonlinearity Error - +2 - LSB Vop =3.0~55V

Eo Offset Error - +1 - LSB Vop =3.0~55V

= Gain Error (Transfer Gain) - -1 - LSB Vpp =3.0~5.5V

Ea Absolute Error - 13 - LSB Vpp =3.0~5.5V

- Monotonic Guaranteed - -

Faoc ADC Clock Frequency 12 16 MHz Vpp =3.0 ~5.5V

Fs Sample Rate (Fapc/Tcony) 700 |kSPS Vpp =3.0~5.5V

Vop =3.0~55V

Taco Acquisition Time (Sample Stage) N HFsoc Hzliilggznp"ng counter.
200 ns Vpp = 3.0~5.5V

Tconv Conversion Time 1000 1050 |[ns Vpp =3.0~5.5V

Vob Supply Voltage 3.0 - 5.5 \% -

lopa Supply Current (Avg.) - 1 - mA Vop=5.5V

Vin Analog Input Voltage 0 - AVpp |V -

Ci Input Capacitance - 1.6 - pF -

Rin Input Load - 2.5 - kQ -

Note: ADC voltage reference is same with Vpp
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Er (Full scale error) = Eq + Eg
Gain Error  Offset Error
A Eo Fo
4095 — - == /_ __7___ 7_
/
4094 —
4093 —
4092 —
7 L Ideal transfer curve
6 —
ADC i
output 5 - / / Actual transfer curve
code Ve Ve
4 S e
/ /
3 L ~ / /
A7 /s
2 DNL
/
y nmallio s
1 = 1LSB
/s
L A4 | | | | [ | | | | >
Analog input volt 4095
n n Vi
Offset Error aOQ(Lg;) oftage
Eo
8.4.2 LDO & Power Management
Symbol Parameter Min Typ Max Unit Test Condition
Voo DC Power Supply 21 - 5.5 V -
Vipo Output Voltage 15 \% -
TA Temperature -40 25 105 T

Note: It is recommended a 0.1uF bypass capacitor is connected between Vpp and the closest Vss pin of the
device.

8.4.3 Low Voltage Reset

Symbol Parameter Min Typ Max Unit Test Condition
AVpp Supply Voltage 21 - 5.5 \% -
Ta Temperature -40 25 105 T -
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