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1 General Description

The Holtek HT32F50220/HT32F50230 devices are high performance, low power consumption
32-bit microcontrollers based around an Arm® Cortex®-MO+ processor core. The Cortex®-MO0+ is a
next-generation processor core which is tightly coupled with Nested Vectored Interrupt Controller
(NVIC), SysTick timer, and including advanced debug support.

The devices operate at a frequency of up to 20 MHz to obtain maximum efficiency. It provides up to
32 KB of embedded Flash memory for code/data storage and 4 KB of embedded SRAM memory for
system operation and application program usage. A variety of peripherals, such as Hardware Divider
DIV, ADC, I’C, UART, SPI, GPTM, PWM, BFTM, RTC, WDT, SW-DP (Serial Wire Debug Port),
etc., are also implemented in the device. Several power saving modes provide the flexibility for
maximum optimization between wakeup latency and power consumption, an especially important
consideration in low power applications.

The above features ensure that the devices are suitable for use in a wide range of applications,
especially in areas such as white goods application controllers, power monitors, alarm systems,
consumer products, handheld equipment, data logging applications, motor controllers and so on.

arm CORTEX
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2 Features

Core

m 32-bit Arm® Cortex®-MO+ processor core

m Up to 20 MHz operating frequency

m Single-cycle multiplication

m Integrated Nested Vectored Interrupt Controller (NVIC)

m 24-bit SysTick timer

The Cortex®-MO0+ processor is a very low gate count, highly energy efficient processor that is
intended for microcontroller and deeply embedded applications that require an area optimized,

low-power processor. The processor is based on the ARMv6-M architecture and supports Thumb®
instruction sets, single-cycle I/O ports, hardware multiplier and low latency interrupt respond time.

On-Chip Memory

m Up to 32 KB on-chip Flash memory for instruction/data and option byte storage
m 4 KB on-chip SRAM
m Supports multiple boot modes

The Arm® Cortex®-MO+ processor accesses and debug accesses share the single external interface
to external AHB peripherals. The processor access takes priority over debug access. The maximum
address range of the Cortex®-MO+ is 4 GB since it has a 32-bit bus address width. Additionally,
a pre-defined memory map is provided by the Cortex®-MO0+ processor to reduce the software
complexity of repeated implementation by different device vendors. However, some regions are
used by the Arm® Cortex®-MO0+ system peripherals. Refer to the Arm® Cortex®-MO0+ Technical
Reference Manual for more information. Figure 2 in the Overview chapter shows the memory map
of the HT32F50220/HT32F50230 series of devices, including code, SRAM, peripheral and other
pre-defined regions.

Flash Memory Controller - FMC

m 32-bit word programming with In System Programming (ISP) and In Application Programming
(TAP)
m Flash protection capability to prevent illegal access

The Flash Memory Controller, FMC, provides all the necessary functions for the embedded on-chip
Flash Memory. The word program/page erase functions are also provided.

Hardware Divider — DIV

m Signed/unsigned 32-bit divider

m Operation in 8§ clock cycles, load in 1 clock cycle

m Division by zero error Flag

The divider is the truncated division and need a software triggered start signal by controlling the
“START” bit in the control register. The divider calculation complete flag will be set to 1 after 8
clock cycles, however, if the divisor register data is zero during the calculation, the division by zero
error flag will be set to 1.
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Reset Control Unit - RSTCU

m Supply supervisor:
e Power on Reset / Power down Reset — POR / PDR
e Brown-out Detector — BOD
e Programmable Low Voltage Detector — LVD

The Reset Control Unit, RSTCU, has three kinds of reset, a power on reset, a system reset and an
APB unit reset. The power on reset, known as a cold reset, resets the full system during power up. A
system reset resets the processor core and peripheral IP components with the exception of the SW-DP
controller. The resets can be triggered by an external signal, internal events and the reset generators.

Clock Control Unit — CKCU

m External 4 to 20 MHz crystal oscillator

m External 32.768 kHz crystal oscillator

m Internal 20 MHz RC oscillator trimmed to £2 % accuracy at 25 °C operating temperature

m Internal 32 kHz RC oscillator

m Independent clock divider and gating bits for peripheral clock sources

The Clock Control Unit, CKCU, provides a range of oscillator and clock functions. These include
a High Speed Internal RC oscillator (HSI), a High Speed External crystal oscillator (HSE), a Low
Speed Internal RC oscillator (LSI), a Low Speed External crystal oscillator (LSE), an HSE clock
monitor, clock prescalers, clock multiplexers, APB clock divider and gating circuitry. The AHB,
APB and Cortex®-MO0+ clocks are derived from the system clock (CK_SYS) which can come from
the HSI, HSE, LSI or LSE. The Watchdog Timer and Real-Time Clock (RTC) use either the LSI or
LSE as their clock source.

Power Management - PWRCU

m Flexible power supply: Vpp power supply (2.5 V ~ 5.5 V), Vppio for /O (1.8 V ~5.5V)

m Integrated 1.5 V LDO regulator for MCU core, peripherals and memories power supply

m Three power domains: Vpp, Vppio and Veore

m Three power saving modes: Sleep, Deep-Sleep1, Deep-Sleep2

Power consumption can be regarded as one of the most important issues for many embedded system
applications. Accordingly the Power Control Unit, PWRCU, in these devices provides many types
of power saving modes such as Sleep, Deep-Sleepl and Deep-Sleep2 modes. These operating modes
reduce the power consumption and allow the application to achieve the best trade-off between the
conflicting demands of CPU operating time, speed and power consumption.

External Interrupt/Event Controller — EXTI

m Up to 16 EXTI lines with configurable trigger source and type

m All GPIO pins can be selected as EXTI trigger source

m Source trigger type includes high level, low level, negative edge, positive edge, or both edges

m Individual interrupt enable, wakeup enable and status bits for each EXTI line

m Software interrupt trigger mode for each EXTI line

m Integrated deglitch filter for short pulse blocking

The External Interrupt/Event Controller, EXTI, comprises 16 edge detectors which can generate

a wake-up event or interrupt requests independently. Each EXTI line can also be masked
independently.

Rev. 1.50

8 of 42 September 01, 2025

sainjeaq z



32-Bit Arm® Cortex®-M0+ MCU #
HT32F50220/HT32F50230 HOLTEK

www.holtek.com

Analog to Digital Converter — ADC

m 12-bit SAR ADC engine
m Up to | Msps conversion rate
m Up to 12 external analog input channels

A 12-bit multi-channel ADC is integrated in the device. There are multiplexed channels, which
include 12 external analog signal channels and 2 internal channels which can be measured. If
the input voltage is required to remain within a specific threshold window, an Analog Watchdog
function will monitor and detect these signals. An interrupt will then be generated to inform the
device that the input voltage is not within the preset. There are three conversion modes to convert
an analog signal to digital data. The ADC can be operated in one shot, continuous and discontinuous
conversion modes.

I/O Ports — GPIO

m Up to 40 GPIOs
m Port A, B, C are mapped as 16 external interrupts — EXTI
m Almost all I/O pins have a configurable output driving current

There are up to 40 General Purpose 1/O pins, GP1O, named from PAO ~ PA15, PBO ~ PB15 and PCO
~ PC7 for the implementation of logic input/output functions. Each of the GPIO ports has a series of
related control and configuration registers to maximize flexibility and to meet the requirements of a
wide range of applications.

The GPIO ports are pin-shared with other alternative functions to obtain maximum functional
flexibility on the package pins. The GPIO pins can be used as alternative functional pins by
configuring the corresponding registers regardless of the input or output pins. The external interrupts
on the GPIO pins of the device have related control and configuration registers in the External
Interrupt Control Unit, EXTI.

General-Purpose Timer — GPTM

m 16-bit up, down, up/down auto-reload counter
m Up to 4 independent channels

m 16-bit programmable prescaler that allows division of the prescaler clock source by any factor
between 1 and 65536 to generate the counter clock frequency

m Input Capture function

m Compare Match Output

m PWM waveform generation with Edge-aligned and Center-aligned Counting Modes
m Single Pulse Mode Output

m Encoder interface controller with two inputs using quadrature decoder

The General-Purpose Timer Module, GPTM, consists of one 16-bit up/down-counter, four 16-bit
Capture/Compare Registers (CCRs), one 16-bit Counter Reload Register (CRR) and several control
/ status registers. They can be used for a variety of purposes including general time measurement,
input signal pulse width measurement, output waveform generation such as single pulse generation or
PWM output generation. The GPTM supports an Encoder Interface using a decoder with two inputs.

Rev. 1.50 9 of 42 September 01, 2025

sainjeaq z



32-Bit Arm® Cortex®-M0+ MCU #
HT32F50220/HT32F50230 HOLTEK

www.holtek.com

Pulse Width Modulation Timer - PWM

m 16-bit up, down, up/down auto-reload counter

m Up to 4 independent channels for each timer

m 16-bit programmable prescaler that allows division of the prescaler clock source by any factor
between 1 and 65536 to generate the counter clock frequency

m Compare Match Output

m PWM waveform generation with Edge-aligned and Center-aligned Counting Modes

m Single Pulse Mode Output

The Pulse Width Modulator Timer, PWM, consists of one 16-bit up/down-counter, four 16-bit
Compare Registers (CRs), one 16-bit Counter-Reload Register (CRR) and several control/status
registers. It can be used for a variety of purposes including general timer and output waveform
generation such as single pulse generation or PWM output.

Basic Function Timer - BFTM

m 32-bit compare match count-up counter — no I/O control
m One shot mode — counter stops counting when compare match occurs
m Repetitive mode — counter restarts when compare match occurs

The Basic Function Timer Module, BFTM, is a simple 32-bit up-counting counter designed to
measure time intervals, generate one shots or generate repetitive interrupts. The BFTM can operate
in two modes, repetitive and one shot modes. In the repetitive mode, the counter will restart at each
compare match event. The BFTM also supports a one shot mode which will force the counter to stop
counting when a compare match event occurs.

Watchdog Timer — WDT

m 12-bit down counter with 3-bit prescaler

m Provides reset to the system

m Programmable watchdog timer window function
m Register write protection function

The Watchdog Timer is a hardware timing circuit that can be used to detect a system lock-up due to
software trapped in a deadlock. It includes a 12-bit count-down counter, a prescaler, a WDT delta
value register, WDT operation control circuitry and a WDT protection mechanism. If the software
does not reload the counter value before a Watchdog Timer underflow occurs, a reset will be
generated when the counter underflows. In addition, a reset is also generated if the software reloads
the counter when it reaches a delta value. This means the counter must be reloaded within a limited
timing window using a specific method. The Watchdog Timer counter can be stopped while the
processor is in the debug mode. The register write protect function which can be enabled to prevent
an unexpected change in the Watchdog timer configuration.

Real-Time Clock — RTC

m 24-bit up-counter with a programmable prescaler

m Alarm function

m Interrupt and Wake-up event

The Real-Time Clock, RTC, includes an APB interface, a 24-bit count-up counter, a control register,
a prescaler, a compare register and a status register. The RTC circuits are located in the Vcore power

domain. When the device enters the power-saving mode, the RTC counter is used as a wakeup timer
to generate a system resume or interrupt signal from the MCU power saving mode.
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Inter-integrated Circuit — I°C

m Supports both master and slave modes with a frequency of up to 1 MHz
m Provides an arbitration function and clock synchronization

m Supports 7-bit and 10-bit addressing modes and general call addressing
m Supports slave multi-addressing mode with maskable address

The I*C is an internal circuit allowing communication with an external I’C interface which is an
industry standard two line serial interface used for connection to external hardware. These two serial
lines are known as a serial data line, SDA, and a serial clock line, SCL. The I?°C module provides
three data transfer rates: 100 kHz in the Standard mode, 400 kHz in the Fast mode and 1 MHz in
the Fast plus mode. The SCL period generation register is used to setup different kinds of duty cycle
implementations for the SCL pulse.

The SDA line which is connected directly to the I°C bus is a bi-directional data line between the
master and slave devices and is used for data transmission and reception. The I°C also has an
arbitration detect function and clock synchronization to prevent situations where more than one
master attempts to transmit data to the I°C bus at the same time.

Serial Peripheral Interface — SPI

m Supports both master and slave modes

m Frequency of up to (fpck/2) MHz for the master mode and (fpck/3) MHz for the slave mode
m FIFO Depth: 8 levels

m Multi-master and multi-slave operation

The Serial Peripheral Interface, SPI, provides a SPI protocol data transmit and receive function in
both master and slave mode. The SPI interface uses 4 pins, which are the serial data input and output
lines MISO and MOSI, the clock line, SCK, and the slave select line, SEL. One SPI device acts as
a master device which controls the data flow using the SEL and SCK signals to indicate the start of
data communication and the data sampling rate. To receive a data byte, the streamed data bits are
latched on a specific clock edge and stored in the data register or in the RX FIFO. Data transmission
is carried out in a similar way but in a reverse sequence. The mode fault detection provides a
capability for multi-master applications.

Universal Asynchronous Receiver Transmitter - UART

m Asynchronous serial communication operating baud-rate clock frequency up to (fpcrx/16) MHz
m Full duplex communication
m Fully programmable serial communication characteristics including:
e Word length: 7, 8 or 9-bit character
e Parity: Even, odd or no-parity bit generation and detection
e Stop bit: 1 or 2 stop bit generation
e Bit order: LSB-first or MSB-first transfer
m Error detection: Parity, overrun and frame error

The Universal Asynchronous Receiver Transceiver, UART, provides a flexible full duplex data
exchange using asynchronous transfer. The UART is used to translate data between parallel and
serial interfaces, and is commonly used for RS232 standard communication. The UART peripheral
function supports Line Status Interrupt. The software can detect a UART error status by reading the
UART Status & Interrupt Flag Register, URSIFR. The status includes the type and the condition of
transfer operations as well as several error conditions resulting from Parity, Overrun, Framing and
Break events.
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Debug Support

m Serial Wire Debug Port — SW-DP
m 4 comparators for hardware breakpoint or code / literal patch

m 2 comparators for hardware watchpoints

Package and Operation Temperature
m 24/28-pin SSOP, 24/33-pin QFN and 48-pin LQFP packages
m Operation temperature range: -40 °C to 85 °C

HOLTEK#
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3 Overview

Device Information

Table 1. Features and Peripheral List

Peripherals HT32F50220 HT32F50230
Main Flash (KB) 16 31
Option Bytes Flash (KB)
SRAM (KB) 4 4
GPTM 1
PWM 2
Timers BFTM 1
WDT 1
RTC 1
SPI 2
Communication UART 2
I2C 1
Hardware Divider 1
EXTI 16
12-bit ADC 1
Number of channels 12 External Channels
GPIO Up to 40
CPU frequency Up to 20 MHz
Operating voltage 25V~55V
Operating temperature -40°C~85°C
Package 24/28-pin SSOP, 24/33-pin QFN and 48-pin LQFP
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Figure 1. Block Diagram
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Memory Map
OXFFFF_FFFF
Reserved
0xE010_0000 0x400F_FFFF = . —
0x400C_C000 eserve
Private peripheral bus 0x400C_A000 DIV
0xE000_0000 -

B 0x400B_6000 Reserved
0x400B_0000 GPIOA~C
0x4008_A000 Reserved AHB
0x4008_8000 | CKCU & RSTCU
0x4008_2000 Reserved
0x4008_0000 FMC

Reserved ]
0x4007_7000 Reserved
0x4007_6000 BFTM
0x4007_2000 Reserved
0x4007_1000 PWM1

Reserved
~ 0x4010_0000 0x4006_E000 GPTM
Reserved
AHB peripherals 512KkB
) 0x4008_0000 0x4006_A000 RTC & PWRCU
Peripheral - ¢
APB peripherals Reserved
| 0x4000_0000 512KB 0x4006_8000 WDT
0x4004_9000 Reserved
0x4004_8000 I’c
0x4004_5000 Reserved
0x4004_4000 SPI1
Reserved 0x4004_2000 Reserved
SRAM 0x4004_1000 UART1 APB

0x4003_2000 Reserved

0x4003_1000 PWMO
0x2000_1000 _ 0x4002_5000 Reserved

0x4002_4000 EXTI
4 KB on-chip SRAM Reserved

on-chip

4KB 0x4002_2000 AFIO
| 0x2000_0000 a Reserved

0x4001_0000 ADC

Reserved

0x1FFO0_0400 _ Reserved
SPIO
Option byte alias 1KB 0x4000_4000
0x1FF0_0000 a Reserved
0x4000_1000 UARTO
Reserved
0x1F00_0800 _ Reserved ]
Code Boot loader 2 KB
0x1F00_0000 ]
Reserved
0x000_8000 _
Up to Up to
32 KB on-chip Flash 32 KB
0x0000_0000
Figure 2. Memory Map
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Table 2. Register Map

Start Address End Address Peripheral Bus
0x4000_0000 0x4000_OFFF Reserved
0x4000_1000 0x4000_1FFF UARTO
0x4000_2000 0x4000_3FFF Reserved
0x4000_4000 0x4000_4FFF SPIO
0x4000_5000 0x4000_FFFF Reserved
0x4001_0000 0x4001_OFFF ADC
0x4001_1000 0x4002_1FFF Reserved
0x4002_2000 0x4002_2FFF AFIO
0x4002_3000 0x4002_3FFF Reserved
0x4002_4000 0x4002_4FFF EXTI
0x4002_5000 0x4003_O0FFF Reserved
0x4003_1000 0x4003_1FFF PWMO
0x4003_2000 0x4004_OFFF Reserved
0x4004_1000 0x4004_1FFF UART1
0x4004_2000 0x4004_3FFF Reserved APB
0x4004_4000 0x4004_4FFF SPI1
0x4004_5000 0x4004_7FFF Reserved
0x4004_8000 0x4004_8FFF 1>’C
0x4004_9000 0x4006_7FFF Reserved
0x4006_8000 0x4006_8FFF WDT
0x4006_9000 0x4006_9FFF Reserved
0x4006_A000 0x4006_AFFF RTC & PWRCU
0x4006_B000 0x4006_DFFF Reserved
0x4006_E000 0x4006_EFFF GPTM
0x4006_F000 0x4007_OFFF Reserved
0x4007_1000 0x4007_1FFF PWM1
0x4007_2000 0x4007_5FFF Reserved
0x4007_6000 0x4007_6FFF BFTM
0x4007_7000 0x4007_FFFF Reserved
0x4008_0000 0x4008_1FFF FMC
0x4008_ 2000 0x4008 7FFF Reserved
0x4008_8000 0x4008_9FFF CKCU & RSTCU
0x4008_A000 0x400A_FFFF Reserved
0x400B_0000 0x400B_1FFF GPIOA
0x400B_2000 0x400B_3FFF GPIOB ARB
0x400B_4000 0x400B_5FFF GPIOC
0x400B_6000 0x400C_9FFF Reserved
0x400C_A000 0x400C_BFFF DIV
0x400C_C000 0x400F_FFFF Reserved
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Clock Structure

Prescaler Divider
HSIAuto | — CK_LSE 4,_D—| 21~32 22 P> CK_REF
Trimming
Controller f— CKIN CKREFEN CKREFPRE
20 MHz
HSIRC .8 |—— pp STCLK
(to SysTick)
HSIEN
. ) p CK_GPIO
SW[2:0 o
2:0] PAEN (to GPIO port)
PCEN
4 ~20 MHz
HSE XTAL CK_HSI n FCLK
=" ( Free running clock)
HSEEN CK_HSE
AHB Prescaler
+1,2,4,8,16,32 HCLKC
CK_sys|® &S 10 CMOPEN ( to Cortex®MO0+)
(control by HW)
e HCLKF
<(I ( to Flash)
Clock «' | CMOPEN
Monitor o
FMCEN
HCLKS
(to SRAM)
CMOPEN
SRAMEN
32.768 kHz | CK_LSE
LSE XTAL WDTSRC
\L HCLKBM
( to Bus Matrix)
LSEEN CK_WDT CMOPEN
BMEN
32 kHz CK_LSI
LSRG WDTEN
RTCSRC HCLKAPB
(to APB Bridge)
\L CMOPEN
CK_RTC APBEN
RTCEN CK_DIV
DIVEN (to DIV)
CKOUTSRC[2:0]
000 |————— CK_REF oK AHB
001 ———— HCLKC/16 T
010}—— CK SsYS/16 Peripherals |CK_AHB/2
CKOUT - Clock PCLK (AFIO, ADC,
DJ«—— o11———— ck_HsEre b— proscaler |cK AnB ey SPIx, UART, IC,
— Xi
100 —————— CK_HSI/16 =1248 iy ’E)‘?‘{":A)\(/VDT)
101 |———— CK_LSE CK_AHB/8, EXTIEN , ,
110f———— CK_LSI
Legend: ADC
HSE = High Speed External clock Prescaler ——J» CK_ADC IP
HSI = High Speed Internal clock +12348.
LSE = Low Speed External clock ADCEN
LSI = Low Speed Internal clock
Figure 3. Clock Structure
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4 Pin Assignment

HT32F50220/HT32F50230

24 SSOP-A

Vpp Digital Power Pad

Analog Power Pad

1.5V Power Pad

Vpp Digital & Analog I/0 Pad

Voo Digital I/0 Pad

. Vpp Domain Pad

AFO
(Default) @)
PB7 1 [vop
PB8 2 |vop
VDDA 3 .
PAO 4 |vop
PA1 5 |vbD
PA2 6 |voD
VDD
PA3 7 |vop
PA4 8 |vDD| | VDD
PA5 9 |vbD
CLDO 10
VDD 1
VsS 12

AFO0 AF1
(Default)
VDD | 24 PB4
VDD | 23 PB3
VDD | 22 PB2
VDD | 21 PB1
VDD | 20 PBO
VDD | 19 SWDIO PA13
VDD | 18 SWCLK PA12
VDD [ 17 | PA9_BOOT
VDD | 16 | XTALOUT PB14
VDD | 15 XTALIN PB13
14 | RTCOUT PB12
13 nRST

Figure 4. 24-pin SSOP Pin Assignment
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HT32F50220/HT32F50230
28 SSOP-A

AFO
(Default) O
PB7 1 |vop
PB8 2 |vop .
VDDA 3 .
PAO 4 |vop .
PA1 5 |voD .
PA2 6 |voD

VDD
PA3 7 |vop
PA4 8 |vDD| | VvDD
PA5 9 |vbD
PAG 10 | vbD .
PA7 11 |vobD
CLDO 12
VDD 13
VSS 14

Vpp Digital Power Pad

Analog Power Pad

1.5V Power Pad

Vpp Digital & Analog I/O Pad

Vpp Digital I/0 Pad

Vpp Domain Pad

AFO AF1
(Default)
VDD | 28 PB4
VDD | 27 PB3
VDD | 26 PB2
VDD | 25 PB1
VDD | 24 PBO
VDD | 23 PA15
VDD | 22 PA14
VDD | 21 SWDIO PA13
VDD | 20 SWCLK PA12
VvDD| 19 | PA9_BOOT
VDD | 18 | XTALOUT PB14
vDD | 17 XTALIN PB13
16 | RTCOUT PB12
15 nRST

Figure 5. 28-pin SSOP Pin Assignment
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HT32F50220/HT32F50230

24 QFN-A
< ]
S|8|8|3|8|8| %3
> [o9) ~ w w N % o
AFO AF0 AF1
(Default) O 2423222112019 (Default)
.VDD VDD .VDD VDD
PAO VDD . Voo Power Pad vDD | 18 PB1
PA1 VDD . Analog Power Pad vDD | 17 PBO
PA2 VDD . 1.5V Power Pad voo| 16 | swpio PA13
PA3 VDD Vpp Digital & Analog I/0 Pad vbb| 15 SWCLK PA12
PA4 VDD Voo Digital /0 Pad voD | 14 | PA9_BOOT
PA5 VDD . Vop DomainPad . |vop| 13 | xTALOUT PB14
VDD
789 |10]11]12
x =]
(@] =] ) 3
clSla|8l2|E| %3
o] i L \S__:
@ %
3 I
Figure 6. 24-pin QFN Pin Assignment
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33 QFN-A
SIs|z|la|lx|lz|x]| = cg >
Slo| || o |w|w|w o T
AFQ AFO AF1
(Default) O 32 (3130|2928 |27 |26 |25 (Default)
- VDD | VDD | VDD | VDD | VDD | VDD

PAO 1 |vDD VDD | 24 PB1

Vpp Power Pad
PA1 2 |vDD VDD | 23 PBO

Analog Power Pad
PA2 3 |vDD VDD | 22 PA15

1.5V Power Pad

PA3 4 |vop vDD | 21 PA14
PA4 5 |vDD VDD | Vo Digital & Analog I/O Pad VDD | 20 SWDIO PA13
PA5 6 |vDD VDD | Voo Digital 1/0 Pad vob| 19 | swclk PA12
PA6 7 |vop .vDD Domain Pad voo | 18 | PA9_BOOT
PA7 8 |vobD 33vss |vbb| 17 | XTALOUT PB14
VDD
9 [10| 11| 12|13 ]| 14|15 16
x o —_
x w x
Clsls|2l8|%|a]l3 g >
g |lg|@ ||l x]lo|o]|C g3
o 1z|c|g|z=z B
= =~
g | 2 %
N w -

Figure 7. 33-pin QFN Pin Assignment
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48 LQFP-A
S|S5| |l v|lx|lz|x|o| x|l x|xl|l= E >
2 [0 | B|Z[Z]Q|8[Q|&8|2|3|8 g4
> | > =
AFO AFO AF1
(Default o 48 | 47 | 46 | 45 | 44 | 43 | 42 [ 41 | 40 | 39 | 38 | 37 (Detault
VDD | vDD | VDD | VDD | VDD | VDD | VDD | VDD | VDD | VDD
PAO 1 |vop 36| vss2
. Vpp Power Pad
PA1 2 |vop 35 | vbbio
PA2 3 |vop . Vooio Power Pad V| 34 PB1
PA3 4 VDD VI%D 33 PBO
Analog Power Pad
PA4 5 |vop VP | 32 PA15
PA5 6 |vbp . 1.5 V Power Pad VI%D 31 PA14
PAG 7 |vop VDD 35 | swpio PA13
VDD | Vpp Digital & Analog I/0 Pad 10
PA7 8 |vop V2 29 | sweik PA12
PC4 9 VDD VDD | Vpp Digital I/O Pad V|%D 28 PA11
VDD
PC5 10 |vop VO] ., Digal 10 Pac 2 27 PA10
PC6 11 |vop V2 26 | PA9_BOOT
Vpp Domain Pad
PC7 12 |vop . o VR 25 PAS
10
13 (14|15 |16 |17 | 18 [ 19| 20 | 21 [ 22 | 23 | 24
x o > —
o < - x w it ﬁ = - (@]
5|52 |28|8[2|3|8|2|8]2|8| 8%
ol@ |l |=°lz2lelc|z|le|le|”® £°
puur — 3 =
t|v| 3| o] >
o O I B m
o N N w N -

Figure 8. 48-pin LQFP Pin Assignment
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Table 3. Pin Assignment

Alternate Function Mapping

Packages
AFO | AF1 | AF2 |AF3| AF4 | AF5 | AF6 | AF7 |AF8|AF9 | AF10 | AF11 | AF12| AF13 |AF14| AF15

LésFP Q3F3N sgts)P ségp ::N SD‘(’;;Z'I': GPIO | ADC | N/A |GPTM | SPI [UART| I’C |N/A| N/A| N/A | N/A | N/A | PWM | N/A Sgts::’r"
Dl a0 e | Ml el kg
R EERREE
o (o o [0 o] me | o] |o|on[w
e e | el e
s [0 o | | o] o [melmE
o Lo o o o] me | o] o [melmm
AR PAG Wor| | & |mss
8 | 8 | PA7 Wo| | &% |Ser
9 P4 ‘o o P
" o |06 it o
1 PC6 8;6 U?)?_ Iszgf
12 pC7 S,E; UEQ_ ISZSK
13 | 9| 12 ] 10| 7 | cpo
14 | 10 | 13 | 1 8 VDD
15 | 11| 14 | 12 | 9 | vss_1
6 | 12 | 15 | 13 | 10 | nRsT
17 PB9 2;5 P‘(":’w— WAKEUP1
18 | 13 X32KIN | PB10 SIIB s;'zl— U%}— P\(’:"a";—
19 | 14 X32KOUT | PB11 S.I? Sspé:(— UE;— P\(’:"a";—
20 | 15 | 16 | 14 | 11 | RTCOUT |PB12 f/ﬁ's% us)(z_ onvn-'\flg_ WAKEUPO
21 | 16 | 17 | 15 | 12 | XTALN |PB13 U%‘()— |Sng
22 | 17 | 18 | 16 | 13 |XTALOUT|PB14 UEQ— ISZSK
23 PB1S o | s sol P
2 PCo & | Sk SoR iy
25 PAB R S
26 | 18 | 19 | 17 | 14 | PR i - CKOUT
27 PAT0 G | Mos| X P
28 P &G | ws6 P
20 | 19 | 20 | 18 | 15 | swcLk |Pa12
30 | 20| 21 | 19 | 16 | swpio |pPa13
w2 2 PA14 o | sel| ™| sor P
2| 2| » PAS o | sok | RX | SoA P
33 23| 24 | 20 | 17| PeO Gt | mosT| ™| et P
% 24| 25| 21 | 18| el Gt | MG | R | SoA T
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Alternate Function Mapping
Packages
AFO0 AF1 | AF2 |AF3| AF4 | AF5 | AF6 | AF7 | AF8 | AF9 | AF10 | AF11 | AF12| AF13 | AF14 AF15
48 33 28 24 24 System o System
LQFP | QFN | SSOP | SSOP | QFN | Default GPIO | ADC | N/A |GPTM| SPI |[UART| I)C | N/A | N/A| N/A | NJA | NA PWM N/A Other
35 VDDIO
36 33 21 VSS_2
GT_ | SPIO_ | UR1_ PWMO_
37 25 26 22 19 PB2 CH2 SEL I CH2 CKIN
GT_ | SPIO_ | UR1_ PWM1_
38 26 27 23 20 PB3 CH2 | scK RX CH2
SPIO_ | URT_ PWMO_
39 27 28 24 PB4 mosi | Tx CH3
GT_ | SPIO_| URT_
40 28 PB5 CH2 | MISO | RX
GT_ | SPI_| URT_ PWMO_
41 PC1 CHO SEL > CHO
GT_ |SPI_ PWM1_
42 pC2 CH1 SCK CHoO
SPI1_| URT_ PWM1_
43 PC3 MOST| RX CH1
GT_ | SPI_| URO_
a4 PB6 CH3 |MISO | TX
ADC_ GT_ | SPIO_| URO_ | I12C_ PWMO_
4 1201 v 2 Per INO CH3 | MISO | TX | SCL CH3
ADC_ GT_ | SPIO_| URO_ | I2C_ PWM1_
46 30 2 2 23 PB8 IN1 CH3 SEL RX SDA CH3
47 31 3 3 24 VDDA
48 32 VSSA

Note: 1. For the 24QFN package, the EP VSS is internally connected to the pin number 21. The EP is meant the
exposed pad of the QFN package.

2. The pin number 33 of the QFN33 is located at the exposed pad of the QFN package.

Table 4. Pin Description

Pin Number Description
48 33 28 24 24 N:ir:e Type® Strulégjre‘z) Ig:\tl?:; ;
LQFP | QFN | SSOP | SSOP | QFN Default Function (AF0)
1 1 4 4 1 PAO Al/O 5V 4/8/12/16 mA | PAO
2 2 5 5 2 PA1 Al/O 5V 4/8/12/16 mA | PA1
3 3 6 6 3 PA2 Al/O 5V 4/8/12/16 mA | PA2
4 4 7 7 4 PA3 Al/O 5V 4/8/12/16 mA | PA3
5 5 8 8 5 PA4 AlO 5v 4/8/12/16 mA E,Zécl’:etrh::c’%ig provides a UART_TX function in the Boot
6 5 9 9 6 PA5 AlIO 5v 4/8/12/16 mA E,Zgétrh::opgz provides a UART_RX function in the Boot
7 7 10 PA6 Al/O 5V 4/8/12/16 mA | PA6
8 8 1 PA7 Al/O 5V 4/8/12/16 mA | PA7
9 PC4 Al/O 5V 4/8/12/16 mA | PC4
10 PC5 Al/O 5V 4/8/12/16 mA | PC5
" PC6 110 5V 4/8/12/16 mA | PC6
12 PC7 110 5V 4/8/12/16 mA | PC7
Core power LDO Vcore output
13 9 12 10 7 CLDO P — — It must be connected a 2.2 pF capacitor as close as
possible between this pin and VSS_1.
14 10 13 1 8 VDD — — Voltage for digital /0
15 1 14 12 9 VSS_1 — — Ground reference for digital 1/0
16 12 15 13 10 nRST® I 5V_PU — External reset pin
17 PB9® (\lﬁ)) 5V 4/8/12/16 mA | PB9
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Pin Number Description
Pin Type® 110 Output
48 33 28 24 24 Name Structure® |  Driving ;
LQFP | QFN | SSOP | SSOP | QFN 120 B AT (A
18 13 PB10® é/llo) 5V 4/8/12/16 mA | X32KIN
DD
19 14 PB11® AllO 5V 4/8/12/16 mA | X32KOUT
(Voo)
DD
20 15 16 14 1 PB12® Vo 5V 4/8/12/16 mA | RTCOUT
(Voo)
DD,
21 16 17 15 12 PB13 Al/O 5V 4/8/12/16 mA | XTALIN
22 17 18 16 13 PB14 Al/O 5V 4/8/12/16 mA | XTALOUT
23 PB15 110 5V 4/8/12/16 mA | PB15
24 PCO (VI/O ) 5V 4/8/12/16 mA | PCO
DDIO
25 PA8 (VI/O ) 5V 4/8/12/16 mA | PA8
DDIO
26 18 19 17 14 PA9 (VI/O ) 5V_PU 4/8/12/16 mA | PA9_BOOT
DDIO
27 PA10 (VVO ) 5V 4/8/12/16 mA | PA10
DDIO
28 PA11 (VVO ) 5V 4/8/12/16 mA | PA11
DDIO
29 19 20 18 15 PA12 (VVO ) 5V_PU 4/8/12/16 mA | SWCLK
DDIO
30 20 21 19 16 PA13 (VI/O ) 5V_PU 4/8/12/16 mA | SWDIO
DDIO
31 21 22 PA14 (VI/O ) 5V 4/8/12/16 mA | PA14
DDIO
32 22 23 PA15 (VI/O ) 5V 4/8/12/16 mA | PA15
DDIO
33 23 24 20 17 PBO (VVO ) 5V 4/8/12/16 mA | PBO
DDIO
34 24 25 21 18 PB1 (VVO ) 5V 4/8/12/16 mA | PB1
DDIO
35 VDDIO P — — Voltage for digital /0
36 33 21 VSS_2 P — — Ground reference for digital 1/0
37 25 26 22 19 PB2 110 5V 4/8/12/16 mA | PB2
38 26 27 23 20 PB3 110 5V 4/8/12/16 mA | PB3
39 27 28 24 PB4 110 5V 4/8/12/16 mA | PB4
40 28 PB5 110 5V 4/8/12/16 mA | PB5
41 PC1 110 5V 4/8/12/16 mA | PC1
42 PC2 110 5V 4/8/12/16 mA | PC2
43 PC3 110 5V 4/8/12/16 mA | PC3
44 PB6 110 5V 4/8/12/16 mA | PB6
45 29 1 1 22 PB7 Al/O 5V 4/8/12/16 mA | PB7
46 30 2 2 23 PB8 Al/O 5V 4/8/12/16 mA | PB8
47 31 3 3 24 VDDA P — — Analog voltage for ADC
48 32 VSSA P — — Ground reference for the ADC

Note: 1. | = input, O = output, A = Analog port, P = power supply, Vop = Voo Power, Vppio = Vopio Power.
2.5V =5V operation /O type, PU = pull-up.
3. These pins are located at the Vpp power domain.
4. In the Boot loader mode, only the UART interface can be used for communication.
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Absolute Maximum Ratings

The following table shows the absolute maximum ratings of the device. These are stress ratings only.
Stresses beyond absolute maximum ratings may cause permanent damage to the device. Note that
the device is not guaranteed to operate properly at the maximum ratings. Exposure to the absolute
maximum rating conditions for extended periods may affect device reliability.

Table 5. Absolute Maximum Ratings

Symbol Parameter Min. Max. Unit
Voo External Main Supply Voltage Vss-0.3 Vss + 5.5 \Y,
Vboio External /O Supply Voltage Vss-0.3 Vss +5.5 \Y,
Vooa External Analog Supply Voltage Vssa- 0.3 Vssa + 5.5 \Y,
Vin Input Voltage on I/O Vss-0.3 Vpp + 0.3 V
Ta Ambient Operating Temperature Range -40 85 °C
Tste Storage Temperature Range -60 150 °C
T, Maximum Junction Temperature — 125 °C
Po Total Power Dissipation — 500 mwW
VEesp Electrostatic Discharge Voltage — Human Body Mode -4000 +4000 V

Recommended DC Operating Conditions
Table 6. Recommended DC Operating Conditions

Ta = 25 °C, unless otherwise specified.

Symbol Parameter Conditions Min. Typ. Max. Unit
Voo Operating Voltage — 2.5 5.0 5.5 \%
Vooio I/O Operating Voltage — 1.8 5.0 5.5 V
Vbpa Analog Operating Voltage — 25 5.0 55 \%

On-Chip LDO Voltage Regulator Characteristics
Table 7. LDO Characteristics

Ta = 25 °C, unless otherwise specified.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Vpp 2 2.5 V Regulator input @ loo =
Vioo Internal Regulator Output 35 mA and voltage variant=+5 %, | 1.425| 15 | 157 | V
Voltage N
After trimming.
ILoo Output Current \1/'35[’\7 2.5V Regulator input @ Vieo=| _ 30 35 mA
C External Filter Capacitor Value | The capacitor value is dependent on 1 29 . F
Lpo for Internal Core Power Supply | the core power current consumption ’ H
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Power Consumption

The current consumption is influenced by several parameters and factors, including the operating
voltage, ambient temperature, I/O pin loading, device software configuration, operating frequencies,
I/O pin switching rate, program location in memory and executed binary code.

The MCU is configured under the following conditions for current consumption measured:

m All I/O pins are set to a high-impedance (floating) state.

m All peripherals are disabled unless specifically stated otherwise.

m The Flash memory access time is optimized using the minimum wait states number, depending
on the fyck frequency.

m When the peripherals are enabled, fpcrx = fucik.

Table 8. Power Consumption Characteristics
Ta =25 °C, unless otherwise specified.

. Max. @ Ta .
Symbol Parameter Conditions Typ Unit
25°C | 85°C
Vpp = 5.0V, HSI = 20 MHz, fcey = 20 MHz, 5.7 6.5 i
faus = 20 MHz, all peripherals enabled ' ’
Vpp = 5.0V, HSI = 20 MHz, fcpy = 20 MHz, 40 45 .
fsus = 20 MHz, all peripherals disabled ' ’
mA
Vpp = 5.0V, HSI = 20 MHz, fcey = 10 MHz, 31 35 .
Supply Current faus = 10 MHz, all peripherals enabled ' ’
(Run Mode) Voo=50V, HSI =20 MHz, feru= 10MHzZ, |, | 5 | _
faus = 10 MHz, all peripherals disabled ' ’
VDD =50 V, HSI Off, LSI on, fcpu =32 kHZ, 30 39 .
faus = 32 kHz, all peripherals enabled A
Vpp = 5.0V, HSI off, LSI on, fcey = 32 kHz, 27 36 . H
oo faus = 32 kHz, all peripherals disabled
Vpp = 5.0V, HSI = 20 MHz, fcpy = 0 MHz, 07 31 .
fsus = 20 MHz, all peripherals enabled ' ’
Vop = 5.0V, HSI = 20 MHz, fcpy = 0 MHz, 0.80 0.92 .
Supply Current faus = 20 MHz, all peripherals disabled : : A
m
(Sleep Mode) Voo =5.0V, HSI = 20 MHz, fopy= OMHz, | o0 | or
faus = 10 MHz, all peripherals enabled ’ ’
Vpp = 5.0V, HSI = 20 MHz, fcpy = 0 MHz,
faus = 10 MHz, all peripherals disabled 065 ) 075 | —
Supply Current Vop = 5.0V, All clock off (HSE/HSI/LSE), 22 o8 .
(Deep-Sleep1 Mode) |LDO in low power mode, LS| on, RTC on A
Supply Current Voo = 5.0V, All clock off (HSE/HSI/LSE), 6.4 95 i H
(Deep-Sleep2 Mode) |LDO off, DMOS on, LSl on, RTC on ' ’

Note: 1. HSE means high speed external oscillator. HSI means 20 MHz high speed internal oscillator.
2. LSE means 32.768 kHz low speed external oscillator. LS| means 32 kHz low speed internal oscillator.
3. RTC means Real-Time clock.
4. Code = while (1) {208 NOP} executed in Flash.
5. fsus means fucik and fpcik.
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Reset and Supply Monitor Characteristics

Table 9. Vpp Power Reset Characteristics
Ta = 25 °C, unless otherwise specified.

Symbol Parameter Conditions Min. Typ. Max. Unit
Power on Reset Threshold
Veor (Rising Voltage on Voo) 2.22 2.35 2.48 \%
Power Down Reset Threshold | 1 10 0~ 89°C
ower Down Reset Thresho
Veor (Falling Voltage on Voo) 212 2.2 2.33 Y
VeorHysT POR Hysteresis — — 150 — mV
tror Reset Delay Time Vpp =5.0V — 0.1 0.2 ms

Note: 1. Data based on characterization results only, not tested in production.

2. If the LDO is turned on, the Vpp POR has to be in the de-assertion condition. When the Vpp POR is in the
assertion state then the LDO will be turned off.

Table 10. LVD/BOD Characteristics
Ta = 25 °C, unless otherwise specified.

Symbol Parameter Conditions Min. Typ. | Max. | Unit

After factory-trimmed,
Vpp Falling edge

Veoo Voltage of Brown Out Detection 2.37 2.45 2.53 \Y

LVDS =000 2.57 2.65 2.73 \%

LVDS =001 2.77 2.85 2.93 \%

LVDS =010 2.97 3.05 3.13 \%

Vi Voltage of Low Voltage Detec- |, Falling edge LvDS=011 | 3.17 | 325 | 3.33 v
tion LVDS =100 3.37 3.45 3,53 \%

LVDS =101 415 4.25 4.35 \%

LVDS =110 4.35 4.45 4.55 \%

LVDS = 111 4.55 4.65 4.75 \%
Vwonrst | LVD Hysteresis Vopb=5.0V — — 100 — mV
tsuvo LVD Setup Time Vpp=5.0V — — — 5 us
tatvo LVD Active Delay Time Vpp=5.0V — — 200 — us
looLvo Operation Current @ Vpp=5.0V — — 10 20 PA

Note: 1. Data based on characterization results only, not tested in production.
2. Bandgap current is not included.
3. LVDS field is in the PWRCU LVDCSR register.
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External Clock Characteristics

Table 11. High Speed External Clock (HSE) Characteristics
Ta = 25 °C, unless otherwise specified.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Vop Operation Range Ta=-40°C~85°C 2.5 — 55 \Y
fse E;gguse%iid(lfgtg nal Oscillator v =25V ~50V 4 | — | 20  MHz
Ciise | Load Capacitance \Iézz:ji%(\)/, Q@ 20 MHz — | — | 12 | pF
R e e aony ™™ Voo = 50V ~ 05 — wo

Voo =5.0V, C_ = 12 pF

. . , @ 20 MHz, HSEGAIN = 0
Resr Equivalent Series Resistance — — | 110 Q
VDD =25 V, CL =12 pF

@ 20 MHz, HSEGAIN = 1

Duse HSE Oscillator Duty Cycle — 40 — 60 %
VDD =50 V, RESR =100 Q, - 0.85 -
looree HSE Oscillator Current C.=12 pF @ 8 MHz, HSEGAIN =0 mA
Consumption Voo = 5.0V, Resr = 25 Q, . 3.0 .
C.=12 pF @ 20 MHz, HSEGAIN =1
leworse | HSE Oscillator Power Down Current | Vpp = 5.0 V — — 10.01] pA
tsunse HSE Oscillator Startup Time Voo =5.0V — — 4 ms

Table 12. Low Speed External Clock (LSE) Characteristics
Ta= 25 °C, unless otherwise specified.

Symbol Parameter Conditions Min | Typ | Max | Unit

Voo Operation Range To=-40°C~85°C 2.5 — 55 \%

fek Lse LSE Frequency Vop =25V ~55V — 132768 — kHz

R Internal Feedback Resistor — — 10 — MQ

Resr Equivalent Series Resistance Vpp =5.0V 30 — TBD | kQ

C. Recommended Load Capacitances |Vpp =5.0V 6 — TBD | pF
fek_Lse = 32.768 kHz, Resr = 50 kQ,

Oscillator Supply Current

(High current mode) C.27pF, Vop =25V ~55YV, — 4.0 5.6 MA

Ta=-40°C~85°C
fCKiLSE =32.768 kHZ, RESR =50 kQ,

IDDLSE

Oscillator Supply Current

(Low Current Mode) .?Lf ZlglzCVEDBZ Eg V~55V, - 36 45 | pA
= -
Power Down Current — — — 0.01 WA
Startup Time fek Lsi = 32.768 kHz,
lsuse | (| ow Current Mode) Vop =25V ~55V 50 ) — | — | ms

Note: The following guidelines are recommended to increase the stability of the crystal circuit of the HSE/LSE
clock in the PCB layout:

1. The crystal oscillator should be located as close as possible to the MCU to keep the trace lengths as
short as possible to reduce any parasitic capacitance.

2. Shield lines in the vicinity of the crystal by using a ground plane to isolate signals and reduce noise.
3. Keep any high frequency signal lines away from the crystal area to prevent any crosstalk adverse effects.
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Internal Clock Characteristics
Table 13. High Speed Internal Clock (HSI) Characteristics

Ta = 25 °C, unless otherwise specified.
Symbol Parameter Conditions Min. Typ. Max. Unit
Voo Operation Range Ta=-40°C~85°C 25 — 5.5 \Y
fusi HSI Frequency Vop =50V, Ta=25°C — 20 — MHz
) . Voo =5V @ 25 °C -2 — 2 %
ACCis Efgtzrgnga%)rated HSI Oscillator Voo =25V ~55V .
dueney Acedracy Ta=-40 °C ~ 85 °C S 3 &
Duty Duty Cycle fust = 20 MHz 35 — 65 %
oo, Oscillator Supply Current fus = 20 MHz — — 140 A
Power Down Current @Vop=25V~55V — — 0.01 pA
Tsuns! Startup Time fusi = 20 MHz — — 20 us

Table 14. Low Speed Internal Clock (LSI) Characteristics

Ta = 25 °C, unless otherwise specified.

Symbol Parameter Conditions Min. Typ. Max. Unit
Voo Operation Range TA=-40°C~85°C 25 — 5.5 \Y
Low Speed Internal Oscillator Vop=5.0V,
fus Frequency (LSI) Ta=-40°C~85°C 21 32 43 kHz
ACCis | LSI Frequency Accuracy After factory-trimmed, 0 | — | +10 | %
Voo =5.0V
IooLs LSI Oscillator Operating Current | Vpp =5.0V — 0.5 0.8 MA
tsuLsi LSI Oscillator Startup Time Vpp =5.0V — — 100 us

Memory Characteristics

Table 15. Flash Memory Characteristics

Ta = 25 °C, unless otherwise specified.

Symbol Parameter Conditions Min. | Typ. | Max. Unit
oo |Gy vtore e (cranee) - 00850 | 20 | — | — | Kok
trer Data Retention Time To=-40°C~85°C 10 — — Years
teroG Word Programming Time Ta=-40°C~85°C 20 — — us
terase Page Erase Time Ta=-40°C~85°C 2 — — ms
tmerase Mass Erase Time Ta=-40°C~85°C 10 — — ms
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/0 Port Characteristics

Table 16. 1/0 Port Characteristics

Ta = 25 °C, unless otherwise specified.

Symbol Parameter Conditions Min. | Typ. @ Max. | Unit
5.0V 1/0 = -chi - — — 3 A
I Low Level Input Current _ Vi = Vss, On-chip pull-up K
Reset pin | resister disabled. — — 3 HA
5.0V 1/0 = -chi - — — 3 A
Iin High Level Input Current - Vi .VDD' Qn chip pull-down H
Reset pin | resister disabled. — — 3 WA
5.0V 1/0 -0.5 — 835 Y,
Vi Low Level Input Voltage 0 3[:
Reset pin -0.5 — N V V
DD
5.0V 1/0 eV I R Y
Vin High Level Input Voltage o0 :
Reset pin 335 — +V0DD5 \Y
DD .
o 5.0V 1/0 A I Y
Vv Schmitt Trigger Input Volt- Voo
HYs age Hysteresis . 0.12 x
Reset pin — Vv — mV
DD
5.0V I/O 4 mAdrive, VoL =0.6 V 4 — — mA
| Low Level Output Current |9.0 V 1/O 8 mAdrive, VoL =0.6 V 8 — — mA
o (GPIO Sink Current) 5.0 V 1/0 12 mA drive, Vo, = 0.6 V 12 — | — | mA
5.0V 1/O 16 mA drive, Vo= 0.6 V 16 — — mA
5.0 V I/O 4 mAdrive, Voy = Vpp - 0.6 V — 4 — mA
| High Level Output Current | 9.0 V 1/O 8 mAdrive, Voy = Vpp - 0.6 V — 8 — mA
o (GPIO Source Current) 50V /0 12 mAdrive, Vou=Vop-06V | — | 12 | — | mA
5.0V I/O 16 mAdrive, Vo =Vpp-06V | — 16 — mA
5.0 V4 mAdrive I/O, lo. =4 mA — — 0.6 Vv
5.0 V 8 mAdrive I/O, lo. = 8 mA — — 0.6 Vv
VoL Low Level Output Voltage -
5.0V 12 mAdrive I/O, lo. = 12 mA — — 0.6 \Y,
5.0 V 16 mA drive I/O, lo. = 16 mA — — 0.6 \Y,
5.0 V 4 mAdrive I/O, loy = 4 mA \g“é' — — %
5.0 V 8 mAdrive I/O, lon = 8 mA \83% — — V
Vo High Level Output Voltage v '
5.0 V 12 mA drive 1/O, loy = 12 mA ;%‘ — — v
5.0 V 16 mA drive I/O, loy = 16 mA VOD%' — — \Y
. Voo = 5.0V — 50 — kQ
Rpy Internal Pull-up Resistor
Voo = 3.3V — 76 — kQ
) Vop =5.0V — 50 — kQ
Rep Internal Pull-down Resistor
Vop =3.3V — 76 — kQ
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ADC Characteristics

Table 17. ADC Characteristics
Ta = 25 °C, unless otherwise specified.

Symbol Parameter Conditions Min. | Typ. | Max. Unit
Vbba Operating Voltage — 2.5 5.0 5.5 Vv
Vapcin A/D Converter Input Voltage Range — 0 — Vrer+ \%
Vrker+ A/D Converter Reference Voltage — — Vooa | Vopa \
lanc Current Consumption Vooa=5.0V — 14 1.5 mA
laoc o Power Down Current Consumption Vooa=5.0V — — 0.1 MA
faoc A/D Converter Clock — 0.7 — 16 MHz
fs Sampling Rate — 0.05 — 1 Msps
to Data Latency — — 125 | — é)//chlZCs
tsam Sampling & Hold Time — — 35 — inoc

Cycles
tancconv |A/D Converter Conversion Time ADST[7:0] =2 — 16 — C:;E[;Cs
R Input Sampling Switch Resistance — — — 1 kQ
Ci Input Sampling Capacitance il;ll?:lsline/gad capacitance — 4 — pF
tsu Startup Time — — — 1 us
N Resolution — — 12 — bits
INL Integral Non-linearity Error fs = 750 ksps, Vppa = 5.0 V — +2 5 LSB
DNL Differential Non-linearity Error fs = 750 ksps, Vopa = 5.0 V — +1 — LSB
Eo Offset Error — — — +10 LSB
Ec Gain Error — — — +10 LSB

Note: 1. Data based on characterization results only, not tested in production.

2. Due to the A/D Converter input channel and GPIO pin-shared function design limitation, the Vppa supply
power of the A/D Converter has to be equal to the Vpp supply power of the MCU in the application circuit.

3. The figure below shows the equivalent circuit of the A/D Converter Sample-and-Hold input stage where C,
is the storage capacitor, R, is the resistance of the sampling switch and Rs is the output impedance of the
signal source Vs. Normally the sampling phase duration is approximately, 3.5/faoc. The capacitance, C,,
must be charged within this time frame and it must be ensured that the voltage at its terminals becomes
sufficiently close to Vs for accuracy. To guarantee this, Rs is not allowed to have an arbitrarily large value.

SAR ADC

sample

Figure 9. ADC Sampling Network Model
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The worst case occurs when the extremities of the input range (0 V and Vgr) are sampled consecutively.
In this situation a sampling error below ¥4 LSB is ensured by using the following equation:

Rg<__ 35
fADCclln(2N+2)

Where fipc is the ADC clock frequency and N is the ADC resolution (N = 12 in this case). A safe
margin should be considered due to the pin/pad parasitic capacitances, which are not accounted for
in this simple model.

If, in a system where the A/D Converter is used, there are no rail-to-rail input voltage variations between
consecutive sampling phases, Rs may be larger than the value indicated by the equation above.

GPTM/PWM Characteristics
Table 18. GPTM/PWM Characteristics

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
frm Timer Clock Source for GPTM and PWM — — — feoik MHz
tres Timer Resolution Time — 1 — — frm
fext External Single Frequency on Channel 0 ~ 3 — — — 1/2 frm
RES Timer Resolution — — — 16 bits

I’C Characteristics
Table 19. 1°C Characteristics

Symbol Parameter Sta.ndard Mode I-=ast Mode Faist Mode Plus Unit
Min. Max. Min. Max. Min. Max.

fscL SCL Clock Frequency — 100 — 400 — 1000 kHz
tscLm) SCL Clock High Time 45 — 1.125 — 0.45 — Js
tscLw SCL Clock Low Time 4.5 — 1.125 — 0.45 — us
teaiL SCL and SDA Fall Time — 1.3 — 0.34 — 0.135 Js
trise SCL and SDA Rise Time — 1.3 — 0.34 — 0.135 us
tsuison) SDA Data Setup Time 500 — 125 — 50 — ns

SDA Data Hold Time® 0 — 0 — 0 — ns
1% SDA Data Hold Time® 100 — 100 — 100 — ns
tvp(soa) SDA Data Valid Time — 1.6 — 0.475 — 0.25 us
tsuisTa) START Condition Setup Time 500 — 125 — 50 — ns
thisTa) START Condition Hold Time 0 — 0 — 0 — ns
tsuisto) STOP Condition Setup Time 500 — 125 — 50 — ns

Note: 1. Data based on characterization results only, not tested in production.

2. To achieve 100 kHz standard mode, the peripheral clock frequency must be higher than 2 MHz.

3. To achieve 400 kHz fast mode, the peripheral clock frequency must be higher than 8 MHz.

4. To achieve 1 MHz fast mode plus, the peripheral clock frequency must be higher than 20 MHz.

5. The above characteristic parameters of the 1°C bus timing are based on: COMBFILTEREN = 0 and
SEQFILTER = 00.

6. The above characteristic parameters of the 1°C bus timing are based on: COMBFILTEREN = 1 and
SEQFILTER =00
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tscL(Hy : :
tvp(spa) ﬂ—b: |
th(spa) H—H |<—P| tsu(soa)
|

Figure 10. I’C Timing Diagrams

SPI Characteristics

Table 20. SPI Characteristics
Symbol ‘ Parameter Conditions ‘ Min. ‘ Typ. ‘ Max. ‘ Unit
SPI Master Mode

foo SPI Master Output SCK Clock Master mode, SPI peripheral | — ool | MHz

Frequency clock frequency fecik

EEEE:) SCK Clock High and Low Time _ bod2 | teed2 | g
tvmo) Data Output Valid Time — — — 5 ns
tovo) Data Output Hold Time — 2 — _ ns
tsuqn Data Input Setup Time — 5 _ _ ns
thovn Data Input Hold Time — 5 _ . ns
SPI Slave Mode

fsck SPI Slave Input SCK Clock Frequency fllc‘)?‘c\:llf fgzcl’znislfpif:pheral — — | fpck/3 | MHz
Dutysck | SPI Slave Input SCK Clock Duty Cycle — 30 — 70 %
tsu(ser) SEL Enable Setup Time — 3teok | — — ns
thser) SEL Enable Hold Time — 2took | — _ ns
taso) Data Output Access Time — — — | 3teax| ns
tois(so) Data Output Disable Time — — _ 10 ns
tviso) Data Output Valid Time — — — 25 ns
th(so) Data Output Hold Time — 15 — — ns
tsusn Data Input Setup Time — 5 — _ ns
thes)) Data Input Hold Time — 4 _ _ ns

Note: 1. fsck is SPI output/input clock frequency and tsck = 1/fsck.
2. frak is SPI peripheral clock frequency and tecik = 1/fecik-
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Figure 11. SPI Timing Diagrams — SPI Master Mode
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Figure 12. SPI Timing Diagrams — SPI Slave Mode with CPHA=1
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6 Package Information

Note that the package information provided here is for consultation purposes only. As this
information may be updated at regular intervals users are reminded to consult the Holtek website for
the latest version of the Package Information.

Additional supplementary information with regard to packaging is listed below. Click on the
relevant section to be transferred to the relevant website page.

e Package Information (include Outline Dimensions, Product Tape and Reel Specifications)
® The Operation Instruction of Packing Materials

e Carton information
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24-pin SSOP (150mil) Outline Dimensions
HAAAAAAAAAAN
24 13

A B

12

.
EEELELEEEREE:

Dimensions in inch
Symbol -

Min. ‘ Nom. ‘ Max.
A 0.236 BSC
B 0.154 BSC
C 0.008 — 0.012
(0% 0.341 BSC
D — | — | 0.069
E 0.025 BSC
F 0.004 — 0.010
G 0.016 — 0.050
H 0.004 — 0.010
a 0° — 8°

Dimensions in mm
Symbol -

Min. ‘ Nom. ‘ Max.
A 6.00 BSC
B 3.90 BSC
C 0.20 — 0.30
(0% 8.66 BSC
D — | — | 1.75
E 0.635 BSC
F 0.10 — 0.25
G 0.41 — 1.27
H 0.10 — 0.25
a 0° — 8°
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28-pin SSOP (150mil) Outline Dimensions
fHHAAAAAARAAABE
28 15

A B

1 14)]|
SEEREEEEEEEELE
c

E@

Dimensions in inch
Symbol -

Min. Nom. Max.
A 0.236 BSC
B 0.154 BSC
C 0.008 | — | 0.012
(0% 0.390 BSC
D — | — | 0.069
E 0.025 BSC
F 0.004 — 0.010
G 0.016 — 0.050
H 0.004 — 0.010
a 0° — 8°

Dimensions in mm
Symbol -

Min. ‘ Nom. ‘ Max.
A 6.00 BSC
B 3.90 BSC
C 0.20 | — | 0.30
(0% 9.90 BSC
D — | — | 1.75
E 0.635BSC
F 0.10 — 0.25
G 0.41 — 1.27
H 0.10 — 0.25
a 0° — 8°
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SAW Type 24-pin QFN (3mmx3mmx0.55mm) Outline Dimensions

T - D2 K
’_D 19 2
a FeQUU0WUUQ
D SE]
TP ‘ d
“’fﬂ ,+, . m
o ) gd
| D | d
“lsp -
aNaNanNaNalB/S
12| 7
A1 L1
A3

Dimensions in inch
Symbol .
Min. Nom. Max.
A 0.020 0.022 0.024
A1 0.000 0.001 0.002
A3 0.006 REF
b 0.006 0.008 0.010
b1 0.014 0.016 0.018
D 0.118 BSC
E 0.118 BSC
e 0.016 BSC
el 0.020 BSC
D2 0.073 — 0.077
E2 0.073 — 0.077
L 0.006 0.010 0.014
L1 0.008 0.010 0.012
K 0.008 — —
T 0.000 0.002 0.004
Dimensions in mm
Symbol .
Min. Nom. Max.
A 0.50 0.55 0.60
A1 0.00 0.02 0.05
A3 0.15 REF
b 0.15 0.20 0.25
b1 0.35 0.40 0.45
D 3.00 BSC
E 3.00 BSC
e 0.40 BSC
el 0.50 BSC
D2 1.85 — 1.95
E2 1.85 — 1.95
L 0.15 0.25 0.35
L1 0.20 0.25 0.30
K 0.20 — —
T 0.00 0.05 0.10
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SAW Type 33-pin QFN (4mmx4mmx0.75mm) Outline Dimensions

D2

‘ 25 ‘ 32
! © HUuUuooooo
‘ I 24[] ! (g
| 1 | [
— ‘ —
_t V- — - — [} — - —;———7337———[:—— S
| ]
o | ‘ -
! - ! O
‘ —Y 17 ] ‘ s
‘ L OO0 nm
‘ Al ° ‘ ’
D A3 L K
A
Dimensions in inch
Symbol -
Min. Nom. Max.
A 0.028 0.030 0.031
A1 0.000 0.001 0.002
A3 0.008 REF
b 0.006 0.008 0.010
D 0.157 BSC
E 0.157 BSC
0.016 BSC
D2 0.100 — 0.108
E2 0.100 — 0.108
L 0.014 0.016 0.018
K 0.008 — —
Dimensions in mm
Symbol -
Min. Nom. Max.
A 0.70 0.75 0.80
A1 0.00 0.02 0.05
A3 0.203 REF
b 0.15 0.20 0.25
D 4.00 BSC
E 4.00 BSC
0.40 BSC
D2 2.55 — 2.75
E2 2.55 — 2.75
L 0.35 0.40 0.45
K 0.20 — —
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oo
M—— S
— e m—
—— ——
== —
—— .
% &
X — — ° 13
AT,
Symbol : Dimensions in inch
Min. ‘ Nom. Max.
A 0.354 BSC
B 0.276 BSC
c 0.354 BSC
D 0.276 BSC
E 0.020 BSC
F 0.007 0.009 0.011
G 0.053 0.055 0.057
" — — 0.063
' 0.002 — 0.006
J 0.018 0.024 0.030
K 0.004 — 0.008
a 0° _ 2o
Symbol : Dimensions in mm
Min. Nom. Max.
A 9.00 BSC
B 7.00 BSC
c 9.00 BSC
D 7.00 BSC
E 0.50 BSC
F 0.17 022 027
G 1.35 1.40 145
" — — 1.60
' 0.05 — 0.15
J 0.45 0.60 0.75
K 0.09 _ 0.20
a 0° _ =
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The information provided in this document has been produced with reasonable care and attention
before publication, however, HOLTEK does not guarantee that the information is completely
accurate. The information contained in this publication is provided for reference only and may
be superseded by updates. HOLTEK disclaims any expressed, implied or statutory warranties,
including but not limited to suitability for commercialization, satisfactory quality, specifications,
characteristics, functions, fithess for a particular purpose, and non-infringement of any third-
party’s rights. HOLTEK disclaims all liability arising from the information and its application. In
addition, HOLTEK does not recommend the use of HOLTEK’s products where there is a risk of
personal hazard due to malfunction or other reasons. HOLTEK hereby declares that it does not
authorise the use of these products in life-saving, life-sustaining or safety critical components.
Any use of HOLTEK'’s products in life-saving/sustaining or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and hold HOLTEK harmless from
any damages, claims, suits, or expenses resulting from such use. The information provided in
this document, including but not limited to the content, data, examples, materials, graphs, and
trademarks, is the intellectual property of HOLTEK (and its licensors, where applicable) and is
protected by copyright law and other intellectual property laws. No license, express or implied,
to any intellectual property right, is granted by HOLTEK herein. HOLTEK reserves the right to
revise the information described in the document at any time without prior notice. For the latest
information, please contact us.
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