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Attention: 

1̡ HYCON Technology Corp. reserves the right to change the content of this datasheet 

without further notice. For most up-to-date information, please constantly visit our 

website: http://www.hycontek.com . 

2̡ HYCON Technology Corp. is not responsible for problems caused by figures or 

application circuits narrated herein whose related industrial properties belong to third 

parties. 

3̡ Specifications of any HYCON Technology Corp. products detailed or contained herein 

stipulate the performance, characteristics, and functions of the specified products in the 

independent state. We does not guarantee of the performance, characteristics, and 

functions of the specified products as placed in the customerôs products or equipment. 

Constant and sufficient verification and evaluation is highly advised. 

4̡ Please note the operating conditions of input voltage, output voltage and load current 

and ensure the IC internal power consumption does not exceed that of package 

tolerance. HYCON Technology Corp. assumes no responsibility for equipment failures 

that resulted from using products at values that exceed, even momentarily, rated values 

listed in products specifications of HYCON products specified herein. 

5̡ Notwithstanding this product has built-in ESD protection circuit, please do not exert 

excessive static electricity to protection circuit. 

6̡ Products specified or contained herein cannot be employed in applications which 

require extremely high levels of reliability, such as device or equipment affecting the 

human body, health/medical equipments, security systems, or any apparatus installed in 

aircrafts and other vehicles. 

7̡ Despite the fact that HYCON Technology Corp. endeavors to enhance product quality 

as well as reliability in every possible way, failure or malfunction of semiconductor 

products may happen. Hence, users are strongly recommended to comply with safety 

design including redundancy and fire-precaution equipments to prevent any accidents 

and fires that may follow. 

8̡ Use of the information described herein for other purposes and/or reproduction or 

copying without the permission of HYCON Technology Corp. is strictly prohibited. 
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1. CHIP OVERVIEW 

1.1. Brief introduction 

The HY16F19xB Series is a low-power and high-precision mixed signal micro 

controller (MCU) with LCD driver (Liquid Crystal Display), and is applicable to perform 

high-precision measurement and control; besides, the controller can work in a wide voltage 

range (2.2V-3.6V) and the clock of the controller can be up to 16MHz; further, the controller 

has a built-in 64/32/16kbyte embedded Flash ROM and a 8/4/2kbyte SRAM.  The 

HY16F19xB series products integrate a high-precision 24-bit ɗɉ  A/D converter, 

Rail-to-Rail OPAMP, 8-bit D/A converter, Hardware RTC and Multi-Comparator; moreover, 

the HY16F19xB series products provide high-performance peripheral interfaces, such as 

the EAURT, SPI, I2C, GPIO and built-in power management system, etc., and support 

low-voltage detection and multiple peripheral interface wake-up functions.  The 

HY16F19xB series products are of low voltage, low power, low stand-by current, high 

integrity and high efficient operation, and support the 32-bit micro controller of the C/C++ 

development platform.  Therefore, the HY16F19xB series products can provide various 

resources for designers to design a low-current and low-cost mixed signal processing 

system. 

    The AFE circuit of the controller includes an 8-bit resistance ladder, a Rail-to-Rail 

OPAMP and a Rail-to-Rail input comparator.  In particular, 8-bit resistance ladder has 

monotonicity, which is a step resistor, and the least significant bit (LSB) is close to 730 ohm 

and the resistor has the low-temperature coefficient. The Rail-to-Rail OPAMP has an input 

network, which is applicable for the differential analog circuit configuration, such as 

integrator, current-to-voltage converter, programmable gain amplifier and successive 

approximation A/D converter.  The Rail-to-Rail input comparator can continuously monitor 

analog signals by extremely low power consumption; thus, it can serves as a power supply 

voltage monitor, external wake-up triggering source or capacitive touch key driver. 

The 24 bits A/D converter with extremely low noise is embedded.  Its maximal output 

rate is 10.24KSPS, its ENOB (Effective number of bit) is 21, and its minimal resolvable 

signal is 65nV RMS Noise (Root- Mean- Square).  The programmable gain amplifier with 

low noise is used with the A/D converter together and the maximal gain is 128 times 

magnification.  There is a built-in 4-bit A/D converter at the input of the A/D converter to 

expand the measurement range. 

  

http://www.hycontek.com/


 
HY16F196B/HY16F197B/HY16F198B Userôs Guide 
21-bit ENOB ɆȹADC,32-bit MCU & 64 KB Flash 
4X36~6X34 LCD Driver 

                              

 

©  2017-2021 HYCON Technology Corp 
www.hycontek.com     

 UG-HY16F198B-V05_EN 

page11 

 

The power management provides selectable analogous regulating voltage, which can 

serve as reference voltage source or the power supply of a transducer.  The working 

power source of the core of the CPU is also provided by the internal linear stabilized power 

supply.  The charge pump is used to block the power interference from the system. 

64Kbyte embedded Flash ROM can be used to execute programs or store data; the 

data can be still stored into the Flash ROM even if the Flash ROM is executing a program.  

A built-in 8kbyte SRAM is provided for the system to use. 

The core of the 32-bit high-performance mixed signal micro controller can execute an 

instruction during each clock cycle, which can be up to 20MIPS (Millions of Instructions per 

Second) and conform to low power consumption indicator.  HYCON Technology provides 

convenient programming tools for users to write programs by C/C++ language or assembly 

language in the development platform.  The chip has the circuit simulation function and 

provides a good environment for troubleshooting.  The chip can work in 2.2V to 3.6V and 

-40  to 85 . 
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1.2. Type description table 

The bit type description table of the register 

Setting 
type 

Description Initial value 

- No Use  

RSV. Reserve  

X Unknown  

W Write  

R Read  

R0 Only Read 0  

R1 Only Read 1  

W0 Only Write 0  

W1 Only Write 0  

RW-0 Read/ Write Initial 0 

RW-1 Read/ Write Initial 1 

R0W-0 Read 0/ Write Initial 0 

R1W-1 Read 1/ Write Initial 1 

R-X Read  Initial 1 or 0  Unknown 

[ ] Register length  

< > Register value   

ABC[7:0] ABC register had 0 
to 7bit 

 

ABC<111> ABC register had 
3bit and value had 
111 of binary 

 

ABC<11x> x : can be 
neglected, it can be 
set as 1 or 0 
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2. FUNCTION OVERVIEW 

2.1. Block diagram 

N8

32-bit MCU

16KB~64KB

Flash

2KB~8KB

SRAM

UART *2 I2C32-bit SPI

Reset Control

Bandgap
Watch Dog

Debug 

Module

Power 

Management

24-bit ADC
Low Noise

PGA
Analog

Comparator

Rail-to-Rail 

OPAMP

8-bit DAC
4*36 LCD 

Controller
Charge Pump

Hardware

RTC

TimerA/B/C

TimerB2

4ch PWM

Clock System

 

FIG. 2-1 Chip function structure diagram 
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2.2. CPU core block diagram 

32-bit N801 Core

Load/Store 

Unit
Instruction 

Fetch

Boost ROM

Flash ROM

Digital

IP

Analog

IP

Sensor

IP

Communication

IP

EDM

Bus Interface Unit

SRAM

2-wire debug port

APB

 

FIG. 2-2 CPU core block diagram 

http://www.hycontek.com/


 
HY16F196B/HY16F197B/HY16F198B Userôs Guide 
21-bit ENOB ɆȹADC,32-bit MCU & 64 KB Flash 
4X36~6X34 LCD Driver 

                              

 

©  2017-2021 HYCON Technology Corp 
www.hycontek.com     

 UG-HY16F198B-V05_EN 

page15 

 

3. MEMORY STRUCTURE 

3.1. Memory description 

The core of the CPU (Central Processing Unit) of HY16F19xB series products is Andes 

N801 32-bit CPU.  The allocation of the memory addresses of the micro controller is as 

follows: 

 

0x00000 to 0x01FFF Static random-access memory (SRAM) (8K Byte) 

0x40000 to 0x4FFFF SOC Register 

0x80000 to 0x81FFF Boot ROM (8K Byte) : Support (Timeout Entry) 4-WIRE and 

(CheckPin Entry) 5-WIRE UART interface ROM ISP Bootloader function. The default 

setting is DISABLE status. User can use HY16F Writer(Or IC programming service) to 

ENABLE ROM ISP Bootloader function. 

0x90000 to 0x9FFFF Main Program Flash ROM (64K Byte) 

 

0X00000

SRAM

8KB

0X40000

SOC

Register

0X80000

Boot ROM

8KB

0X90000

Start Up Code

Flash ROM

Data Flash

EEPROM

Original built-in standard 

(1) ISP Bootloader (UART) Burn function 

(CheckPin Entry) 5-WIRE UART : 

PT2.0=TX, PT2.1=RX, PT2.2=ISP pin

(If power on PT2.2=Low, enter Bootloader Mode) 

(Timeout Entry) 4-WIRE UART : 

PT2.0=TX, PT2.1=RX

(If power on receive UART command, enter Bootloader Mode) 

(2) Encryption function (user can not modify)

Data memory (self-burning)

the configuration can be defined in any position

User program development space C / ASM

Contains the interrupt handler stack initialization action.

Written in assembly is completed.

According actual space planning and adjustment.

 

FIG. 3-1 Memory address allocation diagram 
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3.2. Memory address 

The detailed address allocation of the SOC registers of the micro controller is as 

follows: 

Function 

module 
Description Base Address 

INT Interrupt control Flag 0x40000 

SoC System control register 0x40100 

CLK Clock system control register 0x40300 

PMU Power management control register 0x40400 

MC Memory controller register 0x40600 

PIO GPIO port control register 0x40800 

TMR Timer register 0x40C00 

UART UART mode control register 0x40E00 

SPI SPI mode control register  0x40F00 

I2C I2C mode control register 0x41000 

ADC Analog-to-Digital module control register 0x41100 

8-bit 

resistance 

ladder 

Digital-to-Analog module control register 0x41700 

CMP Comparator network module control register 0x41800 

OPAMP Operational amplifier control register 0x41900 

RTC Real time clock control register) 0x41A00 

LCD LCD driver control register 0x41B00 

Table 3-1 SOC registers 

 

Some important registers have MASK bits, as describe in FIG. 3.3.  MASK is used to 

control written-in bits; only when the MASK bit corresponding to the control bit is <1>, the 

corresponding control bit can be written in, or the written-in operation will be invalid and 

cannot actually modify the value of the register, as shown in FIG. 3-2. 

The total length of a register is 32-bit and most registers have 16 MASK bits.  The 

MASK bits include two 8-bit groups, and each 8-bit group controls corresponding 8 control 

register bits.  According to the content allocation of a register: BIT [31:24] controls BIT 

[23:16], and BIT [15:8] controls BIT [7:0].  Only when the MASK bit is <1>, the 

corresponding control bit can be validly written in. 
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For example, if a user wants to write 101010b in BIT [5:0] and the write value of the 

register should be: 0011111100101010b, where 00111111b are the MASK bits of BIT [5:0] 

and can make written-in corresponding control bits valid; and 00101010b are the values 

written in BIT [5:0]. 

INT Base Address + 0x10 (0x40010) 

Symbol INTPT1 (PT1 Interrupt Control Register) 

Bit [31:24] [23] [22] [21] [20] [19] [18] [17] [16] 

Name MASK PT17IE PT16IE PT15IE PT14IE PT13IE PT12IE PT11IE PT10IE 

RW R0W-0 RW-0 

Bit [15:08] [7] [6] [5] [4] [3] [2] [1] [0] 

Name MASK PT17IF PT16IF PT15IF PT14IF PT13IF PT12IF PT11IF PT10IF 

RW R0W-0 RW0-0 

FIG. 3-2 Basic structure of register 

 

3.3. Static random-access memory (SRAM) 

HY16F198B has an 8Kbyte SRAM. The initial address is from 0x00000 to 0x01FFF.  

MCU can select to access one byte, half word or one word. MCU can access one word 

during each clock cycle. 

 

3.4. Flash ROM 

HY16F198B has a 64Kbyte embedded Flash ROM. The initial value is from 0x90000 to 

0x9FFFF. User programmable codes are stored in the Flash ROM.  A user needs to use 

CPU instructions to read and write the Flash ROM if wanting to edit the program codes of 

the Flash ROM. The user can store data at any positions between the blocks. 

 

3.5. Bus interface unit 

Regarding the structure of a bus, the reading and writing of the register are controlled 

by a 32-bit advanced peripheral bus (APB), which can write in 32-bit data during each clock 

cycle. In order to prevent from the existing data be covered when writing in new data, the 

user can use the MASK function to finish the operation. 

As described in FIG. 3.3, the original data in BIT[7:0] of the register are 10101010b, 

and the written-in data are made valid via the MASK bits; when 0000111101010101b are 

written in BIT[15:0], the result will be 0000000010100101b, which means the MASK bit can 

only be set as 1b and the read value will be 0b; when 0101b are written in BIT[7:4], but the 

definition of BIT[15:12] is 0000b; therefore, it means the write values of BIT[7:4] are invalid; 

when 0101b are written in BIT[3:0] and the definition of MASK BIT[11:8] is 1111b; therefore, 

it means the write values of BIT[3:0] can be valid. 
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1 0 1 0 1 0 1 0

MASK Byte

Original Data Byte

0 1 0 1 0 1 0 1

Result

1 0 1 0 0 1 0 1

0 0 0 0 1 1 1 1

Write Data Byte
Write instruction

0XAA

0X0F55

0XA5

 

FIG. 3-3 Data flow structure 

3.6. Boot ROM 

8Kbyte Boot ROM is provided, and the initial value is from 0x80000 to 0x81FFF. The 

blocks are for boot codes, flash codes and security codes. When the chip is reset, the 

program timer will start from 0x80000. The software of the Boot ROM includes much 

information, such as system program protocol, security protocol and the like. 

 

3.7. Embedded debug module (EDM) 

The embedded debug module (EDM) is a debug interface which can be used by the 

chip in the development environment. When the chip has no security protection, the user 

can transmit instructions to the MCU via EDM interface to read the information of the debug 

mode. EDM is the bridge of the communication between the chip and the computer The PC 

USB and the chip EDM are connected via HY16F Mini Link by only using a two-wire 

protocol interface. EDM can access the control register, general GPR register, SRAM DLM 

and Flash ROM ILM of a chip. 

AndeSight

IDE 

HY16F

Mini Link
USB2.0 2-Wire

HY16F19X

32-bit MCU

PC/NB/Tablet

E
D

M

 

FIG. 3-4 Chip development connection diagram 

http://www.hycontek.com/


 
HY16F196B/HY16F197B/HY16F198B Userôs Guide 
21-bit ENOB ɆȹADC,32-bit MCU & 64 KB Flash 
4X36~6X34 LCD Driver 

                              

 

©  2017-2021 HYCON Technology Corp 
www.hycontek.com     

 UG-HY16F198B-V05_EN 

page19 

 

4. SOC REGISTER 

4.1. Overall description 

Manage the operating mode of the system and the reset status of the chip, such as 

WDT, external reset, under voltage reset, etc. 

4.2. Register address 

 

SoC Status Register Address 31 24 23 16 15 8 7 0 

SoC Status Base Address + 0x04(0x40104) - - MASK0 REG0 

-Reserved 

 

4.3. Register function 

Operate the register SoC 0x40104 [4] can set the operating mode of the system as 

SLEEP mode/IDLE mode. The user can check the register SoC 0x40104[3] to understand 

what the current operating mode of the system is. The setting of the operating mode of the 

chip will be specified at the chapter 31. 

 

4.3.1. SOC register 

 

SoC Status Base Address + 0x04 (0x40104) 

Symbol SoC Status Register 

Bit [31:24] [23:16] 

Name ICE Configuration SoC Configuration  

RW R-0x0F R-0x1C 

Bit [15:8] [7] [6] [5] [4] [3] [2] [1] [0] 

Name MASK - FPRG FCRst IDLE FSLP/IDLE FWDog FRST FBOR 

RW R0W-0 RW-0 RW0-0 RW-0 RW0-0 RW0-1 

 

Bit Name Description 

Bit[06] FPRG 

Power Good Flag 

0 Normal 

1 Power Good has already been triggered before. 

Bit[05] FCRST 

CPU Core Reset Flag 

0 Normal 

1 ICP Core has already been triggered before. 

Bit[04] IDLE 

IDLE Mode Control Bit 

0 Sleep Mode 

1 IDLE Mode 

Bit[03] FSLP/IDLE 

Sleep/Idle Flag 

(Low voltage reset or reset circuit reset can reset the bit.) 
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0 Normal 

1 Sleep Mode or Idle Mode 

Bit[02] FWDT 

WDT Flag (Low voltage reset or external reset can clear the bit.) 

0 Normal 

1 WDT is reset or interrupted. 

Bit[01] FRST 

External Reset Flag (Low voltage reset (BOR) can clear the bit.) 

0 Normal 

1 Reset PIN or ICP software reset has occurred. 

Bit[00] FBOR 

Low Voltage Reset (BOR) Flag (The bit will be automatically cleared after 

the voltage of the chip is higher than 1.8V.) 

0 Normal 

1 Low voltage reset has occurred. 
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5. POWER MANAGEMENT 

5.1. Overall description 

Power management module includes a charge pump regulator, a wide BandGap 

reference, a narrow BandGap reference, a VDDA LDO, a VDD18 LDO and a reference 

output buffer. Chip VDD3V can work by only one voltage source between 2.2V and 3.6V.  

The power system can be classified into three parts: I/O circuit, analog circuit, and digital 

circuit. The power supply of the I/O circuit is driven by VDD3V. The power supply of the 

analog circuit is driven by the internal VDDA LDO. Finally, the power supply of the digital 

circuit is driven by VDD18 LDO. 

When the MCU is under IDLE mode, it will use lowest power consumption to perform 

the memory operation of the register and the SRAM. During the IDLE mode, the wide 

BandGap reference, BOR and VDD18 LDO are enabled. If the MCU is under the automatic 

wake-up mode, the low-speed oscillator should be enabled. 

 

Charge Pump + Regulator

(CP_O ~ 3.3V)

CP_I CP_OCL CH

CHPCK

ENCHP

LCD Charge 

Pump

(2.6/2.8/3.0/3.3)

VLCDVDD3V

LCD_CLK

EN_LCD_CP Regulator

VDD18

VDDA

LCDV[1:0]

REFOREFO

Buf

VDAS[0]

ENBGR[0]

ENVA[0]

EN_REFO

PT3.6_ENI
REFO_I

EN_REFO

1uF 10ɛF 10ɛF

1ɛF

1ɛF

0.1ɛF

BGR

ACM

Buf

VDDA

0

1 ACMS[0]

ACMS[0]

ADC common 

voltage

10ɛF

VDDA

(2.4/2.7/3.0/3.3)

VSS

 

FIG. 5-1 Function block diagram 
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Chip operating voltages VDD3V and VDD18 

The operating voltage of the chip is inputted via the pin VDD3V, and the voltage range 

is 2.2V~3.6V; besides, the pin should be connected to a 10uF ground capacitor, which can 

make VDD3V become more stable. If the operating voltage of the chip is used to drive a 

high current load, the operating voltage of the chip may be decreased and the chip may be 

reset; in this situation, it is necessary to enable the charge pump boost circuit to output a 

stable voltage to VDD3V via the CP_O pin so as to make sure the chip can work normally. 

The VDD18 LDO output a stable voltage 1.8V via the VDD18 pin and the pin should be 

connected to a 1uF bypass capacitor. The VDD18 LDO has a low-power voltage mode; the 

register PMU [0] (VDDLP) should be set as 1 to achieve lowest power consumption. Before 

the control bit enters the IDLE mode, the user can set it as 1; after the MCU is wakened, the 

bit will be cleared to be 0 

 

VDDA voltage 

The chip has a voltage regulator circuit LDO: VDDA and the VDDA voltage should be 

enabled when using ADC. It can have different operating modes and different output 

voltages. It has four different operating modes; the first mode is to be short-circuited to the 

VDD3V; and the VDDA is close to the VDD3V during the mode. The second mode is Weak 

pull down; during the mode, the VDDA is close to the VSS. The third mode is High Z; and it 

is possible to input the voltage into the VDDA from outside but the inputted voltage should 

not exceed VDD3V. The four modes is adjustable voltage regulating mode LDO; during the 

mode, the VDDA can output four different voltages: 2.4V, 2.7V, 3.0V and 3.3V. For better 

performance, the voltage difference between VDD3V and VDDA. Should be higher than 

0.2V and can drive at most 10mA. Additionally, it also needs to be connected to a 1uF 

bypass capacitor. Note that when connecting a 1uF VDDA to-ground capacitance, 

stabilization time VDDA at least require more than 0.5ms, when VDDA access a 10uF 

capacitance to ground, settling time of at least VDDA greater than 1ms. 

 

Low voltage detection circuit (BOR) 

The BOR circuit is used to monitor the stability of the power system and the MCU.  

When the BOR detects the VDD3V and VDD18 are lower the detecting voltage of the BOR, 

the BOR will be triggered to reset the system and the chip; the chip will work normally until 

the BOR detects the operating voltage of the chip exceeds the voltage of the BOR. 
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Charge Pump 

The charge pump regulator provides stable voltage for the chip, which can also be 

used to separate the power supply of the system from the power supply of the chip. Some 

applications will need to use high current external circuit, such as driving a DC motor; in this 

case, it is necessary to enable the charge pump to make sure the operating voltage of the 

chip is stable and the interference caused by the surge current from the inductors of the 

motor can be reduced. 

So as to enable the charge pump, the register PMU0x40400 [2] should be set as <1> 

and the ADC clock source should be enabled; the external circuit needs connect an 

external capacitor (Ccp2) in series between the CH/CL pins, and respectively connect an 

external ground capacitor to the CP_I/CP_O pins; the voltage regulating output end CP_O 

of the charge pump should be short-circuited to the operating voltage pin VDD3V of the 

chip. When the charge pump is working, the power supply is inputted from the CP_I to 

generate and output stable voltage from CP_O to the input of the VDD3V.  If the charge 

pump is not enabled, the voltage of the CP_O will be equal to the voltage of the CP_I; and 

the voltage will be also outputted from the CP_O to the input of the VDD3V.  If the charge 

pump boot circuit will not be used, it is not necessary to install the external capacitors Ccp2, 

Ccp1 and Ccp3; the operating voltage of the chip will be directly provided by VDD3V. 

When the charge pump is working, it is suggested that the capacitances of the CH/CL 

pins are 1uF and cannot be lower than 0.1uF.  It is suggested that the capacitance of the 

CP_O is at least ten times the capacitance of the capacitors connected in series between 

the CH/CL pins.  If the capacitance of the CH/CL pins is 1uF, it is suggested that the 

capacitance of the CP_O is higher than or equal to 10uF.  If the capacitance of the CP_O 

is large, the system will be more stable.  The connection of the output of the CP_O and the 

pins of VDD3V should be done by short circuit from the external PCB. Note that when a 

10uF CP_O access to ground capacitance, CP_O stable for at least requires more than 

10ms. 

  

http://www.hycontek.com/


 
HY16F196B/HY16F197B/HY16F198B Userôs Guide 
21-bit ENOB ɆȹADC,32-bit MCU & 64 KB Flash 
4X36~6X34 LCD Driver 

                              

 

©  2017-2021 HYCON Technology Corp 
www.hycontek.com     

 UG-HY16F198B-V05_EN 

page24 

 

BandGap reference voltage and common mode voltage (REFO) 

When the VDDA is higher than 2.4V, the analog circuit can work.  However, the 

analog circuit needs the current offset and the reference voltage.  Therefore, the BandGap 

reference voltage should be enabled before the analog circuit is enabled; the BandGap 

reference voltage can be enabled by setting the register PMU [4] (ENBGR) as 1.  Only 

after the BandGap reference voltage is enabled, the common mode voltage (REFO) can 

effectively output 1.2V. 

It is necessary to provide a common mode voltage (REFO) for the ADC to enable it. If 

the user wants to use the internal power supply, the ACMS should be set as 1; if the user 

wants to the external power supply, the ACMS should be set as 0 to output a common 

mode voltage (REFO).  The user will need to use a reference voltage to drive the external 

circuit; therefore, the ENRFO should be set as 1 to output the common mode voltage to the 

pin; besides, the REFO is the BandGap reference voltage with buffer. The output voltage of 

the REFO pin is about 1.2V and has +/-1mA push-pull driving ability. It can drive a 

22~1000nF big capacitor load. If the external REFO voltage output is used, the common 

mode voltage for the ADC can be provided by an external power supply; in this case, the 

ACMS can be set as 0 to save more power. Note that when a 0.1uF REFO access to 

ground capacitance, REFO stabilization time at least more than 0.1ms. 

 

The following table shows the voltage sources for all modules.                                        

 

Block name Voltage source Block name Voltage 

Source 

32-bit CPU Core N801 VDD18 Timer A/B/C PWM VDD18 

08KB SRAM VDD18 GPIO Port VDD3V 

64KB Flash ROM VDD3V/ VDD18 24-bit SD ADC VDDA 

Clock System VDD18 08-bit Resistance ladder VDDA 

Watch Dog Timer VDD18 Rail-to-Rail OPAMP VDDA 

Hardware RTC VDD18 Analog Comparator VDD3V 

Charge Pump VIN   

BOR VDD3V/ VDD18   

Band Gap/Reference VDDA   

Hardware EUART VDD18/VDD3V   

32-bit Hardware SPI VDD18/VDD3V   

Hardware I2C VDD18/VDD3V   

Table 5-1 Chip Power supply distribution 
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5.2. Register address 

 

Power Management Register Address 31 24 23 16 15 8 7 0 

PMU Base Address + 0x00 (0x40400) MASK1 REG1 MASK0 REG0 

 

5.3. Register function 

5.3.1. Power management register (PMU) 

 

Power Management Base Address + 0X00 (0X40400) 

Symbol PMU (PMU Control Register ) 

Bit [31:24] [23:20] [19:18] [17:16] 

Name MASK - VDAS ENVA 

RW R0W-0 RW-0 

Bit [15:08] [7:5] [4] [3] [2] [1] [0] 

Name MASK - ENBGR ACMS ENCHP ENRFO VDDLP 

RW R0W-0 RW-0 

 

Bit Name Description 

Bit[19~18] VDAS 

VDDA output voltage selection 

00 VDDA =2.4V 

01 VDDA =2.7V 

10 VDDA =3.0V 

11 VDDA =3.3V @ VDD >=3.5V 

Bit[17~16] ENVA 

VDDA LDO voltage source configuration for controlling 

The output voltage range of the VDDA. 

00 High impedance (High Z) 

01 

Internally short-circuited to the VDD3V;  

the output of the VDDA is close to the VDD3V 

10 Weak pull down; the output of the VDDA is close to the VSS. 

11 

VDDA LDO; the output of the VDDA can be adjusted 

, which is decided by the VDAS. 

Bit[04] ENBGR 

Band Gap voltage enablement control 

0 Disable 

1 Enable  

Bit[03] ACMS 

ADC analog ground input source selection 

0 External analog ground 

1 Internal analog ground (used with the ADC) 

Bit[02] ENCHP 

Charge Pump enablement control 

0 Disable  

1 Enable 

Bit[01] ENRFO Common mode voltage (REFO) enablement control 
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0 Disable  

1 Enable 

Bit[00] VDDLP 

VDD18 LDO low-power control 

0 Normal (the bit should be set as 0 after the SLEEP mode) 

1 Low-power 
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6. CLOCK SYSTEM 

6.1. Overall description 

The clock control system provides the clocks for the whole chip, including the system 

clocks (CPU clock, APB clock) and all peripheral operating clocks (timer, communication 

interface, RTC, analog circuit, etc.)  Each function module has a clock switch controller, 

clock source selection and frequency divider.  Under the SLEEP mode, the controller 

always closes the external crystal oscillators, internal crystal oscillators and system clocks 

to minimize the system power consumption. 

The operating clock sources include the external crystal oscillators, internal HAO and 

LPO oscillators; with the frequency divider, the frequency sources of the CPU and the 

peripheral devices can be flexibly allocated and managed to adjust the power consumption 

of the chip in order to save the energy. 

6.1.1. External oscillators 

There are two external oscillators, including the high-speed crystal oscillator (HSXT) 

and the low-speed crystal oscillator (LSXT). The chip has two independent input pins for 

the external high-speed crystal oscillator and low-speed crystal oscillator; thus, the user 

can connect the two external oscillators to the chip at the same time. The external oscillator 

should be connected to a resistor in parallel, or the crystal oscillator will not work even if it is 

soldered at the pin; besides, the crystal oscillator is connected to two 0~20pF ground 

capacitors and the capacitance of each capacitor is subject to the parasitic capacitor 

caused by the layout of the PCB. 

The parallel resistor between the pins of the oscillator and the capacitor C2/C1 

parameters of each pin of the oscillator will vary with the frequency, brand of the external 

crystal oscillator and the layout of the PCB. The following table lists suggested allocation of 

the R1/C1/C2 parameters and the frequency sources for your reference. In the absence of 

special circumstances, it can also be capacitive default. 

Type Symbol 

External crystal oscillator parameters 
Instruction execution 

status 

Frequency R1/ɋ C1 C2 
Sleep 

mode 

Idle 

mode 

Low-speed 

oscillator 
LSXT 32768Hz 10M 10pF 10pF Stop Available 

High-speed 

oscillator 
HSXT 2~16MHz 1M 10pF 10pF Stop Available 

6-1 Suggest external crystal oscillator configuration 

 

Note: The external oscillator pin capacitance (C1 / C2 parameters) can be in accordance 

with the actual PCB board layout with a different crystal as the case may choose to adjust 
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the capacitance value of the size, it is recommended in the range of 0 ~ 20pF. 

Using an external crystal oscillator parameter Note:  

(01) when using 16MHz, chip operating voltage must be greater than 3.0V. 

(02) The external crystal shock 4MHz / 8MHz stabilization time is about 30ms. 

(03) External 32768Hz crystal shock stabilization time is about 1.3s. 

(04) After Sleep instruction execution, external crystal earthquake shock all stops. 

(05) When External crystal oscillator parameter, note that the pin input / output 

configuration, the use shall not be required to set the configuration pin internal pullup 

resistor, in order to avoid abnormal operation. And the external resistor R1 must not default. 

(06) To use an external oscillator (HSXT), recommended to choose the MCU clock / 2, can 

reduce the oscillator frequency source interference, and strengthen anti-jamming capability. 

 

6.1.2. Internal crystal oscillators HAO and LPO 

The HAO is an external high-speed RC oscillator of the chip and its typical output 

frequency is 2MHz/4MHz/10MHz/16MHz; besides, it has several features, such as quick 

start, high anti-interference and low power consumption, etc. The output frequency of the 

HAO is adjustable; therefore, the user can adjust the output frequency of the HAO by 

software. 

 

Matter needing attentions of using internal crystal oscillators: 

 ̧ The operating voltage of the chip should be kept high when using the 16MHz HAO. 

 ̧ The output frequency of the HAO can be adjusted by modifying the register HAOTR 

0x40304[7:0] Example: When set HAO work at 2MHz, if the actual output is only 

1.99MHz, it can be controlled by adjusting the position HAOTR [7: 0] to adjust the 

frequency of the output, HAOTR default is 0x80, adjustments can be increased up 

HAO actual operating frequency. 

 ̧ The default oscillator of the chip is the internal 2MHz HAO; the user can modify the 

default settings register 0x40300[4:3] to change the output frequencies of other HAOs. 

 ̧ The stabilization time of the 4MHz HAO is about 0.5ms; 

 ̧ After the SLEEP instruction is executed, all HAO oscillators will stop and enter the 

SLEEP mode. 

 ̧ From Sleep mode to wake up time of about 1024 * HAO + 2048 * LPO = <64ms. 

Note: If you meet the above description wake-up time, it should be before entering 

Sleep Mode, CPU frequency source is selected as HAO. 

 ̧ After the IDLE instruction is executed, all HAO oscillators will not stop, but the CPU will 

enter the IDLE mode. 

 ̧ From Idle Mode to wake-up time of about 500 cycles, when using a preset HAO = CPU 

Clock when 2MHz, wake-up time is about 250us. 
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The LPO is the internal low-speed RC oscillator of the chip; its output frequency is 35 kHz 

and has low power consumption; it will immediately start after the chip is power-on or 

wakened; besides, it cannot be enabled; in other words, the LPO will keep working during 

the whole operation process of the chip. 

The stabilization time of the LPO is about 510us and it is the only operating clock source of 

the WDT. 

 ̧ After the SLEEP instruction is executed, all LPO oscillators will stop. 

 ̧ After the IDLE instruction is executed, all LPO oscillators will not stop, but the CPU will 

enter the IDLE mode. 

 ̧ From Idle Mode to wake-up time of about 500 cycles, when the CPU Clock using a 

preset LPO = 35 kHz, wake-up time of about 14ms. 

 

Typical output frequencies of the HAO and LPO are as shown in following Table 6-2. 

Symbol Frequency 
Frequency source configuration 

Instruction execution 

status 

ENHAO[1] HAO[1:0] CKHS[1] Sleep Idle 

HAO 

2MHz 1 00B 0 Stop Workable 

4MHz 1 01B 0 Stop Workable 

10MHz 1 10B 0 Stop Workable 

16MHz 1 11B 0 Stop Workable 

LPO 35KHz 
Start after the chip is 

power-on 
CKLS=0 Stop Oscillate 

Table 6-2 internal crystal oscillator configuration 
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HAO calibration method: 

Chip HAO will have about +/- 10% error range, If the user wants a more accurate HAO 

operating frequency, the HYCON C library can be calibrated (DrvCLOCK_CalibrateHAO 

this function), This function can be set to control the HAO oscillation frequency error within 

the range of +/- 2%, Detailed HAO frequency specifications, refer to the document 

DS-HY16F198B_EN Note, the function can refer to the following or document 

APD-HY16IDE007_EN: 

 

-function 

void DrvCLOCK_CalibrateHAO (short int uMHz) 

- Function 

HAO calibration function; Note To correspond with the selected HAO frequency use; setting 

register 0x40304 [7: 0] value 

-Input parameters 

uMHz [in] pending correction of HAO frequency mode selection 

0: Correction 2MHz; 1: Correction 4MHz; 2: Correction 10MHz; 3: Correction 16MHz; 
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6.1.3. CPU and external peripheral operating frequency sources configuration 

Both of the external and internal crystal oscillators can provide the frequency sources 

for the CPU and the frequency sources will be provided for the CPU after passing the 

frequency dividers. The chip can determine the frequency source of the CPU is the HS_CK 

or LS_CK via the frequency selector MCUCKS [1] and perform the frequency division via 

the frequency divider ENMCD [1]. Thus, there are multiple operating frequency modes for 

the CPU to select from to determine the instruction cycle of the chip. 

Similarly, the external peripheral operating frequency sources are also provided by the 

external, internal crystal oscillators and the HS_CK or LS_CK passing the frequency 

dividers; or the frequency sources can be directly provided by the crystal oscillators, such 

as the WDT. As the external peripheral operating frequency configuration may vary with the 

different operations, please refer to the following figure for more information. 

 

HSXT

2 ~16MHz

CPU

MCUCKS[0]

HS_CK

LS_CK

Pre-scale 

1,2

APB

ENMCD[0]
MCCK

APCK

HSRC

2/4/10/16M

Hz

ENHAO[0]

HAO[1:0]

HAOTR[7:0]

CKHS[0]

LSXT

32.768KHz

LSRC

35KHz

CKLS[0]

HSXT  Enable(ENOHS)

LSXT  Enable(ENOLS)

2~16MHz

32.768KHz

1

0

1

0

1

0

HSXT

HSRC

LSXT

LSRC

Table 6-1 CPU operating frequency source configuration diagram 
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RTC

0

1

CKS

LSXT

LSRC
0

1

CKH

MCCK
Pre-scale

ENRTCK

RTCK

ADC
Pre-scale
6,12,30,60

ADCK
HS_CK

ENACD ADCD[1:0]

WDT
Pre-scale

256

WDCK

ENWDT

LSRC

Charge

Pump

CHPCKPre-scale
4ADCK

Timer A
Pre-scale

32

TACK

ENTAD

0

1

TACKS

HS_CK

LS_CK

Timer B
Pre-scale

1,2,4,8

TBCK

ENTD

0

1

TMCKS

HS_CK

LS_CK
Timer C

TMCD[1:0]

Timer B2
Pre-scale

1,2,4,8

TB2CK

ENT2D

0

1

TM2CKS

HS_CK

LS_CK

TM2CD[1:0]

SPI
Pre-scale

1,2,4, 
~2048

SPCK

ENSD SPCD[2:0]

APCK

I2CPre-scale
I2CK

I2CEn CRG[7:0]

APCK

UART
Pre-scale
1,2,4,~128

URCK

ENUD

0

1

TUCKS UACD[3:0]

HSRC

HSXT

UART2
Pre-scale
1,2,4,~128

UR2CK

ENU2D

0

1

TU2CKS UA2CD[3:0]

HSRC

HSXT

LCDPre-scale
LCK

LCDE

0

1

LCKS

HS_CK

LS_CK

LCDO

GPIO
Pre-scale

1,2,4,~16384

IOCK

IOCD[3:0]

0

1

IOCKS

HS_CK

LS_CK

ENCHP

 

Table 6-2 External peripheral operating frequency configuration diagram 

 

Frequency Configuration Instructions:  

All HY16F19xB surrounding IP frequency allocation, you can refer to Figure 6-1 and Figure 

6-2 to do the relevant register configurations. 

Figure 6-3 below is a TimerA operating frequency arrangement view this Figure with text to 

explain how to configure TimerA do every second counts overflow settings. First select the 

CPU frequency source is internal high-speed 2MHz, namely register HAO 0x40300 [4: 3] 

control bit is set to <00>, register CKHS 0x40300 [5] is set to <0>, after the setting is 

completed, in this HS_CK which represents 2MHz. (Note: HY16F9xB preset CPU operating 

frequency and for this setting). Register TACKS 0x40308 [3] is set to <0>, representing the 

selected clock source HS_CK as TimerA (TACKS). Set register ENTAD 0x40308 [2] <1>, 

which do TimerA clock source divider action (Timer A Clock TACKS / 32), complete this 
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setting; on behalf of TimerA input clock source (TACK) is 2MHz / 32. After doing TimerA 

count overflow is set, setting register TAS 0x40C00 [3: 0] control bits <1111>, that do 

TimerA input clock source except 65536 TACK action, complete this setting, TimerA count 

overflow is set to 2MHz / 32/65536 = 0.95, approximately once every second counts 

overflow.

ENTA

Sleep( )

TAR  STOP

TACLR TAS[3:0]

TACK
TMAIF

InterruptTAR[15:0]

0000

TMA 

Overflow

TAS[3:0]

0001
0010
0011
0100
0101

TACK/2

TAR[15:0]

TACK/4
TACK/8
TACK/16
TACK/32
TACK/64

0110 TACK/128
0111 TACK/256

1000

TAS[3:0]

1001
1010
1011
1100
1101

TACK/512

TAR[15:0]

TACK/1024
TACK/2048
TACK/4096
TACK/8192
TACK/16384

1110 TACK/32768
1111 TACK/65536

1

0

CKHS

HSRC
00
01
10
11

HSXT

HSRC

2~16MHz

ENOHS

HS_CK

Timer A
Pre-scale

32

TACK

ENTAD

0

1

TACKS

HS_CK

LS_CK

TMCKS

1

0

CKLS

LSXT
32.768KHz

LSRC
35KHz

LSXT

LSRC

32.768KHz

ENOLS

LS_CK

ENHAO

HAO_SEL[1:0]

HAOTR[7:0]

HAO=2MHz

HAO=4MHz

HAO=10MHz

HAO=16MHz

HSXT
2 ~ 16MHz

Figure 6-3 TimerA frequency setting instructions Figure 

6.2. Register address 

 

Clock Register Address 31 24 23 16 15 8 7 0 

CLK Base Address + 0x00 (0x40300) - - MASK0 REG0 

CLK Base Address + 0x04 (0x40304) - - - HAOTR 

CLK Base Address + 0x08 (0x40308) MASK1 REG1 MASK2 REG2 

CLK Base Address + 0x0C (0x4030C) MASK3 REG3 MASK4 REG4 

CLK Base Address + 0x10 (0x40310) MASK5 REG5 MASK6 REG6 

CLK Base Address + 0x14 (0x40314) - - MASK7 REG7 

-Reserved 
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6.3. Register function 

6.3.1. Clock system register CLKCR0 

 

Clock Base Address + 0x00 (0x40300) 

Symbol CLK0 (Clock Control Register 0) 

Bit [31:16] 

Name RSV(Reserved) 

RW R-0 

Bit [15:8] [7] [6] [5] [4:3] [2] [1] [0] 

Name MASK OHS_HS CKLS CKHS HAO ENOLS ENOHS ENHAO 

RW R0W-0 RW-0 RW-1 

 

Bit Name Description 

Bit[7] OHS_HS 

External oscillator mode selection 

0 HSXT<4MHz 

1 HSXT>4MHz 

Bit[6] CKLS 

Chip low-speed frequency source selection 

0 Internal low-speed oscillator (OSC_LSRC) 

1 External low-speed oscillator (OSC_LSXT) 

Bit[5] CKHS 

Chip high-speed frequency source selection 

0 External low-speed oscillator (OSC_HSRC) 

1 External high-speed oscillator (OSC_HSXT) 

Bit[4~3] HAO 

Internal high-speed oscillator mode configuration 

[00] 2MHz 

[01] 4MHz 

[10] 10MHz 

[11] 16MHz 

Bit[02] ENOLS 

External low-speed oscillator enablement control 

0 Disable 

1 Enable 

Bit[01] ENOHS 

External high-speed oscillator enablement control 

0 Disable 

1 Enable 

Bit[00] ENHAO 

Internal high-speed oscillator enablement control 

0 Disable 

1 Enable 
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Precautions: 

HS_CK, LS_CK clock source foolproof control: 

When using CKHS (or CKLS) switch to the HS_CK (or LS_CK) clock source, it judges 

the corresponding oscillator Enable or Disable. If it is Disable, it will not perform switching 

clock source. 

 

Precautions: 

HS_CK, LS_CK clock source foolproof closed: 

If user would like to disable one of the oscillator, have to switch HS_CK (or LS_CK) to 

another one enabling oscillator. In order to avoid the system no clock source that cause 

system crash. 

 

Precautions: 

Disable high-speed oscillator foolproof control:  

Two sets of high-speed oscillators can be disabled at the same time, but user needs to 

switch the CPU Core to low-speed clock source. Otherwise, user cannot disable the two 

sets of high-speed oscillators at the same time. 
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6.3.2. Clock system register CLKCR1 

 

Clock Base Address + 0x04 (0x40304) 

Symbol CLK1 (Clock Control Register 1) 

Bit [31:16] 

Name Reserved 

RW R-0 

Bit [15:8] [7:0] 

Name Reserved HAOTR 

RW R-0 RW-80H 

 

Bit Name Description 

Bit[7:0] HAOTR 

Internal high-speed oscillator calibration control register 

0 Set 0 

1 Set 1 

1*LSB.Step = 0.125% 

0000_0000 is the lowest speed. 

1000_0000 is the default speed. 

1111_1111 is the higher speed. 

 

6.3.3. Clock system register CLKCR2 

 

Clock Base Address + 0x08 (0x40308) 

Symbol CLK2 (Clock Control Register 2) 

Bit [31:24] [23] [22] [21] [20] [19:16] 

Name MASK ENRTCK - TUCKS ENUD UACD 

RW R0W-0 RW-0 - RW-0 

Bit [15:08] [7] [6] [5:4] [3] [2] [1] [0] 

Name MASK TMCKS ENTD TMCD TACKS ENTAD ENMCD MCUCKS 

RW R0W-0 RW-0 

 

Bit Name Description 

Bit[23] ENRTCK 

RTC clock source control 

0 Disable (The RTC register cannot be written in and unlocked.) 

1 Enable (The RTC register can be unlocked.) 

Bit[21] TUCKS 

EUART clock source selection 

0 HSXT: External high-speed oscillator 

1 HSRC: Internal high-speed oscillator 

Bit[20] ENUD 

EUART clock source enablement control  

0 Disable 

1 Enable 
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Bit[19~16] UACD 

EUART clock source frequency divider configuration 

0000 EUART clock source/ 1 

0001 EUART clock source/ 2 

0010 EUART clock source/ 4 

0011 EUART clock source/ 8 

0100 EUART clock source/ 16 

0101 EUART clock source/ 32 

0110 EUART clock source/ 64 

0111 EUART clock source/ 128 

1000 

~1111 Reserved 

Bit[07] TMCKS 

Timer B,C clock source selection 

0 HS_CK 

1 LS_CK 

Bit[06] ENTD 

Timer B,C clock source enablement control 

0 Disable 

1 Enable 

Bit[5~4] TMCD 

Timer B,C clock source frequency divider configuration 

00 clock/1 

01 clock/2 

10 clock/4 

11 clock/8 

Bit[03] TACKS 

Timer A clock source selection 

0 HS_CK 

1 LS_CK 

Bit[02] ENTAD 

Timer A clock source frequency divider configuration 

0 Disable the frequency divider 

1 Timer A clock/32 

Bit[01] ENMCD 

MCU input clock source frequency divider configuration 

0 MCU clock/1 

1 MCU clock/2 

Bit[00] MCUCKS 

MCU input clock source selection 

0 HS_CK 

1 LS_CK 
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6.3.4. Clock system register CLKCR3 

 

Clock Base Address + 0x0C (0x4030C) 

Symbol CLK3 (Clock Control Register 3) 

Bit [31:24] [23:21] [20] [19:16] 

Name MASK - IOCKS IOCD 

RW R0W-0 - RW-0 

Bit [15:08] [7] [6] [5:4] [3] [2:0] 

Name MASK ADCKP ENACD ADCD ENSD SPCD 

RW R0W-0 RW-0 

 

Bit Name Description 

Bit[20] IOCKS 

GPIO input clock source selection 

0 HS_CK 

1 LS_CK 

Bit[19~16] IOCD 

GPIO clock frequency divider configuration 

0000 Disable 

0001 GPIO clock source/ 1 

0010 GPIO clock source/ 2 

0011 GPIO clock source/ 4 

0100 GPIO clock source/ 8 

0101 GPIO clock source/ 16 

0110 GPIO clock source/ 32 

0111 GPIO clock source/ 64 

1000 GPIO clock source/ 128 

1001 GPIO clock source/ 256 

1010 GPIO clock source/ 512 

1011 GPIO clock source/ 1024 

1100 GPIO clock source/ 2048 

1101 GPIO clock source/ 4096 

1110 GPIO clock source/ 8192 

1111 GPIO clock source/ 16384 

Bit[7] ADCKP 

ADC clock phase shift(effective only at Core Clock/2 and Core Clock is HS_CK) 

0 ADC Clock Rising Edge generates from Core Clock Low 

1 ADC Clock Rising Edge generates from Core Clock High 

Bit[6] ENACD 

ADC clock switch 

0 Disable 

1 Enable 

Bit[5~4] ADCD ADC clock frequency divider configuration 
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00 ADC clock source/ 6 

01 ADC clock source/ 12 

10 ADC clock source/ 30 

11 ADC clock source/ 60 

Bit[3] ENSD 

SPI clock switch 

0 Disable 

1 Enable 

Bit[2~0] SPCD 

SPI clock frequency divider configuration 

000 Reserved 

001 SPI clock source/ 2 

010 SPI clock source/ 4 

011 SPI clock source/ 8 

100 SPI clock source/ 32 

101 SPI clock source/ 128 

110 SPI clock source/ 512 

111 SPI clock source/ 2048 

 

6.3.5. Clock system register CLKCR4 

 

Clock Base Address + 0x10 (0x40310) 

Symbol CLK4 (Clock Control Register 4) 

Bit [31:24] [23:22] [21] [20] [19] [18:16] 

Name MASK LCDCPD UT2CKS ENU2D - UA2CD 

RW R0W-0 RW-0 - RW-0 

Bit [15:08] [7] [6:4] [3:1] [0] 

Name MASK - LCDO LCDE LCKS 

RW R0W-0 - RW-0 

 

Bit Name Description 

Bit[23~22] LCDCPD 

LCD charge pump regulator clock source selection 

0 LS_CK / 1 or HS_CK/8   (LCKS determines LS_CK or HS_CK) 

1 LS_CK / 2 or HS_CK/16  (LCKS determines LS_CK or HS_CK) 

2 LS_CK / 4 or HS_CK/32  (LCKS determines LS_CK or HS_CK) 

3 LS_CK / 4 or HS_CK/32  (LCKS determines LS_CK or HS_CK) 

Bit[21] UT2CKS 

UART2 clock source selection 

0 HSXT: External high-speed oscillator 

1 HSRC: Internal high-speed oscillator 

Bit[20] ENUD2D 
UART2 clock source enablement control 

0 Disable 
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1 Enable 

Bit[18~16] UA2CD 

UART2 clock source frequency divider configuration 

0 UART2 clock source/ 1 

1 UART2 clock source/ 2 

2 UART2 clock source/ 4 

3 UART2 clock source/ 8 

4 UART2 clock source/ 16 

5 UART2 clock source/ 32 

6 UART2 clock source/ 64 

7 UART2 clock source/ 128 

Bit[6~4] LCDO 

LCD clock source 2-stage frequency divider configuration 

0 LCD clock source/ 1 

1 LCD clock source/ 3 

2 LCD clock source/ 5 

3 LCD clock source/ 7 

4 LCD clock source/ 9 

5 LCD clock source/ 11 

6 LCD clock source/ 13 

7 LCD clock source/ 15 

Bit[3~1] LCDE 

LCD clock source 1-stage frequency divider configuration 

0 Disable 

1 LCD clock source/ 1 

2 LCD clock source/ 2 

3 LCD clock source/ 4 

4 LCD clock source/ 8 

5 LCD clock source/ 16 

6 LCD clock source/ 32 

7 Disable 

Bit[0] LCKS 

LCD clock source selection 

0 LS_CK(always÷8) 

1 HS_CK(always÷64) 
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6.3.6. Clock system register CLKCR5 

 

Clock Base Address + 0x014 (0x40314) 

Symbol CLK5 (Clock Control Register 4) 

Bit [31:16] 

Name Reserved 

RW R-0 

Bit [15:8] [7] [6] [5:4] [3:0] 

Name Mark TM2CKS ENT2D TM2CD - 

RW R0W-0 RW-0 - 

 

Bit Name Description 

Bit[7] TM2CKS 

Timer B2 clock source selection 

0 HS_CK 

1 LS_CK 

Bit[6] ENT2D 

Timer B2 clock source enablement control 

0 Disable 

1 Enable 

Bit[5~4] TM2CD 

Timer B2 clock source frequency divider configuration 

0 Timer B2 clock source/ 1 

1 Timer B2 clock source/ 2 

2 Timer B2 clock source/ 4 

3 Timer B2 clock source/ 8 
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7. INTERRUPT CONTROL SYSTEM 

7.1. Overall description 

Interrupt vectors and interrupt priority Description: 

The interrupt module includes the interrupt startup controller, interrupt enable controller 

and interrupt event flag register to manage the overall interrupt service, such as 

communication interrupt, timer interrupt, ADC interrupt, comparator interrupt and IO 

external interrupt.  The chip provides 9-stage interrupt source and also provides 4-stage 

interrupt vector priorities, including HW0, HW1éHW8 (from high priority to low priority).  

The interrupt service is composed of the interrupt event flag (INTF), interrupt event service 

intelligent startup (INTE), interrupt general control GIE and vector addresses HW0~HW8.  

When the interrupt event occurs and the interrupt event service is enabled, the program 

counter PC will turn to the interrupt service vector addresses HW0~HW8 of the program 

memory at the next instruction cycle to execute the interrupt service program. 

 

 

FIG. 7-1 Interrupt service structure diagram 

 

Interrupt Vector Address Vector Interrupt Function 

INT Base Address + 0X00 (I2C/UART/SP interface)  HW0 void HW0_ISR(void) 

INT Base Address + 0X04 (Timer ABC /WDT/ HW RTC) HW1 void HW1_ISR(void) 

INT Base Address + 0X08 (ADC) HW2 void HW2_ISR(void) 

INT Base Address + 0X0C (CMP/OPA) HW3 void HW3_ISR(void) 

INT Base Address + 0X10 (PT1) HW4 void HW4_ISR(void) 

INT Base Address + 0X14 (PT2) HW5 void HW5_ISR(void) 

INT Base Address + 0X18 (UART2) HW7 void HW7_ISR(void) 

INT Base Address + 0X1C (TMB2) HW8 void HW8_ISR(void) 

NOTE: INT HW6 belong SW INT 

 

Interrupt group HW0 ~ HW8 has priority can be set to provide four kinds of priority level 

(0-3). 

0: Priority level to the highest level 

1: priority level to the second highest level 

2: a lower level of priority level 

3: The priority level is the lowest level 

Preset HW0 ~ HW8 are set to level 0 (priority level is the highest level). 
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When the priority levels are set at the same time, the priority for the HW0> HW1> HW2 ...> 

HW8. 

for example :  

HW0 priority setting to level 1, HW1 priority level 0, when the two interrupts occur 

simultaneously, then set the relationship because of the priority level, first enter HW1 

interrupted. If you set HW0 priority to level 0, HW1 priority for level 0, when the two 

interrupts occur simultaneously, then the two set the same interrupt level though, but will 

give priority to enter HW0 interrupt. 

Detail operation description: 

  The user can set the corresponding interrupt enable bit to be 1 or clear the bit 0 to enable 

or disable the corresponding interrupt function.  The interrupt function can be enabled by 

setting the corresponding interrupt enable bit to be 1.   

After the interrupt event takes place, the interrupt flag will be generated; the user can clear 

the flag to cancel the interrupt request. 

It is necessary to set the global interrupt enable bit GIE=1, or any interrupt cannot be 

enabled. 

The interrupt vector priority will be determined when multiple interrupt requests take place 

at the same time; the interrupt vector with high priority should be replied first.  

During the execution of the interrupt vector service program, the high-level interrupt vector 

can terminate the current interrupt service to execute the high-level interrupt service; the 

high-level interrupt request can be executed only after the current interrupt vector service is 

finished. 

After the interrupt service program is finished, it will automatically return to the program 

address where the interrupt occurred and continuously execute the program. Note that 

when the program enters the interrupt vector services, GIE will automatically be set to 0, so 

it is necessary to first GIE is set to 1, to meet the conditions of service set up high-level 

interrupt to enter the high-level interrupt service routine, when the advanced interrupt 

service executed, the program will Back to the original interrupt service program, continue 

down the implementation program 

7.2. Register address 

 

Interrupt Register Address 31 24 23 16 15 8 7 0 

INT Base Address + 0x00 (COM) (0x40000) MASK0 REG0 MASK1 REG1 

INT Base Address + 0x04 (TMR) (0x40004) MASK2 REG2 MASK3 REG3 

INT Base Address + 0x08 (ADC) (0x40008) MASK4 REG4 MASK5 REG5 

INT Base Address + 0x0C (CMP) (0x4000C) MASK6 REG6 MASK7 REG7 

INT Base Address + 0x10 (PT1) (0x40010) MASK8 REG8 MASK9 REG9 

INT Base Address + 0x14 (PT2) (0x40014) MASK10 REG10 MASK11 REG11 
INT Base Address + 0x18 (UART2) (0x40018) MASK12 REG12 MASK13 REG13 
INT Base Address + 0x1C (TMB2) (0x4001C) MASK14 REG14 MASK15 REG15 
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7.3. Register function 

7.3.1. Interrupt control register INTCOM  

 

INT Base Address + 0X00 (0X40000) 

Symbol INTCOM (Interrupt Control Register 0) 

Bit [31:24] [23:22] [21] [20] [19] [18] [17] [16] 

Name MASK - I2CEIE I2CIE UTxIE URxIE STxIE SRxIE 

RW R0W-0 - RW-0 

Bit [15:14] [13] [12] [11] [10] [09] [08] [07:06] [05] [04] [03] [02] [01] [00] 

Name 
MASK 

- I2CEIF I2CIF UTxIF URxIF STxIF SRxIF 
- I2CEIR I2CIR UTxIR URxIR STxIR SRxIR 

RW R-0 - RW0-0 

(When writing the register, the Bit15~8 are Mask; when reading the register, the Bit15~8 are 

general registers.) 

Bit Name Description 

Bit[21] I2CEIE 

I2C error interrupt enable control 

0 Disable 

1 Enable 

Bit[20] I2CIE 

I2C interrupt enable control 

0 Disable 

1 Enable 

Bit[19] UTxIE 

UART transmits (TX) interrupt enable control 

0 Disable 

1 Enable 

Bit[18] URxIE 

UART receives (RX) interrupt enable control 

0 Disable 

1 Enable 

Bit[17] STxIE 

SPI transmits (TX) interrupt enable control 

0 Disable 

1 Enable 

Bit[16] SRxIE 

SPI receives (RX) interrupt enable control 

0 Disable 

1 Enable 

Bit[13] I2CEIR 

I2C interrupt error request 

0 Normal 

1 Interrupt 

Bit[12] I2CIR 

I2C interrupt request 

0 Normal 

1 Interrupt 
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Bit[11] UTxIR 

UART Tx interrupt request 

0 Normal 

1 Interrupt 

Bit[10] URxIR 

UART Rx interrupt request 

0 Normal 

1 Interrupt 

Bit[9] STxIR 

SPI Tx interrupt request 

0 Normal 

1 Interrupt 

Bit[8] SRxIR 

SPI Rx interrupt request 

0 Normal 

1 Interrupt 

Bit[05] I2CEIF 

I2C error interrupt flag (level-trigger) 

0 Normal 

1 I2C error takes place and interrupt occurs 

Bit[04] I2CIF 

I2C interrupt flag (level-trigger) 

0 Normal 

1 I2C interrupt occurs 

Bit[03] UTxIF 

UART transmits (TX ) interrupt flag (level-trigger) 

0 Normal 

1 UART transmission (TX ) interrupt occurs. 

Bit[02] URxIF 

UART receives (RX) interrupt flag (level-trigger) 

0 Normal 

1 UART receives (RX) interrupt occurs. 

Bit[01] STxIF 

SPI transmission (TX ) interrupt flag (level-trigger) 

0 Normal 

1 SPI transmission (TX) interrupt occurs. 

Bit[00] SRxIF 

SPI reception (RX) interrupt flag (level-trigger) 

0 Normal 

1 SPI reception (RX) interrupt occurs. 

 

7.3.2. Interrupt control register INTTMR 

 

INT Base Address + 0x04 (0x40004) 

Symbol INTTMR (Interrupt Control Register 1) 

Bit [31:24] [23:22] [21] [20] [19] [18] [17] [16] 

Name MASK - RTCIE WDTIE TMC1IE TMC0IE TMBIE TMAIE 

RW R0W-0 - RW-0 

Bit [15:14] [13] [12] [11] [10] [9] [8] [7:6] [5] [4] [3] [2] [1] [0] 
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Name 

MASK 

- 
RTCIF WDTIF TMC1IF TMC0IF TMBIF TMAIF 

- RTCIR WDTIR TMC1IR TMC0IR TMBIR TMAIR 

RW R0W-0 - RW0-0 

(When writing the register, the Bit15~8 are Mask; when reading the register, the Bit15~8 are 

general registers) 

Bit Name Description 

Bit[21] RTCIE 

Real-time clock RTC interrupt enable control 

0 Disable 

1 Enable 

Bit[20] WDTIE 

WDT interrupt enable control 

0 Disable 

1 Enable 

Bit[19] TMC1IE 

TMC1 interrupt enable control 

0 Disable 

1 Enable 

Bit[18] TMC0IE 

TMC0 interrupt enable control 

0 Disable 

1 Enable 

Bit[17] TMBIE 

Timer TMB interrupt enable control 

0 Disable 

1 Enable 

Bit[16] TMAIE 

Timer TMA interrupt enable control 

0 Disable 

1 Enable 

Bit[13] RTCIR 

RTC interrupt request 

0 Disable 

1 Enable 

Bit[12] WDTIR 

WDT interrupt request 

0 Normal 

1 Enable 

Bit[11] TMC1IR 

Timer C channel 1 interrupt request 

0 Normal 

1 Enable 

Bit[10] TMC0IR 

Timer C channel 0 interrupt request 

0 Normal 

1 Enable 

Bit[9] TMBIR TMB interrupt request 
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0 Normal 

1 Enable 

Bit[8] TMAIR 

TMA interrupt request 

0 Normal 

1 Enable 

Bit[05] RTCIF 

Real-time clock RTC interrupt flag 

0 Normal 

1 Real-time clock RTC interrupt occurs. 

Bit[04] WDTIF 

WDT interrupt flag 

0 Normal 

1 WDT interrupt occurs. 

Bit[03] TMC1IF 

TMC1 interrupt flag 

0 Normal 

1 TMC1 interrupt occurs. 

Bit[02] TMC0IF 

TMC0 interrupt flag 

0 Normal 

1 TMC0 interrupt occurs 

Bit[01] TMBIF 

Timer TMB interrupt flag 

0 Normal 

1 Timer TMB interrupt occurs 

Bit[00] TMAIF 

Timer TMA interrupt flag 

0 Normal 

1 Timer TMA interrupt occurs. 
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7.3.3. Interrupt control register INTADC 

 

INT Base Address + 0x08 (0x40008) 

Symbol INTADC (Interrupt Control Register 2) 

Bit [31:24] [23:17] [16] 

Name MASK - ADCIE 

RW R0W-0 - RW-0 

Bit [15:9] [8] [07:01] [00] 

Name 

MASK 
- 

ADCIF - ADCIR 

RW R-0 - RW0-0 

(When writing the register, the Bit15~8 are Mask; when reading the register, the Bit 8 is 

general register.) 

Bit Name Description 

Bit[16] ADCIE 

ADC converter interrupt enable control 

0 Disable 

1 Enable 

Bit[08] ADCIR 

ADC interrupt request 

0 Normal 

1 Interrupt 

Bit[00] ADCIF 

ADC converter interrupt flag 

0 Normal 

1 ADC converter interrupt occurs. 

 

7.3.4. Interrupt control register INTCMP 

 

INT Base Address + 0x0C (0x4000C) 

Symbol INTCMP (Interrupt Control Register 3) 

Bit [31:24] [23:18] [17] [16] 

Name MASK - CPOIE OPOIE 

RW R0W-0 - RW-0 

Bit [15:10] [9] [8] [07:02] [01] [00] 

Name 

MASK 
- 

CPOIF OPOIF - CPOIR OPOIR 

RW R-0 - RW0-0 

(When writing the register, the Bit15~8 are Mask; when reading the register, the Bit9~8 are 

general registers.) 

Bit Name Description 

Bit[17] CPOIE 

Multi-function comparator output (CPO) interrupt enable control 

0 Disable 

1 Enable 
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Bit[16] OPOIE 

Low-noise OP amplifier output (OPO) interrupt enable control 

0 Disable 

1 Enable 

Bit[09] CPOIR 

Multi-function comparator output (CPO) interrupt request 

0 Normal 

1 Interrupt 

Bit[08] OPOIR 

Low-noise OP amplifier output (OPO) interrupt request 

0 Normal 

1 Interrupt 

Bit[01] CPOIF 

Multi-function comparator output (CPO) interrupt flag 

0 Normal 

1 Multi-function comparator output (CPO) interrupt occurs. 

Bit[00] OPOIF 

Low-noise OP amplifier output (OPO) interrupt flag 

0 Normal 

1 Low-noise OP amplifier output (OPO) interrupt occurs 

 

7.3.5. Interrupt control register INTPT1 

 

INT Base Address + 0x10 (0x40010) 

Symbol INTPT1 (Interrupt Control Register 4) 

Bit [31:24] [23] [22] [21] [20] [19] [18] [17] [16] 

Name MASK PT17IE PT16IE PT15IE PT14IE PT13IE PT12IE PT11IE PT10IE 

RW R0W-0 RW-0 

Bit [15:08] [7] [6] [5] [4] [3] [2] [1] [0] 

Name 

MASK 

PT17IF PT16IF PT15IF PT14IF PT13IF PT12IF PT11IF PT10IF PT1 IR 

RW R-0 RW0-0 

(When writing the register, the Bit15~8 are Mask; when reading the register, the Bit15~8 are 

general registers.) 

Bit Name Description 

Bit[23] PT17IE 

PT17 external interrupt enable control 

0 Disable 

1 Enable 

Bit[22] PT16IE 

PT16 external interrupt enable control 

0 Disable 

1 Enable 

Bit[21] PT15IE 
PT15 external interrupt enable control 

0 Disable 
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1 Enable 

Bit[20] PT14IE 

PT14 external interrupt enable control 

0 Disable 

1 Enable 

Bit[19] PT13IE 

PT13 external interrupt enable control 

0 Disable 

1 Enable 

Bit[18] PT12IE 

PT12 external interrupt enable control 

0 Disable 

1 Enable 

Bit[17] PT11IE 

PT11 external interrupt enable control 

0 Disable 

1 Enable 

Bit[16] PT10IE 

PT10 external interrupt enable control 

0 Disable 

1 Enable 

Bit[15:8] PT1 IR 

PT1 Bit7-0 interrupt request 

0 Disable 

1 Enable 

Bit[07] PT17IF 

PT17 external interrupt flag 

0 Normal 

1 PT17 external interrupt occurs 

Bit[06] PT16IF 

PT16 external interrupt flag 

0 Normal 

1 PT16 external interrupt occurs 

Bit[05] PT15IF 

PT15 external interrupt flag 

0 Normal 

1 PT15 external interrupt occurs 

Bit[04] PT14IF 

PT14 external interrupt flag 

0 Normal 

1 PT14 external interrupt occurs 

Bit[03] PT13IF 

PT13 external interrupt flag 

0 Normal 

1 PT13 external interrupt occurs 

Bit[02] PT12IF 
PT12 external interrupt flag 

0 Normal 
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1 PT12 external interrupt occurs 

Bit[01] PT11IF 

PT11 external interrupt flag 

0 Normal 

1 PT11 external interrupt occurs 

Bit[00] PT10IF 

PT10 external interrupt flag 

0 Normal 

1 PT10 external interrupt occurs 

 

7.3.6. Interrupt control register INTPT2 

 

INT Base Address + 0x14 (0x40014) 

Symbol INTPT2 (Interrupt Control Register 5) 

Bit [31:24] [23] [22] [21] [20] [19] [18] [17] [16] 

Name MASK PT27IE PT26IE PT25IE PT24IE PT23IE PT22IE PT21IE PT20IE 

RW R0W-0 RW-0 

Bit [15:08] [7] [6] [5] [4] [3] [2] [1] [0] 

Name 

MASK 

PT27IF PT26IF PT25IF PT24IF PT23IF PT22IF PT21IF PT20IF PT2 IR 

RW R0W-0 RW0-0 

(When writing the register, the Bit15~8 are Mask; when reading the register, the Bit15~8 are 

general registers.) 

Bit Name Description 

Bit[23] PT27IE 

PT27 external interrupt enable control 

0 Disable 

1 Enable 

Bit[22] PT26IE 

PT26 external interrupt enable control 

0 Disable 

1 Enable 

Bit[21] PT25IE 

PT25 external interrupt enable control 

0 Disable 

1 Enable 

Bit[20] PT24IE 

PT24 external interrupt enable control 

0 Disable 

1 Enable 

Bit[19] PT23IE 

PT23 external interrupt enable control 

0 Disable 

1 Enable 

Bit[18] PT22IE 
PT22 external interrupt enable control 

0 Disable 
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1 Enable 

Bit[17] PT21IE 

PT21 external interrupt enable control 

0 Disable 

1 Enable 

Bit[16] PT20IE 

PT20 external interrupt enable control 

0 Disable 

1 Enable 

Bit[15:8] PT2 IR 

PT2 Bit 7-0 interrupt request 

0 Disable 

1 Enable 

Bit[07] PT27IF 

PT27 external interrupt flag 

0 Normal 

1 PT27 external interrupt occurs 

Bit[06] PT26IF 

PT26 external interrupt flag 

0 Normal 

1 PT26 external interrupt occurs 

Bit[05] PT25IF 

PT25 external interrupt flag 

0 Normal 

1 PT25 external interrupt occurs 

Bit[04] PT24IF 

PT24 external interrupt flag 

0 Normal 

1 PT24 external interrupt occurs 

Bit[03] PT23IF 

PT23 external interrupt flag 

0 Normal 

1 PT23 external interrupt occurs 

Bit[02] PT22IF 

PT22 external interrupt flag 

0 Normal 

1 PT22 external interrupt occurs 

Bit[01] PT21IF 

PT21 external interrupt flag 

0 Normal 

1 PT21 external interrupt occurs 

Bit[00] PT20IF 

PT20 external interrupt flag 

0 Normal 

1 PT20 external interrupt occurs 
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7.3.7. Interrupt control register INTUART2 

 

INT Base Address + 0x18 (0x40018) 

Symbol INTUART2 (Interrupt Control Register 6) 

Bit [31:24] [23:20] [19] [18] [17:16] 

Name MASK - U2TxIE U2RxIE - 

RW R0W-0 - RW-0 - 

Bit [15:12] [11] [10] [9:8] [7:4] [3] [2] [1:0] 

Name 

MASK 

- 
U2TxIF U2RxIF 

- - U2TxIR U2RxIR - 

RW R-0 - RW-0  

(When writing the register, the Bit15~8 are Mask; when reading the register, the Bit11~10 

are general registers.) 

Bit Name Description 

Bit[19] U2TxIE 

UART2 transmits (TX) interrupt enable control. 

0 Disable 

1 Enable 

Bit[18] U2RxIE 

UART2 receives (RX) interrupt enable control. 

0 Disable 

1 Enable 

Bit[11] U2TxIR 

UART Tx interrupt request 

0 Normal 

1 Interrupt 

Bit[10] U2RxIR 

UART Rx interrupt request 

0 Normal 

1 Interrupt 

Bit[03] U2TxIF 

UART transmits (TX ) interrupt flag (level-trigger). 

0 Normal 

1 UART transmission (TX ) interrupt occurs. 

Bit[02] U2RxIF 

UART receives (RX ) interrupt flag (level-trigger). 

0 Normal 

1 UART reception (RX) interrupt occurs. 
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7.3.8. Interrupt control register INTTMB2 

 

INT Base Address + 0x1C (0x4001C) 

Symbol INTTMB2 (Interrupt Control Register 7) 

Bit [31:24] [23:18] [17] [16] 

Name MASK - TMB2IE - 

RW R0W-0 - RW-0 - 

Bit [15:10] [9] [8] [7:2] [1] [0] 

Name 

MASK 

- 
TMB2IF 

- - TMB2IR - 

RW R-0 - RW-0  

(When writing the register, the Bit15~8 are Mask; when reading the register, the Bit9 is 

general register.) 

Bit Name Description 

Bit[17] TMB2IE 

Timer B2 interrupt enable control 

0 Disable 

1 Enable 

Bit[9] TMB2IR 

Timer B2 interrupt request 

0 Normal 

1 Interrupt 

Bit[1] TMB2IF 

Timer B2 interrupt flag (level-trigger) 

0 Normal 

1 TMB2 transmission interrupt occurs. 
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8. WATCH DOG TIMER (WDT) 

8.1. Overall description 

The watch dog timer (WDT) is, as the name implies, the watcher of the chip, and its 

main function is to generate the wake-up event or execute basic reset function after the 

chip crashes accidentally. 

Operation mode: 

The WDT overflows and then generate the reset signal to reset the chip. 

The WDT can be cleared by using software. 

SLEEP mode: 

The WDT is disabled, and cannot work. 

IDLE mode: 

The WDT overflows and then generate the interrupt event to wake up the chip. 

CWDT( ) Clear Counter

ENWDT[0]

WDCK

FWDT

WDT

Programmable Scaler

Reset Signal

WDTP[2:0]

WDT Reset

WDNMI

Set TO on Overflow

WDT Interrupt 

000 FWT/2

001 FWT/8

WDTP[2:0] WDTO[14:0]

110 FWT/8192

111 FWT/32768

010

011

100

101

FWT/32

FWT/128

FWT/512

FWT/2048

 

FIG. 8-1 WDT block diagram 
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8.1.1. WDT operating instruction 

Setting the frequency divider WDTP 0x40108 [2:0] can determine the operating 

frequency and the overflow value of the WDT.  After the WDT overflows, the WDT reset 

signal or interrupt event can be generated. The control bit WDNMI 0x40108[6] determines 

the reset signal or the interrupt request signal will be generated after the WDT overflows; if 

0 is written in the bit, the WDT will generate the interrupt request signal. Please refer to the 

chapter about the interrupt control chapter for more information about the interrupt mode.  

The WDT can start up only when the chip is in operation; the WDT can start up by setting 

the control bit ENWDT 0x40108 [4] as <1>. It is necessary to enable the global interrupt 

control bit GIE before enabling the interrupt function. 

The operating frequency source of the WDT is LSRC; therefore, the calculation of the 

theoretical values of the operating frequency and the overflow value of the WDT is as 

follows: 

               WDT= LSRC /256 /WDTP[2:0]      Equation 8-1  

LSRC is the frequency of the internal low-speed RC oscillator; and WDTP is the frequency 

divider  

Assuming that LSRC=33.9 KHz and WDTP=32768, the operating frequency of the WDT is: 

33900Hz/256/WDT_PS (32768) =0.00404Hz 

 

8.2. Register address 

 

SoC Register Address 31 24 23 16 15 8 7 0 

SoC Base Address + 0x08(0x40108) WDTO1 WDTO0 MASK0 REG0 
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8.3. Register function 

8.3.1. WDT register WDTCR 

SoC Base Address + 0x08 (0x40108) 

Symbol WDTCR (WDT Control Register ) 

Bit [31] [30:16] 

Name - WDTO 

RW - R-0 

Bit [15] [14:8] [7] [6] [5] [4] [3] [2:0] 

Name - Mask - WDNMI CLRWDT ENWDT - WDTP 

RW - R0W-0 - RW1-0 RW-0 RW1-0 - RW-7 

 

Bit Name Description 

Bit[30~16] WDTO 

counter register of WDT  

0 Set 0 

1 Set 1 

Bit[06] WDNMI 

WDT interrupt operating mode selection 

0 Timer mode 

1 
Reset Mode (As long as the Reset Mode is set,  

the Timer Mode cannot be switched) 

Bit[05] CLRWDT 

WDT reset control 

0 Disable 

1 Enable 

Bit[04] ENWDT 

WDT enable control 

0 Disable 

1 Enable(As long as the setting is on, it will not turn off) 

Bit[2~0] WDTP 

WDT overflow value configuration 

000 0 : WCLK / 2 

001 1 : WCLK / 8 

010 2 : WCLK / 32 

011 3 : WCLK / 128 

100 4 : WCLK / 512 

101 5 : WCLK / 2048 

110 6 : WCLK / 8192 

111 7 : WCLK / 32768 

Note : After WDT Reset, the PC counter will jump to 0x80000 ROM area. It is no executing 

register initialization. 

BOR Reset : H.W. IP & register initialization -> Jump to 0x80000 ROM area 

WDT Reset : Jump to 0x80000 ROM area. 
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9. TIMER  A 

9.1. Overall description 

Timer A is a 16-bit up counter and can be operated in Operation mode, IDLE mode, 

and Wait mode. It can be used to generate different output frequencies. 

 

Main features: 

Up counter 

16-stage overflow values are available to be selected. 

Overflow generates an interrupt event. 

The values of the counter can be read. 

 

Initial configuration of Timer A (TMA): 

TMA is a 16-bit up counter. Its input clock source is the TACK and it will perform the 

counting according to each rising edge of the TACK and the frequency of the input clock 

source is controlled by the clock system management module.  The function of the TMA 

can be enabled or disabled by setting the control bit ENTA 0x40C00 [5] as 1 or 0. 

The overflow value of the TMA can be adjusted by the frequency divider TAS 0x40C00 

[3:0]; the user can change the overflow value by modifying the value of the frequency 

divider TAS to generate the counting values with different frequencies.  The control bit 

TACLR 0x40C00[4] is set as 1 but the TMA is reset and the counter register becomes 0; 

after the counter register is cleared, the control bit TACLR will automatically become 0.  

After the TMA overflows, the interrupt request will be generated and the TMA interrupt 

flag TMAIF 0x40004[0] will be set as <1>; if the TMA interrupt function is enabled and the 

global interrupt control bit is set as `, the chip will enter the TMA interrupt service event in 

response to the TMA interrupt request.  The TMA interrupt request can be cancelled by 

clearing the TMA interrupt flag; in this way, the chip will not reply the TMA interrupt. Note, 

TMAIF although interrupt flag may be set to <0>, but TMA after counting overflows, as it will 

interrupt occurs, the interrupt flag TMAIF this time or will automatically be set to <1>  

Under the IDLE mode, the TMA interrupt can be used to wake up the chip.  Under the 

SLEEP mode, the TMA interrupt is not available. 
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The TMA has a 16-stage frequency dividing configuration, which allows the TMA to 

have a wide counting range; the calculation of the overflow value of the TMA is as follows: 

            TAR[15:0]=1/(TACK/32/TAS[3:0])   Equation 9-1  

The TACK is the input clock source of the TMA and the TAS [3:0] is the frequency 

dividing value; 

Assuming the TMA selects the LS_CK, and the LS_CK is from the LPO; then TACK=35 

KHz, TAS [3:0] =1001B=/1024 and the theoretical value of the overflow value of the Timer 

A: 

35000Hz/32/TAS (1024)=35000Hz/32/1024=1.068Hz 

ENTA

Sleep( )

TMAR  STOP

TACLR TMAS[3:0]

TACK
TMAIF

Interrupt
TMAR[15:0]

0000

TMA 

Overflow

TMAS[3:0]

0001

0010

0011

0100

0101

TACK/2

TMAR[15:0]

TACK/4

TACK/8

TACK/16

TACK/32

TACK/64

0110 TACK/128

0111 TACK/256

1000

TMAS[3:0]

1001

1010

1011

1100

1101

TACK/512

TMAR[15:0]

TACK/1024

TACK/2048

TACK/4096

TACK/8192

TACK/16384

1110 TACK/32768

1111 TACK/65536

 

FIG. 9-1 Timer A block diagram 

9.2. Register address 

 

TMA Register Address 31 24 23 16 15 8 7 0 

TMA Base Address + 0x00(0x40C00) TMAR1 TMAR0 MASK0 REG0 
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9.3. Register function 

9.3.1. Timer A register TMACR 

 

TMA Base Address + 0X00 (0X40C00) 

Symbol TMACR(TMA Control Register) 

Bit [31:16] 

Name TMAR 

RW R-0 

Bit [15:8] [07:06] [05] [04] [03:00] 

Name MASK - ENTA TACLR TAS 

RW R0W-0 - RW-0 RW-0XF 

 

Bit Name Description 

Bit[31-16] TMAR 

Timer A Counter counting value 

TAR[31:16] are the counting values of the 16-bit Timer A,  

And the output value can be MSB to LSB. 

Bit[5] ENTA 

Enable the Timer A  

0 Disable 

1 Enable 

Bit[4] TACLR 

Clear the counting value of the Timer A 

0 Normal 

1 Clear (After the bit is cleared, the bit will automatically become 0). 

Bit[3~0] TAS 

Timer A frequency divider configuration 

0000 Timer A clock/2 

0001 Timer A clock/4 

0010 Timer A clock/8 

0011 Timer A clock/16 

0100 Timer A clock/32 

0101 Timer A clock/64 

0110 Timer A clock/128 

0111 Timer A clock/256 

1000 Timer A clock/512 

1001 Timer A clock/1024 

1010 Timer A clock/2048 

1011 Timer A clock/4096 

1100 Timer A clock/8192 

1101 Timer A clock/16384 

1110 Timer A clock/32768 

1111 Timer A clock/65536 
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10. TIMER B 

10.1. Overall description 

The Timer B is a 16-bit counter, which can be used to perform time counting, time 

controlling, clock generating and time delaying, etc.  It will generate the interrupt signal 

when the counting flow takes place, and the program can read the current counting value of 

the TMB; besides, the TMB can be also used to generate the waveform of the PWM.  It 

can be operated under the Operation mode, IDLE mode and the Wait mode. 

The 16-bit counter register of the Timer B can be separated into two independent 8-bit 

counter registers; thus, the TMB has four counting methods: 

16-bit up counting method, which can generate the interrupt signal; 

16-bit counting method; it will increase to the overflow value and then decrease to 0, 

which can generate the interrupt signal; 

Two independent 8-bit up counting methods; the low 8-bit counter overflows and then 

the high 8-bit counter is automatically added by 1, which can generate the interrupt signal; 

Moreover, the TMB has three counter overflow controller: TBC0, TBC1 and TBC2.  

TMB can also serve as the PWM waveform generator, which can provide two PWM 

waveforms PWM0/PWM1; and each has multiple operation modes and can satisfy different 

PWM output requirements; the operation modes are as follows: 

PWMA /PWMB /PWMC /PWMD /PWME /PWMF /PWMG 
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FIG. 10-1 Timer B block diagram 
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10.1.1. Timer mode 

The Timer B is a 16-bit up counter, which can be used to generate the PWM 

waveforms. It can be used to perform the time counting, time controlling, clock generating, 

etc., and can generate the interrupt signal when the counter overflow takes place. The TMB 

can be operated under the Operation mode, IDLE mode and the Wait mode. 

It has four different counting methods, and can generate the counting values with 

different frequencies: 

(1)16-bit up counting method, which can generate the interrupt signal; 

(2)16-bit counting method; it will increase to the overflow value and then decrease to 0, 

which can generate the interrupt signal; 

(3)Two independent 8-bit up counting methods; the maximum count value 0xFF, can 

generate an interrupt signal 

(4) The low 8-bit counter overflows and then the high 8-bit counter are automatically 

added by 1, which can generate the interrupt signal; 

It has four different counting-trigger signal sources, which can be applied to count 

different events:  

(1)Continuous counting method is always enabled; 

(2)The comparator outputs (CMPO) high-potential trigger. 

(3)The OP amplifier outputs (OPOD) high-potential trigger. 

(4)The Timer C outputs (CPI1) high-potential trigger. 

The operating clock source of the TMB is HS_CK or LS_CK, which will pass through 

the frequency divider to generate the frequency source TBCLK to provide the operating 

frequency for the TMB.  It provides the setting frequency divider TMCD0x40308 [5:4], 

which can set different counting cycles for the TMB. The clock source of the TMB can be 

set at the clock system control module. 

 

TMBR 16-bit timer/counter registers 

The TMBR is a 16-bit timer/counter register, which can be separated into two 

independent 8-bit timer/counter registers in order to satisfy the four different counting 

methods of the TMB.  The TMBR will crease or decrease at each rising edge of the 

TBCLK; under different counting methods, the TMBR will increase or decrease according to 

different conditions.  TMBR can be automatically cleared by setting the control bit TBRST 

[1] as <1> and the control bit TBRST will automatically become 0 after the TMBR is cleared.  

The program can also read the current counting value of the TMBR for other purposes. 

The TBEN is the enable control signal of the TMB.  If the bit is set as 1, the counting 

function of the TMB will be enabled; if the bit is set as 0, the counting function of the TMB 

will be disabled. 

The TBEBS [1:0] is the counting-trigger signal source controller; the controller can 
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provide four different counting-trigger signal sources. 

TBM [3:2] is the counting method controller of the TMB; the controller can provide four 

different counting methods. The TBRST is the control bit of the TMB counter register. If the 

bit is set as <1>, the counter register will be automatically cleared and then the bit will 

automatically become 0. 

 

Operating configuration when TMB serves as a timer/counter: 

Set the operating clock source of the TMB and set the control bits 0x40308[6](ENTD) and 

0x40308[5:4](TMCD); 

Select the counting mode and set the control bit TBM[1:0]; 

Select the counting-trigger signal source and set the TBEBS[1:0]; as a timer, it can be set 

as 00b, which means it is always enabled and continuously perform counting; 

Set the timer/counter overflow value is TBC0[15:0]; 

Set the control bit TBRST as <1> to clear the counting register; 

Enable the TMB and the control bit TBEN is set as <1>. 

 

TMB as the timing counter operation initialization settings: 

(1) Select the clock source is HS_CK TMB work or LS_CK (control bit TMCKS 0x40308 [7]), 

and do clock divider set and open source movement (control bit ENTD 0x40308 [6] and 

control bits TMCD 0x40308 [5: 4]) 

(2) Select the count mode, set the register control bits TBM 0x40C04 [3: 2] 

(3) Select the trigger count source, set the control bit register TBEBS 0x40C04 [1: 0], as the 

timer can be set to <00>, which is always enabled, continuous counting; 

(4) Set the timer count overflow value, setting register control bits TBC0 0x40C0C [15: 0]; 

(5) Set the register 0x40C04 [4] = 1, i.e. control bit TBRST set <1>, clearing the count 

register; 

(6) Set register 0x40C04 [5] = 1, i.e. control bit TBEN is set to <1>, enable TMB. 

(7) TMB start counting after TMB count overflows, it will generate an interrupt request, TMB 

interrupt flag register TMBIF 0X40004 [1] is set to <1>, if open TMB interrupt function, 

that register control bits TMBIE0X40004 [17] is set to <1>, and the global interrupt 

control bit (GIE) has been set to <1>, the chip will be in response to an interrupt request 

to enter TMB TMB interrupt service events. TMB interrupt flag is cleared, an interrupt 

request to cancel the TMB, when they do not respond to the wafer TMB interruption. 

(8) Note, TMBIF although interrupt flag may be set to <0>, but TMB after the count 

overflows, as it will interrupt occurs, the interrupt flag TMBIF this time or will 

automatically be set to <1>. In standby mode, TMB interrupt can be used to wake up. In 

sleep mode, TMB interrupts unavailable. 
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The calculation of the theoretical overflow value of the Timer B:  

T = TBC0*1 / TBCLK; TBCLK=HS_CK (or LS_CK) / TMCD; (Equation 10-1) 

Then 

T=TBC0*TMCD / HS_CK (or LS_CK);   (Equation 10-2) 

 

The TMB has four different counting methods, and different counting method have different 

overflow conditions, which will be specified later. 

TMB counting method 0 

When register TBM 0x40C04 [3:2] =00b, the register control bit TMBR 0x40C08 [15:0] 

serves as a 16-bit up counter. Under the mode, the TMBR will be automatically added by 1 

at each rising edge of the TBCLK; if the counting value of the TMBR is higher than Register 

control bits 0x40C0C TBC0 [15: 0], the TMBR will become 0 at the next rising edge and the 

timer interrupt flag TBCLK is set as <1>;(as 0X40004[1] =1) if the interrupt function of the 

TMB and the global interrupt function are enabled, the chip will reply the TMB interrupt. 

Then, the TMBR will restart the up counting. The schematic view of the counting waveform 

of the mode is as shown in the follow figure. 

The counting cycle calculation method of the TMB under the mode: T=TBC0*TMCD / 
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FIG. 10-2 Schematic view of counting waveform of counting method 0 
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TMB counting method 1 

When TBM 0x40C04 [3:2] =01b, the TMB will perform incremental counting and then 

perform decrement counting; the TMBR is a 16-bit counter.  After enabled, the TMB will 

perform incremental counting, and the TMBR will automatically be added 1 at each rising 

edge of the TBCLK.  When the TMBR is equal to TBC0, the TMBR will be changed to 

downward mode, but the interrupt flag TMBIF is still 0; at the next rising edge of the TBCLK, 

the TMBR will be changed to perform decrement counting; the interrupt request will take 

place until the TMBR is decreased to 0 and the interrupt flag TMBIF is set as <1>, and then 

the TMBR will start to perform incremental counting at the next rising edge of the TBCLK.  

The above process will be kept repeating. The schematic view of the counting waveform of 

the mode is as shown in the following figure.  

In the mode, the calculation method of the counting cycle of the TMB is: 

T=2*TBC0*TMCD / HS_CK (or LS_CK) 
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FIG. 10-3 Schematic view of counting waveform of counting method 1 
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TMB counting method 2 

When TBM 0x40C04 [3:2] =10b, the TMB will perform incremental counting, but the 

TMBR is separated into two independent 8-bit counters: TMBR [15:8] and TMBR [7:0].  

Besides, the two independent 8-bit counters perform incremental counting at the same time.  

The overflow value of the TMBR [15:8] is controlled by the TBC0 [15:8] and the overflow 

value of the TMBR [7:0] is controlled by TBC0 [7:0].  The two counters will be 

automatically added by 1 at each rising edge of the TBCLK.  If the TMBR [15:8] is equal to 

the TBC0 [15:8], the TMBR [15:8] will become 0 at the next rising edge of the TBCLK but 

the interrupt flag TMBIF is still 0; if the TMBR [7:0] is equal to TBC0 [7:0], TMBR [7:0] will 

become 0 at the next rising edge of the TBCLK and the interrupt flag TMBIF will be set as 

<1>.  At this time, if the TMB interrupt function and the global interrupt enable function are 

enabled, the chip will reply to the TMB interrupt. Under the mode, the interrupt request is 

controlled by the counter TMBR [7:0]; therefore, during the mode, please pay attention to 

set the value of the TBC0 [7:0] in order to control the TMB interrupt vector.  The schematic 

view of the counting waveform of the mode is as shown in the following figure.  

In the mode, the calculation method of the counting cycle of the interrupt method of the 

mode is: T=TBC0 [7:0]*TMCD / HS_CK (or LS_CK); 
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FIG. 10-4 Schematic view of counting waveform of counting method 2 
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TMB counting method 3 

When TBM 0x40C04 [3:2] =11b, the TMB will perform incremental counting, and the 

TMBR is separated into two counters: TMBR [15:8] and TMBR [7:0]; and both of them are 

under incremental counting mode. The overflow value of the TMBR [7:0] is controlled by the 

TBC0 [7:0] and the overflow value of the TMBR [7:0] is controlled by TBC0 [7:0].  TMBR 

[7:0] will be automatically added by 1 at each rising edge of the TBCLK; if the TMBR [7:0] is 

equal to the TBC0 [7:0], the TMBR will become 0 at the next rising edge of the TBCLK; 

besides the TMBIF will become 1 and the TMBR [15:8] will be automatically added by 1.  

At this time, if the TMB interrupt function and the global interrupt enable function are 

enabled, the chip will reply to the TMB interrupt. The schematic view of the counting 

waveform of the mode is as shown in the following figure.  

In the mode, the calculation method of the counting cycle of the interrupt method of the 

mode is: T=TBC0 [7:0]*TMCD / HS_CK (or LS_CK); 
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FIG. 10-5 Schematic view of counting waveform of counting method 3 
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10.1.2. PWM function mode 

When the timer B works under the PWM mode, the combinations of the different 

counting methods and different PWM mode selectors can generate different PWM 

waveforms. The chip has only two PWMs: PWM0/PWM1, which can be simply considered 

two PWM waveform generators; the combinations of the different counting methods and 

different PWM operating modes can generate many kinds of PWM waveforms. The chip 

provides many output pins for the output of the PWM, and each PWM waveform generator 

is corresponding to 8 output IO ports; therefore, the usage and output of the PWM is very 

flexible. However, the TMB is necessary for the function; that is to say, the TMB should be 

enabled to set the counting cycle of the TMB. 

Each of the PWM waveform generators (PWM0/PWM1) has many operating modes: 

PWMA, PWMB, PWMC, PWMD, PWME, PWMF and PWMG. The operating modes of the 

PWM0 and PWM1 can be changed by setting the control bits O0MD 0x40C04 [18:16] and 

0x40C04 [22:20]. The phase of the output waveform of the PWM can be changed by setting 

the control bits O1PMR 0x40C04 [23] and O0PMR 0x40C04 [19]. The user can check the 

current operating mode of the PWM 0x40C08 [21:16] via the PWM operating mode flag 

register; if the flag is 1, it means the operating mode is enabled. The TBC1 0x40C10 

[15:0]/TBC2 0x40C10 [31:16] are the duty cycle controller of the PWM0/PWM1 respectively; 

the duty cycles of the PWMs can be changed by setting the values of the TBC1/TBC2. 

The chip provides 8 output IOs for each PWM, and the corresponding pins are 

distributed over the PT1/PT2; the selection and enablement of the output pins of the PWM1 

and PWM0 are controlled by the controllers PTPW 0x40840[4:2], PTPW1E 0x40840[1] and 

PTTPW0E 0x40840[0]. The output and disablement of the PWMs can be controlled by the 

enablement and disablement of the output pins of the PWMs. If the user wants to 

completely disable the PWMs, it is necessary to disable the output pins of the TMB and the 

PWMs. The output pins of the PWMs are as shown in Table 10.1. 

 

Serial 

number 

PTPW[2:0] 

PWM0 

Output pins 

PWM1 

Output pins 

Serial 

number 

PTPW[2:0] 

PWM0 

Output pins 

PWM1 

Output pins 

000 PT1.0 PT1.1 100 PT8.0 PT8.1 

001 PT1.4 PT1.5 101 PT8.4 PT8.5 

010 PT2.0 PT2.1 110 PT9.0 PT9.1 

011 PT2.4 PT2.5 111 PT9.4 PT9.5 

Table 10-1 PWM output pin distribution 
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PWM initialize operation description: 

(1) Select the operating mode and PWM duty cycle, the output waveform phase, namely 

setting register 0x40C04 control bit O0MD / O0PMR, O1MD / O1PMR, write timer 

counter overflow value to register 0x40C10 control bit TBC1 / TBC2. 

(2) The IO control output enable and off, can control the PWM output on and off, if you 

want to completely shut down PWM, you must shut down TMB. 

(3) By the control bit register 0x40840 PTPW, PTPW1E, PTPW0E control PWM1, select 

PWM0 output pin and open. 

(4) Select the clock source is HS_CK TMB work or LS_CK (control bit TMCKS 0x40308 

[7]), and do clock divider set and open source movement (control bit ENTD 0x40308 [6] 

and control bits TMCD 0x40308 [5: 4]). 

(5) Select the count mode, set the register control bits TBM 0x40C04 [3: 2]. 

(6) Select the trigger count source, set the control bit register TBEBS 0x40C04 [1: 0], as 

the timer can be set to 00b, that is always enabled, continuous counting. 

(7) Set the timer count overflow value, setting register control bits TBC0 0x40C0C [15: 0]. 

(8) Set the register 0x40C04 [4] = 1, i.e. control bit TBRST set <1>, the count register is 

cleared. 

(9) Set register 0x40C04 [5] = 1, namely TBEN control bit is set to <1>, enable TMB. 

 

The waveform of the PWM is generated by the combination of the TMBR, TBC0, TBC1 

and TBC2; and there are 7 kinds of operating modes; thus, the operating conditions of the 

operating modes are different from each other. The 7 operating modes will be respectively 

specified later. The usage conditions and the controls of the two independent PWMs: 

PWMO0 and PWMO1; therefore, they will not be specified separately. 
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PWMA mode 

The PWMA mode is a 16-bit PWM; the counting value of the TMBR is compared with 

the TBC1 and the waveform period of the PWM is controlled by the TBC0. 

 

PWM output state controlled conditions: 

PWM = 1, when TMBR [15:0] >= TBC1 [15:0]; 

PWM = 0, when TMBR [15:0] < TBC1 [15:0]; 

 

PWM period: 

PWM Period = TMBR[15:0]*TMCD / HS_CK(or LS_CK)  

 

PWMA frequency and duty cycle formula: 
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FIG.10-6 Waveform schematic view and counting waveform schematic view of PWM mode A 
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PWMB mode 

The PWMB mode is a 16-bit PWM; the counting value of the TMBR is compared with 

the TBC2 and the waveform period of the PWM is controlled by the TBC0. 

 

PWM output state controlled conditions: 

PWM = 1, when TMBR [15:0] >= TBC2 [15:0]; 

PWM = 0, when TMBR [15:0] < TBC2 [15:0]; 

 

PWM period: 

PWM Period = TMBR [15:0]*TMCD / HS_CK (or LS_CK); 

 

PWMB frequency and duty cycle formula: 
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FIG.10-7 Waveform schematic view and counting waveform schematic view of PWM mode B 
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PWMC mode 

The PWMC mode is an 8-bit PWM; the counting value of the TMBR is compared with 

the TBC1 [7:0] and many PWM waveforms appear within the period of the TBC0. 

PWM output status control conditions: 

PWM = 1, when TMBR [7:0] >= TBC1 [7:0]. 

PWM = 0, when TMBR [7:0] < TBC1 [7:0]. 

 

PWM period: 

PWM Period = TMBR [7:0]*TMCD / HS_CK (or LS_CK); 

 

PWMC frequency and duty cycle formula: 
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FIG.10-8 Waveform schematic view and counting waveform schematic view of PWM mode C 
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PWMD mode 

The PWMD mode is an 8-bit PWM; the counting value of the TMBR is compared with the 

TBC2 [7:0] and many PWM waveforms appear within the period of the TBC0. 

PWM output status control conditions: 

PWM = 1, when TMBR [15:8] >= TBC2 [7:0]; 

PWM = 0, when TMBR [15:8] < TBC2 [7:0]; 

 

PWM period: 

PWM Period = TMBR [15:8]*TMCD / HS_CK (or LS_CK); 

 

PWMD frequency and duty cycle formula: 
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FIG.10-9 Waveform schematic view and counting waveform schematic view of PWM mode D 

http://www.hycontek.com/


 
HY16F196B/HY16F197B/HY16F198B Userôs Guide 
21-bit ENOB ɆȹADC,32-bit MCU & 64 KB Flash 
4X36~6X34 LCD Driver 

                              

 

©  2017-2021 HYCON Technology Corp 
www.hycontek.com     

 UG-HY16F198B-V05_EN 

page75 

 

PWME waveform (8+8-bit PWM) 

Set the TMB counter as the 8+8-bit mode and select the PWME as the output 

waveform of the PWM; then the 8+8bit PWM output is acquired. 

The 8+8-bit PWM is composed of the control registers TMBR[7:0], TMBR[15:8], 

TBC0[7:0], TBC1[7:0] and TBC2[7:0], etc., and the internal digital circuits, where the 

TMBR[7:0] is the accumulating counter, the TBC0[7:0] is the PWM frequency controller and 

when the counting of the TMBR[7:0] reaches the TBC0[7:0], the TMBR[15:8] will be added 

by 1; the TBC1[7:0] is the PWM duty cycle controller and the TBC2[7:0] is 8+8-bit PWM 

duty cycle adjuster. 

( The following waveform description is under the conditions that the O1PMR or O0PMR 

is set as <0> and outputs inversely) 

The configuration and description of the 8+8-bit PWM duty cycle adjuster TBC2 [7:0] 

are as shown in the follow table. 

Configuration 

Weighted 

quantity 
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01h 02h 04h 08h 10h 20h 40h 80h 

PWM duty cycle fine 
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1/2 1/4 1/8 1/16 1/32 1/64 1/128 1/256 
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Table 10-1 Configuration table of duty cycle adjuster 

 

É The description of the duty cycle adjuster TBC2[7:0], where N is the width of the duty cycle  

(PS: N = TBC1 [7:0]) 

Â Basic type 

 ̧ Set the TBC2[7:0] as 01h, which makes the waveform of the PWM duty cycle generates 

the N+1 and N outputs, which is to generate a waveform using 2 output periods as one set, 

where one outputs N and then the other one outputs N+1. 

 ̧ Set the TBC2[7:0] as 02h, which makes the waveform of the PWM duty cycle generates 

the N+1 and N outputs, which is to generate a waveform using 4 output periods as one set, 

where 3 of them continuously outputs N and the last one outputs N+1 
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 ̧ Set the TBC2[7:0] as 04h, which makes the waveform of the PWM duty cycle generates 

the N+1 and N outputs, which is to generate a waveform using 8 output periods as one set, 

where 7 of them continuously outputs N and the last one outputs N+1. 

 ̧ Set the TBC2[7:0] as 08h, which makes the waveform of the PWM duty cycle generates 

the N+1 and N outputs, which is to generate a waveform using 16 output periods as one 

set, where 15 of them continuously outputs N and the last one outputs N+1 

 ̧ Set the TBC2[7:0] as 10h, which makes the waveform of the PWM duty cycle generates 

the N+1 and N outputs, which is to generate a waveform using 32 output periods as one 

set, where 31 of them continuously outputs N and the last one outputs N+1 

 ̧ Set the TBC2[7:0] as 20h, which makes the waveform of the PWM duty cycle generates 

the N+1 and N outputs, which is to generate a waveform using 64 output periods as one 

set, where 63 of them continuously outputs N and the last one outputs N+1 

 ̧ Set the TBC2[7:0] as 40h, which makes the waveform of the PWM duty cycle generates 

the N+1 and N outputs, which is to generate a waveform using 128 output periods as one 

set, where 127 of them continuously outputs N and the last one outputs N+1 

 ̧ Set the TBC2[7:0] as 80h, which makes the waveform of the PWM duty cycle generates 

the N+1 and N outputs, which is to generate a waveform using 256 output periods as one 

set, where 255 of them continuously outputs N and the last one outputs N+1 

Â Logic calculation OR superposition type 

(Only 1/2+1/4,1/2+1/8,~,1/2+1/4+1/8+1/16+1/32+1/64+1/128,1/2+1/4+1/8+1/16+1/32+1/64+1/256 are used to 

illustrated.) 

 ̧ Set the TBC2[7:0] as 03h(1/2+1/4), which makes the waveform of the PWM duty cycle 

generates the N+1 and N outputs, which is to generate a waveform using 4 output periods 

as one set, where one of them outputs N and then the other 3 output N+1. 

 ̧ Set the TBC2[7:0] as 05h(1/2+1/8), which makes the waveform of the PWM duty cycle 

generates the N+1 and N outputs, which is to generate a waveform using 8 output periods 

as one set, where 3 of them output N and then the other 5 output N+1. 

 ̧ Set the TBC2[7:0] as 09h(1/2+1/16), which makes the waveform of the PWM duty cycle 

generates the N+1 and N outputs, which is to generate a waveform using 16 output 

periods as one set, where 7 of them output N and then the other 9 output N+1. 

 ̧ Set the TBC2[7:0] as 11h(1/2+1/32), which makes the waveform of the PWM duty cycle 

generates the N+1 and N outputs, which is to generate a waveform using 32 output 

periods as one set, where 15 of them output N and then the other 17 output N+1 

 ̧ Set the TBC2[7:0] as 21h(1/2+1/64), which makes the waveform of the PWM duty cycle 

generates the N+1 and N outputs, which is to generate a waveform using 64 output 

periods as one set, where 31 of them output N and then the other 33 output N+1 

http://www.hycontek.com/


 
HY16F196B/HY16F197B/HY16F198B Userôs Guide 
21-bit ENOB ɆȹADC,32-bit MCU & 64 KB Flash 
4X36~6X34 LCD Driver 

                              

 

©  2017-2021 HYCON Technology Corp 
www.hycontek.com     

 UG-HY16F198B-V05_EN 

page77 

 

 ̧ Set the TBC2[7:0] as 41h(1/2+1/128), which makes the waveform of the PWM duty cycle 

generates the N+1 and N outputs, which is to generate a waveform using 128 output 

periods as one set, where 63 of them output N and then the other 67 output N+1 

 ̧ Set the TBC2[7:0] as 81h(1/2+1/256), which makes the waveform of the PWM duty cycle 

generates the N+1 and N outputs, which is to generate a waveform using 256 output 

periods as one set, where 127 of them output N and then the other 129 output N+1 

 ̧ Set the TBC2[7:0] as 07h(1/2+1/4+1/8), which makes the waveform of the PWM duty 

cycle generates the N+1 and N outputs, which is to generate a waveform using 8 output 

periods as one set, where one of them outputs N and then the other 7 output N+1 

 ̧ Set the TBC2[7:0] as 07h(1/2+1/4+1/8+1/16), which makes the waveform of the PWM 

duty cycle generates the N+1 and N outputs, which is to generate a waveform using 16 

output periods as one set, where one of them outputs N and then the other 15 output N+1. 

 ̧ Set the TBC2[7:0] as 1Fh(1/2+1/4+1/8+1/16+1/32), which makes the waveform of the 

PWM duty cycle generates the N+1 and N outputs, which is to generate a waveform using 

32 output periods as one set, where one of them outputs N and then the other 31 output 

N+1 

 ̧ Set the TBC2 [7:0] as 3Fh (1/2+1/4+1/8+1/16+1/32+1/64), which makes the waveform of 

the PWM duty cycle generates the N+1 and N outputs, which is to generate a waveform 

using 64 output periods as one set, where one of them outputs N and then the other 63 

output N+1. 

 ̧ Set the TBC2 [7:0] as 7Fh (1/2+1/4+1/8+1/16+1/32+1/64+1/128), which makes the 

waveform of the PWM duty cycle generates the N+1 and N outputs, which is to generate a 

waveform using 128 output periods as one set, where one of them outputs N and then the 

other 127 output N+1. 

 ̧ Set the TBC2 [7:0] as FFh (1/2+1/4+1/8+1/16+1/32+1/64+1/128+1/256), which makes the 

waveform of the PWM duty cycle generates the N+1 and N outputs, which is to generate a 

waveform using 256 output periods as one set, where one of them outputs N and then the 

other 255 output N+1. 

É The following Table 10.2 and FIG. 10-10 list partial 8+8-bit PWM waveform changes under different 

configurations of the TBC2[7:0] for your reference. 

 

8+8bit PWM Overflowing times of TBN 

 

TBC2 

[7:0]  
0 1 2 3 4 5 6 7 8 9 10 ~ 
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02h 1/4 N N N+1 N N N N+1 N N N N+1 ~ N N ~ N N N+1 N 

04h 1/8 N N N N N+1 N N N N N N ~ N N ~ N+1 N N N 
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 08h 1/16 N N N N N N N N N+1 N N ~ N N ~ N N N N 

10h 1/32 N N N N N N N N N N N ~ N N ~ N N N N 

20h 1/64 N N N N N N N N N N N ~ N N ~ N N N N 

40hh 1/128 N N N N N N N N N N N ~ N N ~ N N N N 

80h 1/256 N N N N N N N N N N N ~ N N+1 ~ N N N N 

 

03h 3/4 N N+1 N+1 N+1 N N+1 N+1 N+1 N N+1 N+1 ~ N+1 N ~ N N+1 N+1 N+1 

05h 5/8 N N+1 N N+1 N+1 N+1 N N+1 N N+1 N ~ N+1 N ~ N+1 N+1 N N+1 

07h 7/8 N N+1 N+1 N+1 N+1 N+1 N+1 N+1 N N+1 N ~ N+1 N ~ N+1 N+1 N+1 N+1 

0Fh 15/16 N N+1 N+1 N+1 N+1 N+1 N+1 N+1 N+1 N+1 N ~ N+1 N ~ N+1 N+1 N+1 N+1 

85h 161/256 N N+1 N N+1 N+1 N+1 N N+1 N N+1 N ~ N+1 N+1 ~ N+1 N+1 N N+1 

8Fh 241/256 N N+1 N+1 N+1 N+1 N+1 N+1 N+1 N+1 N+1 N ~ N+1 N+1 ~ N+1 N+1 N+1 N+1 

FFh 255/256 N N+1 N+1 N+1 N+1 N+1 N+1 N+1 N+1 N+1 N+1 ~ N+1 N+1 ~ N+1 N+1 N+1 N+1 

Table 10-2 PWME output waveform table 
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FIG. 10-10 Schematic view of PWME output waveforms 
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PWME output operation description 

Â Initialization (The PWME frequency and duty cycle configuration) 

 ̧Setting the registerôs control bit TMCKS 0x40308[7] can select the operating frequency 

source of the TMB, and setting the control bit TMCD 0x40308[5:4] can determine the 

operating frequency of the TMB. 

 ̧ When the TBM 0x40C04 [3:2] is set as <11>, the TMB serves as 8+8-bit counter. 

 ̧ When the O0MD 0x40C04 [18:16] or control bit O1MD 0x40C04 [22:20] is set as <100>, 

the output waveform is the PWME. 

 ̧ Setting the TBEBS 0x40C04 as <00> can set the counting-trigger signal as ɼAlways 

Enableò, which means cycle counting 

 ̧ Write data in the TBC0 [7:0] to determine the frequency of the PWM. 

 ̧ Write data in the TBC1 [7:0] to determine the duty cycle of the PWM. 

 ̧ Write data in the TBC2 [7:0] to determine the duty cycle fine adjustment method of the 

PWM. 

 ̧ Setting the TBEN 0x40C04 [5] as <1> to enable the counter. 

Â Generate PWME waveform 

 ̧ When the counting value of the TMBR [7:0] is equal to that of the TBC1 [7:0], the PWME 

will be 0Č1. 

 ̧ When the counting value of the TMBR[7:0] is equal to that of the TBC0[7:0] again, the 

PWME will be 1Č0ǜ 

V And the overflowing event takes place to set the TMBIF 0x40004[1] as <1>, and reset 

and restart the incremental counting; at this time, if the TMBIE 0x40004[17] is set 

as<1>, the interrupt event service will take place. 

V At this time, the set value of the TBC2[7:0] adjusts the outputs of the PWME to be 

and N, as shown in the table, where NǞTBC1[7:0]. 
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Â PWM output control 

 ̧ Set the O0PMR 0x40C04 [19] or O1PMR 0x40C04 [23] to determine whether the output 

waveform of the pins is opposite in phase or not. 

Set the PTPW0E 0x40840 [0] or PTPW1E 0x40840 [1] as <1> to set the pin of the PWM 

waveform be under output status select appropriate PWM waveform output pin for the 

PTPW0x40840 [4:2]. 

Â Set the TBEN 0x40C04 [5] as <0> to disable the counter and the PWM output. 

Â The calculation formula of the frequency and duty cycle of the PWME: 

07-% &ÒÅÑÕÅÎÃÙ 
Ὕὄὅὑ

Ὕὄὅπχȡπ ρ
 

07-% $ÕÔÙ #ÙÃÌÅ 
Ὕὄὅπχȡπ ρ Ὕὄὅρχȡπ ὝὄὅςχȡπȾςυφ

Ὕὄὅπχȡπ ρ
 

 

 ̧ Fine adjustment is effective when the duty cycle is N+1; the formula is as follows: 

<X>stands for each bit of the TBC2. 

&ÉÎÅ ÁÄÊÕÓÔÍÅÎÔπ ρzςψ ρ φzτ ς σzς σ ρzφ τ ψz υ τz φ

ςz χ  
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PWMF mode 

The PWMF is a 16-bit PWM.  The counting value of the TMBR is compared with the 

TBC1 and TBC2, and the TBC2 should be larger than TBC1; the TMBR will keep increasing 

until overflowing. 

PWM output status control conditions: 

PWM = 1, when TBC1[15:0] =< TMBR[15:0] <= TBC2[15:0]; 

PWM = 0, when TMBR[15:0] > TBC2[15:0] or TMBR[15:0] <= TBC1[15:0]; 

PWM=1; the time is: t = tclock × (TBC2 ï TBC1); 

 

PWM period: 

PWM Period = TMBR[15:0]*TMCD / HS_CK(or LS_CK); 
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FIG.10-10 Waveform schematic view and counting waveform schematic view of PWM mode F 
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PWMG mode 

The PWMG is a 16-bit PWM mode and the duty cycle of the output waveform is 50%, 

which is the PFD waveform. The counting value of the TMBR is not compared with the 

TBC1/TBC2, and the period of the output waveform is related to the TBC0. 

 

PWM period: 

PWM Period = TBC0 [15:0]*TMCD / HS_CK (or LS_CK); 

 

PWMG frequency and duty cycle formula: 
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FIG. 10-11 Waveform schematic view and counting waveform schematic view of PWM mode G 
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10.2. Register address 

 

TMB Register Address 31 24 23 16 15 8 7 0 

TMA Base Address + 0x04(0x40C04) MASK1 REG1 MASK0 REG0 

TMA Base Address + 0x08(0x40C08) - REG2 TBCR TBCR 

TMA Base Address + 0x0C(0x40C0C) - - TBC0 TBC0 

TMA Base Address + 0x10(0x40C10) TBC2 TBC2 TBC1 TBC1 

- Reserved 

 

10.3. Register function 

10.3.1. Timer B register TMBCR0 

 

TMB Base Address + 0X04 (0X40C04) 

Symbol TMBCR0(TMB Control Register 0) 

Bit [31:24] [23] [22:20] [19] [18:16] 

Name MASK O1PMR O1MD O0PMR O0MD 

RW R0W-0 RW-0 

Bit [15:08] [7:6] [05] [04] [03:02] [01:00] 

Name MASK - TBEN TBRST TBM TBEBS 

RW R0W-0 - RW-0 

 

Bit Name Description 

Bit[23] O1PMR 

PWM1 waveform output phase control 

0 Inverted output 

1 Normal output 

Bit[22-20] O1MD 

PWM1 operating mode selection 

000 PWMA 

001 PWMB 

010 PWMC 

011 PWMD 

100 PWME 

101 PWMF 

110 PWMG 

111 PWMG 

Bit[19] O0PMR 

PWM0 waveform output phase control 

0 Inverted output 

1 Normal output 

Bit[18-16] O0MD 

PWM0 operating mode selection 

000 PWMA 

001 PWMB 

010 PWMC 
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