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Features

CPU Features

Operating voltage
+ Voo (MCU)
— fsys=12MHz: 3.0V~5.5V

+ Vop (USB Mode)
— fsys=6MHz/12MHz: 3.0V~5.5V
— fsys=16MHz: 3.3V~5.5V

Up to 0.25ps instruction cycle with 16MHz system clock at Vpp=5V
Power down and wake-up functions to reduce power consumption

Oscillator types
+ Internal High Speed 12MHz RC — HIRC
+ Internal Low Speed 32kHz RC — LIRC

Multi-mode operation: NORMAL, SLOW, IDLE and SLEEP
Fully integrated internal oscillators require no external components
All instructions executed in 1~3 instruction cycles

Table read instructions

109 powerful instructions

8-level subroutine nesting

Bit manipulation instruction

Peripheral Features

Flash Program Memory: 4Kx16~8Kx16

Data Memory: 256x8~512x8

LED Memory: 128x8 — for HT68FB571 only

USB Memory: 64x8

True EEPROM Memory: 64x8

Watchdog Timer function

Two Comparator functions — for HT68FB541 only

Up to 41 bidirectional I/O lines

Dual pin-shared external interrupts

Dual Time Base functions for generation of fixed time interrupt signals
Two 16-bit Timer/Event Counters with PFD (Programmable Frequency Divider) functions
Multiple 8-bit PWM outputs for LED application

USB interface

+ USB 2.0 Full Speed compatible

+ 4 endpoints supported including endpoint 0

+ All endpoints except endpoint 0 can support interrupt and bulk transfer
+ All endpoints except endpoint 0 have a fixed FIFO size of 16, 32 and 64 bytes respectively
+ Endpoint 0 support control transfer

+ Endpoint 0 has 8 byte FIFO

+ Support 3.3V LDO and internal UDP 1.5kQ pull-up resistor

+ Internal 12MHz RC oscillator with 0.25% accuracy for all USB modes

Rev. 1.40
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« Single Serial Peripheral Interface — SPI

* In Application Programming function — IAP

* In System Programming function — ISP

* Low voltage reset function

* Low voltage detect function

» Package types: 24/28-pin SSOP, 48-pin LQFP

General Description

The devices are Flash Memory LED control with USB type 8-bit high performance RISC
architecture microcontrollers, designed for applications that interface directly to analog signals and
require a USB interface.

For memory features, the Flash Memory offers users the convenience of multi-programming
features. Other memory includes an area of RAM Data Memory as well as an area of true EEPROM
memory for storage of non-volatile data such as serial numbers, calibration data, etc.

Analog feature includes two comparators which only exist in the HT68FB541 device. Two timer/
event counters are provided for external event counting, time interval/pulse width measurement or
an accurate time base generation. There are also multiple 8-bit PWM outputs specially provided
for multiple LED applications. Communication with the outside world is catered for by including
fully integrated SPI and USB interface functions, two popular interfaces which provide designers
with a means of easy communication with external peripheral hardware. Protective features such as
an internal Watchdog Timer, Low Voltage Reset and Low Voltage Detector coupled with excellent
noise immunity and ESD protection ensure that reliable operation is maintained in hostile electrical
environments. The external interrupts can be triggered with rising edge, falling edge or both falling
and rising edges.

A full choice of internal high and low oscillators is provided including two fully integrated system
oscillators which require no external components for their implementation. The ability to operate
and switch dynamically between a range of operating modes using different clock sources gives
users the ability to optimise microcontroller operation and minimise power consumption.

The inclusion of flexible I/O programming features along with many other features ensures that
these devices will find specific excellent use in PC peripheral applications such as LED mouse, LED
key pad, LED gaming keyboard, etc.

The devices are fully supported by the Holtek range of fully functional development and
programming tools, providing a means for fast and efficient product development cycles.

Rev. 1.40
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Selection Table

Most features are common to these devices, the main features distinguishing them are Flash Memory
capacity, Data Memory capacity, I/O count, PWM count for external LEDs and package types. The
following table summarises the main features of each device. As the devices exist in more than one
package format, the tables reflect the situation for the package with the most pins.

Program | Data |LED Data| Data External
LG = Memory | Memory | Memory | EEPROM 2 SR Interrupt
HT68FB541 4Kx16 | 256x8 — 18
3.0V~5.5V 64%8 v 2
HT68FB571 8Kx16 512x8 128x8 41
Part No. DU ST U2 USB | SPI L!ED Comparator | Stacks Package
Counter | Base Driver
HT68FB541 9 5 J J 3x8 2 8 24SSOP
HT68FB571 8x16 — 28SSOP/48LQFP

Block Diagram

VDD

vss

LEDVDD

HT68FB541

Pin-shared IAP & ISP
With Port C
th Port i LDO O usus
=== é Reset
RES ROM RAM Pin-shared
4K x 16 256 x 8 with VDD
3.3V V330
INTO~ Interrupt EEPROM Stack EEE——
INT1 Controller 64 x8 8-level
»[ ubP
Pin-shared
with Port A & B Timer LVDILVR USB 2.0 Full Speed N
HT8 MCU Core
Pin-shared
Vss
Time Bases| LIRC
32kHz [ w ] | PotA }4—» PAO-PAT
LEDVop river
HIRC
Pin-shared
Function
- Digital Peripherals ~ PCO
Port F
‘—>m—' PFO~PF2

SYSCLK

Voo

XN

Timers

12MHz

VDDIO Vooio
PLL
6/12/16MHz
in-shared

with Port B

Bus

Clock System

LEDSEGO~ LED SEG Comparators
LEDSEG2 @‘ Output CMPOO
Pin-shared CMPOINP
with Port A & F
CMPOINN
LEDCOMO~ LED COM
LEDCOM?7 41?]‘* Output LED PWM Module CMP10
Pin-shared
with Port A& B & F CMP1INP
KEYRO~ Key Scan ﬂ CMP1INN
Output

KEYR7

Pin-shared “— Analog Peripherals —/

Pin-shared
with Port A& B & F with Port A &B &

~——— LED PWM Control Peripherals ——— (-

: Pin-shared Node
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Pin-shared IAP & ISP
With Port B
— Reset
8K x 16 512x8
INTO~ Interrupt EEPROM Stack
INT1 @ ™ controller [ ’ 64%8 ‘ ’ 8-level « Pin-shared
WD
Pin-shared —‘ Watchd
With Port 8 Tmer * || LvorLvr 3.3V [X] vazo
———HT8 MCU Core
SYSCLK:
uopP
USB 2.0 Full Speed
UDN
VDD Voo Time Bases LIRC
32kHz
vss Vss Key Scan Input KEYCO~KEYC7
LEDVDD LEDVpp HIRC [
12MHz Pin-shared
LEDVSS LEDVss With Port D
PLL
6/12116MHz "
oo Clock System (e 1o
Pin-shared
e Port A
Driver PAO~PA7
\- Digital Peripherals -
LEDSEGO LED SEG 0 E‘:ic:: PBO~PB7
LEDSEGT Output LED PWM Module
Pin-shared EO” C ol PCO
With Port £ Pin-shared nver
le—>p| Function
LEDCOMO~ LED COM PDO~PD7
LEDCOM15 @ Output Driver
Pin-shared LED RAM Port E
KEYRO~ Key Scan le——> ;"" F PFO~PET
KEYR19 Output e
Pin-shared
With Port A& B & E
\—— LED PWM Control Peripherals ——’ —J

Pin-shared Node

Pin Assignment

PB2/PDFO/SPISDIC]1 24 [ PBY/INT1/PFD/SPISCK
PB3/TCO/SPISDO []2 23 [1 PBO/TC1/SPISCS/VDDIO
UDN/ODO [ 3 22 [ PA2/INTO/OCDSCK/ICPCK
UDP/OD1 []4 21 [ PAO/OCDSDA/ICPDA
V330 []5 20 [J PCO/RES/KEYCO
VDD/UBUS []6 19 [0 PF2/LEDSEG2
vss []7 18 [0 PA4/LEDSEG1
PF1/CMP10/KEYR3/LEDCOMS3 []8 17 [0 PA5/LEDSEGO
PFO/CMPOO/KEYR2/LEDCOM2 ]9 16 [1 PA1/KEYRO/LEDCOMO
PAB6/CMPOINP/KEYR7/LEDCOM7 ] 10 15 [ PA3/KEYR1/LEDCOM1
PA7/CMPOINN/KEYR6/LEDCOMS [] 11 14 [0 PB4/CMP1INN/KEYR4/LEDCOM4
LEDVDD []12 13 [0 PB5/CMP1INP/KEYR5/LEDCOM5
HT68FB541/HT68VB541
24 SSOP-A
Rev. 1.40 10 September 10, 2021
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>
PB5/TC1/SPISCS/KEYR19 [] 1 28| ] PB4/INT1/SPISCK/KEYR18
PCO/VDDIO [] 2 27[]1 PA1/TCO/SPISDO/KEYR17
UDN/ODO [] 3 26| 1 PA3/PFDO/SPISDI/KEYR16
UDP/OD1 [] 4 25[] LEDVSS
V330 [] 5 24|1 PB1/KEYR5/LEDCOMS5
VDD/UBUS [] 6 23|] PBO/KEYR4/LEDCOM4
vss [ 7 22[1 PA7/KEYR3/LEDCOM3
PAO/OCDSDA/ICPDA [] 8 211 PA6/KEYR2/LEDCOM2
PA2/0OCDSCK/ICPCK [] 9 20|] PA5/KEYR1/LEDCOM1
PD7/KEYC7 ] 10 191 PA4/KEYRO/LEDCOMO
PD6/KEYC6 ] 11 18[] PFO/LEDSEGO
PF5/LEDSEGS5 [] 12 171 PF1/LEDSEG1
PF4/LEDSEG4 [] 13 161 PF2/LEDSEG2
LEDVDD [] 14 15[1 PF3/LEDSEG3
HT68FB571/HT68VB571
28 SSOP-A
v %3l
BEXERRRA3
JZ33ITIJIQT L2 @
OS50 XRRRRAAR
X200 mmmmm
e II<=xx
olnv] e R e
Sppbpargn
7 =009 8 [l el el el
O zoOXxOEZmmmmm
©ST5XXXX00000
S3I50EANZ8888
EREFEEEEEEE
OCwnlsovco~NoanhrwN =
O00000000000
48 47 46 4544 43 42 41 4039 38 37
UDN/ODO 10 361 PE2/KEYR10/LEDCOM10
UDP/OD1 ]2 35[1 PE1/KEYR9/LEDCOM9
V330 3 341 PEO/KEYR8/LEDCOM8
VDD/UBUS []4 33[1 LEDVSS
VSS []5 32[1 PB3/KEYR7/LEDCOM7
PAO/OCDSDA/ICPDA [[]6  HT68FB571/HT68VB571 31[ 1 PB2/KEYR6/LEDCOM6
PA2/0CDSCKI/ICPCK 7 48 LQFP-A 301 PB1/KEYR5/LEDCOM5
PD7/KEYC7 8 29[ PBO/KEYR4/LEDCOM4
PD6/KEYC6 ]9 2871 PA7/KEYR3/LEDCOM3
PD5/KEYC5 10 271 PA6/KEYR2/LEDCOM2
PD4/KEYC4 11 261 PA5/KEYR1/LEDCOM1
PD3/KEYC3 12 251 PA4/KEYRO/LEDCOMO
13141516 1718 1920 21222324
OoooooooooTd
TUTUTVIULULTUDD
BRS8NI AIMIIIS
X<
MMMmmMmmMMmMOmmMmmm
P dviviviviciviviviv)
000D LOD OODOD
pESmmmm mmmm
OO0 OO0
~NoO O h WN-=-0O

Note: 1. If the pin-shared pin functions have multiple outputs, the desired pin-shared function is

determined by the corresponding software control bits.
2. The OCDSDA and OCDSCK pins are supplied for the OCDS dedicated pins and as such
only available for the HT68VBS5x1 device which is the OCDS EV chip for the HT68FB5x1

device.

3. For less pin-count package types there will be unbonded pins which should be properly
configured to avoid unwanted current consumption resulting from floating input condition.
Refer to the “Standby Current Considerations” and “Input/Output Ports” sections.
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Pin Description

The function of each pin is listed in the following table, however the details behind how each pin

is configured is contained in other sections of the datasheet. As the Pin Description table shows the

situation for the package with the most pins, not all pins in the table will be available on smaller

package sizes.

HT68FB541
Pin Name Function OPT T oIT Description
PAO PAWU st | cmos General purpose I/O. Register enabled pull-up
PAPU and wake-up
PAO/OCDSDA/ICPDA OCDSDA — ST | CMOS |OCDS data/address pin, for EV chip only
ICPDA — ST | CMOS |ICP data/address
PAWU .
PA1 PAPU sT | cmos General purpose |/0. Register enabled pull-up
PASO and wake-up
PA1/KEYRO/LEDCOMO
KEYRO PASO — | CMOS | Hardware Key Scan output pin
LEDCOMO | PASO — | CMOS |LED COM output
PA2 PAWU ST | cMOs General purpose I/0. Register enabled pull-up
PAPU and wake-up
PA2/INTO/OCDSCK/ INTO INTEG ST — | External interrupt input pin 0
ICPCK INTCO
OCDSCK — ST — | OCDS clock, for EV chip only
ICPCK — ST — |ICP clock input
PAWU .
PA3 PAPU ST | CMOS General purpose I/O. Register enabled pull-up
PASO and wake-up
PA3/KEYR1/LEDCOMA1
KEYR1 PASO — | CMOS |Hardware Key Scan output pin
LEDCOM1 | PASO — | CMOS |LED COM output
PAWU )
PA4 PAPU sT | emos General purpose I/O. Register enabled pull-up
PA4/LEDSEG1 and wake-up
PAS1
LEDSEG1 PAS1 — | CMOS | LED SEG output
PAWU .
PA5 PAPU sT | cmos General purpose I/0. Register enabled pull-up
PA5/LEDSEGO and wake-up
PAS1
LEDSEGO | PAS1 — | CMOS |LED SEG output
PAWU .
PAG PAPU st | cmos General purpose I/O. Register enabled pull-up
PAS1 and wake-up
PA6/CMPOINP/KEYR7/
LEDCOM7 CMPOINP PAS1 AN — Positive input of Comparator 0
KEYR7 PAS1 — | CMOS | Hardware Key Scan output pin
LEDCOM7 | PAS1 — | CMOS |LED COM output
PAWU .
PA7 PAPU _ | cMos General purpose |/O. Register enabled pull-up
PAS1 and wake-up
PA7/CMPOINN/KEYR6/
LEDCOM®6 CMPOINN PAS1 AN — | Negative input of Comparator 0
KEYR6 PAS1 — | CMOS |Hardware Key Scan output pin
LEDCOM6 | PAS1 — | CMOS |LED COM output
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HT68FB541/HT68FB571 #
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Pin Name Function OPT T oIT Description
PBO iggg ST | CMOS |General purpose I/0O. Register enabled pull-up
PBO/TC1/SPISCS/VDDIO TC1 PBS0O ST — | Timer/Event Counter 1 clock input
SPISCS PBSO ST | CMOS |SPI slave select pin
VDDIO PBSO | PWR — PAOQ, PA2, PB1~PB3 external power input
PB1 I;gl;g ST | CMOS |General purpose I/0O. Register enabled pull-up
INTEG
PB1/INT1/PFD1/SPISCK INT1 INTCO ST — | External interrupt input pin 1
PBSO
PFD1 PBSO — | CMOS | Programmable Frequency Divider 1
SPISCK PBSO ST | CMOS |SPI serial clock
PB2 Eggg ST | CMOS |General purpose I/0O. Register enabled pull-up
PB2/PFDO/SPISDI PFDO PBSO — | CMOS | Programmable Frequency Divider 0
SPISDI PBS0O ST — | SPI serial data input
PB3 l;ggg ST | CMOS |General purpose I/0O. Register enabled pull-up
PB3/TCO/SPISDO TCO PBSO ST — | Timer/Event Counter 0 clock input
SPISDO PBS0O — | CMOS | SPI serial data output
PB4 Egg? ST | CMOS |General purpose I/0. Register enabled pull-up
Egé/gg’m INN/KEYR4/ [ cpmP1INN | PBST | AN | —  |Negative input of Comparator 1
KEYR4 PBS1 — | CMOS |Hardware Key Scan output pin
LEDCOM4 | PBS1 — | CMOS |LED COM output
PB5 Egg? ST | CMOS |General purpose I/0O. Register enabled pull-up
EES’CC(';"“;’;'NP’KEYRW CMP1INP | PBS1 | AN | — |Positive input of Comparator 1
KEYR5 PBS1 — | CMOS | Hardware Key Scan output pin
LEDCOM5 | PBS1 — | CMOS |LED COM output
PCWU
PCO PCPU sT | cmos General purpose I/0. Register enabled pull-up
PCSO and wake-up
PCO/RES/KEYCO RSTC
S=a PCS0 . .
RES RSTC ST — | Reset input pin
KEYCO PCSO ST — |Hardware Key Scan input pin
PFO I:,'F:Fs)g ST | CMOS |General purpose I/0O. Register enabled pull-up
Egg/ggﬂ;gO/KEYRzl CMP0OO PFSO — | CMOS | Comparator 0 output
KEYR2 PFSO — | CMOS |Hardware Key Scan output pin
LEDCOM2 | PFSO — | CMOS |LED COM output
PF1 Eigg ST | CMOS |General purpose I/0O. Register enabled pull-up
EEE)@(’;’IGQO/KEYR?’/ CMP10 PFSO — | CMOS |Comparator 1 output
KEYR3 PFSO — | CMOS |Hardware Key Scan output pin
LEDCOM3 | PFSO — | CMOS |LED COM output
PFPU .
PF2 ST | CMOS | General purpose I/0. Register enabled pull-
PF2/LEDSEG2 PFS0 purp 9 pul-up
LEDSEG2 | PFSO — | CMOS |LED SEG output
V330 V330 — — PWR |USB 3.3V regulator output
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# HT68FB541/HT68FB571
HOLTEK USB Flash RGB LED MCU
Pin Name Function OPT T oIT Description
UDN — ST | CMOS |USB D- line
UDN/ODO - -
OoD0 — ST | NMOS |[NMOS Open Drain I/O pin
UDP — ST | CMOS |USB D+ line
UDP/OD1 - -
OD1 — ST | NMOS |NMOS Open Drain 1/O pin
VDD/UBUS VDD — PWR — | Digital po.s.itive power supply
UBUS — PWR — | USB positive power supply
VSS VSS — PWR — | Digital negative power supply
LEDVDD LEDVDD — PWR — |LEDSEG/LEDCOM positive power supply

Legend: I/T: Input type

OPT: Optional by register option

PWR: Power

NMOS: NMOS output

O/T: Output type

ST: Schmitt Trigger input
AN: Analog signal
CMOS: CMOS output

HT68FB571
Pin Name Function OPT T oIT Description
PAO PAPU ST | CMOS |General purpose I/0O. Register enabled pull-up
PAO/OCDSDA/ICPDA OCDSDA — ST | CMOS |OCDS data/address pin, for EV chip only
ICPDA — ST | CMOS |ICP data/address
PAPU .
PA1 PASO ST | CMOS |General purpose I/0O. Register enabled pull-up
Eél(/;?;)/SPISDO/ TCO PASO ST — | Timer/Event Counter O clock input
SPISDO PASO — | CMOS | SPI serial data output
KEYR17 PASO — | CMOS |Hardware Key Scan output pin
PA2 PAPU ST | CMOS |General purpose I/0O. Register enabled pull-up
PA2/0CDSCK/ICPCK OCDSCK — ST — | OCDS clock, for EV chip only
ICPCK — ST — |ICP clock input
PAPU .
PA3 PASO ST | CMOS |General purpose I/0. Register enabled pull-up
Eg/;:gmsplsol/ PFDO PASO | — | CMOS |Programmable Frequency Divider O
SPISDI PASO ST — | SPlI serial data input
KEYR16 PASO — | CMOS |Hardware Key Scan output pin
PA4 E’g‘:}] ST | CMOS |General purpose I/0O. Register enabled pull-up
PA4/KEYRO/LEDCOMO KEYRO PAS1 — | CMOS |Hardware Key Scan output pin
LEDCOMO | PAS1 — | CMOS |LED COM output
PA5 Eﬁ:? ST | CMOS |General purpose I/0O. Register enabled pull-up
PAS/KEYRT/LEDCOMT KEYR1 PAS1 — | CMOS |Hardware Key Scan output pin
LEDCOM1 | PASH1 — | CMOS |LED COM output
PAG I;:Z;J ST | CMOS |General purpose I/0O. Register enabled pull-up
PAB/KEYR2/ILEDCOM?2 KEYR2 PAS1 — | CMOS | Hardware Key Scan output pin
LEDCOM2 | PAS1 — | CMOS |LED COM output
PA7 Eﬁgg ST | CMOS |General purpose I/0. Register enabled pull-up
PATIKEYRS/LEDCOM3 KEYR3 PAS1 — | CMOS |Hardware Key Scan output pin
LEDCOM3 | PAS1 — | CMOS |LED COM output
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USB Flash RGB LED MCU HOLTEK
Pin Name Function OPT T oIT Description
PBO iggg ST | CMOS |General purpose I/0O. Register enabled pull-up
PBO/KEYR4/LEDCOM4 KEYR4 PBS0O — | CMOS |Hardware Key Scan output pin
LEDCOM4 | PBSO — | CMOS |LED COM output
PB1 Eggg ST | CMOS |General purpose I/0O. Register enabled pull-up
PB1/KEYRS/LEDCOMS KEYR5 PBSO — | CMOS |Hardware Key Scan output pin
LEDCOM5 | PBSO — | CMOS |LED COM output
PB2 l;ggg ST | CMOS |General purpose I/0O. Register enabled pull-up
PB2/KEYRG/LEDCOMS KEYR6 PBSO — | CMOS | Hardware Key Scan output pin
LEDCOM6 | PBSO — | CMOS |LED COM output
PB3 iggg ST | CMOS |General purpose I/0O. Register enabled pull-up
PB3/KEYR7/LEDCOM7 KEYR7 PBSO — | CMOS |Hardware Key Scan output pin
LEDCOM7 | PBSO — | CMOS |LED COM output
PB4 Egg? ST | CMOS |General purpose I/0O. Register enabled pull-up
INTEG
PB4/INT1/SPISCK/ INT1 INTCO ST — | External interrupt input pin
KEYR18
PBS1
SPISCK PBS1 ST | CMOS | SPI serial clock
KEYR18 PBS1 — | CMOS |Hardware Key Scan output pin
PB5 Egg? ST | CMOS |General purpose I/0O. Register enabled pull-up
EE%?S’SMSCS/ TC1 PBS1 | ST | — |Timer/Event Counter 1 clock input
SPISCS PBS1 ST | CMOS |SPI slave select pin
KEYR19 PBS1 — | CMOS |Hardware Key Scan output pin
PB6 IZE};J ST | CMOS |General purpose I/0O. Register enabled pull-up
INTEG
PBE/INTO/PFD1 INTO INTCO ST — | External interrupt input pin
PBS1
PFD1 PBS1 — | CMOS | Programmable Frequency Divider 1
PBPU .

N PB7 ST | CMOS |General purpose I/0. Register enabled pull-u
PB7/RES RSTC pure 9 pul-dp
RES RSTC ST — |Reset input pin

PCO PCPU ST | CMOS |General purpose I/0O. Register enabled pull-up
PCO/VDDIO PCSO :
VDDIO PCS0 | PWR — | PA1, PA3, PB4~PB7 external power input
PDWU .
PDO PDPU sT | cmos General purpose I/0. Register enabled pull-up
PDO/KEYCO and wake-up
PDS0
KEYCO PDSO ST — |Hardware Key Scan input pin
PDWU .
PD1 PDPU sT | cmos S:;(\ilr:‘l(g_urpose 1/0. Register enabled pull-up
PD1/KEYC1 PDSO up
KEYCA1 PDSO ST — |Hardware Key Scan input pin
PDWU )
PD2 PDPU sT | cmos General purpose I/0. Register enabled pull-up
PD2/KEYC2 and wake-up
PDS0O
KEYC2 PDSO ST — |Hardware Key Scan input pin
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# HT68FB541/HT68FB571
HOLTEK USB Flash RGB LED MCU
Pin Name Function OPT T oIT Description
PDWU .
PD3 PDPU sT | cmos General purpose I/0. Register enabled pull-up
PD3/KEYC3 and wake-up
PDSO
KEYC3 PDSO ST — |Hardware Key Scan input pin
PDWU .
PD4 PDPU ST | CMOS General purpose I/O. Register enabled pull-up
PD4/KEYC4 and wake-up
PDS1
KEYC4 PDS1 ST — |Hardware Key Scan input pin
PDWU .
PD5 PDPU sT | cmos General purpose |/0. Register enabled pull-up
PD5/KEYC5 and wake-up
PDS1
KEYC5 PDS1 ST — |Hardware Key Scan input pin
PDWU )
PD6 PDPU ST | CMOS General purpose I/O. Register enabled pull-up
PD6/KEYC6 and wake-up
PDS1
KEYC6 PDS1 ST — | Hardware Key Scan input pin
PDWU .
PD7 PDPU sT | cmos General purpose |/O. Register enabled pull-up
PD7/KEYC7 and wake-up
PDS1
KEYC7 PDS1 ST — |Hardware Key Scan input pin
PEO l;'égg ST | CMOS |General purpose I/0. Register enabled pull-up
PEO/KEYR8/ILEDCOMS KEYR8 PESO — | CMOS |Hardware Key Scan output pin
LEDCOM8 | PESO — | CMOS |LED COM output
PE1 iigg ST | CMOS |General purpose I/0O. Register enabled pull-up
PE1/KEYRI/LEDCOM? KEYR9 PESO — | CMOS |Hardware Key Scan output pin
LEDCOM9 | PESO — | CMOS |LED COM output
PE2 F;IIEEZL(; ST | CMOS |General purpose I/0O. Register enabled pull-up
PE2/KEYR10/
LEDCOM10 KEYR10 PESO — | CMOS |Hardware Key Scan output pin
LEDCOM10| PESO — | CMOS |LED COM output
PE3 l;'égg ST | CMOS |General purpose I/0O. Register enabled pull-up
PE3/KEYR11/
LEDCOM11 KEYR11 PESO — | CMOS | Hardware Key Scan output pin
LEDCOM11| PESO — | CMOS |LED COM output
PE4 lIZIIEEZﬁJ ST | CMOS |General purpose I/0O. Register enabled pull-up
PE4/KEYR12/
LEDCOM12 KEYR12 PES1 — | CMOS |Hardware Key Scan output pin
LEDCOM12| PES1 — | CMOS |LED COM output
PE5 I:,E';Lf ST | CMOS |General purpose I/0O. Register enabled pull-up
PES/KEYR13/
LEDCOM13 KEYR13 PES1 — | CMOS |Hardware Key Scan output pin
LEDCOM13| PES1 — | CMOS |LED COM output
PE6 l;'égﬁj ST | CMOS |General purpose I/0O. Register enabled pull-up
PE6/KEYR14/
LEDCOM14 KEYR14 PES1 — | CMOS |Hardware Key Scan output pin
LEDCOM14 | PES1 — | CMOS |LED COM output
PE7 EEZ? ST | CMOS |General purpose I/0. Register enabled pull-up
PE7/KEYR15/
LEDCOM15 KEYR15 PES1 — | CMOS |Hardware Key Scan output pin
LEDCOM15| PES1 — | CMOS |LED COM output
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USB Flash RGB LED MCU HOLTEK
Pin Name Function OPT T oIT Description
PFPU ;
PFO ST | CMOS |General purpose I/0O. Register enabled pull-u
PFO/LEDSEGO PFS0 purp 9 pul-up
LEDSEGO | PFSO — | CMOS | LED SEG output
PFPU ;
PF1 ST | CMOS |General purpose I/0. Register enabled pull-
PF1/LEDSEG1 PFSO purp a pull-up
LEDSEG1 PFSO — | CMOS | LED SEG output
PFPU ;
PF2 ST | CMOS |General purpose I/O. Register enabled pull-u
PF2/LEDSEG2 PFS0 purp 9 pul-up
LEDSEG2 | PFSO — | CMOS | LED SEG output
PFPU ;
PF3 ST | CMOS |General purpose I/0. Register enabled pull-
PF3/LEDSEG3 PFSO purp a pull-up
LEDSEG3 | PFSO — | CMOS | LED SEG output
PE4/LEDSEG4 PF4 I:,'F:Zl: ST | CMOS |General purpose I/0O. Register enabled pull-up
LEDSEG4 | PFS1 — | CMOS | LED SEG output
PFPU ;
PF5 ST | CMOS |General purpose I/0. Register enabled pull-u
PF5/LEDSEG5 PFS1 purp g pul-up
LEDSEG5 | PFS1 — | CMOS |LED SEG output
PEG/LEDSEGE PF6 I:,'F:FS)? ST | CMOS |General purpose I/0O. Register enabled pull-up
LEDSEG6 | PFS1 — | CMOS | LED SEG output
PFPU ;
PF7 ST | CMOS |General purpose I/0O. Register enabled pull-u
PF7/LEDSEG7 PFS1 PATP ¢ i
LEDSEG7 | PFS1 — | CMOS |LED SEG output
V330 V330 — — PWR |USB 3.3V regulator output
UDN — ST | CMOS |USB D- line
UDN/ODO - -
(0]0]0] — ST | NMOS |[NMOS Open Drain I/O pin
UDP — ST | CMOS |USB D+ line
UDP/OD1 - -
OD1 — ST | NMOS |NMOS Open Drain /O pin
VDD — PWR — | Digital Positive Power supply
VDD/UBUS —
UBUS — PWR — | USB positive power supply
VSS VSS — PWR — | Digital Negative Power supply
LEDVDD LEDVDD — PWR — |LEDSEG/LEDCOM Positive Power supply
LEDVSS LEDVSS . PWR . IérEolai(leG/LEDCOM Negative Power supply,

Legend: I/T: Input type
OPT: Optional by register option
PWR: Power
NMOS: NMOS output

O/T: Output type

ST: Schmitt Trigger input

AN: Analog signal
CMOS: CMOS output
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# HT68FB541/HT68FB571
HOLTEK USB Flash RGB LED MCU

Absolute Maximum Ratings

SUPPLY VOIEAZE ..ottt ettt enean Vss-0.3V to 6.0V
TNPUE VOIEAZE ...ttt Vss-0.3V to Vppt+0.3V
StOrage TEMPETATUTE. ......c.veureiirtirteetieie ettt ettt ettt ettt nae e -50°C to 125°C
Operating TEMPETALUIE .......cveverierrerieeteetietietetetetesteereeseeseeseesaessessessessessesseeseeseessessensen -40°C to 85°C
TOH TOTAL ..ttt -200mA (for HT68FB541)
ToH TOTAL . -100mA (for HT68FB571)
TOL TOLAL 1.t 150mA (for HT68FB541)
TOL TOtAL ..o 200mA (for HT68FB571)
Total POWET DISSIPALION ....e.viuieiieiieiiiieieeteett ettt ettt ettt ettt ettt et sbe st ebesbeeneeneens 500mW

Note: These are stress ratings only. Stresses exceeding the range specified under “Absolute
Maximum Ratings” may cause substantial damage to these devices. Functional operation of
these devices at other conditions beyond those listed in the specification is not implied and
prolonged exposure to extreme conditions may affect device reliability.

D.C. Characteristics

For data in the following tables, note that factors such as oscillator type, operating voltage, operating
frequency, pin load conditions, temperature and program instruction type, etc., can all exert an
influence on the measured values.

Operating Voltage Characteristics

Ta=-40°C~85°C

Test Conditions
Symbol Parameter Min. | Typ. | Max. | Unit
Voo Conditions
Operating Voltage (HIRC) — | fsvys=fuirc=12MHz 3.0 — 55
Operating Voltage (LIRC) — | fsys=fLire=32kHz 3.0 — 5.5
Voo — | PLLEN=A, fsys=fpL.=6MHz 3.0 — 55 Vv
Operating Voltage (PLL) — | PLLEN=1, fsys=feu=12MHz 3.0 — 5.5
— |PLLEN=1, fsys=frLi=16MHz 3.3 — 55
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Operating Current Characteristics

Ta=-40°C~85°C

Test Conditions
Symbol Parameter Min. | Typ. | Max. | Unit
Vop Conditions
Operating Current (HIRC) 3V fovs=furc=12MH — | 16 ] 30 A
erating Curren =fuirc= z m
p g 5v sYS=THIRC: — 28 6.0
Operating Current (LIRC) V. fevemfunc=32kH — 16 30 A
erating Curren =fLre= z
p g 5V sYs=ILIRC — 28 50 M.
3V — 2
loo PLLEN=1, fsys=fp..=6MHz
5V — 3 4
Operating Current (PLL) 3V BLLEN=1, foys=foui=12MH — [ 21 ] 35 A
erating Curren =1, fsvys=feLL= z m
perating 5V sysT — | 38 ] 70
3.3V — 3.2 6.5
PLLEN=1, fsys=fp..=16MHz
5V — 4.5 9.0

Note: When using the characteristic table data, the following notes should be taken into consideration:
1. Any digital inputs are setup in a non floating condition.
2. All measurements are taken under conditions of no load and with all peripherals in an off state.
3. There are no DC current paths.

4. All Operating Current values are measured using a continuous NOP instruction program loop.

Standby Current Characteristics
Ta=25°C, unless otherwise specified

Symbol P " Test Conditions Wi T " Max.@ Unit
mbo! arameter in. 5 ax @ ni
Y Voo Conditions w 85°C
3V — | 011 ] 015 | 2.00
WDT off
5V — | 018 | 0.38 | 2.90
SLEEP Mode MA
3V — — 3 3
WDT on
5V — — 5 5
3V ; ot 1oMH — 15 | 3.0 35
on, = = z
5V SuB SYS=IHIRC — 28 50 55
IDLEO Mode (LIRC) pA
3V ¢ et — 3 5 5
on, =
5V SuB Sys—=IsuB — 5 10 10
Iste
IDLE1 Mode (HIRC) vV, st =1 2MH — | 065 | 1.40 | 1.40 A
oae on, = = z m
5V SuB SYS=IHIRC — 1 3 30 30
3V |fsus on, PLLEN=1 — 1.0 2.5 25
5V |fsys=frLi=6MHz _ 20 35 35
3V |fsus on, PLLEN=1 — 15 3.0 3.0
IDLE1 Mode (PLL) 5V |fsvs=fe=12MHz — 25 |40 | a0 | ™
3.3V |fsus on, PLLEN=1 — 17 | 35 35
5V |fsys=feLi=16MHz _ 3 5 5

Note: When using the characteristic table data, the following notes should be taken into consideration:
1. Any digital inputs are setup in a non floating condition.
2. All measurements are taken under conditions of no load and with all peripherals in an off state.
3. There are no DC current paths.

4. All Standby Current values are taken after a HALT instruction execution thus stopping all instruction
execution.
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A.C. Characteristics

For data in the following tables, note that factors such as oscillator type, operating voltage, operating
frequency and temperature etc., can all exert an influence on the measured values.
High Speed Internal Oscillator — HIRC - Frequency Accuracy

During the program writing operation the writer will trim the HIRC oscillator at a user selected
HIRC frequency and user selected voltage of 5V.

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

USB mode and CLKADJ=1,
4.4\V~5.25V | UDP/UDN plug in the HOST -0.25% | 12 | +0.25%
Ta=-40°C~85°C

e 12MHz Writer Trimmed 5v Taf2f°c ! ‘2:”’ 12 +2:/° Vi
HIRC frequency 5V Ta=0°C~70°C -3% 12 +3%
5V | Ta=-40°C~85°C 35% | 12 | +3.5%
3.0V~5.5V | Ta=0°C~70°C 4% | 12 | +4%
3.0V~5.5V |Ta=-40°C~85°C 45% | 12 | +45%

Note: 1. The 5V value for Vpp is provided as this is the fixed voltage at which the HIRC frequency is trimmed by
the writer.

2. The row below the 5V trim voltage row is provided to show the values for the full Vpp range operating
voltage. It is recommended that the trim voltage is fixed at 5V for application voltage ranges from 3.0V
to 5.5V.

3. The minimum and maximum tolerance values provided in the table are only for the frequency at which
the writer trims the HIRC oscillator. After trimming at this chosen specific frequency any change in
HIRC oscillator frequency using the oscillator register control bits by the application program will give a
frequency tolerance to within +20%.

Low Speed Internal Oscillator Characteristics — LIRC

Test Conditions
Symbol Parameter Min. | Typ. | Max. | Unit
Voo Conditions
fure LIRC Frequency 3.0V~5.5V |-40°C~85°C 1% 32 +7% | kHz
tsTaRT LIRC Start up Time — -40°C~85°C — — 100 us

Operating Frequency Characteristic Curves

System Operating Frequency

A

16MHz —

12MHz

6MHz —

3.0V 5.5V
Operating Voltage
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HT68FB541/HT68FB571
USB Flash RGB LED MCU

HOLTEK i ’

System Start Up Time Characteristics

Ta=-40°C~85°C

Test Conditions
Symbol Parameter Min. | Typ. | Max. Unit
Voo Conditions
System Start-up Timer Period —  |fsvs=fu ~ /64, fu=furc - 16 - tsvs
(Wake-up from IDLE/SLEEP Mode| — |fpu off — on (PLLF=1) — 2560 — | trLLsmHz)
and fsys Off, RES Pin Reset) — | fsys=fLrc — 2 — tsys
tesr System Start-up Timer Period — | fuirc off — on (HIRCF=1) — 16 — thire
(SLOW mode <> NORMAL Mode ) | — | fp; off — on (PLLF=1) — | 2560 | — | teLLusumz
System start-up timer period _ |fsvs=fu ~ /64, _ 2 _ tevs
(wake-up from IDLE/SLEEP Mode, fu=frirc or frLL
fsvs on) —  |fsys=fLirc — 2 — tsvs
System Reset Delay Time
Reset Source from Power-on — |RRpor=5 V/ms
Reset or LVR Hardware Reset
_ 42 48 54 ms
System Reset Delay Time
trsTD LVRC/WDTC/RSTC Software — —
Reset
System Reset Delay Time
Reset Source from WDT Overflow | — — 14 16 40 ms
or RES Pin Reset
Minimum Software Reset Width to
tsreseT Reset — — 45 90 120 us
Note: 1. For the System Start-up time values, whether fsys is on or off depends upon the mode type and the chosen

fsys system oscillator. Details are provided in the System Operating Modes section.

provided in the frequency tables. For example tuirc=1/fuirc, tsys=1/fsys, etc.

. The time units, shown by the symbols, turc, etc., are the inverse of the corresponding frequency values as

. If the LIRC is used as the system clock and if it is off when in the SLEEP Mode, then an additional LIRC

start up time, tstart, as provided in the LIRC frequency table, must be added to the tssr time in the table

above.

. The System Speed Switch Time is effectively the time taken for the newly activated oscillator to start up.
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HT68FB541/HT68FB571
USB Flash RGB LED MCU

Input/Output Characteristics

Input/Output (without Multi-power) D.C. Characteristics — HT68FB541

Ta=-40°C~85°C

Test Conditions
Symbol Parameter Min. | Typ. | Max. | Unit
Vop Conditions
Input Low Voltage for 1/O Ports (Except sV — 0 — 1.5
Vi RES Pin) — — 0 — | 02Von | V
Input Low Voltage for RES Pin — — 0 — | 0.4V
Input High Voltage for I/O Ports (Except | 5V — 3.5 — 5
Vi RES Pin) — — 0.8Vop | — Vbp \
Input High Voltage for RES Pin — — 0.9Voo | — Voo
. ) 3V 16 32 —
lo Sink Current for 1/0O Pins Vor=0.1Vop mA
5V 32 65 —
Source Current for I/O Pins 3V 4 -8 —
(Except PFO~PF1, PA6~PA7, PA1, PA3, Vor=0.9Vop mA
PB4~PB5) 5V -8 -16 -
3V VOH=0.9VDD, -7 -15 —
SLEDC[m+1, m]=00B
5V | (n=0, 1; m=0, 2, 4, 6) -15 -33 —
3V | Voi=0.9Vop, -15 -33 —
low SLEDC[m+1, m]=01B
Source Current for I/O Pins 5V | (n=0, 1; m=0, 2, 4, 6) -33 -67 —
(PFO~PF1, PA6~PA7, PA1, PA3, mA
PB4~PB5) 3V | Von=0.9Vpp, -33 -67 _
SLEDC[m+1, m]=10B
5V |(n=0, 1; m=0, 2, 4, 6) -67 | -100 —
3V | Vou=0.9Vpp, -67 -120 —
SLEDC[m+1, m]=11B
5V |(n=0, 1; m=0, 2, 4,6) | -120 | -135 —
. . 3V — 20 60 100
Ren Pull-high Resistance for I/0 Ports Not® kQ
5V — 10 30 50
ILeAk Input Leakage Current 5V | Vin=Vop or Vin=Vss — — 11 MA
tint External Interrupt Minimum Pulse Width — — 10 — — us
tres External Reset Minimum Low Pulse Width | — — 10 — — us
tre TCn Input Pin Minimum Pulse Width — — 25 — — ns

Note: The Rpu internal pull-high resistance value is calculated by connecting to ground and enabling the input pin
with a pull-high resistor and then measuring the pin current at the specified supply voltage level. Dividing
the voltage by this measured current provides the Rey value.
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Input/Output (with Multi-power) D.C.

Characteristics — HT68FB541

Test Conditions
Symbol Parameter Min. Typ. Max. Unit
Voo Conditions
Voo Power Supply for Multi-power
Vop /O Pins — — 3.0 5.0 5.5 \Y
Vooio Power Supply for Multi-power
Vobio /O Pins —_ — 3.0 — Voo \Y
Vv3zo Power Supply for Multi-power | 4.0V~
Vvazo /O Pins 5 5V V330 output enable 3.0 3.3 3.6 \%
. 5V Pin pfwer=VDD or Vooio, 0.0 . 15
Input Low Voltage for Multi-power Vooio=Vop
Vi . \Y
I/0 Pins pi ny v 00 0.2
— In power=Vpp Or Vppio . - (VDD/VDD|O)
. ' 5V Pin p?wer=VDD or Vooio, 35 _ 5.0
Input High Voltage for Multi-power Vobio=Vop
Vin . \%
I/0 Pins Pi oy Vi 0.8 VoolV,
— In power=Vpp Or Vppio (Voo/Vooio) — DD/ VDDIO
3V VOL=9.1 (Voo/Vooio) 16 32 .
S' C f . /O VDDIO—VDD
lo !nk urrent for Multi-power | Vo.=0.1(Voo/Vopio) mA
Pins _ 32 65 —
5V | Vooio=Voo
Vor=0.1Vopio, Vopio=3V 20 40 —
3v VOH=9.9(VDDNDDIO) 4 8 _
for Mult | Vopio=Vop
lon Spurce Current for Multi-power 1/0 Vor=0.9(Voo/V o) mA
Pins - -8 -16 —
5V | Vooio=Voo
Vor=0.9Vobio, Vopio=3V -2.5 -5 —
3V Pin p?wer=VDD or Vboio 20 60 100
Pull-high Resistance for Voo=Vo
ull- H —
Ren Multi-power I/O Pins @ Pin power=Voo or Veoio 10 30 50 kQ
5V | Vobio=Voo
Vopio=3V 36 110 180
Input Leakage Current for Vin=Vss or
lieac | Multi-power 1/O Pins SV I V/=Voo or Vooio - - * WA

Note: 1. The multi-power pins are PAO, PA2, PB1~PB3 pins.

2. The Rpu internal pull-high resistance value is calculated by connecting to ground and enabling the input
pin with a pull-high resistor and then measuring the pin current at the specified supply voltage level.

Dividing the voltage by this measured current provides the Reu value.
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Input/Output (without Multi-power) D.C. Characteristics - HT68FB571

Test Conditions . .
Symbol Parameter Min. | Typ. | Max. | Unit
Voo Conditions
Input Low Voltage for /O Ports 5V — 0 — 1.5 v
(Except PDO~PD7 & RES Pin) _ _ 0 — 10.2Voo
for 1/0 oV INHLVC[m]=0 (m=0, 1) 0 — | 18
Input Low Voltage for I/O Ports m]=0 (m=0,
Vi _ _
L (PDO~PD7) 0 0.2Vop \%
5V |INHLVC[m]=1 (m=0, 1) 0 — 0.8
Input Low Voltage for RES Pin — — 0 — 3':) \%
Input High Voltage for I/O Ports 5V — 35 | — 5 v
(Except PDO~PD7& RES Pin) _ — 0.8Voo| — Voo
vV oV INHLVC[m]=0 (m=0, 1) 35 | — 5
IH Input High Voltage for 1/0 Ports — m]=0 (m=0, —
(PDO~PD7) 0.8Vop Voo \Y
5V | INHLVC[m]=1 (m=0, 1) 25 | — 5
Input High Voltage for RES Pin — — 0.9V | — Voo \%
Sink Current for 1/0 Pins 3V 5 10 —
(Except PEO~PE7, PBO~PB3, Vor=0.1Vop mA
PA4~PA7, PFO~PF7) Y 10 | 20 | —
ot Sink Current for I/0 Pins 3v _ 20 40 —
(PEO~PE7, PBO~PB3, PA4~PA7) | 5v V0=0.1Voo 40 | 80 | — mA
Sink Current for I/0 Pins 3v _ 25 5 —
(PFO~PF7) sy | /o0 Ve 5 | 10| — ™
Source Current for /0O Pins 3V _ -2 -5 —
(Except PFO~PF7) 5V Von=0.9Vop 5 10 — mA
3V |Vou=0.9Vop, -09 | -1.8 —
5v |SLEDC[m+1, m]=00B (m=0,2)| .18 | -3.6 _
| 3V | Vou=0.9Vop, -1.6 | -3.2 —
OH
Source Current for I/0 Pins 5v |SLEDC[m+1, m]=01B (m=0,2) | 32 | 6.4 | —
mA
(PFO~PFT7) 3V | Vou=0.9Vop, 23 | 45| —
5v |SLEDC[m+1, m]=10B (m=0,2) | 45 | -91 _
3V |Vor=0.9Vop, -5 -10 —
5v |SLEDC[m+1, m]=11B (m=0, 2) | -10 -20 _
Pull-high Resistance for 1/0 3V — 20 60 | 100
RPH Note kQ
Ports 5V — 10 30 50
ILeAk Input Leakage Current 5V |Vin=Vop or Vin=Vss — — 1 MA
t External Interrupt Minimum Pulse . . 10 . . s
T Width H
t External Reset Minimum Low Pulse| . 10 . . s
RES Width H
TCn Input Pin Minimum Pulse
tre Width —_ — 25 — — ns

Note: The Rpy internal pull-high resistance value is calculated by connecting to ground and enabling the input pin
with a pull-high resistor and then measuring the pin current at the specified supply voltage level. Dividing
the voltage by this measured current provides the Rey value.
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Input/Output (with Multi-power) D.C. Characteristics - HT68FB571

Test Conditions . .
Symbol Parameter Min. Typ. Max. Unit
Vbp Conditions
Voo Power Supply for Multi-power| o
Vop /O Pins 3.0 5 5.5 \Y
Vooio Power Supply for . -
Voo \uiti-power 1/0 Pins - 30 Voo v
Vv3zo Power Supply for 4.0V
Vvsso Multi-power I/O Pins ~5.5V V330 output enable 3.0 3.3 3.6 \%
. 5v Pin pi)wer=VDD or Vooio 0 _ 15
Input Low Voltage for Multi-power Vopio=Vop
Vi . \Y
I/O Pins Pi v Vi 0 0.2
—_ In power=Vpp Or Vpbio — (VDD/VDD|0)
. 5V Pin pfwer=VDD or Vooio 35 _ 5
Input High Voltage for Vopio=Vop
Vin . . \%
Multi-power I/O Pins Pi -V, Vi 0.8 VooV
— In power=Vpp Or Vppio (Voo/Vooio) — DD/ VDDIO
3V VOL=(3.1 (Voo/Vooio) 5 10 -
) . VDDIO—VDD
o S!nk Current for Multi-power 1/0 Vor=0.1(Voo/Vooio) mA
Pins _ 10 20 —
5V | Vooio=Vop
Vor=0.1Voboio, Vopio=3V 7.5 15.0 —
Vor=0.9(Voo/Vooio) } ) _
v Vobio=Vop 2 5
lon Sour(;e Current for Multi-power VOH=9.9(VDD/VDDIO) 5 10 . mA
1/0 Pins 5V Vooio=Vob
Vor=0.9Vbpio
Vopio=3V 1.5 -3.0 o
3V Pin p_OWef:VDD or Vboio 20 60 100
Pull-high Resistance f Vooro=Voo
ull-high Resistance for : _
Ren Multi-power I/O Pins @ Pin power=Voo or Veoio 10 30 50 kQ
5V | Vobio=Vop
Vopio=3V 36 110 180
Input Leakage Current for Vin=Vss or i .
lieac | Multi-power /O Pins V' | Vin=Voo or Vooo * bA

Note: 1. The multi-power pins are PA1, PA3, PB4~PB7 pins.

2. The Rpu internal pull high resistance value is calculated by connecting to ground and enabling the input

pin with a pull-high resistor and then measuring the pin current at the specified supply voltage level.
Dividing the voltage by this measured current provides the Reu value.
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Memory Characteristics

Ta=-40°C~85°C, unless otherwise specified.

Test Conditions
Symbol Parameter Min. | Typ. | Max. | Unit
Vop Conditions
Vrw Voo for Read / Write — — Vobmin — | Vobmax \%
Flash Program Memory / Data EEPROM Memory
Erase / Write Cycle Time — Flash Program| . . 2 3
Memory
toew - - ms
Write Cycle Time — Data EEPROM . . . 4 6
Memory
IooPam Programming / Erase Current on Voo — — — — 5.0 mA
E Cell Endurance — Flash Program Memory | — — 10K — — E/W
) Cell Endurance — Data EEPROM Memory | — — 100K | — — E/W
treto ROM Data Retention Time — |Ta=25°C — 40 — Year
RAM Data Memory
Vor RAM Data Retention Voltage ‘ — ‘ — ‘ 1.0 ‘ — ‘ — ‘ \Y

Note: “E/W” means Erase/Write times.

LVR/LVD Electrical Characteristics
Ta=-40°C~85°C

Test Conditions

Symbol Parameter Min. | Typ. | Max. | Unit
Vop Conditions
LVR enable, voltage select 2.1V 2.1
LVR enable, voltage select 2.55V 2.55
Vivr Low Voltage Reset Voltage — -5% +5% \
LVR enable, voltage select 3.15V 3.15
LVR enable, voltage select 3.8V 3.8
LVD enable, voltage select 2.0V 2.0
LVD enable, voltage select 2.2V 2.2
LVD enable, voltage select 2.4V 2.4
. LVD enable, voltage select 2.7V 2.7
Vivo Low Voltage Detection Voltage | — -5% +5% Vv
LVD enable, voltage select 3.0V 3.0
LVD enable, voltage select 3.3V 3.3
LVD enable, voltage select 3.6V 3.6
LVD enable, voltage select 4.0V 4.0
3V |LVD enable, LVR enable, — — 20 A
5V |VBGEN=0 — |20 | 25 | "
lvrivose | Operating Current
3V |LVD enable, LVR enable, — — 25 A
5v | VBGEN=1 — 25 30 H
) For LVR enable, VBGEN=0,
tivos LVDO Stable Time — | LVD off — on — — 18 us
tm glnlmum Low Voltage Widthto | . 120 240 | 480 us
eset
Minimum Low Voltage Width to
tvo Interrupt — — 60 120 | 240 us
Additional Current for LVR . _
lvr Enable — |LVD disable, VBGEN=0 — — 24 uA
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USB Electrical Characteristics

Ta=-40°C~85°C

Test Conditions

Symbol Parameter Min. | Typ. | Max. | Unit
Voo Conditions
3V |fsys=fpLi=6MHz, — 4.5 9.0
No load, USB and PLL on, mA
SV |other peripherals off — 95 | 15.0
' 3V |fsys=fpLi=12MHz, — 5 10
Ioo Operating Current (USB) No load, USB and PLL on, mA
5V | other peripherals off — | 105 | 16.0
fsys=frLL=16MHz,
5V |No load, USB and PLL on, — 11 18 mA
other peripherals off
fu off, fsus=fLirc ON,
No load, USB and PLL on,
V' other peripherals off, SUSP2=0,| 360 | 450 | pA
lsus Suspend Current (USB) RCTRL=0
(IDLEO Mode) fu off, fsus=fLrc ON,
No load, USB and PLL on,
V' | other peripherals off, SUSP2=1,| 240 | 330 WA
RCTRL=1
Vvaso 3.3V Regulator Output Voltage 5V |lvazo=70mA 3.0 3.3 3.6 \Y
Pull-high Resistance of UDP to o o
V330 3.3V — -5% 15 +5% kQ
Rwe  olilhigh Resist f UDP t
ui-nigh Resistance o 0 5V |RCTRL=1 49 | 78 | 120 | kQ
UBUS
Ruoen Pull-high Resistance of UDP/UDN 5V | PU=1 300 650 | 1000 KO
to UBUS
ReL Pull-low Resistance of UBUS 5V |SUSP2=1, RUBUS=0 0.5 1.0 1.5 MQ
Roo Pull-high Resistance of OD0/OD1 5V | UMS[2:0]=001B 20 47 8.0 KO
to VDD
loL_op Sink Current of OD0/OD1 5V |UMS[2:0]=001B, Vor=0.1Vop 8 12 — mA
. UMS|[2:0]=001B,
Vi Input High Voltage of OD0/OD1 5V | 5D10/0D00=11B 2 — 5 v
UMS[2:0]=001B,
Vi Input Low Voltage of OD0/OD1 5V OD10/0D00=11B 0 — 0.8 \Y

Note: For Isus and Rupp, a 15kQ resistor should be connected between UDP/UDN pin and GND.
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Comparator Characteristics - HT68FB541 Only

Ta=-40°C~85°C
All measurement is under CMPnINP input voltage=(Vop-1.4)/2 and remain constant

Test Conditions
Symbol Parameter Min. | Typ. | Max. | Unit
Voo Conditions
3.0V~5.5V | With 10mV overdrive ? — — 3 us
trp Response Time 3V . . — 200 700
With 100mV overdrive (V@ ns
5V — 200 400

Note: 1. Measured with comparator one input pin at Vem=(Vop-1.4)/2 while the other pin input transition from Vss
to (Vemt100mV) or from Vpp to (Vem-100mV).

2. Load Condition: CrLoap=50pF.

Load Condition

I CLOAD

VSS

Pin

Power-on Reset Characteristics
Ta=-40°C~85°C

Test Conditions

Symbol Parameter Min. | Typ. | Max. | Unit
Voo Conditions
Veor Voo Start Voltage to Ensure Power-on . - - . 100 mv
Reset
RRror Voo Rising Rate to Ensure Power-on . . 0035 — . V/ms
Reset

Minimum Time for Vop Stays at Veor to
tror — — 1 — — ms
Ensure Power-on Reset

Voo
A

tror RRpor

A

Veor

» Time
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System Architecture

A key factor in the high-performance features of the Holtek range of microcontrollers is attributed
to their internal system architecture. The devices take advantage of the usual features found within
RISC microcontrollers providing increased speed of operation and enhanced performance. The
pipelining scheme is implemented in such a way that instruction fetching and instruction execution
are overlapped, hence instructions are effectively executed in one or two cycles for most of the
standard or extended instructions respectively. The exceptions to this are branch or call instructions
which need one more cycle. An 8-bit wide ALU is used in practically all instruction set operations,
which carries out arithmetic operations, logic operations, rotation, increment, decrement, branch
decisions, etc. The internal data path is simplified by moving data through the Accumulator and
the ALU. Certain internal registers are implemented in the Data Memory and can be directly
or indirectly addressed. The simple addressing methods of these registers along with additional
architectural features ensure that a minimum of external components is required to provide a
functional I/O control system with maximum reliability and flexibility. This makes the devices
suitable for low-cost, high-volume production for controller applications.

Clocking and Pipelining

The main system clock, derived from either an HIRC or LIRC oscillator is subdivided into four
internally generated non-overlapping clocks, T1~T4. The Program Counter is incremented at the
beginning of the T1 clock during which time a new instruction is fetched. The remaining T2~T4
clocks carry out the decoding and execution functions. In this way, one T1~T4 clock cycle forms
one instruction cycle. Although the fetching and execution of instructions takes place in consecutive
instruction cycles, the pipelining structure of the microcontroller ensures that instructions are
effectively executed in one instruction cycle. The exception to this are instructions where the
contents of the Program Counter are changed, such as subroutine calls or jumps, in which case the
instruction will take one more instruction cycle to execute.

For instructions involving branches, such as jump or call instructions, two machine cycles are
required to complete instruction execution. An extra cycle is required as the program takes one
cycle to first obtain the actual jump or call address and then another cycle to actually execute the
branch. The requirement for this extra cycle should be taken into account by programmers in timing
sensitive applications.

fsvs | | | |
systemcosy |\ L\
Phase Clock T1 IJ \ II \ I/ \
Phase Clock T2 : / \ / \ / \
| — —
,_‘I
|
A
|
|

| |
| |
| |
Phase Clock T3 | } \ | |

|
Phase Clock T4 | } M
|
A
|

Ul

Program Counter | PC PC+1 PC+2
|
Pipelining Fetch Inst. (PC)
Execute Inst. (PC-1) Fetch Inst. (PC+1)
Execute Inst. (PC) Fetch Inst. (PC+2)
Execute Inst. (PC+1)

System Clocking and Pipelining
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1 MOV A12H] | [_Fetchlinst 1 | Execute Inst. 1

2 CALL DELAY Fetch Inst. 2 | Execute Inst. 2

3 CPL [12H] Fetch Inst. 3 | Flush Pipeline

4 : Fetch Inst. 6 | Execute Inst. 6
5 : Fetch Inst. 7
6 DELAY: NOP

Instruction Fetching

Program Counter

Stack

During program execution, the Program Counter is used to keep track of the address of the next
instruction to be executed. It is automatically increased by one each time an instruction is executed
except for instructions, such as “JMP” or “CALL” that demand a jump to a non-consecutive
Program Memory address. Only the lower 8 bits, known as the Program Counter Low Register, are
directly addressable by the application program.

When executing instructions requiring jumps to non-consecutive addresses such as a jump
instruction, a subroutine call, interrupt or reset, etc., the microcontroller manages program control
by loading the required address into the Program Counter. For conditional skip instructions, once
the condition has been met, the next instruction, which has already been fetched during the present
instruction execution, is discarded and a dummy cycle takes its place while the correct instruction is

obtained.
Program Counter
Device
Program Counter High Byte PCL Register
HT68FB541 PC11~PC8 PCL7~PCLO
HT68FB571 PC12~PC8 PCL7~PCLO

Program Counter

The lower byte of the Program Counter, known as the Program Counter Low register or PCL, is
available for program control and is a readable and writeable register. By transferring data directly
into this register, a short program jump can be executed directly; however, as only this low byte
is available for manipulation, the jumps are limited to the present page of memory that is 256
locations. When such program jumps are executed it should also be noted that a dummy cycle
will be inserted. Manipulating the PCL register may cause program branching, so an extra cycle is
needed to pre-fetch.

This is a special part of the memory which is used to save the contents of the Program Counter
only. The stack is organized into 8 levels and neither part of the data nor part of the program space,
and is neither readable nor writeable. The activated level is indexed by the Stack Pointer, and is
neither readable nor writeable. At a subroutine call or interrupt acknowledge signal, the contents of
the Program Counter are pushed onto the stack. At the end of a subroutine or an interrupt routine,
signaled by a return instruction, RET or RETI, the Program Counter is restored to its previous value
from the stack. After a device reset, the Stack Pointer will point to the top of the stack.

If the stack is full and an enabled interrupt takes place, the interrupt request flag will be recorded but
the acknowledge signal will be inhibited. When the Stack Pointer is decremented, by RET or RETI,
the interrupt will be serviced. This feature prevents stack overflow allowing the programmer to use
the structure more easily. However, when the stack is full, a CALL subroutine instruction can still
be executed which will result in a stack overflow. Precautions should be taken to avoid such cases
which might cause unpredictable program branching.
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If the stack is overflow, the first Program Counter save in the stack will be lost.

Program Counter

Top of Stack | Stack Level 1

Stack Level 2

Stack
Pointer

» Stack Level 3

Program Memory

Bottom of Stack Stack Level 8

Arithmetic and Logic Unit — ALU

The arithmetic-logic unit or ALU is a critical area of the microcontroller that carries out arithmetic

and logic operations of the instruction set. Connected to the main microcontroller data bus, the ALU

receives related instruction codes and performs the required arithmetic or logical operations after

which the result will be placed in the specified register. As these ALU calculation or operations may

result in carry, borrow or other status changes, the status register will be correspondingly updated to
reflect these changes. The ALU supports the following functions:

Arithmetic operations:

ADD, ADDM, ADC, ADCM, SUB, SUBM, SBC, SBCM, DAA,

LADD, LADDM, LADC, LADCM, LSUB, LSUBM, LSBC, LSBCM, LDAA
Logic operations:

AND, OR, XOR, ANDM, ORM, XORM, CPL, CPLA,

LAND, LANDM, LOR, LORM, LXOR, LXORM, LCPL, LCPLA

Rotation:
RRA, RR, RRCA, RRC, RLA, RL, RLCA, RLC,
LRRA, LRR, LRRCA, LRRC, LRLA, LRL, LRLCA, LRLC

Increment and Decrement:
INCA, INC, DECA, DEC,
LINCA, LINC, LDECA, LDEC
Branch decision:

JMP, SZ, SZA, SNZ, SIZ, SDZ, SIZA, SDZA, CALL, RET, RETI,
LSNZ, LSZ, LSZA, LSIZ, LSIZA, LSDZ, LSDZA
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Flash Program Memory

The Program Memory is the location where the user code or program is stored. For these devices
the Program Memory is Flash type, which means it can be programmed and re-programmed a
large number of times, allowing the user the convenience of code modification on the same device.
By using the appropriate programming tools, these Flash devices offer users the flexibility to
conveniently debug and develop their applications while also offering a means of field programming

and updating.
Device Capacity
HT68FB541 4Kx16
HT68FB571 8Kx16
Structure

The Program Memory has a capacity of 4Kx16 to 8Kx16 bits. The Program Memory is addressed
by the Program Counter and also contains data, table information and interrupt entries. Table data,
which can be setup in any location within the Program Memory, is addressed by a separate table
pointer register.

HT68FB541 HT68FB571

OOQOH Initialisation Vector | Initialisation Vector
0004H

A Interrupt Vectors =z Interrupt Vectors ==
0034H
003CH
nOOH

H Look-up Table Look-up Table
nFFH
OFFFH 16 bits

1FFFH 16 bits

Program Memory Structure

Special Vectors

Within the Program Memory, certain locations are reserved for the reset and interrupts. The location
0000H is reserved for use by the device reset for program initialisation. After a device reset is
initiated, the program will jump to this location and begin execution.

Look-up Table

Any location within the Program Memory can be defined as a look-up table where programmers can
store fixed data. To use the look-up table, the table pointer must first be setup by placing the address
of the look up data to be retrieved in the table pointer register, TBLP and TBHP. These registers
define the total address of the look-up table.

After setting up the table pointer, the table data can be retrieved from the Program Memory using
the corresponding table read instruction such as “TABRD [m]” when the memory [m] is located in
sector 0. If the memory [m] is located in other sectors, the data can be retrieved from the program
memory using the corresponding extended table read instruction such as “LTABRD [m]”. When the
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instruction is executed, the lower order table byte from the Program Memory will be transferred to
the user defined Data Memory register [m] as specified in the instruction. The higher order table data
byte from the Program Memory will be transferred to the TBLH special register.

The accompanying diagram illustrates the addressing data flow of the look-up table.

TBHP Register j||:>
TBLP Register
[

L —

Program Memory

Data
16 bits

ssalppy

: User Selected
Register TBLH Register
High Byte Low Byte

Table Program Example

The following example shows how the table pointer and table data is defined and retrieved from the
microcontroller. This example uses raw table data located in the Program Memory which is stored
there using the ORG statement.

The value at this ORG statement is “1FOOH” which refers to the start address of the last page within
the 8K words Program Memory of the HT68FB571 device if the ISP bootloader provided by Holtek
IDE tool is not used. The table pointer low byte register is setup here to have an initial value of “06H”".
This will ensure that the first data read from the data table will be at the Program Memory address
“1FO6H” or 6 locations after the start of the last page. Note that the value for the table pointer is
referenced to the specified address pointed by the TBLP and TBHP registers if the “TABRD [m]” or
“LTABRD [m]” instruction is being used. The high byte of the table data which in this case is equal to
zero will be transferred to the TBLH register automatically when the “TABRD [m]” or “LTABRD [m]”
instruction is executed.

Because the TBLH register is a read/write register and can be restored, care should be taken
to ensure its protection if both the main routine and Interrupt Service Routine use table read
instructions. If using the table read instructions, the Interrupt Service Routines may change the
value of the TBLH and subsequently cause errors if used again by the main routine. As a rule it is
recommended that simultaneous use of the table read instructions should be avoided. However, in
situations where simultaneous use cannot be avoided, the interrupts should be disabled prior to the
execution of any main routine table-read instructions. Note that all table related instructions require
two instruction cycles to complete their operation.

Table Read Program Example — HT68FB571
tempregl db ? ; temporary register#l
tempreg2 db ? temporary register#2

mov a,06h

; initialise table pointer - note that this address is referenced
mov tblp,a ; to the page that tbhp pointed
mov a,1Fh ; initialise high table pointer

mov tbhp,a

tabrd tempregl transfers value in table referenced by table pointer
data at program memory address “1F06H” transferred to
tempregl and TBLH

reduce value of table pointer by one

dec tblp
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tabrd tempreg2 ; transfers value in table referenced by table pointer
; data at program memory address “1F05H” transferred to
; tempreg? and TBLH in this example the data “1AH” is
; transferred to tempregl and data “OFH” to tempreg2

org 1F00h ; sets initial address of last page
dc 00Ah,00Bh,00Ch, 00Dh, 00Eh, 00Fh, 01Ah, 01Bh

In Circuit Programming — ICP

The provision of Flash type Program Memory provides the user with a means of convenient and
easy upgrades and modifications to their programs on the same device.

As an additional convenience, Holtek has provided a means of programming the microcontroller in-
circuit using a 4-pin interface. This provides manufacturers with the possibility of manufacturing
their circuit boards complete with a programmed or un-programmed microcontroller, and then
programming or upgrading the program at a later stage. This enables product manufacturers to easily
keep their manufactured products supplied with the latest program releases without removal and re-
insertion of the device.

Holtek Writer Pins | MCU Programming Pins Pin Description
ICPDA PAO Programming Serial Data/Address
ICPCK PA2 Programming Clock
VDD VDD/UBUS & LEDVDD | Power Supply
VSS VSS & LEDVSS Ground

The Program Memory can be programmed serially in-circuit using this 4-wire interface. Data
is downloaded and uploaded serially on a single pin with an additional line for the clock. Two
additional lines are required for the power supply and one line for the reset. The technical details
regarding the in-circuit programming of the device is beyond the scope of this document and will be
supplied in supplementary literature.

During the programming process, the user must take care of the ICPDA and ICPCK pins for data
and clock programming purposes to ensure that no other outputs are connected to these two pins.

Writer Connector MCU Programming

Signals Pins

writer vOD [ (O ¢—{ VDD/UBUS

L LEDVDD
icPoA| O PAO
iceek | O PA2
writer vss | O — VSS

L LEDVSS

To other Circuit

Note: 1. * may be resistor or capacitor. The resistance of * must be greater than 1kQ or the
capacitance of * must be less than 1nF.
2. The LEDVSS pin only exists in the HT68FB571 device.
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On-Chip Debug Support — OCDS

There is an EV chip named HT68VB5x1 which is used to emulate the HT68FB5x1 device. The EV
chip device also provides an “On-Chip Debug” function to debug the real MCU device during the
development process. The EV chip and the real MCU device are almost functionally compatible
except for “On-Chip Debug” function. Users can use the EV chip device to emulate the real chip
device behavior by connecting the OCDSDA and OCDSCK pins to the Holtek HT-IDE development
tools. The OCDSDA pin is the OCDS Data/Address input/output pin while the OCDSCK pin is
the OCDS clock input pin. When users use the EV chip for debugging, other functions which are
shared with the OCDSDA and OCDSCK pins in the device will have no effect in the EV chip.
However, the two OCDS pins which are pin-shared with the ICP programming pins are still used
as the Flash Memory programming pins for ICP. For more detailed OCDS information, refer to the
corresponding document named “Holtek e-Link for 8-bit MCU OCDS User’s Guide”.

Holtek e-Link Pins EV Chip Pins Pin Description
OCDSDA OCDSDA On-Chip Debug Support Data/Address input/output
OCDSCK OCDSCK On-Chip Debug Support Clock input
VDD VDD/UBUS & LEDVDD |Power Supply
VSS VSS & LEDVSS Ground

Note: The LEDVSS pin only exists in the HT68FB571 device.

In Application Programming — IAP

Flash type Program Memory provides the user with a means of convenient and easy upgrades and
modifications to their programs on the same device. The provision of not only an IAP function but
also an additional ISP function offers users the convenience of Flash Memory multi-programming
features. The convenience of the IAP function is that it can execute the updated program procedure
using its internal firmware, without requiring an external Program Writer or PC. In addition, the IAP
interface can also be any type of communication protocol, such as USB, using I/O pins. Regarding
the internal firmware, the user can select versions provided by Holtek or create their own. The
following section illustrates the procedures regarding how to implement the IAP firmware.

Flash Memory Read/Write Size

The Flash memory Erase and Write operations are carried out in a page format while the Read
operation is carried out in a word format. The page size and write buffer size are both assigned with
a capacity of 32 words. Note that the Erase operation should be executed before the Write operation
is executed.

When the Flash Memory Erase/Write Function is successfully enabled, the CFWEN bit will be set
high. When the CFWEN bit is set high, the data can be written into the write buffer. The FWT bit is
used to initiate the write process and then indicate the write operation status. This bit is set high by
application programs to initiate a write process and will be cleared by hardware if the write process
is finished.

The Read operation can be carried out by executing a specific read procedure. The FRDEN bit is
used to enable the read function and the FRD bit is used to initiate the read process by application
programs and then indicate the read operation status. When the read process is finished, this bit will
be cleared by hardware.
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Operations Format
Erase 32 words/page
Write 32 words/time
Read 1 word/time

Note: Page size=Write buffer size=32 words.

IAP Operation Format

Erase Page FARH FARL [7:5] FARL [4:0]
0 0000 0000 000 X XXXX
1 0000 0000 001 X XXXX
2 0000 0000 010 X XXXX
3 0000 0000 01 X XXXX
4 0000 0000 100 X XXXX
126 0000 1111 110 X XXXX
127 0000 1111 111 X XXXX

x": Don’t care
Erase Page Number and Selection - HT68FB541

Erase Page FARH FARL [7:5] FARL [4:0]
0 0000 0000 000 X XXXX
1 0000 0000 001 X XXXX
2 0000 0000 010 X XXXX
3 0000 0000 011 X XXXX
4 0000 0000 100 X XXXX
254 0001 1111 110 X XXXX
255 0001 1111 111 X XXXX

x": Don’t care
Erase Page Number and Selection - HT68FB571

Read data word to FDOH/FDOL Write page data to FDOL/FDOH
(32 words/page)
Flash Memory
Flash Memory
FARH/FARL Page addr.
=FA1I~FAO—> — — Woldm — — — FARH/FARL =FA11~FA5
=FA11~FA0 DT T T Pagen |
Write buffer addr. ﬂ
| Foon | FooL | =FA4~FAO 00000b
Write Buff :
Note: “m” is specified by FA11~FAOQ CLWB — rhie Butter 111.11b
| FDOH | FDOL |

Note: “n” is specified by FA11~FA5
Flash Memory IAP Read/Write Structure — HT68FB541
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Read data word to FDOH/FDOL Write page data to FDOL/FDOH
32 words/
Flash Memory (32 words/page)
FARH/FARL P dd Flash Memory
age aadr.
=FA12~FAQ —>_ — — Wordm — — — FARH/FARL =F/£-;\12~FA5
=FA12~FA0 P~ T T Pagen — |
Write buffer addr. ﬂ
| FDOH | FDOL | =FA4-FAO 00000b
Write Buff !
Note: “m” is specified by FA12~FAQ cLwB —> rite Buffer 1
| FDOH | FDOL |

Note: “n” is specified by FA12~FA5
Flash Memory IAP Read/Write Structure — HT68FB571

Write Buffer

The write buffer is used to store the written data temporarily when executing the write operation.
The Write Buffer can be filled with written data after the Flash Memory Erase/Write Function has
been successfully enabled by executing the Flash Memory Erase/Write Function Enable procedure.
The write buffer can be cleared by configuring the CLWB bit in the FRCR register. The CLWB bit
can be set high to enable the Clear Write Buffer procedure. When the procedure is finished this bit
will be cleared to low by the hardware. It is recommended that the write buffer should be cleared by
setting the CLWB bit high before the write buffer is used for the first time or when the data in the
write buffer is updated.

The write buffer size is 32 words corresponding to a page respectively. The write buffer address
is mapped to a specific flash memory page specified by the memory address bits, FA11~FAS or
FA12~FAS5. The data written into the FDOL and FDOH registers will be loaded into the write buffer.
When data is written into the high byte data register, FDOH, it will result in the data stored in the
high and low byte data registers both being written into the write buffer. It will also cause the flash
memory address to be increased by one, after which the new address will be loaded into the FARH
and FARL address registers. When the flash memory address reaches the page boundary, 11111b of
a page with 32 words, the address will now not be increased but will stop at the last address of the
page. At this point a new page address should be specified for any other erase/write operations.

After a write process is finished, the write buffer will automatically be cleared by the hardware. Note
that the write buffer should be cleared manually by the application program when the data written
into the flash memory is incorrect in the data verification step. The data should again be written into
the write buffer after the write buffer has been cleared when the data is found to be incorrect during
the data verification step.

IAP Flash Program Memory Registers

There are two address registers, four 16-bit data registers and two control registers. The address
and data high byte registers together with the control registers are located in Sector 1 while other
registers are located in Sector 0. Read and Write operations to the Flash memory are carried out
using 16-bit data operations using the address and data registers and the control register. Several
registers control the overall operation of the internal Flash Program Memory. The address registers
are named FARL and FARH, the data registers are named FDnL and FDnH and the control registers
are named FCR and FRCR. As the FARL and FDnL registers are located in Sector 0, they can
be directly accessed in the same way as any other Special Function Register. The FARH, FDnH,
FCR and FRCR registers, being located in Sector 1, can be addressed directly only using the
corresponding extended instructions or can be read from or written to indirectly using the MP1H/
MPI1L or MP2H/MP2L Memory Pointer pairs and Indirect Addressing Register, IAR1 or IAR2.
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Register Bit
Name 7 6 5 4 3 2 1 0
FCR CFWEN | FMOD2 | FMOD1 | FMODO BWT FWT FRDEN FRD
FRCR D7 D6 — D4 — — — CLWB
FARL FA7 FA6 FA5 FA4 FA3 FA2 FA1 FAO
FARH
(HT68FB541) — — — — FA11 FA10 FA9 FA8
FARH
(HTesFBST1) | — — — FA12 FA11 FA10 FA9 FA8
FDOL D7 D6 D5 D4 D3 D2 D1 DO
FDOH D15 D14 D13 D12 D11 D10 D9 D8
FD1L D7 D6 D5 D4 D3 D2 D1 DO
FD1H D15 D14 D13 D12 D11 D10 D9 D8
FD2L D7 D6 D5 D4 D3 D2 D1 DO
FD2H D15 D14 D13 D12 D11 D10 D9 D8
FD3L D7 D6 D5 D4 D3 D2 D1 DO
FD3H D15 D14 D13 D12 D11 D10 D9 D8
IAP Register List
* FARL Register
Bit 7 6 5 4 3 2 1 0
Name FA7 FAG FA5 FA4 FA3 FA2 FA1 FAO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR 0 0 0 0 0 0 0 0
Bit 7~0 FA7~FA0: Flash memory address bit 7 ~ bit 0
* FARH Register — HT68FB541
Bit 7 6 5 4 8 2 1 0
Name — — — — FA11 FA10 FA9 FA8
R/W — — — — R/W R/W R/W R/W
POR — — — — 0 0 0 0
Bit 7~4 Unimplemented, read as “0”
Bit 3~0 FA11~FA8: Flash memory address bit 11 ~ bit 8

* FARH Register - HT68FB571

Bit 7 6 5 4 3 2 1 0
Name — — — FA12 FA11 FA10 FA9 FA8
R/W — — — R/W R/W R/W R/W R/W
POR — — — 0 0 0 0 0
Bit 7~5 Unimplemented, read as “0”
Bit 4~0 FA12~FAS8: Flash memory address bit 12 ~ bit 8
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* FDOL Register

Bit 7 6 5 4 3 2 1 0
Name D7 D6 D5 D4 D3 D2 D1 DO
R/W R/W R/wW R/W R/W R/W R/wW R/wW R/W
POR 0 0 0 0 0 0 0 0

Bit 7~0 D7~DO0: The first Flash memory data word bit 7 ~ bit 0
Note that data written into the low byte data register FDOL will only be stored in the
FDOL register and not loaded into the lower 8-bit write buffer.

* FDOH Register

Bit 7 6 5 4 3 2 1 0
Name D15 D14 D13 D12 D11 D10 D9 D8
R/W R/W R/wW R/wW R/W R/W R/wW R/wW R/W
POR 0 0 0 0 0 0 0 0

Bit 7~0 D15~D8: The first Flash memory data word bit 15 ~ bit 8
Note that when 8-bit data is written into the high byte data register FDOH, the whole
16-bit of data stored in the FDOH and FDOL registers will simultaneously be loaded
into the 16-bit write buffer after which the contents of the Flash memory address
register pair, FARH and FARL, will be increased by one.

* FD1L Register

Bit 7 6 5 4 3 2 1 0
Name D7 D6 D5 D4 D3 D2 D1 DO
R/wW R/wW R/wW R/wW R/wW R/W R/wW R/wW R/wW
POR 0 0 0 0 0 0 0 0

Bit 7~0 D7~DO0: The second Flash memory data word bit 7 ~ bit 0

* FD1H Register

Bit 7 6 5 4 3 2 1 0
Name D15 D14 D13 D12 D11 D10 D9 D8
R/wW R/wW R/wW R/wW R/wW R/wW R/wW R/wW R/wW
POR 0 0 0 0 0 0 0 0

Bit 7~0 D15~D8: The second Flash memory data word bit 15 ~ bit 8

* FD2L Register

Bit 7 6 5 4 3 2 1 0
Name D7 D6 D5 D4 D3 D2 D1 DO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR 0 0 0 0 0 0 0 0

Bit 7~0 D7~DO0: The third Flash memory data word bit 7 ~ bit 0

* FD2H Register

Bit 7 6 5 4 3 2 1 0
Name D15 D14 D13 D12 D11 D10 D9 D8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR 0 0 0 0 0 0 0 0

Bit 7~0 D15~D8: The third Flash memory data word bit 15 ~ bit 8
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* FD3L Register
Bit 7 6 5 4 3 2 1 0
Name D7 D6 D5 D4 D3 D2 D1 DO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR 0 0 0 0 0 0 0 0
Bit 7~0 D7~DO0: The fourth Flash memory data word bit 7 ~ bit 0

* FD3H Register

Bit 7 6 5 4 3 2 1 0
Name D15 D14 D13 D12 D11 D10 D9 D8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR 0 0 0 0 0 0 0 0
Bit 7~0 D15~D8: The fourth Flash memory data word bit 15 ~ bit 8

* FCR Register

Bit 7 6 o) 4 3 2 1 0
Name CFWEN | FMOD2 | FMOD1 | FMODO BWT FWT FRDEN FRD
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR 0 0 0 0 0 0 0 0
Bit 7 CFWEN: Flash memory erase/write function enable control
0: Flash memory erase/write function is disabled
1: Flash memory erase/write function has been successfully enabled
When this bit is cleared to 0 by application program, the Flash memory erase/write
function is disabled. Note that this bit cannot be set high by application programs.
Writing a “1” into this bit results in no action. This bit is used to indicate the Flash
memory erase/write function status. When this bit is set to 1 by the hardware, it means
that the Flash memory erase/write function is enabled successfully. Otherwise, the
Flash memory erase/write function is disabled if the bit is zero.
Bit 6~4 FMOD2~FMODO: Flash memory mode selection
000: Write mode
001: Page erase mode
010: Reserved
011: Read Mode
100: Reserved
101: Reserved
110: Flash memory erase/write function enable mode
111: Reserved
These bits are used to select the Flash Memory operation modes. Note that the “Flash
memory Erase/Write function Enable Mode” should first be successfully enabled
before the Erase or Write Flash memory operation is executed.
Bit 3 BWT: Flash memory erase/write function enable procedure trigger

0: Erase/write function enable procedure is not triggered or procedure timer times
out
1: Erase/write function enable procedure is triggered and procedure timer starts to
count
This bit is used to activate the flash memory erase/write function enable procedure and
an internal timer. It is set by the application programs and cleared to 0 by the hardware
after Ims when the internal timer times out. The correct patterns must be written into
the FD1L/FD1H, FD2L/FD2H and FD3L/FD3H register pairs respectively as soon as
possible after the BWT bit is set high.
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Bit 2

Bit 1

Bit0

Note: 1.

FWT: Flash memory write initiate control
0: Do not initiate Flash memory write or indicating that a Flash memory write
process has completed
1: Initiate Flash memory write process
This bit is set by software and cleared to 0 by the hardware when the Flash memory
write process has completed.

FRDEN: Flash memory read enable control
0: Flash memory read disable
1: Flash memory read enable
This is the Flash memory Read Enable Bit which must be set high before any Flash
memory read operations are carried out. Clearing this bit to zero will inhibit Flash
memory read operations.
FRD: Flash memory read initiate control
0: Do not initiate Flash memory read or indicating that a Flash memory read process
has completed
1: Initiate Flash memory read process
This bit is set by software and cleared to 0 by the hardware when the Flash memory
read process has completed.
The FWT, FRDEN and FRD bits cannot be set to “1” at the same time with a single
instruction.

. Ensure that the fsus clock is stable before executing the erase/write operation.
. Note that the CPU will be stopped when a read, write or erase operation is successfully

activated.

. Ensure that the read/erase/write operation is totally complete before executing other

operations.

* FRCR Register

Bit 7 6 5 4 3 2 1 0
Name D7 D6 — D4 — — — CLWB
RIW RIW R — RIW — — — RIW
POR 0 0 — 0 — — — 0
Bit 7 D7: Reserved bit, cannot be used and must be fixed at “0”
Bit 6 D6: Reserved bit, cannot be used
Bit 5 Unimplemented, read as “0”
Bit 4 D4: Reserved bit, cannot be used and must be fixed at “0”
Bit 3~1 Unimplemented, read as “0”
Bit 0 CLWB: Flash memory write buffer clear control

0: Do not initiate a Write Buffer Clear process or indicating that a Write Buffer Clear
process has completed
1: Initiate Write Buffer Clear process
This bit is set by software and cleared by hardware when the Write Buffer Clear
process has completed.
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Flash Memory Erase/Write Flow

It is important to understand the Flash memory Erase/Write flow before the Flash memory contents

are updated. Users can refer to the corresponding operation procedures when developing their AP

program to ensure that the flash memory contents are correctly updated.

Flash Memory Erase/Write Flow Descriptions:

1

. Activate the “Flash Memory Erase/Write function enable procedure” first. When the Flash

Memory Erase/Write function is successfully enabled, the CFWEN bit in the FCR register will
automatically be set high by hardware. After this, Erase or Write operations can be executed on
the Flash memory. Refer to the “Flash Memory Erase/Write Function Enable Procedure” for
details.

. Configure the flash memory address to select the desired erase page and then erase this page.

. Execute a Blank Check operation to ensure whether the page erase operation is successful or not.

The “TABRD” instruction should be executed to read the flash memory contents and to check if
the contents is 0000h or not. If the flash memory page erase operation fails, users should go back
to Step 2 and execute the page erase operation again.

. Write data into the specific page. Refer to the “Flash Memory Write Procedure” for details.

. Execute the “TABRD” instruction to read the flash memory contents and check if the written data

is correct or not. If the data read from the flash memory is different from the written data, it means
that the page write operation has failed. The CLWB bit should be set high to clear the write buffer
and then write the data into the specific page again if the write operation has failed.

. Clear the CFWEN bit to disable the Flash Memory Erase/Write function enable mode if the current

page Erase and Write operations are complete if no more pages need to be erased or written.
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Flash Memory
Erase/Write Flow

\4

Flash Memory EraseNVrite_
Function Enable Procedure!”
(CFWEN=1)

A4

Page Erase
Flash Memory

l

Blank Check
Page Data=0000h?

Flash Memory X
(Page) Write Procedure”’

Set CLWB bit l

Verify
Page Data
Correct?

Clear CFWEN bit
Disable Flash Memory
Erase/Write Function

v

END

Flash Memory Erase/Write Flow

Note: The Flash Memory Erase/Write Function Enable procedure and Flash Memory Write procedure will be
described in the following sections.
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Flash Memory Erase/Write Function Enable Procedure

The Flash Memory Erase/Write Function Enable Mode is specially designed to prevent the flash
memory contents from being wrongly modified. In order to allow users to change the Flash memory

data using the IAP control registers, users must first enable the Flash memory Erase/Write function.

Flash Memory Erase/Write Function Enable Procedure Description

1

. Write data “110” to the FMOD [2:0] bits in the FCR register to select the Flash Memory Erase/

Write Function Enable Mode.

. Set the BWT bit in the FCR register to “1” to activate the Flash Memory Erase/Write Function.

This will also activate an internal timer.

. Write the correct data pattern into the Flash data registers, FD1L~FD3L and FD1H~FD3H, as

soon as possible after the BWT bit is set high. The enable Flash memory erase/write function
data pattern is 00H, 0DH, C3H, 04H, 09H and 40H corresponding to the FD1L~FD3L and
FD1H~FD3H registers respectively.

. Once the 1ms timer has timed out, the BWT bit will automatically be cleared to 0 by hardware

regardless of the input data pattern.

. If the written data pattern is incorrect, the Flash memory erase/write function will not be enabled

successfully and the above steps should be repeated. If the written data pattern is correct, the
Flash memory erase/write function will be enabled successfully.

. Once the Flash memory erase/write function is enabled, the Flash memory contents can be

updated by executing the page erase and write operations using the IAP control registers.

To disable the Flash memory erase/write function, the CFWEN bit in the FCR register can be
cleared. There is no need to execute the above procedure.
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Flash Memory

Erase/Write Function
Enable Procedure

A\ 4

FMODI[2:0]=110

A 4

Set BWT=1
Hardware start a timer

h 4
Write the following pattern to Flash Data register
FD1L=00h, FD1H=04h
FD2L=0Dh, FD2H=09h
FD3L=C3h, FD3H=40h

»

Y

Is timer
Time-out
BWT=0?

Is pattern

correct?
A\ 4
CFWEN=1 CFWEN=0
Flash Memory Erase/Write Flash Memory Erase/Write
Function Enabled Function Disabled
A\ 4
END

Flash Memory Erase/Write Function Enable Procedure
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Flash Memory Write Procedure

After the Flash memory erase/write function has been successfully enabled as the CFWEN bit is set
high, the data to be written into the flash memory can be loaded into the write buffer. The selected
flash memory page data should be erased by properly configuring the IAP control registers before
the data write procedure is executed.

The write buffer size is 32 words, known as a page, whose address is mapped to a specific flash
memory page specified by the memory address bits, FA11~FAS or FA12~FAS. It is important to

ensure that the page where the write buffer data is located is the same one which the memory address
bits, FA11~FAS5 or FA12~FAS, specify.

Flash Memory Consecutive Write Description

The maximum amount of write data is 32 words for each write operation. The write buffer address

will be automatically increased by one when consecutive write operations are executed. The start

address of a specific page should first be written into the FARL and FARH registers. Then the data
word should first be written into the FDOL register and then the FDOH register. At the same time
the write buffer address will be increased by one and then the next data word can be written into the

FDOL and FDOH registers for the next address without modifying the address register pair, FARH

and FARL. When the write buffer address reaches the page boundary the address will not be further

incremented but will stop at the last address of the page.

1. Activate the “Flash Memory Erase/Write function enable procedure”. Check the CFWEN bit
value and then execute the erase/write operations if the CFWEN bit is set high. Refer to the “Flash
Memory Erase/Write function enable procedure” for more details.

2. Set the FMOD field to “001” to select the erase operation. Set the FWT bit high to erase the desired
page which is specified by the FARH and FARL registers. Wait until the FWT bit goes low.

3. Execute a Blank Check operation using the table read instruction to ensure that the erase operation
has successfully completed.

Go to step 2 if the erase operation is not successful.
Go to step 4 if the erase operation is successful.
4. Set the FMOD field to “000” to select the write operation.

5. Setup the desired start address in the FARH and FARL registers. Write the desired data words
consecutively into the FDOL and FDOH registers within a page as specified by their consecutive
addresses. The maximum written data number is 32 words.

6. Set the FWT bit high to write the data words from the write buffer to the flash memory. Wait until
the FWT bit goes low.

7. Verify the data using the table read instruction to ensure that the write operation has successfully
completed.

If the write operation has not successfully completed, set the CLWB bit high to clear the write
buffer and then go to step 5.

Go to step 8 if the write operation is successful.

8. Clear the CFWEN bit low to disable the Flash memory erase/write function.
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HOLTEK

Write Flash
Memory

Flash Memory Erase/Write
Function Enable Procedure

y

Page Erase
FARH=xxH, FARL=xxH

FMODI[2:0]=001 <
FWT=1

Blank Check with
Table Read instruction

Blank Check
Page Data=0000h?

Write
FMOD[2:0]=000

v

Specify Flash Memory Address

y

FARH=xxH, FARL=xxH

v

A 4

Write next data

Write another Page w

Write data to Write Buffer
FDOL=xxH, FDOH=xxH

Write to Buffer
Finish?

Set CLWB bit

Yes

Verify data with
Table Read instruction

DATA correct ?

Clear CFWEN bit

END

Flash Memory Consecutive Write Procedure

Note: 1. When the erase or write operation is successfully activated, all CPU operations will temporarily cease.

2. It will take a typical time of 2.2ms for the FWT bit state changing from high to low.
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Flash Memory Non-Consecutive Write Description

The main difference between Flash Memory Consecutive and Non-Consecutive Write operations

is whether the data words to be written are located in consecutive addresses or not. If the data to be

written is not located in consecutive addresses the desired address should be re-assigned after a data

word is successfully written into the Flash Memory.

A two data word non-consecutive write operation is taken as an example here and described as

follows:

1

. Activate the “Flash Memory Erase/Write function enable procedure”. Check the CFWEN bit

value and then execute the erase/write operation if the CFWEN bit is set high. Refer to the “Flash
Memory Erase/Write function enable procedure” for more details.

. Set the FMOD field to “001” to select the erase operation. Set the FWT bit high to erase the desired

page which is specified by the FARH and FARL registers. Wait until the FWT bit goes low.

. Execute a Blank Check operation using the table read instruction to ensure that the erase operation

has successfully completed.
Go to step 2 if the erase operation is not successful.

Go to step 4 if the erase operation is successful.

. Set the FMOD field to “000” to select the write operation.
. Setup the desired address ADDRI in the FARH and FARL registers. Write the desired data word

DATAI first into the FDOL register and then into the FDOH register.

. Set the FWT bit high to transfer the data word from the write buffer to the flash memory. Wait

until the FWT bit goes low.

. Verify the data using the table read instruction to ensure that the write operation has successfully

completed.

If the write operation has not successfully completed, set the CLWB bit high to clear the write
buffer and then go to step 5.

Go to step 8 if the write operation is successful.

. Setup the desired address ADDR2 in the FARH and FARL registers. Write the desired data word

DATA? first into the FDOL register and then into the FDOH register.

. Set the FWT bit high to transfer the data word from the write buffer to the flash memory. Wait

until the FWT bit goes low.

10. Verify the data using the table read instruction to ensure that the write operation has successfully

completed.

If the write operation has not successfully completed, set the CLWB bit high to clear the write
buffer and then go to step 8.

Go to step 11 if the write operation is successful.

11. Clear the CFWEN bit low to disable the Flash memory erase/write function.
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Write Flash
Memory

Flash Memory Erase/Write
Function Enable Procedure

v

Page Erase
FARH=xxH, FARL=xxH W
FMOD[2:0]=001 B
FWT=1

»|
>

Blank Check with
Table Read instruction

Blank Check
Page Data=0000h?

Write
FMODI2:0]=000

v

Specify Flash Memory Address|
FARH=xxH, FARL=xxH

'

Write data to Write Buffer
FDOL=xxH, FDOH=xxH

'

FWT=1 Set CLWB bit

—
§ Yes

Verify data with
Table Read instruction

DATA correct ?
Yes
rite Another
d Data Word 2

No

A 4

Write another Wor

Clear CFWEN bit

END
Flash Memory Non-Consecutive Write Procedure

Note: 1. When the erase or write operation is successfully activated, all CPU operations will temporarily cease.

2. It will take a typical time of 2.2ms for the FWT bit state changing from high to low.
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Important Points to Note for Flash Memory Write Operations

1. The “Flash Memory Erase/Write Function Enable Procedure” must be successfully activated
before the Flash Memory erase/write operation is executed.

2. The Flash Memory erase operation is executed to erase a whole page.

3. The whole write buffer data will be written into the flash memory in a page format. The
corresponding address cannot exceed the page boundary.

4. Bit 7 ~ bit 1 in the FRCR register must remain at “0” to avoid unpredictable errors during the IAP
supported operations.

5. After the data is written into the flash memory the flash memory contents must be read out using
the table read instruction, TABRD, and checked if it is correct or not. If the data written into the
flash memory is incorrect, the write buffer should be cleared by setting the CLWB bit high and
then writing the data again into the write buffer. Then activate a write operation on the same flash
memory page without erasing it. The data check, buffer clear and data re-write steps should be
repeatedly executed until the data written into the flash memory is correct.

6. The system frequency should be setup to the maximum application frequency when data write and
data check operations are executed using the IAP function.

Flash Memory Read Procedure

To activate the Flash Memory Read procedure, the FMOD field should be set to “011” to select
the flash memory read mode and the FRDEN bit should be set high to enable the read function.
The desired flash memory address should be written into the FARH and FARL registers and then
the FRD bit should be set high. After this the flash memory read operation will be activated. The
data stored in the specified address can be read from the data registers, FDOH and FDOL, when the
FRD bit goes low. There is no need to first activate the Flash Memory Erase/Write Function Enable
Procedure before the flash memory read operation is executed.
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Read Flash
Memory

FMODI[2:0]=011
FRDEN=1

'

Flash address register:
FARH=xxh, FARL=xxh

'

A 4

| FRD=1 |
g
No FRD=0?
Yes
Read value:

FDOL=xxh, FDOH=xxh

Read Finish ?
Yes

| FRDEN=0

Flash Memory Read Procedure

Note: 1. When the read operation is successfully activated, all CPU operations will temporarily cease.

2. It will take a typical time of three instruction cycles for the FRD bit state changing from high to
low.
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In System Programming — ISP

As an additional convenience, Holtek has provided a means of programming the microcontroller
in-system using a two-line USB interface. This provides manufacturers with the possibility of
manufacturing their circuit boards complete with a programmed or un-programmed microcontroller
and then programming or upgrading the program at a later stage. This enables product manufacturers
to easily keep their manufactured products supplied with the latest program releases without removal
and re-insertion of the microcontroller device.

The Program Memory can be programmed serially in-system using the USB interface, namely
using the UDN and UDP pins. The power is supplied by the UBUS pin. The technical details
regarding the in-system programming are beyond the scope of this document and will be supplied in
supplementary literature. The Flash Program Memory Read/Write function is implemented using a
series of registers.

ISP Bootloader

An ISP Bootloader function is provided to upgrade the software in the Flash memory. The user can
utilise either the ISP Bootloader application software provided by the Holtek IDE tools or to create
their own Bootloader software. When the Holtek Bootloader software is selected note that it will
occupy an area of 0.5K capacity in the Flash memory. The accompanying diagram illustrates the
Flash memory structure including the Holtek Bootloader software.

HT68FB541 HT68FB571
Bootloader Bootloader
0000H 0000H
0DOOH Last P
ODFFH astFage
1DO0OH Last P
1DFFH astrage

Flash Program Memory Structure including Bootloader
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Data Memory

The Data Memory is a volatile area of 8-bit wide RAM internal memory and is the location where
temporary information is stored.

Categorized into three types, the first of these is an area of RAM, known as the Special Function
Data Memory. These registers have fixed locations and are necessary for correct operation of the
device. Many of these registers can be read from and written to directly under program control,
however, some remain protected from user manipulation. The second area of Data Memory is known
as the General Purpose Data Memory, which is reserved for general purpose use. All locations
within this area are read and write accessible under program control. The third area is reserved for
the independent LED Data Memory which is only available for the HT68FB571 device.

Switching between the different Data Memory sectors is achieved by properly setting the Memory
Pointers to the correct value if using the indirect addressing method.

Structure

The Data Memory is subdivided into several sectors, all of which are implemented in 8-bit wide
RAM. Each of the Data Memory Sector is categorized into two types, the special Purpose Data
Memory and the General Purpose Data Memory.

The address range of the Special Purpose Data Memory for the devices is from 00H to 7FH. The
General Purpose Data Memory for the devices and the independent LED Data Memory for the
HT68FB571 device address range are from 80H to FFH.

Special Purpose General Purpose LED
Device Data Memory Data Memory Data Memory
Located Sectors | Capacity | Sector: Address | Capacity | Sector: Address
0: 80H~FFH
HT68FB541 0,1 256x8 1+ 80H~FEH — —
0: 80H~FFH
1: 80H~FFH . -
HT68FB571 0,1 512x8 2 80H~FFH 128x8 4: 80H~FFH
3: 80H~FFH

Data Memory Summary

00H
Special Purpose
Data Memory
(Sector 0 ~ Sector 1)

7FH

80H N
General Purpose
Data Memory
(Sector 0 ~ Sector 1)

FFH Sector 0

Sector 1

Data Memory Structure — HT68FB541
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00H [~
Special Purpose
Data Memory
(Sector 0 ~ Sector 1)

7FH

80H

[~ [.. LED Data Memory
. (Sector 4)

General Purpose _/
Data Memory
(Sector 0 ~ Sector 3)

FFH Sector 0

™ Sector 1
8 Sector 2
] Sector 3
h Sector 4

Data Memory Structure — HT68FB571

Data Memory Addressing

For the devices that support the extended instructions, there is no Bank Pointer for Data Memory.
For Data Memory the desired Sector is pointed by the MP1H or MP2H register and the certain
Data Memory address in the selected sector is specified by the MP1L or MP2L register when using
indirect addressing access.

Direct Addressing can be used in all sectors using the corresponding instruction which can address
all available data memory space. For the accessed data memory which is located in any data
memory sectors except sector 0, the extended instructions can be used to access the data memory
instead of using the indirect addressing access. The main difference between standard instructions
and extended instructions is that the data memory address “m” in the extended instructions has up
to 11 valid bits for the devices, the high byte indicates a sector and the low byte indicates a specific
address.

General Purpose Data Memory

All microcontroller programs require an area of read/write memory where temporary data can be
stored and retrieved for use later. It is this area of RAM memory that is known as General Purpose
Data Memory. This area of Data Memory is fully accessible by the user programing for both reading
and writing operations. By using the bit operation instructions individual bits can be set or reset
under program control giving the user a large range of flexibility for bit manipulation in the Data
Memory.

Special Purpose Data Memory

This area of Data Memory is where registers, necessary for the correct operation of the
microcontroller, are stored. Most of the registers are both readable and writeable but some are
protected and are readable only, the details of which are located under the relevant Special Function
Register section. Note that for locations that are unused, any read instruction to these addresses will
return the value “00H”.
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Sector 0 Sector 1 Sector 0 Sector 1

00H IARO 40H FRCR
01H MPO 41H FCR
02H IAR1 42H FARL FARH
03H MP1L 43H FDOL FDOH
04H MP1H 44H FD1L FD1H
05H ACC 45H FD2L FD2H
06H PCL 46H FD3L FD3H
07H TBLP 47H
08H TBLH 48H
09H TBHP 49H
0AH STATUS 4AH
0BH 4BH
OCH IAR2 4CH KEYDATAOQ
ODH MP2L 4DH KEYDATA1
OEH MP2H 4EH KEYDATA2
OFH RSTFC 4FH KEYDATA3 PWMCTLO
10H INTCO 50H KEYDATA4 PWMCTL1
11H INTC1 INTEG 51H KEYDATA5 PWMCTL2
12H INTC2 52H KEYDATA6 PWMCTL3
13H INTC3 53H KEYDATA7
14H PA PASO 54H LMCE
15H PAC PAS1 55H
16H PAPU 56H
17H PAWU 57H
18H PB PBS0 58H LMCAR
19H PBC PBS1 59H LMCBR
1AH PBPU 5AH LMCCR
1BH 5BH PWMCOA
1CH PC PCS0 5CH PWMCOB
1DH PCC 5DH PWMCOC
1EH PCPU 5EH PWMC1A
1FH PCWU 5FH PWMC1B
20H 60H SCC PWMC1C
21H 61H HIRCC PWMC2A
22H 62H PLLC PWMC2B
23H 63H SYSC PWMC2C
24H PF PFSO 64H USB STAT PWMC3A
25H PFC 65H UINT PWMC3B
26H PFPU 66H usc PWMC3C
27H 67H UESR PWMC4A
28H LVRC 68H ucc PWMC4B
29H LVDC 69H AWR PWMC4C
2AH PMPS 6AH STL PWMC5A
2BH RSTC 6BH SIES PWMC5B
2CH 6CH MISC PWMC5C
2DH 6DH SETIO PWMCBA
2EH SLEDCO 6EH FRNUMO PWMC6B
2FH SLEDC1 6FH FRNUMA1 PWMC6C
30H TMROC 70H FIFOO PWMC7A
31H TMROL 71H FIFO1 PWMC7B
32H TMROH 72H FIFO2 PWMC7C
33H TMR1C 73H FIFO3
34H TMR1L 74H
35H TMR1H 75H TBOC
36H WDTC 76H TB1C
37H SPICO 77H PSCR
38H SPIC1 78H
39H SPID 79H
3AH CMPOC 7AH
3BH CMP1C 7BH
3CH 7CH
3DH 7DH
3EH EEA EEC 7EH
3FH EED 7FH

. Unused, read as 00H
Special Purpose Data Memory — HT68FB541
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Sector 0 Sector 1 Sector 0 Sector 1

00H I1ARO 40H FRCR

01H MPO 41H FCR

02H IAR1 42H FARL FARH

03H MP1L 43H FDOL FDOH

04H MP1H 44H FD1L FD1H

05H ACC 45H FD2L FD2H

06H PCL 46H FD3L FD3H

07H TBLP 47H

08H TBLH 48H

09H TBHP 49H

0AH STATUS 4AH

0BH 4BH

0CH IAR2 4CH KEYDATAO

ODH MP2L 4DH KEYDATA1

OEH MP2H 4EH KEYDATA2

OFH RSTFC 4FH KEYDATA3 PWMCTLO

10H INTCO 50H KEYDATA4 PWMCTL1

11H INTC1 INTEG 51H KEYDATA5 PWMCTL2

12H INTC2 52H KEYDATA6 PWMCTL3

13H INTC3 53H KEYDATA7 PWMCTL4

14H PA PASO 54H KEYDATAS8 LMOCE

15H PAC PAS1 55H KEYDATA9 LM1CE

16H PAPU 56H KEYDATA10 LM2CE

17H PB PBS0 57H KEYDATA11 LM3CE

18H PBC PBS1 58H KEYDATA12 LMOCAR

19H PBPU 59H KEYDATA13 LMOCBR

1AH PC PCS0 5AH KEYDATA14 LM1CAR

1BH PCC 5BH KEYDATA15 LM1CBR

1CH PCPU 5CH KEYDATA16 LM2CAR

1DH PD PDS0 5DH KEYDATA17 LM2CBR

1EH PDC PDS1 5EH KEYDATA18 LM3CAR

1FH PDPU INLVC 5FH KEYDATA19 LM3CBR

20H PDWU 60H SCC

21H PE PESO 61H HIRCC

22H PEC PES1 62H PLLC

23H PEPU 63H SYSC

24H PF PFS0O 64H USB_STAT

25H PFC PFS1 65H UINT

26H PFPU 66H usc

27H 67H UESR

28H LVRC 68H UccC

29H LVDC 69H AWR

2AH PMPS 6AH STL

2BH RSTC 6BH SIES

2CH 6CH MISC

2DH 6DH SETIO

2EH SLEDC 6EH FRNUMO

2FH 6FH FRNUM1

30H TMROC 70H FIFOO0

31H TMROL 71H FIFO1

32H TMROH 72H FIFO2

33H TMR1C 73H FIFO3

34H TMR1L 74H

35H TMR1H 75H TBOC

36H WDTC 76H TB1C

37H SPICO 77H PSCR

38H SPIC1 78H

39H SPID 79H

3AH 7AH

3BH 7BH

3CH 7CH

3DH 7DH

3EH EEA EEC 7EH

3FH EED 7FH

. Unused, read as 00H
Special Purpose Data Memory — HT68FB571
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Special Function Register Description

Most of the Special Function Register details will be described in the relevant functional section;

however several registers require a separate description in this section.

Indirect Addressing Registers — IARO, IAR1, IAR2

The Indirect Addressing Registers, IARO, IAR1 and IAR2, although having their locations in normal
RAM register space, do not actually physically exist as normal registers. The method of indirect
addressing for RAM data manipulation uses these Indirect Addressing Registers and Memory
Pointers, in contrast to direct memory addressing, where the actual memory address is specified.
Actions on the IARO, IAR1 and IAR2 registers will result in no actual read or write operation to
these registers but rather to the memory location specified by their corresponding Memory Pointers,
MPO, MP1L/MP1H or MP2L/MP2H. Acting as a pair, [ARO and MPO can together access data only
from Sector 0 while the IAR1 register together with the MP1L/MP1H register pair and IAR2 register
together with the MP2L/MP2H register pair can access data from any Data Memory Sector. As
the Indirect Addressing Registers are not physically implemented, reading the Indirect Addressing
Registers will return a result of “00H” and writing to the registers will result in no operation.

Memory Pointers — MPO, MP1L, MP1H, MP2L, MP2H

Five Memory Pointers, known as MPO, MP1L, MP1H, MP2L, MP2H, are provided. These Memory
Pointers are physically implemented in the Data Memory and can be manipulated in the same way
as normal registers providing a convenient way with which to address and track data. When any
operation to the relevant Indirect Addressing Registers is carried out, the actual address that the
microcontroller is directed to is the address specified by the related Memory Pointer. MPO, together
with Indirect Addressing Register, [ARO, are used to access data from Sector 0, while MP1L/MP1H
together with IAR1 and MP2L/MP2H together with IAR2 are used to access data from all sectors
according to the corresponding MP1H or MP2H register. Direct Addressing can be used in all
sectors using the extended instructions which can address all available data memory space.

The following example shows how to clear a section of four Data Memory locations already defined
as locations adres! to adres4.

Indirect Addressing Program Example 1
data .section ‘data’

adresl db ?
adres2 db ?
adres3 db ?
adres4d db ?
block db ?
code .section at 0 “code’
org 00h
start:
mov a, 04h ; setup size of block

mov block, a

mov a, offset adresl Accumulator loaded with first RAM address

mov mp0, a ; setup memory pointer with first RAM address
loop:
clr IARO ; clear the data at address defined by MP0O
inc mp0 ; 1lncrease memory pointer
sdz block ; check if last memory location has been cleared
jmp loop
continue:
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Indirect Addressing Program Example 2

data .section ‘data’
adresl db ?

adres2 db
adres3 db
adres4 db
block db
code .section at 0 “code’

org 00h

start:
mov
mov
mov
mov
mov
mov

loop:
clr
inc
sdz

R R )

a, 04h

block, a

a, 0lh

mplh, a

a, offset adresl
mpll, a

IARL
mpll
block

; setup size of block
; setup the memory sector

; Accumulator loaded with first RAM address
; setup memory pointer with first RAM address

; clear the data at address defined by MP1L
; increase memory pointer MP1L
; check if last memory location has been cleared

jmp loop
continue:
The important point to note here is that in the example shown above, no reference is made to specific
Data Memory addresses.

Direct Addressing Program Example using Extended Instructions
data .section ‘data’

temp db ?
code .section at 0 “code’
org 00h
start:
Imov a, [m] ; move [m] data to acc
Isub a, [m+l] ; compare [m] and [m+l] data
snz c ;o [m]>[m+l]?
jmp continue ; no
Imov a, [m] ; yes, exchange [m] and [mt+l] data

mov temp, a
Imov a, [mt+1]
Imov [m], a
mov a, temp
Imov [m+l], a
continue:

Note: Here “m” is a data memory address located in any data memory sectors. For example,
m=1FOH, it indicates address OFOH in Sector 1.

Accumulator - ACC

The Accumulator is central to the operation of any microcontroller and is closely related with
operations carried out by the ALU. The Accumulator is the place where all intermediate results
from the ALU are stored. Without the Accumulator it would be necessary to write the result of
each calculation or logical operation such as addition, subtraction, shift, etc., to the Data Memory
resulting in higher programming and timing overheads. Data transfer operations usually involve
the temporary storage function of the Accumulator; for example, when transferring data between
one user-defined register and another, it is necessary to do this by passing the data through the
Accumulator as no direct transfer between two registers is permitted.
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Program Counter Low Byte Register — PCL

To provide additional program control functions, the low byte of the Program Counter is made
accessible to programmers by locating it within the Special Purpose area of the Data Memory. By
manipulating this register, direct jumps to other program locations are easily implemented. Loading
a value directly into this PCL register will cause a jump to the specified Program Memory location,
however, as the register is only 8-bit wide, only jumps within the current Program Memory page are
permitted. When such operations are used, note that a dummy cycle will be inserted.

Look-up Table Registers — TBLP, TBHP, TBLH

These three special function registers are used to control operation of the look-up table which is
stored in the Program Memory. TBLP and TBHP are the table pointers and indicate the location
where the table data is located. Their value must be setup before any table read commands are
executed. Their value can be changed, for example using the “INC” or “DEC” instructions, allowing
for easy table data pointing and reading. TBLH is the location where the high order byte of the table
data is stored after a table read data instruction has been executed. Note that the lower order table
data byte is transferred to a user defined location.

Status Register — STATUS

This 8-bit register contains the SC flag, CZ flag, zero flag (Z), carry flag (C), auxiliary carry flag (AC),
overflow flag (OV), power down flag (PDF), and watchdog time-out flag (TO). These arithmetic/
logical operation and system management flags are used to record the status and operation of the
microcontroller.

With the exception of the TO and PDF flags, bits in the status register can be altered by instructions
like most other registers. Any data written into the status register will not change the TO or PDF flag.
In addition, operations related to the status register may give different results due to the different
instruction operations. The TO flag can be affected only by a system power-up, a WDT time-out or
by executing the “CLR WDT” or “HALT” instruction. The PDF flag is affected only by executing
the “HALT” or “CLR WDT” instruction or during a system power-up.

The Z, OV, AC, C, SC and CZ flags generally reflect the status of the latest operations.
* SC is the result of the “XOR” operation which is performed by the OV flag and the MSB of the

current instruction operation result.
» CZ is the operational result of different flags for different instructions. Refer to register definitions

for more details.

« Cis set if an operation results in a carry during an addition operation or if a borrow does not take
place during a subtraction operation; otherwise C is cleared. C is also affected by a rotate through
carry instruction.

» AC is set if an operation results in a carry out of the low nibbles in addition, or no borrow from
the high nibble into the low nibble in subtraction; otherwise AC is cleared.

» Zis set if the result of an arithmetic or logical operation is zero; otherwise Z is cleared.

* OV is set if an operation results in a carry into the highest-order bit but not a carry out of the
highest-order bit, or vice versa; otherwise OV is cleared.

» PDF is cleared by a system power-up or executing the “CLR WDT” instruction. PDF is set by
executing the “HALT” instruction.

* TO is cleared by a system power-up or executing the “CLR WDT” or “HALT” instruction. TO is
set by a WDT time-out.
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In addition, on entering an interrupt sequence or executing a subroutine call, the status register will

not be pushed onto the stack automatically. If the contents of the status registers are important and if

the subroutine can corrupt the status register, precautions must be taken to correctly save it.

* STATUS Register

Bit 7 6 5 4 3 2 1 0
Name SC Ccz TO PDF ov 4 AC C
R/W R/W R/W R R R/W R/W R/W R/W
POR X X 0 0 X X X X
“x”: Unknown
Bit7 SC: The result of the “XOR” operation which is performed by the OV flag and the
MSB of the instruction operation result
Bit 6 CZ: The operational result of different flags for different instructions
For SUB/SUBM/LSUB/LSUBM instructions, the CZ flag is equal to the Z flag.
For SBC/SBCM/LSBC/LSBCM instructions, the CZ flag is the “AND” operation
result which is performed by the previous operation CZ flag and current operation zero
flag.
For other instructions, the CZ flag will not be affected.
Bit5 TO: Watchdog Time-out flag
0: After power up or executing the “CLR WDT” or “HALT” instruction
1: A watchdog time-out occurred
Bit 4 PDF: Power down flag
0: After power up or executing the “CLR WDT” instruction
1: By executing the “HALT” instruction
Bit 3 OV: Overflow flag
0: No overflow
1: An operation results in a carry into the highest-order bit but not a carry out of the
highest-order bit or vice versa
Bit 2 Z: Zero flag
0: The result of an arithmetic or logical operation is not zero
1: The result of an arithmetic or logical operation is zero
Bit 1 AC: Auxiliary flag
0: No auxiliary carry
1: An operation results in a carry out of the low nibbles in addition, or no borrow
from the high nibble into the low nibble in subtraction
Bit 0 C: Carry flag
0: No carry-out

1: An operation results in a carry during an addition operation or if a borrow does
not take place during a subtraction operation

The “C” flag is also affected by a rotate through carry instruction.
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EEPROM Data Memory

The devices contain an area of internal EEPROM Data Memory. EEPROM is by its nature a non-
volatile form of re-programmable memory, with data retention even when its power supply is
removed. By incorporating this kind of data memory, a whole new host of application possibilities
are made available to the designer. The availability of EEPROM storage allows information such
as product identification numbers, calibration values, specific user data, system setup data or other
product information to be stored directly within the product microcontroller. The process of reading
and writing data to the EEPROM memory has been reduced to a very trivial affair.

EEPROM Data Memory Structure

The EEPROM Data Memory capacity is 64x8 bits for the devices. Unlike the Program Memory and
RAM Data Memory, the EEPROM Data Memory is not directly mapped into memory space and
is therefore not directly addressable in the same way as the other types of memory. Read and Write
operations to the EEPROM are carried out in single byte operations using an address and a data
register in Sector 0 and a single control register in Sector 1.

EEPROM Registers

Three registers control the overall operation of the internal EEPROM Data Memory. These are the
address register, EEA, the data register, EED and a single control register, EEC. As both the EEA
and EED registers are located in Sector 0, they can be directly accessed in the same way as many
other Special Function Registers. The EEC register however, being located in Sector 1, can only
be read from or written to indirectly using the MP1L/MP1H or MP2L/MP2H Memory Pointer and
Indirect Addressing Register, IAR1/IAR2. As the EEC control register is located at address 3EH in
Sector 1, the MP1L or MP2L Memory Pointer must first be set to the value 3EH and the MP1H or
MP2H Memory Pointer high byte set to the value, 01H, before any operations on the EEC register
are executed.

Register Bit
Name 7 6 5 4 3 2 1 0
EEA — — EEA5 EEA4 EEA3 EEA2 EEA1 EEAO
EED EED7 EED6 EED5 EED4 EED3 EED2 EED1 EEDO
EEC — — — — WREN WR RDEN RD

EEPROM Register List

* EEA Register

Bit 7 6 5 4 3 2 1 0
Name — — EEA5 EEA4 EEA3 EEA2 EEA1 EEAO
R/W — — R/W R/W R/W R/W R/W R/W
POR — — 0 0 0 0 0 0
Bit 7~6 Unimplemented, read as “0”

Bit 5~0 EEAS~EEA0: Data EEPROM address bit 5 ~ bit 0

* EED Register

Bit 7 6 5 4 3 2 1 0
Name EED7 EEDG6 EEDS EED4 EED3 EED2 EED1 EEDO
R/wW R/W R/wW R/wW R/W R/W R/wW R/wW R/W
POR 0 0 0 0 0 0 0 0

Bit 7~0 EED7~EEDO0: Data EEPROM data bit 7 ~ bit 0
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* EEC Register
Bit 7 6 5 4 3 2 1 0
Name — — — — WREN WR RDEN RD
R/W — — — — R/W R/W R/W R/W
POR — — — — 0 0 0 0
Bit 7~4 Unimplemented, read as “0”
Bit 3 WREN: Data EEPROM write enable
0: Disable
1: Enable
This is the Data EEPROM Write Enable Bit which must be set high before Data
EEPROM write operations are carried out. Clearing this bit to zero will inhibit Data
EEPROM write operations.
Bit2 WR: EEPROM write control
0: Write cycle has finished
1: Activate a write cycle
This is the Data EEPROM Write Control Bit and when set high by the application
program will activate a write cycle. This bit will be automatically reset to zero by the
hardware after the write cycle has finished. Setting this bit high will have no effect if
the WREN has not first been set high.
Bit 1 RDEN: Data EEPROM read enable
0: Disable
1: Enable
This is the Data EEPROM Read Enable Bit which must be set high before Data
EEPROM read operations are carried out. Clearing this bit to zero will inhibit Data
EEPROM read operations.
Bit 0 RD: EEPROM read control

0: Read cycle has finished

1: Activate a read cycle
This is the Data EEPROM Read Control Bit and when set high by the application
program will activate a read cycle. This bit will be automatically reset to zero by the
hardware after the read cycle has finished. Setting this bit high will have no effect if
the RDEN has not first been set high.

Note: 1. The WREN, WR, RDEN and RD cannot be set high at the same time in one instruction.

The WR and RD cannot be set high at the same time.

2. Ensure that the fsus clock is stable before executing the write operation.
3. Ensure that the write operation is totally complete before changing the contents of the

EEPROM related registers.

Reading Data from the EEPROM

To read data from the EEPROM, the EEPROM address of the data to be read must first be placed in
the EEA register. Then the read enable bit, RDEN, in the EEC register must be set high to enable the
read function. If the RD bit in the EEC register is now set high, a read cycle will be initiated. Setting
the RD bit high will not initiate a read operation if the RDEN bit has not been set. When the read
cycle terminates, the RD bit will be automatically cleared to zero, after which the data can be read

from the EED register. The data will remain in the EED register until another read or write operation

is executed. The application program can poll the RD bit to determine when the data is valid for

reading.
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Writing Data to the EEPROM

To write data to the EEPROM, the EEPROM address of the data to be written must first be placed in
the EEA register and the data placed in the EED register. To initiate a write cycle, the write enable
bit, WREN, in the EEC register must first be set high to enable the write function. After this, the WR
bit in the EEC register must be immediately set high to initiate a write cycle. These two instructions
must be executed in two consecutive instruction cycles. The global interrupt bit EMI should also
first be cleared before implementing any write operations, and then set again after the write cycle
has started. Note that setting the WR bit high will not initiate a write cycle if the WREN bit has
not been set. As the EEPROM write cycle is controlled using an internal timer whose operation is
asynchronous to microcontroller system clock, a certain time will elapse before the data will have
been written into the EEPROM. Detecting when the write cycle has finished can be implemented
either by polling the WR bit in the EEC register or by using the EEPROM interrupt. When the write
cycle terminates, the WR bit will be automatically cleared to zero by the microcontroller, informing
the user that the data has been written to the EEPROM. The application program can therefore poll
the WR bit to determine when the write cycle has ended.

Write Protection

Protection against inadvertent write operation is provided in several ways. After the device is
powered-on the Write Enable bit in the control register will be cleared preventing any write
operations. Also at power-on the Memory Pointer high byte register, MP1H or MP2H, will be reset
to zero, which means that Data Memory Sector 0 will be selected. As the EEPROM control register
is located in Sector 1, this adds a further measure of protection against spurious write operations.
During normal program operation, ensuring that the Write Enable bit in the control register is
cleared will safeguard against incorrect write operations.

EEPROM Interrupt

The EEPROM write interrupt is generated when an EEPROM write cycle has ended. The EEPROM
interrupt must first be enabled by setting the DEE bit in the relevant interrupt register. When an
EEPROM write cycle ends, the DEF request flag will be set. If the global and EEPROM interrupts
are enabled and the stack is not full, a jump to the associated EEPROM interrupt vector will take
place. When the interrupt is serviced, the EEPROM interrupt flag will be automatically reset. More
details can be obtained in the Interrupt section.

Programming Considerations

Care must be taken that data is not inadvertently written to the EEPROM. Protection can be
enhanced by ensuring that the Write Enable bit is normally cleared to zero when not writing. Also
the Memory Pointer high byte register, MP1H or MP2H, could be normally cleared to zero as this
would inhibit access to Sector 1 where the EEPROM control register exists. Although certainly not
necessary, consideration might be given in the application program to the checking of the validity of
new write data by a simple read back process.

When writing data the WR bit must be set high immediately after the WREN bit has been set high,
to ensure the write cycle executes correctly. The global interrupt bit EMI should also be cleared
before a write cycle is executed and then re-enabled after the write cycle starts. Note that the device
should not enter the IDLE or SLEEP mode until the EEPROM read or write operation is totally
complete. Otherwise, the EEPROM read or write operation will fail.
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Programming Examples

Reading data from the EEPROM - polling method

MOV A, EEPROM ADRES
MOV EEA, A

MOV A, 03EH

MOV MP1L, A

MOV A, 01H

MOV MP1H, A

SET IAR1.1

SET IAR1.0

BACK:

SZ IARL.0

JMP BACK

CIR IARI

CLR MPIH

MOV A, EED

MOV READ DATA, A

; user defined address
; setup memory pointer MP1L
; MP1L points to EEC register

; setup memory pointer MPIH

; set RDEN bit, enable read operations
; start Read Cycle - set RD bit

; check for read cycle end
; disable EEPROM read if no more read operations are required

; move read data to register

Note: For each read operation, the address register should be re-specified followed by setting the RD
bit high to activate a read cycle even if the target address is consecutive.

Writing Data to the EEPROM — Polling Method

MOV A, EEPROM ADRES
MOV EER, A

MOV A, EEPROM DATA
MOV EED, A

MOV A, 03EH

MOV MP1L, A

MOV 2, 01H

MOV MP1H, A

CLR EMI

SET IAR1.3

SET IARL.2

SET EMI
BACK:

SZ IARL.2
JMP BACK
CLR MP1H

; user defined address
; user defined data
; setup memory pointer MP1L

; MP1L points to EEC register
; setup memory pointer MPIH

; set WREN bit, enable write operations
; start Write Cycle - set WR bit - executed immediately
; after setting WREN bit

; check for write cycle end
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Oscillators

Various oscillator options offer the user a wide range of functions according to their various
application requirements. The flexible features of the oscillator functions ensure that the best
optimisation can be achieved in terms of speed and power saving. Oscillator selections and operation

are selected through the relevant control registers.

Oscillator Overview

In addition to being the source of the main system clock the oscillators also provide clock sources
for the Watchdog Timer and Time Base Interrupts. Fully integrated internal oscillators, requiring no
external components, are provided to form a wide range of both fast and slow system oscillators. All
oscillator options are selected through the relevant control registers. The higher frequency oscillator
provide higher performance but carry with it the disadvantage of higher power requirements, while
the opposite is of course true for the lower frequency oscillators. With the capability of dynamically
switching between fast and slow system clock, the devices have the flexibility to optimize the
performance/power ratio, a feature especially important in power sensitive portable applications.

Type Name Frequency
Internal High Speed RC HIRC 12MHz
Internal Low Speed RC LIRC 32kHz

Oscillator Types

System Clock Configurations

There are two oscillator sources, one high speed oscillator and one low speed oscillator. The high
speed system clock is the internal 12MHz RC oscillator, HIRC. The low speed oscillator is the
internal 32kHz RC oscillator, LIRC. Selecting whether the low or high speed oscillator is used as the
system oscillator is implemented using the CKS2~CKSO0 bits in the SCC register and as the system
clock can be dynamically selected.

The frequency of the slow speed or high speed system clock is also determined using the CKS2~
CKSO0 bits in the SCC register. Note that two oscillator selections must be made namely one high
speed and one low speed system oscillators. In addition, the internal PLL frequency generator can be
enabled by a software control bit to generate various frequencies for the USB interface and system
clock.

PLLEN
— fF‘LLﬁABMHz
High Speed fu \
Oscillator 48MHz £2
| | frosc 6MHz ful4
HIRCEN—H HIRC [~ PLL [12MHz .
' | 16MH fiy/8
- - 2 IDLEO Prescaler| ¢ /16 —> fsvs
CLKFIX— Auto frosc SLEEP /32
CLKADJ — Adjustment =
$ /64
PLLOS[2:0] fsus
Low Speed /
Oscilator 1
I I CKS[2:0]
I URC H—2 IDLE2 ] > > f
7 IsuB
= steep—71__~
fWDT
System Clock Configurations
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Internal PLL Frequency Generator

The internal PLL frequency generator is used to generate the frequency for the USB interface
and the system clock. This PLL generator can be enabled or disabled by the PLL control bit
PLLEN in the PLLC register. After a power on reset, the PLL control bit will be set to 1 to turn
on the PLL generator. The PLL generator will provide the fixed 48MHz frequency for the USB
operating frequency and another frequency for the system clock source which can be 6MHz,
12MHz or 16MHz. The selection of this system frequency is implemented using the PLLEN and
PLLOS2~PLLOSO bits in the PLLC register.

The following table illustrates the high frequency system clock fi selected by the related control bits.

PLLEN PLLOS2 | PLLOS1 | PLLOSO fu
0 X X X frosc=fire
1 0 X X fuosc=fuire
1 1 0 0 frLL=6MHz
1 1 0 1 fel=12MHz
1 1 1 0 frLi=16MHz
1 1 1 1 Reserved

“x”: Don’t care

Internal High Speed RC Oscillator — HIRC

The internal RC oscillator is a fully integrated system oscillator requiring no external components.
The internal RC oscillator has a fixed frequency of 12MHz. Device trimming during the
manufacturing process and the inclusion of internal frequency compensation circuits are used to
ensure that the influence of the power supply voltage, temperature and process variations on the
oscillation frequency are minimised.

Internal 32kHz Oscillator — LIRC

The internal 32kHz system oscillator is a low frequency oscillator. It is a fully integrated
RC oscillator with a typical frequency of 32kHz, requiring no external components for its
implementation. Device trimming during the manufacturing process and the inclusion of internal
frequency compensation circuits are used to ensure that the influence of the power supply voltage,
temperature and process variations on the oscillation frequency are minimised.
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Operating Modes and System Clocks

Present day applications require that their microcontrollers have high performance but often still
demand that they consume as little power as possible, conflicting requirements that are especially
true in battery powered portable applications. The fast clocks required for high performance will
by their nature increase current consumption and of course vice versa, lower speed clocks reduce
current consumption. As Holtek has provided the devices with both high and low speed clock
sources and the means to switch between them dynamically, the user can optimise the operation of
their microcontroller to achieve the best performance/power ratio.

System Clocks

The devices have many different clock sources for both the CPU and peripheral function operation.
By providing the user with a wide range of clock options by register programming, a clock system
can be configured to obtain maximum application performance.

The main system clock, can come from a high frequency, fu, or low frequency, fsus, source, and
is selected using the CKS2~CKSO0 bits in the SCC register. The high speed system clock can be
sourced from an HIRC oscillator or the PLL output clock, selected via configuring the PLLEN and
PLLOS2~PLLOSO bits in the PLLC register. The low speed system clock source can be sourced
from the LIRC oscillator. The other choice, which is a divided version of the high speed system
oscillator has a range of fu/2~fu/64.

PLLEN _l —-+ 5 To USB Circuits
L g ; \
High Speed 48MHz USB%KEN :
Oscillator 6MHz fu/2
I I 1
HIRCEN— HIRC [+ o pPLL |12MHz fi/4
L= 16MHz f.4/8
T_ IDLEO Prescaler| ¢,/16 —> fsvs
CLKFIX—  Auto frosc SLEEP /32
LKADJ —| Adjustment
cl J ? /64
PLLOS[2:0] fus
Low Speed /
Oscillator ?
[
| CKS[2:0]
' LrC Y O\ fous
I ! IDLE2 ) > fsus
———| steep—1__" TBO[2:0] —F—,
fous TBOON =~ Time
fwor f /‘ ¢ »| Base 0
—»fSYS > Time
TB1ON —| Base 1
CLKSEL[1:0] TB112:0] —4

Device Clock Configurations

Note: When the system clock source fsys is switched to fsus from fy, the high speed oscillator will stop to conserve
the power or continue to oscillate to provide the clock source, fu~fii/64, for peripheral circuit to use, which
is determined by configuring the corresponding high speed oscillator enable control bit.
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System Operation Modes

There are six different modes of operation for the microcontroller, each one with its own special
characteristics and which can be chosen according to the specific performance and power requirements
of the application. There are two modes allowing normal operation of the microcontroller, the
NORMAL Mode and SLOW Mode. The remaining four modes, the SLEEP, IDLEO, IDLE1 and
IDLE2 Mode are used when the microcontroller CPU is switched off to conserve power.

i Register Setting
OP“: rztlon CPU fsvs fu fsus fwor fruL
ode FHIDEN |FSIDEN | CKS2~CKS0
NORMAL | On X X 000~110 | fu~fu/64 | On On On On
SsLOW On X X 11 fss | On/OfF™ | On on | on/off®
000~110 Off
IDLEO lolii 0 1 Off On On Off
111 On
IDLE1 Off 1 1 XXX On On On On On
000~110 On o
IDLE2 Off 1 0 On Off | On/Off On
111 Off
SLEEP Off 0 0 XXX Off Off off |onioff”|  Off

“yn.

x": Don’t care

Note: 1. The fu clock will be switched on or off by configuring the corresponding oscillator enable
bit in the SLOW mode.
2. The fwpr clock can be switched on or off which is controlled by the WDT function being
enabled or disabled.
3. The ferL clock can be switched on or off which is controlled by the PLLEN bit in the PLLC
register in the SLOW mode.
4. The USB function is inactive in the IDLEO and SLEEP mode.

NORMAL Mode

As the name suggests this is one of the main operating modes where the microcontroller has all of
its functions operational and where the system clock is provided by the high speed oscillator. This
mode operates allowing the microcontroller to operate normally with a clock source will come from
the high speed oscillator, the HIRC oscillator. The high speed oscillator will however first be divided
by a ratio ranging from 1 to 64, the actual ratio being selected by the CKS2~CKSO bits in the SCC
register. Although a high speed oscillator is used, running the microcontroller at a divided clock
ratio reduces the operating current. In the USB mode, the PLL circuit of which the clock source can
be derived from the HIRC oscillator can generate a clock with a frequency of 6MHz, 12MHz or
16MHz as the device system clock.

SLOW Mode

This is also a mode where the microcontroller operates normally although now with a slower speed
clock source. The clock source used will be from fsus. The fsus clock is derived from the LIRC
oscillator.

SLEEP Mode
The SLEEP Mode is entered when a HALT instruction is executed and when the FHIDEN and
FSIDEN bit are low. In the SLEEP mode the CPU will be stopped. The fsus clock provided to the

peripheral function will also be stopped, too. However the fwpr clock can continues to operate if the
WDT function is enabled.

IDLEO Mode
The IDLEO Mode is entered when a HALT instruction is executed and when the FHIDEN bit in the
SCC register is low and the FSIDEN bit in the SCC register is high. In the IDLEO Mode the CPU
will be switched off but the low speed oscillator will be turned on to drive some peripheral functions.
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IDLE1 Mode

The IDLE1 Mode is entered when a HALT instruction is executed and when the FHIDEN bit in the
SCC register is high and the FSIDEN bit in the SCC register is high. In the IDLE1 Mode the CPU
will be switched off but both the high and low speed oscillators will be turned on to provide a clock

source to keep some peripheral functions operational.

IDLE2 Mode

The IDLE2 Mode is entered when a HALT instruction is executed and when the FHIDEN bit in the
SCC register is high and the FSIDEN bit in the SCC register is low. In the IDLE2 Mode the CPU
will be switched off but the high speed oscillator will be turned on to provide a clock source to keep

some peripheral functions operational.

Control Registers

The registers, SCC, HIRCC and PLLC, are used to control the system clock and the corresponding

oscillator configurations.

Register Bit
Name 7 6 5 4 3 2 1 0
scc CKS2 CKS1 CKS0 — — — FHIDEN | FSIDEN
HIRCC | CLKADJ |CLKADJF| CLKFIX — — — HIRCF | HIRCEN
PLLC D7 — — PLLOS2 | PLLOS1 | PLLOSO | PLLF | PLLEN

System Operating Mode Control Register List

* SCC Register

Bit 7 6 o) 4 3 2 1 0
Name CKS2 CKS1 CKSO0 — — — FHIDEN | FSIDEN
RIW RIW RIW RIW — — — RIW RIW

POR 0 1 0 — — — 0 0
Bit 7~5 CKS2~CKS0: System clock selection
000: fu
001: fu/2
010: fw/4
011: fuw/8
100: fu/16
101: fu/32
110: fu/64
111: fSUB
These three bits are used to select which clock is used as the system clock source. In
addition to the system clock source directly derived from fu or fsus, a divided version
of the high speed system oscillator can also be chosen as the system clock source.
Bit 4~2 Unimplemented, read as “0”
Bit 1 FHIDEN: High frequency oscillator control when CPU is switched off
0: Disable
1: Enable
This bit is used to control whether the high speed oscillator is activated or stopped
when the CPU is switched off by executing a “HALT” instruction.
Bit 0 FSIDEN: Low frequency oscillator control when CPU is switched off

0: Disable

1: Enable
This bit is used to control whether the low speed oscillator is activated or stopped
when the CPU is switched off by executing a “HALT” instruction.
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Note: A certain delay is required before the relevant clock is successfully switched to the target
clock source after any clock switching setup using the CKS2~CKSO0 bits, FHS bit or FSS bit.
A proper delay time must be arranged before executing the following operations which require
immediate reaction with the target clock source.

Clock switching delay time = 4xtsys + [0~(1.5%tcur+0.5%tr:)], where tcur. indicates the current
clock period, tra. indicates the target clock period and tsys indicates the current system clock
period.

* HIRCC Register

Bit

7 6 5 4 3 2 1 0

Name

CLKADJ |CLKADJF| CLKFIX — — — HIRCF | HIRCEN

R/wW

R/wW R/wW R/wW — — — R R/wW

POR

0 0 0 — — — 0 1

Bit7

Bit 6

Bit5

Bit 4~2
Bit 1

Bit0

CLKADJ: HIRC clock automatic adjustment function control in the USB mode

0: Disable

1: Enable
Note that if users select the HIRC as the system clock, the CLKADIJ bit must be set to
1 to adjust the PLL frequency automatically.

CLKADJF: HIRC clock automatic adjustment stable flag

0: Unstable

1: Stable
The CLKADIJF bit indicates whether the HIRC frequency adjusting operation is
completed or not when the CLKADIJ bit is set to 1. Users can continuously monitor
the CLKADIJF bit by application programs to make sure that the HIRC frequency
accuracy is stably adjusted in the range of £0.25%.
The CLKADIJF bit can be cleared by the application program.

CLKFIX: HIRC clock fix automatic adjustment function control

0: Disable

1: Enable
Note that when CLKADJF=1, the CLKFIX bit can be set high to fix the HIRC
frequency accuracy in the range of £0.25%.

Unimplemented, read as “0”

HIRCEF: HIRC oscillator stable flag

0: HIRC unstable

1: HIRC stable
This bit is used to indicate whether the HIRC oscillator is stable or not. When the
HIRCEN bit is set to 1 to enable the HIRC oscillator, the HIRCF bit will first be
cleared to 0 and then set to 1 after the HIRC oscillator is stable.

HIRCEN: HIRC oscillator enable control

0: Disable
1: Enable

* PLLC Register

Bit 7 6 5 4 3 2 1 0
Name D7 — — PLLOS2 | PLLOS1 | PLLOSO PLLF PLLEN
R/W R/W — — R/W R/W R/W R R/W
POR 0 — — 0 0 0 0 1
Bit 7 D7: Reserved bit, cannot be used and must be fixed at “0”
Bit 6~5 Unimplemented, read as “0”
Bit 4~2 PLLOS2~PLLOSO: fiosc or feL for fi clock source selection

0xx: fhosc

100: fere=6MHz
101: prL=12MHZ
110: frLi=16MHz
111: Reserved
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Bit 1 PLLF: PLL clock stable flag
0: Unstable
1: Stable

This bit is used to indicate whether the PLL clock is stable or not. When the PLLEN
bit is set to 1 to enable the PLL clock, the PLLF bit will first be cleared to 0 and then

set to 1 after the PLL clock is stable.

Bit 0 PLLEN: PLL enable control
0: Disable
1: Enable

Operating Mode Switching

The devices can switch between operating modes dynamically allowing the user to select the best

performance/power ratio for the present task in hand. In this way microcontroller operations that

do not require high performance can be executed using slower clocks thus requiring less operating

current and prolonging battery life in portable applications.

In simple terms, Mode Switching between the NORMAL Mode and SLOW Mode is executed
using the CKS2~CKSO bits in the SCC register while Mode Switching from the NORMAL/SLOW
Modes to the SLEEP/IDLE Modes is executed via the HALT instruction. When a HALT instruction
is executed, whether the device enter the IDLE Mode or the SLEEP Mode is determined by the
condition of the FHIDEN and FSIDEN bits in the SCC register.

NORMAL
fsy5=fH"‘fH/ 64
fu on
CPU run
fsys on
fsus on

SLEEP
HALT instruction executed
CPU stop
FHIDEN=0
FSIDEN=0
fH off
fsug off

IDLE2
HALT instruction executed
CPU stop
FHIDEN=1
FSIDEN=0
fu on
fsus off

NORMAL Mode to SLOW Mode Switching

SLOW
fsvs=fsus
fSUB on
CPU run
fsys on
iy on/off

IDLEO
HALT instruction executed
CPU stop
FHIDEN=0
FSIDEN=1
fH off
fsus on

IDLE1
HALT instruction executed
CPU stop
FHIDEN=1
FSIDEN=1
f on
fsus on

When running in the NORMAL Mode, which uses the high speed system oscillator, and therefore

consumes more power, the system clock can switch to run in the SLOW Mode by set the
CKS2~CKSO0 bits to “111” in the SCC register. This will then use the low speed system oscillator
which will consume less power. Users may decide to do this for certain operations which do not

require high performance and can subsequently reduce power consumption.

The SLOW Mode is sourced from the LIRC oscillator and therefore requires this oscillator to be

stable before full mode switching occurs.
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NORMAL Mode

CKS2~CKS0 = 111

SLOW Mode

FHIDEN=0, FSIDEN=0
HALT instruction is executed

L SLEEP Mode

FHIDEN=0, FSIDEN=1
HALT instruction is executed

IDLEO Mode

FHIDEN=1, FSIDEN=1
HALT instruction is executed

— IDLE1 Mode

FHIDEN=1, FSIDEN=0
HALT instruction is executed

IDLE2 Mode

SLOW Mode to NORMAL Mode Switching
In SLOW mode the system clock is derived from fsus. When system clock is switched back to the
NORMAL mode from fsus, the CKS2~CKSO0 bits should be set to “000”~“110” and then the system
clock will respectively be switched to fu~fi/64.

However, if fi is not used in SLOW mode and thus switched off, it will take some time to re-
oscillate and stabilise when switching to the NORMAL mode from the SLOW Mode. This is
monitored using the HIRCF bit in the HIRCC register or the PLLF bit in the PLLC register. The
time duration required for the high speed system oscillator stabilization is specified in the System

Start Up Time Characteristics.
SLOW Mode
CKS2~CKS0 = 000~110

-———( NORMAL Mode

FHIDEN=0, FSIDEN=0
HALT instruction is executed

SLEEP Mode

FHIDEN=0, FSIDEN=1
HALT instruction is executed

IDLEO Mode

FHIDEN=1, FSIDEN=1
HALT instruction is executed

— IDLE1 Mode

FHIDEN=1, FSIDEN=0
HALT instruction is executed

—>] IDLE2 Mode
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Entering the SLEEP Mode

There is only one way for the device to enter the SLEEP Mode and that is to execute the “HALT”
instruction in the application program with both the FHIDEN and FSIDEN bits in the SCC register
equal to “0”. In this mode all the clocks and functions will be switched off except the WDT function.
When this instruction is executed under the conditions described above, the following will occur:

* The system clock will be stopped and the application program will stop at the “HALT” instruction.
» The Data Memory contents and registers will maintain their present condition.
» The I/O ports will maintain their present conditions.

* In the status register, the Power Down flag, PDF, will be set and the Watchdog time-out flag, TO,
will be cleared.

» The WDT will be cleared and resume counting if the WDT function is enabled. If the WDT
function is disabled, the WDT will be cleared and then stopped.

* The USB will enter the suspend mode if the USB function is enabled.

Entering the IDLEO Mode

There is only one way for the device to enter the IDLEO Mode and that is to execute the “HALT”
instruction in the application program with the FHIDEN bit in the SCC register equal to “0” and the
FSIDEN bit in the SCC register equal to “1”. When this instruction is executed under the conditions
described above, the following will occur:

» The fu clock will be stopped and the application program will stop at the “HALT” instruction, but
the fsus clock will be on.

* The Data Memory contents and registers will maintain their present condition.
* The I/O ports will maintain their present conditions.

¢ In the status register, the Power Down flag, PDF, will be set and the Watchdog time-out flag, TO,
will be cleared.

* The WDT will be cleared and resume counting if the WDT function is enabled. If the WDT
function is disabled, the WDT will be cleared and then stopped.

* The USB will enter the suspend mode if the USB function is enabled.

Entering the IDLE1 Mode

There is only one way for the device to enter the IDLE1 Mode and that is to execute the “HALT”
instruction in the application program with both the FHIDEN and FSIDEN bits in the SCC register
equal to “1”. When this instruction is executed under the conditions described above, the following
will occur:

» The fi and fsus clocks will be on but the application program will stop at the “HALT” instruction.
* The Data Memory contents and registers will maintain their present condition.
* The I/O ports will maintain their present conditions.

* In the status register, the Power Down flag, PDF, will be set and the Watchdog time-out flag, TO,
will be cleared.

* The WDT will be cleared and resume counting if the WDT function is enabled. If the WDT
function is disabled, the WDT will be cleared and then stopped.
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Entering the IDLE2 Mode

There is only one way for the device to enter the IDLE2 Mode and that is to execute the “HALT”
instruction in the application program with the FHIDEN bit in the SCC register equal to “1” and the
FSIDEN bit in the SCC register equal to “0”. When this instruction is executed under the conditions
described above, the following will occur:

» The fu clock will be on but the fsus clock will be off and the application program will stop at the
“HALT” instruction.

» The Data Memory contents and registers will maintain their present condition.
* The I/O ports will maintain their present conditions.

* In the status register, the Power Down flag, PDF, will be set and the Watchdog time-out flag, TO,
will be cleared.

» The WDT will be cleared and resume counting if the WDT function is enabled. If the WDT
function is disabled, the WDT will be cleared and then stopped.

Standby Current Considerations

As the main reason for entering the SLEEP or IDLE Mode is to keep the current consumption of the
device to as low a value as possible, perhaps only in the order of several micro-amps except in the
IDLE1 and IDLE2 Mode, there are other considerations which must also be taken into account by
the circuit designer if the power consumption is to be minimised. Special attention must be made
to the I/O pins on the device. All high-impedance input pins must be connected to either a fixed
high or low level as any floating input pins could create internal oscillations and result in increased
current consumption. This also applies to devices which have different package types, as there may
be unbonded pins. These must either be setup as outputs or if setup as inputs must have pull-high
resistors connected.

Care must also be taken with the loads, which are connected to 1/O pins, which are setup as outputs.
These should be placed in a condition in which minimum current is drawn or connected only to
external circuits that do not draw current, such as other CMOS inputs. Also note that additional
standby current will also be required if the LIRC oscillator has been enabled.

In the IDLE1 and IDLE2 Mode the high speed oscillator is on, if the peripheral function clock
source is derived from the high speed oscillator, the additional standby current will also be perhaps
in the order of several hundred micro-amps.

Wake-up

To minimise power consumption the device can enter the SLEEP or any IDLE Mode, where the
CPU will be switched off. However, when the device is woken up again, it will take a considerable
time for the original system oscillator to restart, stabilise and allow normal operation to resume.

After the system enters the SLEEP or IDLE Mode, it can be woken up from one of various sources
listed as follows:

* An external pin reset

* A USB reset signal reset

* An external falling edge on I/O port with wake-up ability
* A system interrupt

* AWDT overflow

If the system is woken up by an external pin or USB reset, the device will experience a full system
reset, however, if the device is woken up by a WDT overflow, a Watchdog Timer reset will be
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initiated. Although both of these wake-up methods will initiate a reset operation, the actual source
of the wake-up can be determined by examining the TO and PDF flags. The PDF flag is cleared by a
system power-up or executing the clear Watchdog Timer instructions and is set when executing the
“HALT” instruction. The TO flag is set if a WDT time-out occurs, and causes a wake-up that only
resets the Program Counter and Stack Pointer, the other flags remain in their original status.

Each pin on Port A and the PCO pin of the HT68FB541 and each pin on Port D of the HT68FB571
can be setup using the PxWU register to permit a negative transition on the pin to wake-up the
system. When a pin wake-up occurs, the program will resume execution at the instruction following
the “HALT” instruction. If the system is woken up by an interrupt, then two possible situations may
occur. The first is where the related interrupt is disabled or the interrupt is enabled but the stack
is full, in which case the program will resume execution at the instruction following the “HALT”
instruction. In this situation, the interrupt which woke-up the device will not be immediately
serviced, but will rather be serviced later when the related interrupt is finally enabled or when a
stack level becomes free. The other situation is where the related interrupt is enabled and the stack
is not full, in which case the regular interrupt response takes place. If an interrupt request flag is set
high before entering the SLEEP or IDLE Mode, the wake-up function of the related interrupt will be
disabled.

Watchdog Timer

The Watchdog Timer is provided to prevent program malfunctions or sequences from jumping to
unknown locations, due to certain uncontrollable external events such as electrical noise.

Watchdog Timer Clock Source

The Watchdog Timer clock source is provided by the internal clock, fwpr, which is sourced from
the LIRC oscillator. The LIRC internal oscillator has an approximate frequency of 32kHz and this
specified internal clock period can vary with Vpp, temperature and process variations. The Watchdog
Timer source clock is then subdivided by a ratio of 2% to 2!® to give longer timeouts, the actual value
being chosen using the WS2~WSO0 bits in the WDTC register.

Watchdog Timer Control Register

A single register, WDTC, controls the required timeout period, the enable/disable operation as well
as MCU reset.

* WDTC Register

Bit 7 6 5 4 3 2 1 0
Name WE4 WES3 WE2 WEA1 WEO WS2 W81 WS0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR 0 1 0 1 0 0 1 1

Bit 7~3 WE4~WE0: WDT function software control
10101: Disable
01010: Enable
Other values: Reset MCU
When these bits are changed to any other values due to environmental noise the
microcontroller will be reset; this reset operation will be activated after a delay time,
tsreset, and the WRF bit in the RSTFC register will be set high.
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Bit 2~0 WS2~WS0: WDT time-out period selection
000: 28/fwpr
001: 2'%fwpr
010: 2'%/fwpr
011: 2"/fwpr
100: 255/fwpr
101: 2'%/fwpr
110: 2V/fwpr
111: 2%/fwpr
These three bits determine the division ratio of the Watchdog Timer source clock,
which in turn determines the timeout period.

* RSTFC Register

Bit 7 6 5 4 3 2 1 0
Name — — — — RSTF LVRF LRF WRF
R/W — — — — R/W R/W R/W R/W
POR — — — — 0 X 0 0
“x”: Unknown
Bit 7~4 Unimplemented, read as “0”
Bit 3 RSTF: Reset control register software reset flag
Refer to the RES Pin Reset section
Bit2 LVRF: LVR function reset flag
Refer to the Low Voltage Reset section
Bit 1 LRF: LVR control register software reset flag
Refer to the Low Voltage Reset section
Bit0 WRF: WDT control register software reset flag
0: Not occurred
1: Occurred

This bit is set to 1 by the WDT Control register software reset and cleared to 0 by
the application program. Note that this bit can only be cleared to 0 by the application
program.

Watchdog Timer Operation

The Watchdog Timer operates by providing a device reset when its timer overflows. This means
that in the application program and during normal operation the user has to strategically clear the
Watchdog Timer before it overflows to prevent the Watchdog Timer from executing a reset. This is
done using the clear watchdog instruction. If the program malfunctions for whatever reason, jumps
to an unknown location, or enters an endless loop, the clear instruction will not be executed in the
correct manner, in which case the Watchdog Timer will overflow and reset the device. There are five
bits, WE4~WEQO, in the WDTC register to offer the enable/disable control and reset control of the
Watchdog Timer. The WDT function will be disabled when the WE4~WEQO bits are set to a value of
10101B while the WDT function will be enabled if the WE4~WEDO bits are equal to 01010B. If the
WE4~WEQ bits are set to any other values, other than 01010B and 10101B, it will reset the device
after a delay time, tsreser. After power-on these bits will have a value of 01010B.

WE4~WEO Bits WDT Function
10101B Disable
01010B Enable

Any other values Reset MCU

Watchdog Timer Function Control
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Under normal program operation, a Watchdog Timer time-out will initialise a device reset and set
the status bit TO. However, if the system is in the SLEEP or IDLE Mode, when a Watchdog Timer
time-out occurs, the TO and PDF bits in the status register will be set and only the Program Counter

and Stack Pointer will be reset. Four methods can be adopted to clear the contents of the Watchdog
Timer. The first is a WDT reset, which means a certain value except 01010B and 10101B written
into the WE4~WEQO bits, the second is using the Watchdog Timer software clear instruction, the third
is via a HALT instruction and the fourth is an external hardware reset, which means a low level on
the external RES pin.

There is only one method of using software instruction to clear the Watchdog Timer. That is to use
the single “CLR WDT” instruction to clear the WDT.

The maximum time-out period is when the 2'® division ratio is selected. As an example, with a
32kHz LIRC oscillator as its source clock, this will give a maximum watchdog period of around 8
seconds for the 2'® division ratio, and a minimum timeout of 8ms for the 2* division ration.

WDTC Register | WE4~WEQ bits L 4 » Reset MCU

“CLR WDT” Instruction

CLR
“HALT” Instruction
RES pin reset
fwpr/2®
fwor—»| 8-stage Divider WDT Prescaler

WS2~WS0 8-to-1 MUX WDT Time-out

(2%fwor~ 2"/fwor)
Watchdog Timer

Reset and Initialisation

A reset function is a fundamental part of any microcontroller ensuring that the device can be set
to some predetermined condition irrespective of outside parameters. The most important reset
condition is after power is first applied to the microcontroller. In this case, internal circuitry will
ensure that the microcontroller, after a short delay, will be in a well-defined state and ready to
execute the first program instruction. After this power-on reset, certain important internal registers
will be set to defined states before the program commences. One of these registers is the Program
Counter, which will be reset to zero forcing the microcontroller to begin program execution from the
lowest Program Memory address.

In addition to the power-on reset, situations may arise where it is necessary to forcefully apply
a reset condition when the device is running. One example of this is where after power has been
applied and the device is already running, the RES line is forcefully pulled low. In such a case,
known as a normal operation reset, some of the registers remain unchanged allowing the device to
proceed with normal operation after the reset line is allowed to return high.

Another type of reset is when the Watchdog Timer overflows and resets the microcontroller. All
types of reset operations result in different register conditions being setup. Another reset exists in
the form of a Low Voltage Reset, LVR, where a full reset, similar to the RES reset is implemented in
situations where the power supply voltage falls below a certain threshold.

Reset Functions

There are several ways in which a microcontroller reset can occur, through events occurring both
internally and externally:
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Power-on Reset

The most fundamental and unavoidable reset is the one that occurs after power is first applied to
the microcontroller. As well as ensuring that the Program Memory begins execution from the first
memory address, a power-on reset also ensures that certain other registers are preset to known
conditions. All the I/O port and port control registers will power up in a high condition ensuring that
all pins will be first set to inputs.

Voo v 0.9Vop
RES '<—>’ trsTDHSST
Internal Reset I_

Power-on Reset Timing Chart

RES Pin Reset

Although the microcontroller has an internal RC reset function, if the Vpp power supply rise time
is not fast enough or does not stabilise quickly at power-on, the internal reset function may be
incapable of providing proper reset operation. For this reason it is recommended that an external
RC network is connected to the RES pin, whose additional time delay will ensure that the RES pin
remains low for an extended period to allow the power supply to stabilise. During this time delay,
normal operation of the microcontroller will be inhibited. After the RES line reaches a certain
voltage value, the reset delay time trsto is invoked to provide an extra delay time after which the
microcontroller will begin normal operation. The abbreviation SST in the figures stands for System
Start-up Timer.

For most applications a resistor connected between VDD and the RES pin and a capacitor connected
between VSS and the RES pin will provide a suitable external reset circuit. Any wiring connected to
the RES pin should be kept as short as possible to minimise any stray noise interference.

For applications that operate within an environment where more noise is present the Enhanced Reset
Circuit shown is recommended.

4 T VDD

10kQ~
100kQ

1N4148*
0.01pF**
RES
0.1uF~1pF

VSS

Note: * It is recommended that this component is added for added ESD protection.
** It is recommended that this component is added in environments where power line noise is
significant.
External RES Circuit

Pulling the RES Pin low using external hardware will also execute a device reset. In this case, as in
the case of other resets, the Program Counter will reset to zero and program execution initiated from
this point.
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0.9Vpp
S LN
trsTDHsSsT
Internal Reset

RES Reset Timing Chart

There is an internal reset control register, RSTC, which is used to select the external RES pin

function and provide a reset when the device operates abnormally due to the environmental noise

interference. If the content of the RSTC register is set to any value other than 01010101B or

10101010B, it will reset the device after a delay time, tsreser. After power on the register will have a
value of 01010101B.

RSTC7~RSTCO Bits Reset Function
01010101B 1/0O pin
101010108 RES

Any other value Reset MCU

Internal Reset Function Control

* RSTC Register

Bit 7 6 5 4 3 2 1 0
Name RSTC7 RSTC6 RSTC5 RSTC4 RSTC3 RSTC2 RSTC1 RSTCO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR 0 1 0 1 0 1 0 1
Bit 7~0 RSTC7~RSTCO: Reset function control

01010101: 1/O pin

10101010: RES pin

Other values: Reset MCU
If these bits are changed due to adverse environmental conditions, the microcontroller
will be reset. The reset operation will be activated after a delay time, tsreser, and the
RSTF bit in the RSTFC register will be set to 1.
All resets will reset this register to POR value except the WDT time out hardware
warm reset.

* RSTFC Register

Bit 7 6 5 4 3 2 1 0
Name — — — — RSTF LVRF LRF WRF
R/W — — — — R/W R/W R/W R/W
POR — — — — 0 X 0 0
“x”: Unknown
Bit 7~4 Unimplemented, read as “0”
Bit 3 RSTF: Reset control register software reset flag
0: Not occurred
1: Occurred
This bit is set to 1 by the RSTC control register software reset and cleared by the
application program. Note that this bit can only be cleared to 0 by the application
program.
Bit 2 LVRF: LVR function reset flag

Refer to the Low Voltage Reset section
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Bit 1 LRF: LVR control register software reset flag
Refer to the Low Voltage Reset section
Bit 0 WRF: WDT control register software reset flag

Refer to the Watchdog Timer section

Low Voltage Reset — LVR

Each of the microcontrollers contain a low voltage reset circuit in order to monitor the supply voltage
of the device and provides an MCU reset should the value fall below a certain predefined level.

The LVR function is always enabled in the NORMAL and SLOW mode with a specific LVR voltage
Vivr. If the supply voltage of the device drops to within a range of 0.9V~Vyyr such as might occur
when changing the battery in battery powered applications, the LVR will automatically reset the
device internally and the LVRF bit in the RSTFC register will also be set to 1. For a valid LVR
signal, a low supply voltage, i.e., a voltage in the range between 0.9V~Viyr must exist for a time
greater than that specified by tuvr in the LVR/LVD Electrical Characteristics. If the low supply
voltage state does not exceed this value, the LVR will ignore the low supply voltage and will not
perform a reset function. The actual Viyr value can be selected by the LVS bits in the LVRC register.
If the LVS7~LVSO0 bits are changed to some different values by environmental noise, the LVR will
reset the device after a delay time, tsreser. When this happens, the LRF bit in the RSTFC register
will be set to 1. After power on the register will have the value of 01010101B. Note that the LVR
function will be automatically disabled when the device enters the IDLE/SLEEP mode.

LVR

——Pi trep * tssT

Internal Reset

Low Voltage Reset Timing Chart

* LVRC Register

Bit 7 6 ) 4 3 2 1 0
Name LvS7 LVS6 LVS5 LvS4 LVS3 LvS2 LVS1 LVSO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR 0 1 0 1 0 1 0 1

Bit 7~0 LVS7~LVS0: LVR voltage select control

01010101: 2.1V

00110011: 2.55V

10011001: 3.15V

10101010: 3.8V

Any other value: Generates MCU reset — register is reset to POR value
When an actual low voltage condition occurs, as specified by one of the four defined
LVR voltage values above, an MCU reset will be generated. The reset operation will
be activated the low voltage condition keeps more than a tiyr time. In this situation the
register contents will remain the same after such a reset occurs.
Any register value, other than the four defined LVR values above, will also result in
the generation of an MCU reset. The reset operation will be activated after a delay
time, tskeser. However in this situation the register contents will be reset to the POR
value.
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* RSTFC Register

Bit 7 6 5 4 3 2 1 0
Name — — — — RSTF LVRF LRF WRF
R/W — — — — R/W R/W R/W R/W
POR — — — — 0 X 0 0
“X”: Unknown
Bit 7~2 Unimplemented, read as “0”
Bit3 RSTF: Reset control register software reset flag
Refer to the RES Pin Reset section
Bit 2 LVRF: LVR function reset flag
0: Not occur
1: Occurred

This bit is set to 1 when a specific Low Voltage Reset situation condition occurs. This
bit can only be cleared to 0 by the application program.

Bit 1 LRF: LVR control register software reset flag
0: Not occur
1: Occurred
This bit is set to 1 if the LVRC register contains any non-defined LVR voltage register
values. This in effect acts like a software-reset function. This bit can only be cleared to
0 by the application program.

Bit0 WRF: WDT control register software reset flag
Refer to the Watchdog Timer section

USB Reset
The devices contain a USB circuit, a reset signal can be generated by properly configuring the USB
control register to reset the whole device. Refer to the “USB Interface” section for more associated
details.

Watchdog Time-out Reset during Normal Operation
When the Watchdog time-out Reset during normal operations in the NORMAL or SLOW mode
occurs, the Watchdog time-out flag TO will be set to “1”.

WDT Time-out —|

<&
<

tRSTD

v

Internal Reset

WDT Time-out Reset during Normal Operation Timing Chart

Watchdog Time-out Reset during SLEEP or IDLE Mode
The Watchdog time-out Reset during SLEEP or IDLE Mode is a little different from other kinds
of reset. Most of the conditions remain unchanged except that the Program Counter and the Stack
Pointer will be cleared to “0” and the TO and PDF flags will be set to “1”. Refer to the System Start
Up Time Characteristics for tssr details.

WDT Time-out

P tsst

A
\

Internal Reset

WDT Time-out Reset during SLEEP or IDLE Timing Chart
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Reset Initial Conditions

The different types of reset described affect the reset flags in different ways. These flags, known
as PDF and TO are located in the status register and are controlled by various microcontroller
operations, such as the SLEEP or IDLE Mode function or Watchdog Timer. The reset flags are
shown in the table:

TO PDF RESET Conditions
0 0 Power-on reset
u u RES, LVR or USB reset during NORMAL or SLOW Mode operation
1 u WDT time-out reset during NORMAL or SLOW Mode operation
1 1 WDT time-out reset during IDLE or SLEEP Mode operation

u”: Unchanged
The following table indicates the way in which the various components of the microcontroller are
affected after a power-on reset occurs.

Item Condition After RESET
Program Counter Reset to zero
Interrupts All interrupts will be disabled
WDT, Time Bases Cleared after reset, WDT begins counting
Timer/Event Counters Timer/Event Counters will be turned off
Input/Output Ports 1/O ports will be setup as inputs
Stack Pointer Stack Pointer will point to the top of the stack

The different kinds of resets all affect the internal registers of the microcontroller in different ways. To
ensure reliable continuation of normal program execution after a reset occurs, it is important to know
what condition the microcontroller is in after a particular reset occurs. The following table describes
how each type of reset affects each of the microcontroller internal registers. Note that where more
than one package type exists the table will reflect the situation for the larger package type.

HT68FB541
Regiser | PO%erOn | “ormal | (Normal | (Normal | WoT Timeout| UQClC | usBReset
Operation) Operation) Operation) Operation)

IARO 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
MPO 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
IAR1 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
MP1L 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
MP1H 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
ACC XXXX XXXX uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu
PCL 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000
TBLP XXXX XXXX uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu
TBLH XXXX XXXX uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu
TBHP ---- XXXX ---- uuuu ---- uuuu ---- uuuu ---- uuuu ---- uuuu ---- uuuu
STATUS xx00 xxxx uuuu uuuu uuuu uuuu uulu uuuu uu11 uuuu XXUU uuuu XXUU uuuu
IAR2 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
MP2L 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
MP2H 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
RSTFC ---- 0x00 ---- uuuu ----uluu ---- uuuu ---- uuuu ---- uuuu ---- uuuu
INTCO -000 0000 -000 0000 -000 0000 -000 0000 -uuu uuuu -000 0000 -000 0000
INTC1 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
INTC2 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
INTC3 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PA 1111 1111 1111 1111 1111 1111 1111 1111 uuuu uuuu 1111 1111 1111 1111
PAC 1111 1111 1111 1111 1111 1111 1111 1111 uuuu uuuu 1111 1111 1111 1111
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Operation) Operation) Operation) Operation)

PAPU 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PAWU 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PB --11 1111 --11 1111 --11 1111 --11 1111 --uu uuuu --11 1111 --11 1111
PBC --11 1111 --11 1111 --11 1111 --11 1111 --uu uuuu --11 1111 --11 1111
PBPU --00 0000 --00 0000 --00 0000 --00 0000 --uu uuuu --00 0000 --00 0000
PC | ---- --- 1 | ---- --- 1 | === --- L B 1 | ---- --- u | ---- --- 1 | ---- --- 1
PCC | ---- --- 1 | ---- --- 1 ] === --- 1T | ---- === 1 | ---- --- u | ---- --- 1 | ---- --- 1
PCPU | ---- --- 0 | ---- --- 0 | ------- 0 | ---- --- 0 | ---- --- u | o---- --- 0 | ---- --- 0
PCWU | ---- --- 0 | ---- --- 0 | ---- --- 0 | ---- --- 0 | ---- --- u | ---- --- 0 | ---- --- 0
PF - =111 ---- =111 I ---- =111 ---- -uuu ---- =111 ---- =111
PFC .- =111 e e R I ---- -uuu ---- =111 ---- =111
PFPU ---- -000 ---- -000 ---- -000 ---- -000 ---- -uuu ---- -000 ---- -000
LVRC 0101 0101 0101 0101 uuuu uuuu 0101 0101 uuuu uuuu 0101 0101 0101 0101
LvDC --00 0000 --00 0000 --00 0000 --00 0000 --uu uuuu --00 0000 --00 0000
PMPS ---- 0000 ---- 0000 ---- 0000 ---- 0000 ---- uuuu ---- 0000 ---- 0000
RSTC 0101 0101 0101 0101 0101 0101 0101 0101 uuuu uuuu uuuu uuuu uuuu uuuu
SLEDCO 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
SLEDC1 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
TMROC 0000 1000 0000 1000 0000 1000 0000 1000 uuuu uuuu 0000 1000 0000 1000
TMROL 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
TMROH 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
TMR1C 0000 1000 0000 1000 0000 1000 0000 1000 uuuu uuuu 0000 1000 0000 1000
TMR1L 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
TMR1H 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
WDTC 0101 0011 0101 0011 0101 0011 0101 0011 uuuu uuuu 0101 0011 0101 0011
SPICO 111- --00 111- --00 111- --00 111- --00 uuu- --uu 111- --00 111- --00
SPIC1 --00 0000 --00 0000 --00 0000 --00 0000 --uu uuuu --00 0000 --00 0000
SPID XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX uuuu uuuu XXXX XXXX XXXX XXXX
CMPOC -000 ---1 -000 ---1 -000 ---1 -000 ---1 -uuu ---u -000 ---1 -000 ---1
CMP1C -000 ---1 -000 ---1 -000 ---1 -000 ---1 -uuu ---u -000 ---1 -000 ---1
EEA --00 0000 --00 0000 --00 0000 --00 0000 --uu uuuu --00 0000 --00 0000
EED 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
FARL 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
FDOL 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
FD1L 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
FD2L 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
FD3L 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
KEYDATAO | ---- --- 0 | ---- --- 0 | ---- --- 0 | ---- --- 0 | ---- --- u | ---- --- 0 | ---- --- 0
KEYDATA1 | ---- --- 0 | ---- --- 0 | ---- --- 0 | ---- --- 0 | ---- --- u | ---- --- 0 | ---- --- 0
KEYDATA2 | ---- --- 0 | ---- --- 0 | ---- --- 0 | ---- --- 0 | ---- --- u | ---- --- 0 | ---- --- 0
KEYDATA3 | ---- --- 0 | ---- --- 0 | ---- --- 0 | ---- --- 0 | ---- --- u | ---- --- 0 | ---- --- 0
KEYDATA4 | ---- --- 0 | ---- --- 0 | ---- --- 0 | ---- --- 0 | ---- --- u | ---- --- 0 | ---- --- 0
KEYDATAS | ---- --- 0 | ---- --- 0 | ---- --- 0 | ---- --- 0 | ---- --- u | ---- --- 0 | ---- --- 0
KEYDATAG | ---- --- 0 | ---- --- 0 | ---- --- 0 | ---- --- 0 | ---- --- u | ---- --- 0 | ---- --- 0
KEYDATA7 | ---- --- 0 | ---- --- 0 | ---- --- 0 | ---- --- 0 | ---- --- u | o---- --- 0 | ---- --- 0
ScC 010- --00 010- --00 010- --00 010- --00 uuu- --uu 010- --00 010- --00
HIRCC 000- --01 uuu- --01 uuu- --01 uuu- --01 uuu- --uu uuu- --01 uuu- --01
PLLC 0--0 0001 0--u uuOu 0--u uuOu 0--u uuOu u--u uuuu 0--u uuOu 0--u uuOu
SYSC 0001 --0x 0001 --0x 0001 --0x 0001 --0x uuuu --ux 0001 --0x 0001 --0x
USB_STAT 11xx 0001 Uuxx uuuu Uuxx uuuu uuxx uuuu uuxx uuuu uuxx uuuu uuxx uuuu
UINT ---- 0000 ---- uuuu ---- uuuu ---- uuuu ---- uuuu ---- uuuu ---- uuuu
usc 1000 xxxx uuuu Xuux uuuu Xuux uuuu Xuux uuuu xXuux uuuu 0100 uuuu 0100
UESR ---- XXXX ---- uuuu ---- uuuu ---- uuuu ---- uuuu ---- uuuu ---- uuuu
ucc 0-0x 0-xx u-uu u-uu u-uu u-uu u-uu u-uu u-uu u-uu u-uu u-00 u-uu u-00
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AWR XXXX XXXX uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu 0000 0000 0000 0000
STL ---- XXXX ---- uuuu ---- uuuu ---- uuuu ---- uuuu ---- 0000 ---- 0000
SIES XXXX XXXX UXXX Xuuu UXXX Xuuu UXXX Xuuu UXXX Xuuu 0000 0000 0000 0000
MISC xxXx0 -xxX XXUU -UXX XXUU -UXX XXUU -UXX XXUU -UXX 000u -000 000u -000
SETIO ---- 1110 ---- uuuu ---- uuuu ---- uuuu ---- uuuu ---- uuuu ---- uuuu
FRNUMO XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
FRNUM1 ---- -XXX ---- -XXX ---- -XXX ---- -XXX ---- -uuu ---- -XXX ---- -XXX
FIFOO XXXX XXXX uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu
FIFO1 XXXX XXXX uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu
FIFO2 XXXX XXXX uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu
FIFO3 XXXX XXXX uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu
TBOC 0--- -000 0--- -000 0--- -000 0--- -000 u--- -uuu 0--- -000 0--- -000
TB1C 0--- -000 0--- -000 0--- -000 0--- -000 u--- -uuu 0--- -000 0--- -000
PSCR | ---- -- 00 | ---- -- 00 | ---- -- 00 | ---- -- 00 | ---- -- uu | ---- - 00 | ---- -- 00
INTEG ---- 0000 ---- 0000 ---- 0000 ---- 0000 ---- uuuu ---- 0000 ---- 0000
PASO 00-- 00-- 00-- 00-- 00-- 00-- 00-- 00-- uu-- uu-- 00-- 00-- 00-- 00--
PAS1 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PBSO 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PBS1 ---- 0000 ---- 0000 ---- 0000 ---- 0000 ---- uuuu ---- 0000 ---- 0000
PCSO | ---- -- 00 | ---- -- 00 | ---- -- 00 | ---- -- 00 | ---- -- uu | ---- - 00 | ---- -- 00
PFSO --00 0000 --00 0000 --00 0000 --00 0000 --uu uuuu --00 0000 --00 0000
EEC ---- 0000 ---- 0000 ---- 0000 ---- 0000 ---- uuuu ---- 0000 ---- 0000
FRCR 00-0 ---0 00-u ---0 00-u ---0 00-u ---0 uu-u ---u 00-u ---0 00-u ---0
FCR 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
FARH ---- 0000 ---- 0000 ---- 0000 ---- 0000 ---- uuuu ---- 0000 ---- 0000
FDOH 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
FD1H 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
FD2H 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
FD3H 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000

PWMCTLO 0000 00-0 0000 00-0 0000 00-0 0000 00-0 uuuu uu-u 0000 00-0 0000 00-0
PWMCTL1 0000 00-0 0000 00-0 0000 00-0 0000 00-0 uuuu uu-u 0000 00-0 0000 00-0
PWMCTL2 0000 --00 0000 --00 0000 --00 0000 --00 uuuu --uu 0000 --00 0000 --00
PWMCTL3 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000

LMCE --=- =000 | ---- -000 === =000 <==- =000 | ---- -uuu | ---- -000 | ---- -000
LMCAR 0000 0000 | 0000 0000 0000 0000 0000 0000 | uuuu uuuu | 0000 0000 | 0000 0000
LMCBR 0000 0000 | 0000 0000 0000 0000 0000 0000 | uuuu uuuu | 0000 0000 | 0000 0000
LMCCR 0000 0000 | 0000 0000 0000 0000 0000 0000 | uuuu uuuu | 0000 0000 | 0000 0000

PWMCOA 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PWMCOB 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PWMCOC 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PWMC1A 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PWMC1B 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PWMC1C 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PWMC2A 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PWMC2B 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PWMC2C 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PWMC3A 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PWMC3B 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PWMC3C 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PWMC4A 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PWMC4B 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PWMC4C 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PWMCS5A 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PWMC5B 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
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HT68FB541/HT68FB571 #
USB Flash RGB LED MCU HOLTEK

Power-on RES Reset LVR Reset WDT Time-out WDT Time-out USB Reset USB Reset

(Normal (Normal (Normal (Normal
peset Operation) Operation) Operation) 253511335 Operation) (el22k115359)

PWMC5C 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PWMC6A 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PWMC6B 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PWMC6C 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PWMCT7A 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PWMC7B 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PWMC7C 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000

Register

Note: “u” stands for unchanged
“x” stands for unknown

T3R5

stands for unimplemented

HT68FB571
Regiser | POerOn | Mommar | ommal | (Normal - | WoTTmeaut | S o | use Reset
Operation) Operation) Operation) Operation)
IARO 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
MPO 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
IAR1 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
MP1L 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
MP1H 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
ACC XXXX XXXX uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu
PCL 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000
TBLP XXXX XXXX uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu
TBLH XXXX XXXX uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu
TBHP ---X XXXX ---Uu uuuu ---U uuuu ---Uu uuuu ---U uuuu ---Uu uuuu ---Uu uuuu
STATUS xx00 xxxx uuuu uuuu uuuu uuuu uulu uuuu uu11 uuuu XXUuu uuuu XXUu uuuu
IAR2 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
MP2L 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
MP2H 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
RSTFC ---- 0x00 ---- uuuu ----uluu ---- uuuu ---- uuuu ---- uuuu ---- uuuu
INTCO -000 0000 -000 0000 -000 0000 -000 0000 -uuu uuuu -000 0000 -000 0000
INTC1 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
INTC2 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
INTC3 --00 --00 --00 --00 --00 --00 --00 --00 --uu --uu --00 --00 --00 --00
PA 1111 1111 1111 1111 1111 1111 1111 1111 uuuu uuuu 1111 1111 1111 1111
PAC 1111 1111 1111 1111 1111 1111 1111 1111 uuuu uuuu 1111 1111 1111 1111
PAPU 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PB 1111 1111 1111 1111 1111 1111 1111 1111 uuuu uuuu 1111 1111 1111 1111
PBC 1111 1111 1111 1111 1111 1111 1111 1111 uuuu uuuu 1111 1111 1111 1111
PBPU 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PC | ---- - 1| ---- --- 1 | ---- --- L 1 | ---- --- u | === --- 1| ---- --- 1
PCC | ---- --- 1| ---- --- 1 | ---- --- L 1 | ---- --- [ 1 ---- --- 1
PCPU | ---- --- 0 | ---- --- 0 | ---- --- 0 | ---- --- 0 | ---- --- u | === --- 0| ---- --- 0
PD 1111 1111 1111 1111 1111 1111 1111 1111 uuuu uuuu 1111 1111 1111 1111
PDC 1111 1111 1111 1111 1111 1111 1111 1111 uuuu uuuu 1111 1111 1111 1111
PDPU 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PDWU 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PE 1111 1111 1111 1111 1111 1111 1111 1111 uuuu uuuu 1111 1111 1111 1111
PEC 1111 1111 1111 1111 1111 1111 1111 1111 uuuu uuuu 1111 1111 1111 1111
PEPU 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PF 1111 1111 1111 1111 1111 1111 1111 1111 uuuu uuuu 1111 1111 1111 1111
PFC 1111 1111 1111 1111 1111 1111 1111 1111 uuuu uuuu 1111 1111 1111 1111
PFPU 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
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# HT68FB541/HT68FB571
HOLTEK USB Flash RGB LED MCU

RES Reset LVR Reset WDT Time-out USB Reset

Register POF:\;‘:;?" (Normal (Normal (Normal ‘(I:IDDI-_I-E-;-ISTE-I;)F"J; (Normal (IgEIIEBISRIfEEtP)
Operation) Operation) Operation) Operation)
LVRC 0101 0101 0101 0101 uuuu uuuu 0101 0101 uuuu uuuu 0101 0101 0101 0101
LvDC --00 0000 --00 0000 --00 0000 --00 0000 --uu uuuu --00 0000 | --00 0000
PMPS ---- 0000 ---- 0000 ---- 0000 ---- 0000 ---- uuuu ---- 0000 | ---- 0000
RSTC 0101 0101 0101 0101 0101 0101 0101 0101 uuuu uuuu uuuu uuuu uuuu uuuu
SLEDC ---- 0000 ---- 0000 ---- 0000 ---- 0000 ---- uuuu ---- 0000 | ---- 0000
TMROC 0000 1000 0000 1000 0000 1000 0000 1000 uuuu uuuu 0000 1000 0000 1000
TMROL 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
TMROH 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
TMR1C 0000 1000 0000 1000 0000 1000 0000 1000 uuuu uuuu 0000 1000 0000 1000
TMR1L 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
TMR1H 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
WDTC 0101 0011 0101 0011 0101 0011 0101 0011 uuuu uuuu 0101 0011 0101 0011
SPICO 111- --00 111- --00 111- --00 111- --00 uuu- --uu 111- --00 111- --00
SPIC1 --00 0000 --00 0000 --00 0000 --00 0000 --uu uuuu --00 0000 | --00 0000
SPID XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX uuuu uuuu XXXX XXXX | XXXX XXXX
EEA --00 0000 --00 0000 --00 0000 --00 0000 --uu uuuu --00 0000 | --00 0000
EED 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
FARL 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
FDOL 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
FD1L 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
FD2L 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
FD3L 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000

KEYDATAO 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 | 0000 0000
KEYDATA1 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 | 0000 0000
KEYDATA2 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 | 0000 0000
KEYDATA3 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 | 0000 0000

KEYDATA4 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
KEYDATAS 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
KEYDATAG 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
KEYDATA7 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
KEYDATAQ 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
KEYDATA9 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
KEYDATA10 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
KEYDATA11 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
KEYDATA12 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
KEYDATA13 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000

KEYDATA14 | 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 | 0000 0000
KEYDATA15 | 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 | 0000 0000
KEYDATA16 | 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 | 0000 0000
KEYDATA17 | 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 | 0000 0000
KEYDATA18 | 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 | 0000 0000
KEYDATA19 | 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 | 0000 0000

SCC 010- --00 010- --00 010- --00 010- --00 uuu- --uu 010- --00 010- --00
HIRCC 000- --01 uuu- --01 uuu- --01 uuu- --01 uuu- --uu uuu- --01 uuu- --01
PLLC 0--0 0001 0--u uuOu 0--u uuOu 0--u uuOu u--u uuuu 0--u uuOu 0--u uuOu
SYSC 0000 --0x 0000 --0x 0000 --0x 0000 --0x uuuu --ux 0000 --0x 0000 --0x
USB_STAT 11xx 0001 uuxx uuuu uuxx uuuu uuxx uuuu uuxx uuuu uuxx uuuu uuxx uuuu
UINT ---- 0000 ---- uuuu ---- uuuu ---- uuuu ---- uuuu ---- uuuu ---- uuuu
usc 1000 xxxx uuuu Xuux uuuu Xuux uuuu Xuux uuuu Xuux uuuu 0100 uuuu 0100
UESR ---- XXXX ---- uuuu ---- uuuu ---- uuuu ---- uuuu ---- uuuu ---- uuuu
ucc 0-0x 0-xx u-uu u-uu u-uu u-uu u-uu u-uu u-uu u-uu u-uu u-00 u-uu u-00
AWR XXXX XXXX uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu 0000 0000 0000 0000
STL ---- XXXX ---- uuuu ---- uuuu ---- uuuu ---- uuuu ---- 0000 ---- 0000
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HT68FB541/HT68FB571

USB Flash RGB LED MCU HOLTEK
Register | PoNrOn | “ormal | (Normal | | (Normal | WOTTimeout | SLTCH | use Reset
Operation) Operation) Operation) Operation)

SIES XXXX XXXX UXXX Xuuu UXXX Xuuu UXXX Xuuu UXXX Xuuu 0000 0000 0000 0000
MISC XXX0 -xxX XXUU -UXX XXUU -UXX XXUU -UXX XXUU -UXX 000u -000 000u -000
SETIO ---- 1110 ---- uuuu ---- uuuu ---- uuuu ---- uuuu ---- uuuu ---- uuuu
FRNUMO XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
FRNUMA1 ---- -XXX ---- -XXX ---- -XXX ---- SXXX ---- -uuu ---- -XXX ---- -XXX
FIFOO XXXX XXXX uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu
FIFO1 XXXX XXXX uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu
FIFO2 XXXX XXXX uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu
FIFO3 XXXX XXXX uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu
TBOC 0--- -000 0--- -000 0--- -000 0--- -000 u--- -uuu 0--- -000 0--- -000
TB1C 0--- -000 0--- -000 0--- -000 0--- -000 u--- -uuu 0--- -000 0--- -000
PSCR | ---- -- 00 | ---- -- 00 | ---- -- 00 | ---- -- 00 | ---- -- uu | ---- -- 00 | ---- -- 00
INTEG ---- 0000 ---- 0000 ---- 0000 ---- 0000 ---- uuuu ---- 0000 ---- 0000
PASO 00-- 00-- 00-- 00-- 00-- 00-- 00-- 00-- uu-- uu-- 00-- 00-- 00-- 00--
PAS1 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PBSO 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PBS1 --00 0000 --00 0000 --00 0000 --00 0000 --uu uuuu --00 0000 --00 0000
PCSO | ---- -- 00 | ---- -- 00 | ---- -- 00 | ---- -- 00 | ---- -- uu | ---- -- 00 | ---- -- 00
PDSO 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PDS1 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
INLVC | ---- - 00 | ---- -- 00 | ---- -- 00 | ---- -- 00 | ---- -- uu | m--- - 00 | ---- -- 00
PESO 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PES1 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PFSO 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PFS1 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
EEC ---- 0000 ---- 0000 ---- 0000 ---- 0000 ---- uuuu ---- 0000 ---- 0000
FRCR 00-0 ---0 00-u ---0 00-u ---0 00-u ---0 uu-u ---u 00-u ---0 00-u ---0
FCR 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
FARH ---0 0000 ---0 0000 ---0 0000 ---0 0000 ---u uuuu ---0 0000 ---0 0000
FDOH 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
FD1H 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
FD2H 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
FD3H 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PWMCTLO 0000 00-0 0000 00-0 0000 00-0 0000 00-0 uuuu uu-u 0000 00-0 0000 00-0
PWMCTLA 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PWMCTL2 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PWMCTL3 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
PWMCTL4 ---- -010 ---- -010 ---- -010 ---- -010 ---- -uuu ---- -010 ---- -010
LMOCE | ---- -- 00 | ---- -- 00 | ---- -- 00 | ---- -- 00 | ---- -- uu | ---- -- 00 | ---- -- 00
LM1CE | ---- -- 00 | ---- -- 00 | ---- -- 00 | ---- -- 00 | ---- -- uu | ---- -- 00 | ---- -- 00
LM2CE | ---- -- 00 | ---- -- 00 | ---- -- 00 | ---- -- 00 | ---- -- uu | ---- -- 00 | ---- -- 00
LM3CE | ---- -- 00 | ---- -- 00 | ---- -- 00 | ---- -- 00 | ---- -- uu | ---- -- 00 | ---- -- 00
LMOCAR 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
LMOCBR 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
LM1CAR 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
LM1CBR 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
LM2CAR 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
LM2CBR 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
LM3CAR 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000
LM3CBR 0000 0000 0000 0000 0000 0000 0000 0000 uuuu uuuu 0000 0000 0000 0000

Note: “u” stands for unchanged
“x” stands for unknown

[T3R1)

stands for unimplemented
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HOLTEK i ’

HT68FB541/HT68FB571
USB Flash RGB LED MCU

Input/Output Ports

Holtek microcontrollers offer considerable flexibility on their I/O ports. With the input or output

designation of every pin fully under user program control, pull-high selections for all ports and

wake-up selections on certain pins, the user is provided with an /O structure to meet the needs of a

wide range of application possibilities.

The devices provide bidirectional input/output lines labeled with port names PA~PF. These 1/O ports

are mapped to the RAM Data Memory with specific addresses as shown in the Special Purpose

Data Memory table. All of these I/O ports can be used for input and output operations. For input

operation, these ports are non-latching, which means the inputs must be ready at the T2 rising edge

of instruction “MOV A, [m]”, where m denotes the port address. For output operation, all the data is

latched and remains unchanged until the output latch is rewritten.

Register Bit
Name 7 6 5 4 3 2 1 0
PA PA7 PAB PA5 PA4 PA3 PA2 PA1 PAO
PAC PAC7 PAC6 PAC5 PAC4 PAC3 PAC2 PAC1 PACO
PAPU PAPU7 | PAPU6 | PAPU5 | PAPU4 | PAPU3 | PAPU2 | PAPU1 PAPUO
PAWU | PAWU7 | PAWU6 | PAWU5 | PAWU4 | PAWU3 | PAWU2 | PAWU1 | PAWUO
PB — — PB5 PB4 PB3 PB2 PB1 PBO
PBC — — PBC5 PBC4 PBC3 PBC2 PBC1 PBCO
PBPU — — PBPU5 | PBPU4 | PBPU3 | PBPU2 | PBPU1 | PBPUO
PC — — — — — — — PCO
PCC — — — — — — — PCCO
PCPU — — — — — — — PCPUO
PCWU — — — — — — — PCWUO
PF — — — — — PF2 PF1 PFO
PFC — — — — — PFC2 PFC1 PFCO
PFPU — — — — — PFPU2 | PFPU1 PFPUO
“—": Unimplemented, read as “0”
1/0 Logic Function Register List — HT68FB541
Register Bit
Name 7 6 5 4 3 2 1 0
PA PA7 PAB PA5 PA4 PA3 PA2 PA1 PAO
PAC PAC7 PAC6 PAC5 PAC4 PAC3 PAC2 PAC1 PACO
PAPU PAPU7 | PAPU6 | PAPU5 | PAPU4 | PAPU3 | PAPU2 | PAPU1 PAPUO
PB PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO
PBC PBC7 PBC6 PBC5 PBC4 PBC3 PBC2 PBC1 PBCO
PBPU PBPU7 | PBPU6 | PBPU5 | PBPU4 | PBPU3 | PBPU2 | PBPU1 | PBPUO
PC — — — — — — — PCO
PCC — — — — — — — PCCO
PCPU — — — — — — — PCPUO
PD PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
PDC PDC7 PDC6 PDC5 PDC4 PDC3 PDC2 PDC1 PDCO
PDPU PDPU7 | PDPU6 | PDPU5 | PDPU4 | PDPU3 | PDPU2 | PDPU1 | PDPUO
PDWU | PDWU7 | PDWU6 | PDWU5 | PDWU4 | PDWU3 | PDWU2 | PDWU1 | PDWUO
PE PE7 PE6 PE5 PE4 PE3 PE2 PE1 PEO
PEC PEC7 PEC6 PEC5 PEC4 PEC3 PEC2 PEC1 PECO
PEPU PEPU7 | PEPU6 | PEPU5 | PEPU4 | PEPU3 | PEPU2 | PEPU1 | PEPUO
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HT68FB541/HT68FB571 #
USB Flash RGB LED MCU HOLTEK
Register Bit
Name 7 6 5 4 3 2 1 0
PF PF7 PF6 PF5 PF4 PF3 PF2 PF1 PFO
PFC PFC7 PFC6 PFC5 PFC4 PFC3 PFC2 PFC1 PFCO
PFPU | PFPU7 | PFPU6 | PFPU5 | PFPU4 | PFPU3 | PFPU2 | PFPU1 | PFPUO

Pull-high Resistors

“—”: Unimplemented, read as “0”

1/0 Logic Function Register List - HT68FB571

Many product applications require pull-high resistors for their switch inputs usually requiring the

use of an external resistor. To eliminate the need for these external resistors, all I/O pins, when

configured as a digital input have the capability of being connected to an internal pull-high resistor.

These pull-high resistors are selected using registers, namely PAPU~PFPU, and are implemented

using weak PMOS transistors.registers.

Note that the pull-high resistor can be controlled by the relevant pull-high control register only when

the pin-shared functional pin is selected as a digital input or NMOS output. Otherwise, the pull-high

resistors cannot be enabled.

* PxPU Register

Bit 7 6 5 4 3 2 1 0
Name PxPU7 PxPU6 PxPU5 PxPU4 PxPU3 PxPU2 PxPU1 PxPUO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR 0 0 0 0 0 0 0 0
PxPUn: I/O port x pin pull-high function control
0: Disable
1: Enable

1/0 Port Wake

The PxPUn bit is used to control the pin pull-high function. Here the “x” can be A, B, C, D,
E or F respectively depending upon the selected device. However, the actual available bits

for each I/O Port may be different.

-up

The HALT instruction forces the microcontroller into the SLEEP or IDLE Mode which preserves
power, a feature that is important for battery and other low-power applications. Various methods

exist to wake-up the microcontroller, one of which is to change the logic condition on one of the I/O

pins with wake up ability from high to low. This function is especially suitable for applications

that can be woken up via external switches. Each I/O pin with wake-up ability can be selected

individually to have this wake-up feature using the PxWU register.

Note that the wake-up function can be controlled by the wake-up control registers only when the pin-

shared functional pin is selected as general purpose input and the MCU enters the IDLE/SLEEP mode.

* PxXWU Register

Bit 7 6 o) 4 3 2 1 0
Name PxWU7 | PxWU6 | PxWU5 | PxWU4 | PxWU3 | PxWU2 | PxWU1 PxWUO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR 0 0 0 0 0 0 0 0
PxWUn: I/O port x pin wake-up function control
0: Disable
1: Enable
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# HT68FB541/HT68FB571
HOLTEK USB Flash RGB LED MCU

The PxWUn bit is used to control the pin wake-up function. Here the “x” can be A, C or
D respectively depending upon the selected device. However, the actual available bits for
each I/O Port may be different.

/0 Port Control Registers

Each I/0 port has its own control register known as PAC~PFC, to control the input/output
configuration. With this control register, each CMOS output or input can be reconfigured
dynamically under software control. Each pin of the I/O ports is directly mapped to a bit in its
associated port control register. For the I/O pin to function as an input, the corresponding bit of the
control register must be written as a “1”. This will then allow the logic state of the input pin to be
directly read by instructions. When the corresponding bit of the control register is written as a “0”,
the I/O pin will be setup as a CMOS output. If the pin is currently setup as an output, instructions
can still be used to read the output register. However, it should be noted that the program will in fact
only read the status of the output data latch and not the actual logic status of the output pin.

* PxC Register

Bit 7 6 5 4 3 2 1 0
Name PxC7 PxC6 PxC5 PxC4 PxC3 PxC2 PxC1 PxCO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR 1 1 1 1 1 1 1 1
PxCn: I/O port x pin type selection
0: Output
1: Input

The PxCn bit is used to control the pin type selection. Here the “x” can be A, B, C, D, E or F
respectively depending upon the selected device. However, the actual available bits for each
1/0 Port may be different.

1/0 Port Power Source Control

The devices support different I/O port power source selections for several I/O pins, namely the
PAO, PA2, PB1~PB3 pins for the HT68FB541 device and the PA1, PA3, PB4~PB7 pins for the
HT68FB571 device. The port power can come from the power pin VDD, VDDIO or V330, which
is determined using the PMPS bit field in the PMPS register. The VDDIO power pin function should
first be selected using the corresponding pin-shared function selection bits if the port power is
supposed to come from the VDDIO pin. An important point to know is that the input power voltage
on the VDDIO pin should be equal to or less than the device supply power voltage when the VDDIO
pin is selected as the port power supply pin. With the exception of RES/OCDS, the multi-power
function is only effective when the pin is set to have digital input or output function.

* PMPS Register - HT68FB541

Bit 7 6 5 4 3 2 1 0
Name — — — — PMPS3 | PMPS2 | PMPS1 PMPSO
RIW — — — — RIW RIW RIW RIW
POR — — — — 0 0 0 0
Bit 7~4 Unimplemented, read as “0”
Bit 3~2 PMPS3~PMPS2: PB3~PB1 power supply selection
00: Vobp
01: Vpp
10: Vbpio

11: Vvszo — 3.3V regulator output
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Bit 1~0 PMPS1~PMPS0: PA2, PAO power supply selection
00: Voo
01: Voo
10: Vbbio
11: Vvazo — 3.3V regulator output

* PMPS Register - HT68FB571

Bit 7 6 5 4 3 2 1 0
Name — — — — PMPS3 | PMPS2 | PMPS1 PMPSO
R/W — — — — R/W R/W R/W R/W
POR — — — — 0 0 0 0
Bit 7~4 Unimplemented, read as “0”
Bit 3~2 PMPS3~PMPS2: PB7~PB4 power supply selection
00: Voo
01: Voo
10: Vbbio

11: Vvazo — 3.3V regulator output

Bit 1~0 PMPS1~PMPSO0: PA3, PA1 power supply selection
00: Vop
01: Vop
10: Vbpio
11: Vvszo — 3.3V regulator output

1/0 Port Source Current Selection

The devices support different source current driving capability for several I/O pins. With the
corresponding selection register, SLEDCn, the specific I/O pins can support four levels of the
source current driving capability. Note that for the HT68FB571, there is no serial number “n” in the
relevant register and control bits since there is only one control register in the device. Users should
refer to the Input/Output Characteristics section to select the desired source current for different
applications.

* SLEDCO Register — HT68FB541

Bit 7 6 5 4 3 2 1 0
Name |SLEDCO07 |SLEDCO06 | SLEDCO05|SLEDCO04 |SLEDCO03|SLEDCO02|SLEDCO01|SLEDCO00
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR 0 0 0 0 0 0 0 0

Bit 7~6 SLEDCO07~SLEDC06: PA7 source current selection
00: Source current=Level 0 (Min.)
01: Source current=Level 1
10: Source current=Level 2
11: Source current=Level 3 (Max.)

Bit 5~4 SLEDCO05~SLEDCO04: PA6 source current selection
00: Source current=Level 0 (Min.)
01: Source current=Level 1
10: Source current=Level 2
11: Source current=Level 3 (Max.)

Bit 3~2 SLEDCO03~SLEDCO02: PA3 source current selection
00: Source current=Level 0 (Min.)
01: Source current=Level 1
10: Source current=Level 2
11: Source current=Level 3 (Max.)
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Bit 1~0 SLEDCO01~SLEDC00: PA1 source current selection
00: Source current=Level 0 (Min.)
01: Source current=Level 1
10: Source current=Level 2
11: Source current=Level 3 (Max.)

* SLEDC1 Register - HT68FB541

Bit 7 6 5 4 3 2 1 0
Name |SLEDC17 |SLEDC16|SLEDC15|SLEDC14 | SLEDC13|SLEDC12|SLEDC11|SLEDC10
R/wW R/wW R/wW R/wW R/wW R/wW R/wW R/wW R/wW
POR 0 0 0 0 0 0 0 0

Bit 7~6 SLEDC17~SLEDC16: PF1 source current selection
00: Source current=Level 0 (Min.)
01: Source current=Level 1
10: Source current=Level 2
11: Source current=Level 3 (Max.)

Bit 5~4 SLEDC15~SLEDC14: PF0 source current selection
00: Source current=Level 0 (Min.)
01: Source current=Level 1
10: Source current=Level 2
11: Source current=Level 3 (Max.)

Bit 3~2 SLEDC13~SLEDC12: PBS5 source current selection
00: Source current=Level 0 (Min.)
01: Source current=Level 1
10: Source current=Level 2
11: Source current=Level 3 (Max.)
Bit 1~0 SLEDC11~SLEDC10: PB4 source current selection
00: Source current=Level 0 (Min.)
01: Source current=Level 1
10: Source current=Level 2
11: Source current=Level 3 (Max.)

* SLEDC Register —- HT68FB571

Bit 7 6 5 4 3 2 1 0
Name — — — — SLEDC3 | SLEDC2 | SLEDC1 | SLEDCO
R/W — — — — R/W R/W R/W R/W
POR — — — — 0 0 0 0
Bit 7~4 Unimplemented, read as “0”

Bit 3~2 SLEDC3~SLEDC?2: PF7~PF4 source current selection
00: Source current=Level 0 (Min.)
01: Source current=Level 1
10: Source current=Level 2
11: Source current=Level 3 (Max.)
Bit 1~0 SLEDCI1~SLEDCO0: PF3~PF0 source current selection
00: Source current=Level 0 (Min.)
01: Source current=Level 1
10: Source current=Level 2
11: Source current=Level 3 (Max.)
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1/0 Port Input Voltage Level Selection — HT68FB571 Only
The Port D pins in the HT68FB571 device can be configured with different input voltage level

which is selected by the corresponding pin input voltage level select bits. Users should refer to the
Input/Output Characteristics section to obtain the exact value for different applications.

* INLVC Register

Bit 7 6 5 4 3 2 1 0
Name — — — — — — INHLVC1 | INHLVCO
R/wW — — — — — — R/wW R/W
POR — — — — — — 0 0
Bit 7~2 Unimplemented, read as “0”
Bit 1 INHLVC1: PD7~PD4 input Vi & Vi selection

0: Vi & Vi selection=Level 0
1: Vi & Vi selection=Level 1

Bit0 INHLVCO0: PD3~PDO0 input Vi & Vi selection
0: Vi & Vi selection=Level 0
1: Vi & Vi selection=Level 1

Pin-shared Functions

The flexibility of the microcontrollers is greatly enhanced by the use of pins that have more than
one function. Limited numbers of pins can force serious design constraints on designers but by
supplying pins with multi-functions, many of these difficulties can be overcome. For these pins, the
desired function of the multi-function I/O pins is selected by a series of registers via the application
program control.

Pin-shared Function Selection Registers
The limited number of supplied pins in a package can impose restrictions on the amount of functions a
certain device can contain. However by allowing the same pins to share several different functions and
providing a means of function selection, a wide range of different functions can be incorporated into

even relatively small package sizes. The devices include Port “x” Output Function Selection register “n”,
labeled as PxSn, which can select the desired functions of the multi-function pin-shared pins.

The most important point to note is to make sure that the desired pin-shared function is properly
selected and also deselected. For most pin-shared functions, to select the desired pin-shared function,
the pin-shared function should first be correctly selected using the corresponding pin-shared control
register. After that the corresponding peripheral functional setting should be configured and then
the peripheral function can be enabled. However, special point must be noted for some digital
input pins, such as INTn, TCn, etc., which share the same pin-shared control configuration with
their corresponding general purpose I/O functions when setting the relevant pin-shared control bit
fields. To select these pin functions, in addition to the necessary pin-shared control and peripheral
functional setup aforementioned, they must also be setup as input by setting the corresponding bit
in the I/O port control register. To correctly deselect the pin-shared function, the peripheral function
should first be disabled and then the corresponding pin-shared function control register can be
modified to select other pin-shared functions.
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Register Bit
Name 7 6 5 4 3 2 1 0
PASO | PAS07 | PASO06 — — PAS03 | PAS02 — —

PAS1 PAS17 PAS16 PAS15 PAS14 PAS13 PAS12 PAS11 PAS10
PBSO PBS07 PBS06 PBS05 PBS04 PBS03 PBS02 PBS01 PBS00

PBS1 — — — — PBS13 | PBS12 | PBS11 | PBS10
PCS0 — — — — — — PCS01 | PCS00
PFSO — — PFS05 | PFS04 | PFS03 | PFS02 | PFS01 | PFSO00

Pin-shared Function Selection Register List - HT68FB541

Register Bit
Name 7 6 5 4 3 2 1 0
PASO PASO7 PAS06 — — PAS03 PAS02 — —

PAS1 PAS17 PAS16 PAS15 PAS14 PAS13 PAS12 PAS11 PAS10
PBSO PBS07 PBS06 PBS05 PBS04 PBS03 PBS02 PBSO01 PBS00
PBS1 — — PBS15 PBS14 PBS13 PBS12 PBS11 PBS10
PCSO0 — — — — — — PCS01 PCS00
PDSO0 PDSO07 PDS06 PDS05 PDS04 PDS03 PDS02 PDS01 PDS00
PDS1 PDS17 PDS16 PDS15 PDS14 PDS13 PDS12 PDS11 PDS10
PESO PESO7 PES06 PES05 PES04 PESO03 PES02 PESO01 PESO00
PES1 PES17 PES16 PES15 PES14 PES13 PES12 PES11 PES10
PFSO PFS07 PFS06 PFS05 PFS04 PFS03 PFS02 PFSO01 PFS00
PFS1 PFS17 PFS16 PFS15 PFS14 PFS13 PFS12 PFS11 PFS10

Pin-shared Function Selection Register List - HT68FB571

* PASO Register —- HT68FB541

Bit 7 6 5 4 3 2 1 0
Name PAS07 PAS06 — — PAS03 PAS02 — —
R/W R/wW R/wW — — R/W R/W — —
POR 0 0 — — 0 0 — —

Bit 7~6 PAS07~PAS06: PA3 pin-shared function selection
00/01/10: PA3
11: KEYR1/LEDCOM1

Bit 5~4 Unimplemented, read as “0”

Bit 3~2 PAS03~PAS02: PA1 pin-shared function selection
00/01/10: PA1
11: KEYRO/LEDCOMO

Bit 1~0 Unimplemented, read as “0”

* PASO Register - HT68FB571

Bit 7 6 5 4 3 2 1 0
Name PAS07 | PAS06 — — PAS03 | PASO02 — —
R/wW R/W R/wW — — R/W R/wW — —
POR 0 0 — — 0 0 — —
Bit 7~6 PAS07~PAS06: PA3 pin-shared function selection

00: PA3

01: PFDO

10: SPISDI

11: KEYRI16
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Bit 5~4 Unimplemented, read as “0”

Bit 3~2 PAS03~PAS02: PA1 pin-shared function selection
00/01: PA1/TCO

10: SPISDO
11: KEYR17
Bit 1~0 Unimplemented, read as “0”
* PAS1 Register —- HT68FB541
Bit 7 6 5 4 3 2 1 0
Name PAS17 PAS16 PAS15 PAS14 PAS13 PAS12 PAS11 PAS10
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR 0 0 0 0 0 0 0 0
Bit 7~6 PAS17~PAS16: PA7 pin-shared function selection
00/01: PA7
10: CMPOINN
11: KEYR6/LEDCOM6
Bit 5~4 PAS15~PAS14: PA6 pin-shared function selection
00/01: PA6
10: CMPOINP
11: KEYR7/LEDCOM7
Bit 3~2 PAS13~PAS12: PAS5 pin-shared function selection
00/01/10: PAS
11: LEDSEGO
Bit 1~0 PAS11~PAS10: PA4 pin-shared function selection
00/01/10: PA4
11: LEDSEG1
* PAS1 Register - HT68FB571
Bit 7 6 5 4 3 2 1 0
Name PAS17 PAS16 PAS15 PAS14 PAS13 PAS12 PAS11 PAS10
R/wW R/W R/wW R/wW R/W R/wW R/wW R/wW R/W
POR 0 0 0 0 0 0 0 0

Bit 7~6 PAS17~PAS16: PA7 pin-shared function selection
00/01/10: PA7
11: KEYR3/LEDCOM3

Bit 5~4 PAS15~PAS14: PA6 pin-shared function selection
00/01/10: PA6
11: KEYR2/LEDCOM2

Bit 3~2 PAS13~PAS12: PAS pin-shared function selection
00/01/10: PAS
11: KEYRI/LEDCOM1

Bit 1~0 PAS11~PAS10: PA4 pin-shared function selection

00/01/10: PA4
11: KEYRO/LEDCOMO
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* PBS0 Register - HT68FB541

Bit 7 6 5 4 3 2 1 0
Name PBS07 PBS06 PBS05 PBS04 PBS03 PBS02 PBS01 PBS00
R/W R/W R/wW R/W R/W R/W R/wW R/wW R/W

POR 0 0 0 0 0 0 0 0

Bit 7~6 PBS07~PBS06: PB3 pin-shared function selection
00/01/10: PB3/TCO
11: SPISDO

Bit 5~4 PBS05~PBS04: PB2 pin-shared function selection
00/01: PB2
10: PFDO
11: SPISDI

Bit 3~2 PBS03~PBS02: PB1 pin-shared function selection
00/01: PB1/INT1
10: PFDI1
11: SPISCK

Bit 1~0 PBS01~PBS00: PBO pin-shared function selection
00/01: PBO/TCI

10: SPISCS
11: VDDIO
* PBS0 Register — HT68FB571
Bit 7 6 5 4 3 2 1 0
Name PBS07 PBS06 PBS05 PBS04 PBS03 PBS02 PBS01 PBS00
R/wW R/W R/wW R/wW R/W R/W R/wW R/wW R/W
POR 0 0 0 0 0 0 0 0

Bit 7~6 PBS07~PBS06: PB3 pin-shared function selection
00/01/10: PB3
11: KEYR7/LEDCOM7

Bit 5~4 PBS05~PBS04: PB2 pin-shared function selection
00/01/10: PB2
11: KEYR6/LEDCOM6

Bit 3~2 PBS03~PBS02: PB1 pin-shared function selection
00/01/10: PB1
11: KEYRS/LEDCOMS5

Bit 1~0 PBS01~PBS00: PBO pin-shared function selection
00/01/10: PBO
11: KEYR4/LEDCOM4

* PBS1 Register - HT68FB541

Bit 7 6 5 4 3 2 1 0
Name — — — — PBS13 PBS12 PBS11 PBS10
R/wW — — — — R/wW R/wW R/wW R/W
POR — — — — 0 0 0 0
Bit 7~4 Unimplemented, read as “0”
Bit 3~2 PBS13~PBS12: PBS pin-shared function selection
00/01: PBS
10: CMP1INP

11: KEYRS/LEDCOMS5

Bit 1~0 PBS11~PBS10: PB4 pin-shared function selection
00/01: PB4
10: CMPI1INN
11: KEYR4/LEDCOM4

Rev. 1.40 96 September 10, 2021



HT68FB541/HT68FB571 #
USB Flash RGB LED MCU HOLTEK

* PBS1 Register - HT68FB571
Bit 7 6 5 4 3 2 1 0
Name — — PBS15 PBS14 PBS13 PBS12 PBS11 PBS10
R/W — — R/W R/W R/W R/W R/W R/W
POR — — 0 0 0 0 0 0

Bit 7~6 Unimplemented, read as “0”

Bit 5~4 PBS15~PBS14: PB6 pin-shared function selection
00/01/10: PB6/INTO
11: PFDI

Bit 3~2 PBS13~PBS12: PBS pin-shared function selection
00/01: PBS/TCI
10: SPISCS
11: KEYRI19

Bit 1~0 PBS11~PBS10: PB4 pin-shared function selection
00/01: PB4/INTI

10: SPISCK
11: KEYRIS
* PCS0 Register — HT68FB541
Bit 7 6 5 4 3 2 1 0
Name — — — — — — PCS01 PCS00
R/wW — — — — — — R/wW R/wW
POR — — — — — — 0 0
Bit 7~2 Unimplemented, read as “0”

Bit 1~0 PCS01~PCS00: PCO pin-shared function selection
00/01/10: PCO/RES

11: KEYCO
* PCS0 Register — HT68FB571
Bit 7 6 5 4 3 2 1 0
Name — — — — — — PCS01 PCS00
R/wW — — — — — — R/wW R/wW
POR — — — — — — 0 0
Bit 7~2 Unimplemented, read as “0”
Bit 1~0 PCS01~PCS00: PCO pin-shared function selection
00/01/10: PCO
11: VDDIO
* PDS0 Register - HT68FB571
Bit 7 6 5 4 3 2 1 0
Name PDS07 | PDS06 | PDS05 | PDS04 | PDS03 | PDS02 | PDSO01 PDS00
R/wW R/W R/wW R/wW R/W R/wW R/wW R/w R/W
POR 0 0 0 0 0 0 0 0

Bit 7~6 PDS07~PDS06: PD3 pin-shared function selection
00/01/10: PD3
11: KEYC3

Bit 5~4 PDS05~PDS04: PD2 pin-shared function selection
00/01/10: PD2
11: KEYC2
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Bit 3~2 PDS03~PDS02: PD1 pin-shared function selection
00/01/10: PD1
11: KEYCI
Bit 1~0 PDS01~PDS00: PDO pin-shared function selection
00/01/10: PDO
11: KEYCO
* PDS1 Register — HT68FB571
Bit 7 6 5 4 3 2 1 0
Name PDS17 PDS16 PDS15 PDS14 PDS13 PDS12 PDS11 PDS10
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR 0 0 0 0 0 0 0 0
Bit 7~6 PDS17~PDS16: PD7 pin-shared function selection
00/01/10: PD7
11: KEYC7
Bit 5~4 PDS15~PDS14: PD6 pin-shared function selection
00/01/10: PD6
11: KEYC6
Bit 3~2 PDS13~PDS12: PDS pin-shared function selection
00/01/10: PD5
11: KEYCS
Bit 1~0 PDS11~PDS10: PD4 pin-shared function selection
00/01/10: PD4
11: KEYC4
* PESO Register - HT68FB571
Bit 7 6 5 4 3 2 1 0
Name PESO07 PES06 PES05 PES04 PES03 PES02 PESO01 PES00
R/wW R/W R/wW R/wW R/W R/W R/wW R/wW R/W
POR 0 (0] 0 0 0 0 0 0
Bit 7~6 PES07~PES06: PE3 pin-shared function selection
00/01/10: PE3
11: KEYRII/LEDCOMI11
Bit 5~4 PES05~PES04: PE2 pin-shared function selection
00/01/10: PE2
11: KEYRI10/LEDCOM10
Bit 3~2 PES03~PES02: PE1 pin-shared function selection
00/01/10: PE1
11: KEYRY/LEDCOM9
Bit 1~0 PES01~PES00: PEO pin-shared function selection
00/01/10: PEO
11: KEYRS/LEDCOMS
* PES1 Register - HT68FB571
Bit 7 6 5 4 3 2 1 0
Name PES17 PES16 PES15 PES14 PES13 PES12 PES1 PES10
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR 0 0 0 0 0 0 0 0
Bit 7~6 PES17~PES16: PE7 pin-shared function selection

00/01/10: PE7
11: KEYR15/LEDCOM15
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Bit 5~4 PES15~PES14: PE6 pin-shared function selection
00/01/10: PE6
11: KEYR14/LEDCOM14

Bit 3~2 PES13~PES12: PES5 pin-shared function selection
00/01/10: PES
11: KEYRI3/LEDCOM13

Bit 1~0 PES11~PES10: PE4 pin-shared function selection
00/01/10: PE4
11: KEYRI12/LEDCOM12

* PFS0 Register - HT68FB541

Bit 7 6 5 4 3 2 1 0
Name — — PFS05 PFS04 PFS03 PFS02 PFS01 PFS00
R/W — — R/W R/W R/W R/W R/W R/W
POR — — 0 0 0 0 0 0
Bit 7~6 Unimplemented, read as “0”

Bit 5~4 PFS05~PFS04: PF2 pin-shared function selection
00/01/10: PF2
11: LEDSEG2

Bit 3~2 PFS03~PFS02: PF1 pin-shared function selection
00/01: PF1
10: CMP10
11: KEYR3/LEDCOM3

Bit 1~0 PFS01~PFS00: PFO pin-shared function selection
00/01: PFO
10: CMP0OO
11: KEYR2/LEDCOM2

* PFSO Register - HT68FB571

Bit 7 6 5 4 3 2 1 0
Name PFS07 PFS06 PFS05 PFS04 PFS03 PFS02 PFSO01 PFS00
R/W R/W R/W R/W R/W R/W R/W R/W R/W

POR 0 0 0 0 0 0 0 0

Bit 7~6 PFS07~PFS06: PF3 pin-shared function selection
00/01/10: PF3
11: LEDSEG3

Bit 5~4 PFS05~PFS04: PF2 pin-shared function selection
00/01/10: PF2
11: LEDSEG2

Bit 3~2 PFS03~PFS02: PF1 pin-shared function selection
00/01/10: PF1
11: LEDSEG1

Bit 1~0 PFS01~PFS00: PF0 pin-shared function selection
00/01/10: PFO
11: LEDSEGO
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* PFS1 Register - HT68FB571

Bit 7 6 5 4 3 2 1 0
Name PFS17 PFS16 PFS15 PFS14 PFS13 PFS12 PFS11 PFS10
R/W R/W R/wW R/W R/W R/W R/wW R/wW R/W

POR 0 0 0 0 0 0 0 0

Bit 7~6 PFS17~PFS16: PF7 pin-shared function selection
00/01/10: PF7
11: LEDSEG7

Bit 5~4 PFS15~PFS14: PF6 pin-shared function selection
00/01/10: PF6
11: LEDSEG6

Bit 3~2 PFS13~PFS12: PF5 pin-shared function selection
00/01/10: PF5
11: LEDSEGS

Bit 1~0 PFS11~PFS10: PF4 pin-shared function selection
00/01/10: PF4
11: LEDSEG4

1/0 Pin Structures

The accompanying diagram illustrates the internal structure of the I/O logic function. As the exact
logical construction of the I/O pin will differ from this drawing, it is supplied as a guide only to
assist with the functional understanding of the logic function I/O pins. The wide range of pin-shared
structures does not permit all types to be shown.

VDD
Pull-high
Control Bit Register | Weak
Sel t—| ), -
Data Bus D Q cee J ! Pull-up
Write Control Register CK Q _D_‘

Chip Reset [s

c>—$I—0 I 1/0 pin
Read Control Register
Data Bit
D Q :, > E

Write Data Register CK Q
[s 777

Read Data Registerj—g: Q
System Wake-up ( '_— wake-up Select

Logic Function Input/Output Structure

c<|

Programming Considerations

Within the user program, one of the first things to consider is port initialisation. After a reset, all
of the I/O data and port control registers will be set high. This means that all I/O pins will default
to an input state, the level of which depends on the other connected circuitry and whether pull-
high selections have been chosen. If the port control registers are then programmed to setup some
pins as outputs, these output pins will have an initial high output value unless the associated port
data registers are first programmed. Selecting which pins are inputs and which are outputs can be
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achieved byte-wide by loading the correct values into the appropriate port control register or by
programming individual bits in the port control register using the “SET [m].i” and “CLR [m].i”
instructions. Note that when using these bit control instructions, a read-modify-write operation takes
place. The microcontroller must first read in the data on the entire port, modify it to the required new
bit values and then rewrite this data back to the output ports.

Several I/O pins have the additional capability of providing wake-up function, namely the Port A
and PCO pin on the HT68FB541 device and the Port D on the HT68FB571 device. When the device
is in the SLEEP or IDLE Mode, various methods are available to wake the device up. One of these
is a high to low transition on the I/O pins with wake-up ability. Single or multiple pins on these
specific ports can be setup to have this function.

Timer/Event Counter

The provision of timer/event counter forms an important part of any microcontroller, giving the
designer a means of carrying out time related functions. Each of the devices contains two 16-bit
up-counting timer/event counters. As the timer/event counter has three different operating modes,
it can be configured to operate as a general timer, an external event counter or as a pulse width
measurement device. The provision of an internal prescaler to the clock circuitry gives added range
to the timer.

TnPSC[2:0
n [2:0] TnS

| Prescaler |_| MUX

fSUB = Z oA Data bus

16-bit Timer/Event Counter l—

Preload Register Reload
:
Pulse Width 16-bit Timer/Event . Overflow to
| Mesurement Counter " Interrupt
.F:glﬁ __|Mode Control

|_+_2—|—|z| PFDn

16-bit Timer/Event Counter Structure (n=0 or 1)

Timer/Event Counter Input Clock Source

The timer/event counter clock source can originate from various sources, an internal clock or an
external pin. The internal clock source is used when the timer is in the Timer mode and Pulse Width
Measurement mode. For the timer/event counter, this internal clock source can be configured by
the TnS bit in the register TMRnC to be derived from a prescaler, the division ratio of which is
configured by the TnPSC2~TnPSCO bits in the Timer Control Register TMRnC, or to be derived
from the fsus clock.

An external clock source is used when the timer/event counter is in the Event Counter mode, the clock
source is provided on the external timer pin TCn. Depending upon the condition of the TnEG bit, each
high to low or low to high transition on the external timer pin will increase the counter by one.
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Timer/Event Counter Registers

There are two types of registers related to the timer/event counter. The first is the register pair that
contains the actual value of the timer and into which an initial value can be preloaded. Reading from
this register pair retrieves the contents of the timer/event counter. The second type of associated
register is the Timer Control Register which defines the timer options and determines how the timer
is to be used. The device can have the timer clock configured to come from the internal clock source
or the external timer pin.

Register Bit
Name 7 6 5 4 3 2 1 0
TMRnC TnM1 TnMO TnS TnON TnEG | TnPSC2 | TnPSC1 | TnPSCO
TMRnL D7 D6 D5 D4 D3 D2 D1 DO
TMRnH D15 D14 D13 D12 D11 D10 D9 D8

Timer/Event Counter Register List (n=0 or 1)

Timer Register - TMRnL, TMRnH

As each timer/event counter contains an internal 16-bit timer, it requires two data registers to store
the value. There are a high byte register, known as TMRnH, and a low byte register, known as
TMRnL. The value in the timer register pair increases by one each time an internal clock pulse is
received or an external transition occurs on the external timer pin. The timer will count from the
initial value loaded by the preload register to the full count of FFFFH, at which point the timer
overflows and an internal interrupt signal is generated. The timer value will then be reloaded with
the initial preload register value and continue counting.

Note that to achieve a maximum full counting range of FFFFH, the preload register must first be
cleared. If the timer/event counter is in an OFF condition and data is written to its preload register,
this data will be immediately written into the actual counter. However, if the counter is enabled and
counting, any new data written into the preload data register during this period will be remained in
the preload register and will not be written into the actual counter until an overflow occurs.

Writing to the TMRnL register will only write the data into an internal lower byte buffer while
writing to the TMRnH register will transfer the high byte data and the contents of the lower byte
buffer into the TMRnH and TMRnL registers respectively. Therefore the timer/event counter preload
register is changed by each write operation to the TMRnH register. Reading from the TMRnH
register will latch the contents of the TMRnH and TMRnL counters to the destination and the lower
byte buffer respectively, while reading from TMRnL will read the contents of the lower byte buffer.

TMRnL Register

Bit 7 6 5 4 3 2 1 0
Name D7 D6 D5 D4 D3 D2 D1 DO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR 0 0 0 0 0 0 0 0

Bit 7~0 D7~DO0: Timer preload register low byte

TMRnH register

Bit 7 6 5 4 3 2 1 0
Name D15 D14 D13 D12 D11 D10 D9 D8
R/W R/W R/W R/W R/W R/W R/IW R/W R/W
POR 0 0 0 0 0 0 0 0

Bit 7~0 D15~D8: Timer preload register high byte
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Timer Control Register - TMRnC
The Timer Control Register is known as TMRnC. It is the Timer Control Register together with its

corresponding timer registers that controls the full operation of the timer/event counter. Before the
timer can be used, it is essential that the Timer Control Register is fully programmed with the right data
to ensure its correct operation, a process that is normally carried out during program initialisation.

To select which of the three modes the timer is to operate in, namely the Timer mode, the Event
Counter mode or the Pulse Width Measurement mode, the TnM1/TnMO bits in the Timer Control
Register must be set to the required logic levels. The timer-on bit TnON provides the basic on/off
control of the respective timer. Setting the bit to high allows the counter to run. Clearing the bit stops
the counter. When the internal clock source is used, it can be sourced from the prescaler clock or the
clock fsus selected by setting the TnS bit. Bits TnPSC2~TnPSCO0 determine the division ratio of the
input clock prescaler. The prescaler bit settings have no effect if an external clock source is used. If
the timer is in the Event Counter or Pulse Width Measurement Mode, the active transition edge level
type is selected by the logic level of the TnEG bit in the Timer Control Register.

TMROC Register

Bit 7 6 5 4 3 2 1 0
Name TOMA TOMO TOS TOON TOEG TOPSC2 | TOPSC1 | TOPSCO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR 0 0 0 0 1 0 0 0
Bit 7~6 TOM1~TOMO: Timer/event counter 0 operation mode selection
00: Unused

01: Event Counter mode
10: Timer Mode
11: Pulse Width Measurement mode

Bit 5 TOS: Timer/event counter 0 internal clock source selection
0: From the prescaler clock
1: From fsus

Bit 4 TOON: Timer/event counter 0 counting enable control
0: Disable
1: Enable

Bit3 TOEG: Timer/event counter 0 active edge selection
Event Counter mode
0: Count on rising edge
1: Count on falling edge
Pulse Width Measurement mode
0: Start counting on falling edge, stop on rising edge
1: Start counting on rising edge, stop on falling edge

Bit 2~0 TOPSC2~TOPSCO: Timer/event counter O prescaler rate selection
000: fps(;
001: fpsc/2
010: fpsc/4
011: fpsc/8
100: frsc/16
101: fpsc/32
110: fpsc/64
111: fpsc/128
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* TMR1C Register

Bit 7 6 5 4 3 2 1 0
Name T1M1 T1MO T1S T10N T1EG T1PSC2 | T1IPSC1 | T1PSCO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR 0 0 0 0 1 0 0 0
Bit 7~6 T1IM1~T1MO: Timer/event counter 1 operation mode selection
00: Unused

01: Event Counter mode
10: Timer Mode
11: Pulse Width Measurement mode

Bit 5 T1S: Timer/event counter 1 internal clock source selection
0: From the prescaler clock
1: From fsus

Bit 4 T10ON: Timer/event counter 1 counting enable control
0: Disable
1: Enable

Bit3 T1EG: Timer/event counter 1 active edge selection
Event Counter mode
0: Count on rising edge
1: Count on falling edge
Pulse Width Measurement mode
0: Start counting on falling edge, stop on the rising edge
1: Start counting on rising edge, stop on the falling edge

Bit 2~0 T1PSC2~T1PSCO0: Timer/event counter 1 prescalar rate selection

000: fesc/16

001: fpsc/32

010: fpsc/64

011: fpsc/128

100: fpsc/256

101: fpsc/512

110: fpsc/1024

111: fpsc/2048

Timer/Event Counter Operating Modes

The timer/event counter can operate in one of three operating modes, Timer mode, Event Counter
mode or Pulse Width Measurement mode. The operating mode is selected using the TnM1 and
TnMO bits in the TMRnC register.

Timer Mode

To select this mode, bits TnM1 and TnMO in the TMRnC register should be set to 10 respectively.
In this mode, the timer/event counter can be utilized to measure fixed time intervals, providing an
internal interrupt signal each time the timer/event counter overflows.

When operating in this mode, the internal clock is used as the timer clock. If the TnS bit in the
TMRnC register is zero, the timer input clock source can be fsys, fsys/4 or fsus, determined by the
PSCR register. However, this timer clock source will be further divided by a prescaler, the value of
which is determined by the bits TnPSC2~TnPSCO0 in the Timer Control Register. If the TnS bit is
high, then the internal clock is sourced from the fsus clock. The timer-on bit, TnON must be set high
to enable the timer. Each time an internal clock high to low transition occurs, the timer increases by
one. It should be noted that in the Timer mode, even if the device is in the IDLE/SLEEP mode, if
the selected internal clock is still activated the timer will continue to count. When the timer reaches
its maximum 16-bit, FFFF Hex, value and overflows, an interrupt request is generated and the
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timer will reload the value already loaded into the preload register and continue counting. A timer
overflow condition will trigger the corresponding internal interrupt request, with the TnF flag being
set, which is one of wake-up sources. In this condition, if the corresponding interrupt enable bit TnE
in the INTC2 register has been set, a Timer/Event Counter Interrupt will be generated.

Internal clock | | | .......... _I_I—I_I_
source output
Timer Counter : ) - -
Increment >< Timer + 1 X Timer +2 X """""" X Timer+N X Timer + N + 1

Timer Mode Timing Chart

Event Counter Mode

To select this mode, bits TnM1 and TnMO in the TMRnC register should be set to 01 respectively.
In this mode, a number of externally changing logic events, occurring on the external timer TCn pin,
can be recorded by the timer/event counter.

When operating in this mode, the external timer TCn pin is used as the timer/event counter clock
source. After the other bits in the Timer Control Register have been properly set, the enable bit
TnON in the Timer Control Register, can be set high to enable the timer/event counter. If the Active
Edge Selection bit, TnEG, is low, the Timer/Event Counter will increase by one each time the
external timer pin receives a low to high transition. If the TnEG is high, the counter will increase by
one each time the external timer pin receives a high to low transition. When it is full and overflows,
an interrupt request is generated and the timer/event counter will reload the value already loaded
into the preload register and continue counting. However, the internal interrupts can be disabled by
ensuring that the TnE bit of the INTC2 register is reset to zero.

As the external timer pin TCn is pin-shared with other functions, the TCn pin function must first
be setup using relevant pin-shared function selection register and should also be set as an input by
setting the corresponding bit in the port control register. It should be noted that in the Event Counter
mode, even if the microcontroller is in the IDLE/SLEEP Mode, the timer/event counter will continue
to record externally changing logic events on the timer input pin TCn. As a result when the timer
overflows it will generate a timer interrupt request which can be a wake-up source.

I I —

Timer Counter >( Timer + 1 X Timer + 2 X Timer + 3
Increment

Event Counter Mode Timing Chart (ThEG=1)

External Event

Pulse Width Measurement Mode

To select this mode, bits TnM 1 and TnMO in the TMRnC register should be set to 11 respectively. In
this mode, the timer/event counter can be utilised to measure the width of external pulses applied to
the external timer pin.

When operating in this mode, the internal clock is used as the timer clock. If the TnS bit in the
TMRnC register is zero, the timer input clock source can be fsys, fsys/4 or fsus, determined by the
PSCR register. However, this timer clock source will be further divided by a prescaler, the value
of which is determined by the bits TnPSC2~TnPSCO0 in the Timer Control Register. If the TnS bit
is high, then the internal clock is sourced from the fsus clock. As the external timer pin TCn is pin-
shared with other functions, the TCn pin function must first be setup using relevant pin-shared
function selection register and should also be set as an input by setting the corresponding bit in
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the port control register. After other bits in the Timer Control Register have been properly set, the
enable bit TnON can be set high to enable the timer/event counter, however it will not actually start
counting until an active edge is received on the external timer pin.

If the Active Edge Selection bit TnEG is low, once a high to low transition has been received on the
external timer pin, the timer/event counter will start counting based on the internal selected clock
source, until the external timer pin returns to its original high level. At this point the enable bit will
be automatically reset to zero and the timer/event counter will stop counting. If the Active Edge
Select bit is high, the Timer/Event Counter will begin counting once a low to high transition has
been received on the external timer pin and stop counting when the external timer pin returns to its
original low level. The enable bit will then be automatically reset to zero and the timer/event counter
will stop counting. It is important to note that in the Pulse Width Measurement mode, the enable
bit is automatically reset to zero when the external control signal on the external timer pin returns
to its original level, whereas in the other two modes the enable bit can only be reset to zero under
application program control.

The residual value in the timer/event counter, which can now be read by the program, therefore
represents the length of the pulse received on the TCn pin. As the enable bit has now been reset, any
further transitions on the external timer pin will be ignored. The timer cannot begin further pulse
width measurement until the enable bit is set high again by the application program. In this way,
single shot pulse measurement can be easily made. It should be noted that in this mode the timer/
event counter is controlled by logical transitions on the external timer pin and not by the logic level.
When the timer/event counter is full and overflows, an interrupt request is generated and the timer/
event counter will reload the value already loaded into the preload register and continue counting.
It should be noted that in the Pulse Width Measurement mode, even if the device is in the IDLE/
SLEEP Mode, the Timer/Event Counter will continue to increase if the selected internal clock
source is still activated and the required logical transitions occur on the external TCn pin. As a result
when the timer overflows it will generate a timer interrupt and corresponding wake-up source. The
interrupt can be disabled by ensuring that the Timer/Event Counter Interrupt Enable bit TnE in the
INTC?2 register is reset to zero.

External TCn —\_M—\
Pin Input
TnON - with TNnEG =0 |

Prescaler Output '| |_| |_|
Timer Counter n

+ + + +

ncrement Timer 4

Prescaler Output is sampled at every falling edge of T1.
Pulse Width Measurement Mode Timing Chart (ThEG=0)

Prescaler

Bits TnPSC2~TnPSCO of the TMRnC register can be used to define a division ratio for the internal
clock source of the timer/event counter. It should be noted that as the timer/event counter internal
clock source is the same as the Time Base clock source, care should be taken when programming.
For more detailed information concerning the prescaler, refer to the Time Base Interrupt section.

PFD Function

The Programmable Frequency Divider provides a means of producing a variable frequency output
suitable for application, such as some interfaces requiring a precise frequency generator. As the
PFDn output pin is pin-shared with other functions, the PFDn pin function must first be setup using
relevant pin-shared function selection register.
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The timer/event counter overflow signal is the clock source for the PFD function. The output
frequency is controlled by loading the required values into the timer prescaler and timer registers to
give the required division ratio. The counter will begin to count-up from this preload register value
until full, at which point an overflow signal is generated, causing the PFDn output to change state
simultaneously. Then the counter will be automatically reloaded with the preload register value and
continue counting.

Timer Overflow |
PFDn Clock
Pin-shared
1/0 pin Data
PFDn Output on
Pin-shared I/O pin

PFD Function

Programming Considerations

When running in the Timer mode, the internal system clock is used as the timer clock source and
is therefore synchronised with the overall operation of the microcontroller. In this mode when the
timer register is full, the microcontroller will generate an internal interrupt signal directing the
program flow to the respective internal interrupt vector. For the Pulse Width Measurement mode,
the internal system clock is also used as the timer clock source but the timer will only run when
the correct logic condition appears on the external timer input pin. As this is an external event and
not synchronised with the internal timer clock, the microcontroller will only see this external event
when the next timer clock pulse arrives. As a result, there may be small differences in measured
values requiring programmers to take this into account during programming. The same applies if the
timer is configured to operate in the Event Counter mode, which again is an external event and not
synchronised with the internal system or timer clock.

When the timer/event counter is read, or if data is written to the preload register, the clock is
inhibited to avoid errors, however as this may result in a counting error, it should be taken into
account by the programmer. Care must be taken to ensure that the timers are properly initialised
before using them for the first time. The associated timer interrupt enable bits in the interrupt control
register must be properly set otherwise the internal interrupt associated with the timer will remain
inactive. The active edge selection, timer operating mode selection and clock source control bits in
timer control register must also be correctly set to ensure the timer is properly configured for the
required application. It is also important to ensure that a desired initial value is first loaded into the
timer registers before the timer is switched on. After the timer has been initialised the timer can be
turned on and off by controlling the enable bit in the timer control register.

When the timer/event counter overflows, its corresponding interrupt request flag in the interrupt
control register will be set. If the timer/event counter interrupt is enabled this will in turn generate
an interrupt signal. However irrespective of whether the interrupts are enabled or not, a timer/event
counter overflow will also generate a wake-up signal if the device is in the IDLE/SLEEP mode.
This situation may occur if the timer/event counter internal clock is still on or if the external signal
continues to change state. In such cases, the timer/event counter will continue to count and if an
overflow occurs the device will be woken up. To prevent such a wake-up from occurring, the timer
interrupt request flag should first be set high before issuing the “HALT” instruction to enter the
IDLE/SLEEP mode.
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Serial Peripheral Interface — SPI

The SPI interface is often used to communicate with external peripheral devices such as sensors,
Flash or EEPROM memory devices etc. Originally developed by Motorola, the four-line SPI
interface is a synchronous serial data interface that has a relatively simple communication protocol
simplifying the programming requirements when communicating with external hardware devices.

The communication is full duplex and operates as a slave/master type, where the devices can be
either master or slave. Although the SPI interface specification can control multiple slave devices

from a single master, however the device provides only one SPISCS pin. If the master needs to
control multiple slave devices from a single master, the master can use I/O pins to select the slave
devices.

SPI Interface Operation

The SPI interface is a full duplex synchronous serial data link. It is a four-line interface with pin
names SPISDI, SPISDO, SPISCK and SPISCS. Pins SPISDI and SPISDO are the Serial Data Input
and Serial Data Output lines, the SPISCK pin is the Serial Clock line and SPISCS is the Slave Select
line. As the SPI interface pins are pin-shared with normal I/O pins, the SPI interface must first be

enabled by configuring the corresponding selection bits in the pin-shared function selection registers.
The SPI can be disabled or enabled using the SPIEN bit in the SPICO register. Communication
between devices connected to the SPI interface is carried out in a slave/master mode with all data
transfer initiations being implemented by the master. The Master also controls the clock signal. As
these devices only contain a single SPISCS pin only one slave device can be utilized.

The SPISCS pin is controlled by the application program, set the SPICSEN bit to “1” to enable the
SPISCS pin function and clear the SPICSEN bit to “0” to place the SPISCS pin into a floating state.

SPI Master SPI Slave
SPISCK » SPISCK
SPISDO » SPISDI

SPISDI [« SPISDO
SPISCS » SPISCS

SPI Master/Slave Connection

The SPI function in these devices offers the following features:
* Full duplex synchronous data transfer

* Both Master and Slave modes

» LSB first or MSB first data transmission modes

* Transmission complete flag

» Rising or falling active clock edge

The status of the SPI interface pins is determined by a number of factors such as whether the device
is in the master or slave mode and upon the condition of certain control bits such as SPICSEN and
SPIEN.
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A Data Bus

SPISDI Pin B———) TX/RX Shift Register

SPISDO Pin
A A
SPICKEG — | Clock
Edge/Polarity
SPICKPOLB —)~| Control
) Busy ——>» SPIWCOL
SPISCK Pin El—| ij_ Status | ——» SPITRF
——— SPIICF
fsys — Clock A
fsus —> Source

Timer/Event Counter 0 —] Select
overflow frequency/2

SPISCS Pin =
SPICSEN

SPI Block Diagram

SPI Registers

There are three internal registers which control the overall operation of the SPI interface. These are
the SPID data register and two registers, SPIC0O and SPIC1.

Register Bit
Name 7 6 5 4 3 2 1 0
SPICO | SPIM2 | SPIM1 SPIMO — — — SPIEN SPIICF
SPIC1 — — SPICKPOLB | SPICKEG | SPIMLS | SPICSEN | SPIWCOL | SPITRF
SPID D7 D6 D5 D4 D3 D2 D1 DO

SPI Register List

SPI Data Register

The SPID register is used to store the data being transmitted and received. Before the device write
data to the SPI bus, the actual data to be transmitted must be placed in the SPID register. After the
data is received from the SPI bus, the device can read it from the SPID register. Any transmission or
reception of data from the SPI bus must be made via the SPID register.

* SPID Register

Bit 7 6 5 4 3 2 1 0
Name D7 D6 D5 D4 D3 D2 D1 DO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR X X X X X X X X
“x”: Unknown

Bit 7~0 D7~DO0: SPI data register bit 7 ~ bit 0

SPI Control Registers

There are also two control registers for the SPI interface, SPICO and SPIC1. The SPICO register is
used to control the enable/disable function and to set the data transmission clock frequency. The
SPIC1 register is used for other control functions such as LSB/MSB selection, write collision flag etc.
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* SPICO Register

Bit

7 6 5 4 3 2 1 0

Name

SPIM2 SPIM1 SPIMO — — — SPIEN SPIICF

R/W

R/W R/wW R/W — — — R/wW R/W

POR

1 1 1 — — — 0 0

Bit 7~5

Bit 4~2
Bit 1

Bit0

SPIM2~SPIMO: SPI Operating Mode Control

000: SPI master mode; SPI clock is fsys/4

001: SPI master mode; SPI clock is fsys/16

010: SPI master mode; SPI clock is fsys/64

011: SPI master mode; SPI clock is fsus

100: SPI master mode; SPI clock is Timer/Event Counter 0 overflow frequency/2

101: SPI slave mode

110: SPI disabled

111: SPI disabled
These bits are used to control the SPI Master/Slave selection and the SPI Master clock
frequency. The SPI clock is a function of the system clock but can also be chosen to be
sourced from timer/event counter 0 and fsus. If the SPI Slave Mode is selected then the
clock will be supplied by an external Master device.

Unimplemented, read as “0”

SPIEN: SPI Enable Control

0: Disable

1: Enable
The bit is the overall on/off control for the SPI interface. When the SPIEN bit is
cleared to zero to disable the SPI interface, the SPISDI, SPISDO, SPISCK and
SPISCS lines will lose their SPI function and the SPI operating current will be reduced
to a minimum value. When the bit is high the SPI interface is enabled.

SPIICF: SPI Incomplete Flag

0: SPI incomplete condition is not occurred

1: SPI incomplete condition is occured
This bit is only available when the SPI is configured to operate in an SPI slave mode.
If the SPI operates in the slave mode with the SPIEN and SPICSEN bits both being
set to 1 but the SPISCS line is pulled high by the external master device before the
SPI data transfer is completely finished, the SPIICF bit will be set to 1 together with
the SPITRF bit. When this condition occurs, the corresponding interrupt will occur if
the interrupt function is enabled. However, the SPITRF bit will not be set to 1 if the
SPIICF bit is set to 1 by software application program.

* SPIC1 Register

Bit 7 6 5 4 3 2 1 0
Name — — SPICKPOLB | SPICKEG| SPIMLS |SPICSEN | SPIWCOL | SPITRF
R/W — — R/W R/W R/W R/W R/W R/W

POR — — 0 0 0 0 0 0
Bit 7~6 Unimplemented, read as “0”
Bit 5 SPICKPOLB: SPI clock line base condition selection
0: The SPISCK line will be high when the clock is inactive
1: The SPISCK line will be low when the clock is inactive
The SPICKPOLB bit determines the base condition of the clock line, if the bit is high,
then the SPISCK line will be low when the clock is inactive. When the SPICKPOLB
bit is low, then the SPISCK line will be high when the clock is inactive.
Bit 4 SPICKEG: SPI SPISCK clock active edge type selection

SPICKPOLB=0
0: SPISCK has high base level with data capture on SPISCK rising edge
1: SPISCK has high base level with data capture on SPISCK falling edge
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SPICKPOLB=1

0: SPISCK has low base level with data capture on SPISCK falling edge

1: SPISCK has low base level with data capture on SPISCK rising edge
The SPICKEG and SPICKPOLB bits are used to setup the way that the clock signal
outputs and inputs data on the SPI bus. These two bits must be configured before a
data transfer is executed otherwise an erroncous clock edge may be generated. The
SPICKPOLB bit determines the base condition of the clock line, if the bit is high, then
the SPISCK line will be low when the clock is inactive. When the SPICKPOLB bit
is low, then the SPISCK line will be high when the clock is inactive. The SPICKEG
bit determines active clock edge type which depends upon the condition of the
SPICKPOLB bit.

Bit 3 SPIMLS: SPI data shift order
0: LSB first
1: MSB first
This is the data shift select bit and is used to select how the data is transferred, either
MSB or LSB first. Setting the bit high will select MSB first and low for LSB first.

Bit2 SPICSEN: SPI SPISCS pin control
0: Disable
1: Enable
The SPICSEN bit is used as an enable/disable for the SPISCS pin. If this bit is low,
then the SPISCS pin will be disabled and placed into a floating condition. If the bit is
high the SPISCS pin will be enabled and used as a select pin.

Bit 1 SPIWCOL: SPI write collision flag
0: No collision
1: Collision
The SPIWCOL flag is used to detect if a data collision has occurred. If this bit is high
it means that data has been attempted to be written to the SPID register during a data
transfer operation. This writing operation will be ignored if data is being transferred.
The bit can be cleared to 0 by the application program.

Bit 0 SPITRF: SPI Transmit/Receive complete flag
0: SPI data is being transferred
1: SPI data transmission is completed

The SPITRF bit is the Transmit/Receive Complete flag and is set “1” automatically
when an SPI data transmission is completed, but must set to zero by the application
program. It can be used to generate an interrupt.

SPI Communication

After the SPI interface is enabled by setting the SPIEN bit high, then in the Master Mode, when
data is written to the SPID register, transmission/reception will begin simultaneously. When the
data transfer is complete, the SPITRF flag will be set automatically, but must be cleared using the
application program. In the Slave Mode, when the clock signal from the master has been received,
any data in the SPID register will be transmitted and any data on the SPISDI pin will be shifted into
the SPID register.

The master should output an SPISCS signal to enable the slave device before a clock signal is
provided. The slave data to be transferred should be well prepared at the appropriate moment relative
to the SPISCK signal depending upon the configurations of the SPICKPOLB bit and SPICKEG
bit. The accompanying timing diagram shows the relationship between the slave data and SPISCK
signal for various configurations of the SPICKPOLB and SPICKEG bits.

The SPI will continue to function in certain IDLE Modes if the clock source used by the SPI
interface is still active.
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SPIEN=1, SPICSEN=0 (External Pull-high)

SPISCS SPIEN, SPICSEN=1

(SPioKs S Ay
(SPICKPOLB=1, SPICKEG=0)

N
PO — Uy
(SPICKPOLB=0, SPICKEG=0)
RPICKE — UL
(SPICKPOLB=1, SPICKEG=1)
SPISCK /

(SPICKPOLB=0, SPICKEG=1) —|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_
XD7/DOXD6/D1 XD5/D2XD4/D3XD3/D4XD2/D5 XD1/D6XDO/D7

SPISDO (SPICKEG=1) p7/D0 ¥ D6/D1 Y D5/D2 X D4/D3 X D3/D4 ¥D2/D5 ¥ D1/D6 Y DO/DT

SPISDI Data Capture | T T T T T T T T

Write to SPID
SPI Master Mode Timing

SPISDO (SPICKEG=0)

SPISCS

SPISCK (SPICKPOLB=1)
SPISCK (SPICKPOLB=0)

SPISDO D7/DOXD6/D1 XDS/DZXD4/D3XD3/D4XD2/D5XD1/D6XDO/D7

SPISDI Data Capture I T T T T T T T T

Write to SPID
(SPISDO does not change until first SPISCK edge)

SPI Slave Mode Timing — SPICKEG=0

SPISCS

SPISCK (SPICKPOLB=1)
SPISCK (SPICKPOLB=0)

SPISDO — D7/DOXD6/D1 XDS/DZXD4/D3XD3/D4XD2/D5 XD1/D6XDO/D7

SPISDI Data Capture T T T T T T T T T

Write to SPID
(SPISDO changes as soon as writing occurs; SPISDO is floating if SPISCS=1)

Note: For SPI slave mode, if SPIEN=1 and SPICSEN=0, SPI is always
enabled and ignores the SPISCS level.

SPI Slave Mode Timing — SPICKEG=1
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SPI Transfer

<
A 4
Write Data
Master Slave Clear SPIWCOL ' into SPID
Master or Slave
? y
\ 4 v Y
SPIM[2:0]=000, 001, .01=
010, 011 or 100 SPIM[2:01=101
> N
v N ransmission

completed?
(SPITRF=17?)

Configure SPICKPOLB,
SPICKEG, SPICSEN and SPIMLS

v

SPIEN=1 Read Data
from SPID

\ 4

Clear SPITRF

Transfer
finished?

SPI Transfer Control Flowchart

SPI Bus Enable/Disable

To enable the SPI bus, set SPICSEN=1 and SPISCS=0, then wait for data to be written into the
SPID (TXRX buffer) register. For the Master Mode, after data has been written to the SPID (TXRX
buffer) register, then transmission or reception will start automatically. When all the data has been

transferred the SPITRF bit should be set. For the Slave Mode, when clock pulses are received on
SPISCK, data in the TXRX buffer will be shifted out or data on SPISDI will be shifted in.

When the SPI bus is diabled, SPISCK, SPISDI, SPISDO, SPISCS will become 1/O pins or the other
functions by configuring the corresponding pin-shared control bits.

SPI Operation
All communication is carried out using the 4-line interface for either Master or Slave Mode.

The SPICSEN bit in the SPIC1 register controls the overall function of the SPI interface. Setting this
bit high will enable the SPI interface by allowing the SPISCS line to be active, which can then be
used to control the SPI interface. If the SPICSEN bit is low, the SPI interface will be disabled and
the SPISCS line will be in a floating condition and can therefore not be used for control of the SPI
interface. If the SPICSEN bit and the SPIEN bit in the SPICO register are set high, this will place the
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SPISDI line in a floating condition and the SPISDO line high. If in Master Mode the SPISCK line
will be either high or low depending upon the clock polarity selection bit SPICKPOLB in the SPIC1
register. If in Slave Mode the SPISCK line will be in a floating condition. If SPIEN is low then the
bus will be disabled and SPISCS, SPISDI, SPISDO and SPISCK will all become I/O pins or the
other functions. In the Master Mode the Master will always generate the clock signal. The clock and

data transmission will be initiated after data has been written into the SPID register. In the Slave
Mode, the clock signal will be received from an external master device for both data transmission
and reception. The following sequences show the order to be followed for data transfer in both
Master and Slave Mode.

Master Mode

o Step 1
Select the clock source and Master mode using the SPIM2~SPIMO bits in the SPICO control
register.

e Step2
Setup the SPICSEN bit and setup the SPIMLS bit to choose if the data is MSB or LSB first, this
must be same as the Slave device.

* Step 3
Setup the SPIEN bit in the SPICO control register to enable the SPI interface.

* Step 4
For write operations: write the data to the SPID register, which will actually place the data into
the TXRX buffer. Then use the SPISCK and SPISCS lines to output the data. After this go to step 5.
For read operations: the data transferred in on the SPISDI line will be stored in the TXRX buffer
until all the data has been received at which point it will be latched into the SPID register.

* Step 5
Check the SPIWCOL bit if set high then a collision error has occurred so return to step 4. If equal
to zero then go to the following step.
* Step 6
Check the SPITRF bit or wait for an SPI serial bus interrupt.
e Step7
Read data from the SPID register.
* Step 8
Clear SPITRF.
* Step 9
Go to step 4.

Slave Mode

e Step 1
Select the SPI Slave mode using the SPIM2~SPIMO bits in the SPICO control register.

* Step 2
Setup the SPICSEN bit and setup the SPIMLS bit to choose if the data is MSB or LSB first, this
setting must be the same with the Master device.

* Step 3
Setup the SPIEN bit in the SPICO control register to enable the SPI interface.

e Step4
For write operations: write the data to the SPID register, which will actually place the data into
the TXRX buffer. Then wait for the master clock SPISCK and SPISCS signal. After this, go to
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step 5.
For read operations: the data transferred in on the SPISDI line will be stored in the TXRX buffer
until all the data has been received at which point it will be latched into the SPID register.
* Step 5
Check the SPIWCOL bit if set high then a collision error has occurred so return to step 4. If equal
to zero then go to the following step.
* Step 6
Check the SPITRF bit or wait for an SPI serial bus interrupt.
e Step7
Read data from the SPID register.
* Step 8
Clear SPITRF.
e Step 9
Go to step 4.

Error Detection

The SPIWCOL bit in the SPIC1 register is provided to indicate errors during data transfer. The bit
is set by the SPI serial Interface but must be cleared by the application program. This bit indicates
a data collision has occurred which happens if a write to the SPID register takes place during a data
transfer operation and will prevent the write operation from continuing.

USB Interface

The USB interface is a 4-wire serial bus that allows communication between a host device and up
to 127 max peripheral devices on the same bus. A token based protocol method is used by the host
device for communication control. Other advantages of the USB bus include live plugging and
unplugging and dynamic device configuration. As the complexity of USB data protocol does not
permit comprehensive USB operation information to be provided in this datasheet, the reader should
therefore consult other external information for a detailed USB understanding.

Each of the devices includes a USB interface function allowing for the convenient design of USB
peripheral products.

Power Plane

There are three power planes for the devices and they are USB SIE VDD, VDDIO and the MCU
VDD.

For the USB SIE VDD it will supply power for all circuits related to USB SIE and is sourced from
the UBUS pin. Once the USB is removed from the USB interface and there is no power in the USB
BUS, the USB SIE circuit is no longer operational.

For the PAO, PA2, PB1~PB3 pins on the HT68FB541 device and the PA1, PA3 and PB4~PB7 pins
on the HT68FB571 device, the power can be supplied by the VDD, V330 or VDDIO pin selected
using the PMPS register.

The VDDIO is pin-shared with PBO or PCO depending upon the selected device. The VDDIO
function can be selected by the corresponding pin-shared function selection bits.

For the MCU VDD, it supplies power for all the device circuits except the USB SIE which is
supplied by UBUS.
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USB Interface Operation

To communicate with an external USB host, the internal USB module has the external pins known
as UDP and UDN along with the 3.3V regulator output V330. A Serial Interface Engine (SIE)
decodes the incoming USB data stream and transfers it to the correct endpoint buffer memory known
as the FIFO. In these devices, the USB module has 4 endpoints, EPO ~ EP3. Endpoint 0 has 8-byte
size, Endpoint 1 has 16-byte size, Endpoint 2 has 32-byte size and Endpoint 3 has 64-byte size. The
endpoint 0 supports the Control transfer while the endpoint 1 ~ endpoint 3 support the Interrupt or
Bulk transfer.

USB Interface Registers

The USB function control is implemented using a series of registers. A series of status registers
provide the user with the USB data transfer situation as well as any error conditions. The USB
contains its own independent interrupt which can be used to indicate when the USB FIFOs are
accessed by the host device or a change of the USB operating conditions including the USB suspend
mode, resume event or USB reset occurs.

Register Bit

Name 7 6 5 4 3 2 1 0
SYsc BITWE | USBDIS | RUBUS | UBUSF — — D1 ESDF
USB_STAT| OD10 | OD0O | OD1I opol SE1 SEO PU RUPH
UINT — — — — EP3EN | EP2EN | EP1EN | EPOEN
usc URD | UMS2 | UMS1 | UMSO | RESUME | URST | RMWK | SUSP
UESR — — — — EP3F EP2F | EP1F EPOF
ucc RCTRL | — JSUSP | SUSP2 | USBCKEN| — EPS1 EPSO
AWR ADG AD5 AD4 AD3 AD2 AD1 ADO WKEN
STL — — — — STL3 STL2 | STL1 STLO
SIES NMI | UERR2 | UERR1 | UERRO IN OUT | UFERR | ASET
MISC LENO | READY | SETCMD | V330S — CLEAR | TX |REQUEST
SETIO — — — — SETIO3 | SETIO2 | SETIO1 | DATATG
FRNUMO D7 D6 D5 D4 D3 D2 D1 DO
FRNUM!1 — — — — — D10 D9 D8
FIFOO D7 D6 D5 D4 D3 D2 D1 DO
FIFO1 D7 D6 D5 D4 D3 D2 D1 DO
FIFO2 D7 D6 D5 D4 D3 D2 D1 DO
FIFO3 D7 D6 D5 D4 D3 D2 D1 DO

USB Interface Register List

* SYSC Register

Bit 7 6 5 4 3 2 1 0
Name BITWE | USBDIS | RUBUS | UBUSF — — D1 ESDF
R/W R/W R/W R/W R — — R/W R/W

POR 0 0 0 1 — — 0 X
“x”: Unknown
Bit 7 BITWE: Software write permission enable control for certain bits

0: Enable — Software can write the URST, UFERR, LENO and SETCMD bits
1: Disable — Software can’t write the URST, UFERR, LENO and SETCMD bits

Bit 6 USBDIS: USB SIE function control
0: Enable
1: Disable
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Bit5

Bit4

Bit 3~2
Bit 1
Bit 0

This bit is used to control the USB SIE function. When this bit is set to 1, the USB SIE
function will be disabled.

RUBUS: UBUS pin pull low function control
0: Enable
1: Disable

UBUSF: UBUS pin input status
0: Low level
1: High level

Unimplemented, read as “0”
D1: Reserved bit, cannot be used and must be fixed at 0

ESDF: ESD issue flag
This bit will be set to 1 when there is an ESD issue. It is set by SIE and cleared by software.

* USB_STAT Register

Bit 7 6 5 4 3 2 1 0
Name OD10 ODO0O OD1I ODOl SE1 SEO PU RUPH
R/W R/W R/W R R R/W R/W R/W R/W

POR 1 1 X X 0 0 0 1
“x”: Unknown
Bit 7 OD10: Output data on OD1 pin, open drain NMOS output
Bit 6 ODO0O: Output data on ODO pin, open drain NMOS output
Bit5 OD1I: OD1 pin input status
Bit4 ODOI: ODO pin input status
Bit 3 SE1: USB bus SE1 noise indication
This bit is used to indicate that the SIE has detected an SE1 noise on the USB bus.
This bit is set by SIE and cleared by software.
Bit 2 SE0: USB bus SEO0 noise indication
This bit is used to indicate that the SIE has detected an SEO noise on the USB bus.
This bit is set by SIE and cleared by software.
Bit 1 PU: UDP/UDN pins pull-high function control
0: Disable — no internal pull-high resistor
1: Enable — internal 600kQ pull-high resistor on UDP/UDN pins
Bit 0 PUPH: 1.5kQ resistor connection control

0: No 1.5kQ resistor is connected between UDP and V330
1: A 1.5kQ resistor is connected between UDP and V330

* UINT Register

Bit 7 6 5 4 3 2 1 0
Name — — — — EP3EN EP2EN EP1EN EPOEN
R/W — — — — R/W R/W R/W R/W
POR — — — — 0 0 0 0
Bit 7~4 Unimplemented, read as “0”
Bit 3 EP3EN: USB endpoint 3 interrupt enable control
0: Disable
1: Enable
Bit2 EP2EN: USB endpoint 2 interrupt enable control
0: Disable
1: Enable
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Bit 1

Bit 0

EP1EN: USB endpoint 1 interrupt enable control
0: Disable
1: Enable

EPOEN: USB endpoint 0 interrupt enable control
0: Disable
1: Enable

* USC Register

Bit 7 6 5 4 3 2 1 0
Name URD UMS2 UMS1 UMSO |RESUME| URST RMWK SUSP
R/W R/W R/W R/W R/W R R/W R/W R
POR 1 0 0 0 X X X X
“x”: Unknown
Bit7 URD: USB reset signal reset function control
0: USB reset signal cannot reset MCU
1: USB reset signal will reset MCU
Bit 6~4 UMS2~UMSO0: USB and OD mode selection
000: No mode available — The V330 output will be floating. The relevant external
pins will be in an input floating state.
001: Open drain output mode — The V330 output will be pulled high to VDD. The
relevant external pins will become OD0/OD1 pins with a pull-high resistor
respectively connected to VDD.
01x: USB mode — The V330 function will be enabled. The relevant external pins
will be used as the UDP and UDN pins.
100~111: Undefined, the OD0/OD1 will be in a floating state.
Bit 3 RESUME: USB resume indication
0: Resume signal is not asserted or USB device has left the suspend mode
1: Resume signal is asserted and USB device is going to leave the suspend mode
This bit is read only. When the resume event occurs, this bit will be set high by SIE
and then an interrupt will also be generated to wake up the MCU. In order to detect the
suspend state, the MCU should set the USBCKEN bit to 1 and clear the SUSP2 bit to
0. When the USB device leaves the suspend mode, the SUSP bit will be cleared to 0
and then the RESUME bit will also be cleared to 0. The resume signal which causes
the MCU to wake up should be noted and taken into consideration when the MCU is
detecting the suspend mode.
Bit 2 URST: USB reset indication
0: No USB reset event occurs
1: USB reset event occurs
This bit is set by the SIE and only cleared by the MCU when the BITWE bit is cleared
to zero. When the URST bit is set high, it indicates that a USB reset event has occurred
and a USB interrupt will be generated.
Bit 1 RMWK: USB remote wake-up command
0: No USB remote wake-up command initiated
1: Initiate USB remote wake-up command
The RMWK bit is set to 1 by the MCU to force the USB host leaving the suspend
mode. Setting the RMWK bit to 1 will initiate a remote wake-up command. The
RMWK bit should be kept high for at least 1 USB clock to make sure that the remote
wake-up command is accepted by the SIE.
Bit 0 SUSP: USB suspend indication

0: USB leaves the suspend mode

1: USB enters the suspend mode
This bit is read only and set to 1 by the SIE to indicate that the USB has entered the
suspend mode. The corresponding interrupt will also be generated when the SUSP bit
changes from low to high.
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* UESR Register
The UESR register is the USB endpoint interrupt status register and is used to indicate which

endpoint is accessed and to select the USB bus. The endpoint request flags, EPnF, are used to
indicate which endpoints are accessed. If an endpoint is accessed, the related endpoint request flag
will be set to “1” and the USB interrupt will occur if the USB interrupt is enabled and the stack is
not full. When the active endpoint request flag is serviced, the endpoint request flag has to be cleared
to “0” by software.

Bit 7 6 5 4 3 2 1 0
Name — — — — EP3F EP2F EP1F EPOF
R/W — — — — R/W R/W R/W R/W
POR — — — — X X X X
“x”: Unknown
Bit 7~4 Unimplemented, read as “0”
Bit 3 EP3F: Endpoint 3 access interrupt request flag
0: Not accessed
1: Accessed
Bit2 EP2F: Endpoint 2 access interrupt request flag
0: Not accessed
1: Accessed
Bit 1 EP1F: Endpoint 1 access interrupt request flag
0: Not accessed
1: Accessed
Bit 0 EPOF: Endpoint 0 access interrupt request flag
0: Not accessed
1: Accessed

* UCC Register

Bit 7 6 5 4 3 2 1 0
Name RCTRL — JSUSP SUSP2 | USBCKEN — EPS1 EPSO
R/W R/W — R R/W R/W — R/W R/W

POR 0 — 0 X 0 — X X
“x”: Unknown
Bit 7 RCTRL: Rupp: resistor between UDP and UBUS connection control

0: Disable — No Ruypp; resistor is connected between UDP and UBUS lines
1: Enable — Rupp; resistor is connected between UDP and UBUS lines

Bit 6 Unimplemented, read as “0”

Bit5 JSUSP: USB J-STATE Suspend mode Indication
0: USB interface is not in the J-STATE suspend mode
1: USB interface is in the J-STATE suspend mode

This bit indicates whether the USB interface is in the J-STATE suspend mode or not.
Bit 4 SUSP2: USB suspend mode current reduction control
0: Current reduction is disabled in suspend mode
1: Current reduction is enabled in suspend mode
The current can be reduced to meet the USB standard specification if this bit is set to 1
when entering the suspend mode.

Bit 3 USBCKEN: USB clock enable control
0: Disable
1: Enable

Bit 2 Unimplemented, read as “0”
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Bit 1~0

EPS1~EPSO0: Endpoint FIFO access selection
00: Endpoint 0 FIFO is selected
01: Endpoint 1 FIFO is selected
10: Endpoint 2 FIFO is selected
11: Endpoint 3 FIFO is selected

* AWR Register

The AWR register contains the current address and a remote wake up function control bit. The
initial value of AWR is “00H”. Whether the address value extracted from the USB host command is
immediately loaded into this register or not is determined by the ASET bit in the SIES register.

Bit 7 6 5 4 3 2 1 0
Name AD6 AD5 AD4 AD3 AD2 AD1 ADO WKEN
R/W R/W R/W R/W R/W R/W R/W R/W R/W

POR X X X X X X X X
“X”: Unknown
Bit 7~1 AD6~ADO: USB device address bit 6 ~ bit 0
Bit 0 WKEN: USB remote wake-up enable control

0: Disable

1: Enable

* STL Register

The STL register shows whether the corresponding endpoint has worked properly or not. As soon

as an endpoint improper operation occurs, the related bit in the STL register has to be set high by

application program. The STL register content will be cleared by a USB reset signal and a setup

token event.

Bit 7 6 5 4 3 2 1 0
Name — — — — STL3 STL2 STL1 STLO
R/W — — — — R/W R/W R/W R/W
POR — — — — X X X X
“x”: Unknown
Bit 7~4 Unimplemented, read as “0”
Bit3 STL3: USB endpoint 3 FIFO stall indication
0: Endpoint 3 FIFO is not stalled
1: Endpoint 3 FIFO is stalled
Bit 2 STL2: USB endpoint 2 FIFO stall indication
0: Endpoint 2 FIFO is not stalled
1: Endpoint 2 FIFO is stalled
Bit 1 STL1: USB endpoint 1 FIFO stall indication
0: Endpoint 1 FIFO is not stalled
1: Endpoint 1 FIFO is stalled
Bit0 STLO: USB endpoint 0 FIFO stall indication

0: Endpoint 0 FIFO is not stalled
1: Endpoint 0 FIFO is stalled

Rev. 1.40

120

September 10, 2021



HT68FB541/HT68FB571 #
USB Flash RGB LED MCU HOLTEK

* SIES Register

The SIES register is used to indicate the present signal state which the SIE receives and also controls

whether the SIE changes the device address automatically or not.

Bit 7 6 5 4 3 2 1 0
Name NMI UERR2 | UERR1 UERRO IN ouT UFERR ASET
R/wW R/wW R/wW R/wW R/W R R R/wW R/W

POR X X X X X X X X
“x”: Unknown
Bit 7 NMI: NAK token interrupt mask control
0: NAK token interrupt is not masked
1: NAK token interrupt is masked
If this bit is set to 1, the interrupt will not be generated when the device sends an
NAK token to the USB host. Otherwise, the endpoint n NAK token interrupt will be
generated if the corresponding endpoint interrupt control is enabled when this bit is
cleared to 0 and the device sends an NAK token to the USB host.
Bit 6~4 UERR2~UERRO: USB SIE error status
Oxx: No error
100: USB PID error
101: Bit stuffing error
110: CRC error
111: Host no response to SIE
These bits indicate which kind of error is detected by the USB SIE. These bits are set
by the USB SIE and cleared by the application program.
Bit3 IN: IN token indication
0: The received token packet is not IN token
1: The received token packet is IN token
The IN bit is used to indicate whether the current token packet received from the USB
host is IN token or not.
Bit 2 OUT: OUT token indication
0: The received token packet is not OUT token
1: The received token packet is OUT token
The OUT bit is used to indicate whether the token received from the USB host is OUT
token or not except the OUT zero length token. This bit should be cleared to 0 by
application program after an OUT data has been read. Note that this bit will also be
cleared when the next valid SETUP token is received.
Bit 1 UFERR: FIFO access error indication
0: No error occurs
1: Error occurs
This bit is used to indicate whether the USB bus errors, such as CRC error, PID error
or bit stuffing error, etc., has occurred or not when the FIFO is accessed. This bit is set
by SIE and cleared by application program when the BITWE bit is cleared to zero.
Bit 0 ASET: Device address update method control

0: Device address is immediately updated when an address is written into the AWR
register
1: Device address is updated after the device IN token data have completely been
read by the USB host
This bit is used to configure the SIE to automatically change the device address by the
value stored in the AWR register. When this bit is set to “1” by firmware, the SIE will
update the device address by the value stored in the AWR register after the USB host
has successfully read the data from the device by an IN operation. Otherwise, when
this bit is cleared to “0”, the SIE will update the device address immediately after an
address is written to the AWR register. Therefore, in order to operate properly, the
firmware has to clear this bit after a next valid SETUP token is received.
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* MISC Register
Bit 7 6 5 4 3 2 1 0
Name LENO READY |SETCMD| V330S — CLEAR X REQUEST
R/W R/W R R/W R/W — R/W R/W R/W
POR X X X 0 — X X X
“X”: Unknown
Bit 7 LENO: Zero-length packet indication
0: The received packet is not zero-length packet
1: The received packet is zero-length packet
This bit is used to show whether the USB host sends a zero-length packet or not. It is
set by Hardware and cleared by software when the BITWE bit is cleared to zero. It
will also be cleared by hardware after the MCU receives a valid USB SETUP token.
Bit 6 READY: Endpoint FIFO ready indication
0: The desired endpoint FIFO is not ready
1: The desired endpoint FIFO is ready
Bit5 SETCMD: SETUP command indication
0: The data in the FIFO is not SETUP token
1: The data in the FIFO is SETUP token
This bit is set by hardware and cleared by application program when the BITWE bit is
cleared to zero.
Bit 4 V330S: Voltage select
0: Internal V330 voltage
1: External 3.3V LDO
Bit 3 Unimplemented, read as “0”
Bit 2 CLEAR: FIFO clear function enable control
0: No operation
1: Clear the requested endpoint FIFO
This bit is used to clear the requested FIFO even if the corresponding FIFO is not
ready. The CLEAR bit should be set to 1 to generate a positive pulse with a pulse
width to clear the requested FIFO and then clear this bit to zero. After clearing the
FIFO, the USB interface Out pipe endpoint can receive new data from the Host and In
pipe endpoint can transfer new data to the Host.
Bit 1 TX: Data transfer direction indication
0: MCU read data from the USB FIFO
1: MCU wirte data to the USB FIFO
This bit defines the data transfer direction between the MCU and USB endpoint
FIFO. When the TX bit is set to 1, it means that the MCU wants to write data to the
USB endpoint FIFO. After the MCU write operation has completed, this bit has to
be cleared to 0 before terminating the FIFO request to indicate the end of the data
transfer. For an MCU read operation this bit has to be cleared to 0 to indicate that the
MCU wants to read data from the USB endpoint FIFO. Then this bit has to be set to
1 before terminating the FIFO request to indicate the end of the data transfer after an
MCU read operation completion.
Bit 0 REQUEST: FIFO request control

0: No request or request completion

1: Request desired FIFO
This bit is used to request an operation of the desired endpoint FIFO. After selecting
the desired endpoint FIFO, the FIFO can be requested by setting this bit high. Then
this bit should be cleared to zero after the operation completion.
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* SETIO Register

Bit 7 6 5 4 3 2 1 0
Name — — — — SETIO3 | SETIO2 | SETIO1 | DATATG
R/W — — — — R/W R/W R/W R/W
POR — — — — 1 1 1 0
Bit 7~4 Unimplemented, read as “0”
Bit3 SETIO3: Endpoint 3 FIFO control
0: Output pipe
1: Input pipe
Bit 2 SETIO2: Endpoint 2 FIFO control
0: Output pipe
1: Input pipe
Bit 1 SETIO1: Endpoint 1 FIFO control
0: Output pipe
1: Input pipe
Bit 0 DATATG: Data token toggle bit

0: DATAO will be sent first
1: DATA1 will be sent first
This bit is used to select the Data token toggle bit. When this bit is cleared to 0, a
DATAO will be sent first in the following IN or OUT data pipe for the requested
endpoint FIFO. Otherwise, a DATA1 will be sent first followed by the successive IN
or OUT data transfer.

* FRNUMO Register

Bit 7 6 5 4 3 2 1 0
Name D7 D6 D5 D4 D3 D2 D1 DO
R/W R R R R R R R R
POR X X X X X X X
“x”: Unknown
Bit 7~0 D7~D0: Frame number D7~DO0 for each USB SOF package
* FRNUM1 Register
Bit 7 6 5 4 3 2 1 0
Name — — — — — D10 D9 D8
R/W — — — — — R R R
POR — — — — — X X X
“x”: Unknown
Bit 7~3 Unimplemented, read as “0”

Bit 2~0 D10~D8: Frame number D10~DS8 for each USB SOF package

* FIFOn Registers

The FIFOn Register is used for data transactions storages between the USB device and the USB

host. The MCU reads data from or writes data to the FIFOn via the specific combination of the

corresponding control and selection bits.

Name Type POR Descriptions

FIFOO0 R/W XxxXX Xxxx | Endpoint 0 Data Pipe
FIFO1 R/W xxxx xxxx | Endpoint 1 Data Pipe
FIFO2 R/W Xxxx xxxx | Endpoint 2 Data Pipe
FIFO3 R/W Xxxx Xxxxx | Endpoint 3 Data Pipe

“x”: Unknown
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USB Suspend Mode and Wake-Up

USB Suspend Mode
If there is no signal on the USB bus for over 3ms, the USB device will enter the suspend mode. The
Suspend flag, SUSP, in the USC register will then be set high and an USB interrupt will be generated
to indicate that the device should jump to the suspend state to meet the requirements of the USB
suspend current specification. In order to meet the requirements of the suspend current; the firmware
should disable the USB clock by clearing the USBCKEN bit to “0”. The suspend mode current can
be further decreased by setting the SUSP2 bit in the UCC register.

USB Host Wake-up
When the resume signal is asserted by the USB host, the device will be woken up by the USB
interrupt and the RESUME bit in the USC register will be set. To ensure correct device operation, the
application program should set the USBCKEN bit high and the USB host will start to communicate
with the USB device. Then the SUSP bit will be cleared low together with the RESUME bit when
the USB device actually leaves the suspend mode. Therefore, when the device detects the suspend
bit, SUSP, the resume bit, RESUME, should be monitored and taken into consideration.

SUSP
RESUME
USBINT [ [

Suspend and Host Wake-up

USB Remote Wake-up
As the USB devic has a remote wake-up function, the USB device can wake up the USB host by
sending a remote wake-up pulse which is generated by setting the RMWK bit high. Once the USB
host receives a remote wake-up signal from the USB device, the host will send a resume signal to
the device.

SUSP
—— 1 USB Clock (Min.) I—

—
RMWK

<& >
>

RESUME 2.5ms (Min.) I—l_
USBINT |_| |—|

Suspend and Remote Wake-up

USB Interrupts

Several USB conditions can generate a USB interrupt. When one of these conditions exists, an
interrupt pulse will be generated to get the attention of the microcontroller. These conditions are the
USB suspended, USB resumed, USB reset and USB endpoint FIFO access events. When the USB
interrupt caused by any of these conditions occurs, if the corresponding interrupt control is enabled
and the stack is not full, the program will jump to the corresponding interrupt vector where it can be
serviced before returning to the main program.

For the USB Endpoint FIFO access event, there are the corresponding indication flags to indicate
which endpoint FIFO is accessed. As the Endpoint FIFO access flag is set, it will generate a USB
interrupt if the associated Endpoint FIFO pipe and interrupt control are both enabled. The Endpoint
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FIFO access flags should be cleared by the application program. As the USB suspended or USB

resume condition occurs, the corresponding indication flag, known as SUSP and RESUME bits, will

be set and a USB interrupt will directly generate without enabling the associated interrupt control bit.
The SUSP and RESUME bits are read only and set or cleared by the USB SIE. For a USB interrupt
occurred to be serviced, in addition to the bits for the corresponding interrupt enable control in USB

module being set, the global interrupt enable control and the related interrupt enable control bits in

the host MCU must also be set. If these bits are not set, then no interrupt will be serviced.

In addition, each USB start of frame package will generate an interrupt if the global interrupt enable

control and the related interrupt enable control bit SOFE are both set. Refer to the Interrupt section

for more detailed information.

LED PWM Function - HT68FB541

The HT68FB541 device includes a PWM function for LED application, which is composed of an
LED PWM module, an LED COM output unit and several registers.

H.R
> PWM ——]>0—[X] LEDSEGO
MCAE 8-bit PWM A Control
LMCAR [7:0]
H.R
> it PN B PWM —|>o—>|z LEDSEG1
Control
MCBE
LMCBR [7:0] PWMN[2:0] &
H.R
o it PWM C » PWM —[>o—>|2| LEDSEG2
MCCE Control
LMCCR [7:0]
fHOSC
for 16MHz — KEYDATA7~0 [«—X] KEYCO
for_12MHz —
fp 6MHz ——
f 2 Mux ——
Hose COMmPWMA L\ [X] KEYRm/LEDCOMm
(f_16MHz)/2 — COMmPWMB KEYR/LEDCOM
(fou_12MHz)/4 — COMmMPWMC Output —— SCANINT )
p (To KEY Scan frame interrupt)
(fpL_BMHz)/4 —— (PWM Data)
A — > LEDINT
(To LED PWM frame interrupt)
PWMCK[2:0]

COMDIR & LDCOME &
KSCE & LDCOM[3:0]

LED PWM Block Diagram (m=0~7)

Rev. 1.40

125

September 10, 2021



HOLTEK i ’

HT68FB541/HT68FB571
USB Flash RGB LED MCU

LED PWM Registers

Overall operation of the LED PWM function is controlled using a series of registers.

0: Disable, A PWM counter=0

1: Enable

Note: This register can be read/written regardless of the LDCOME bit state. When the PWMGE bit
is zero, the LEDSEG is inactive regardless of the LDCOME bit state. When the PWMGE=1
and LDCOME=0, the PWM counter will be enabled if the MCAE/MCBE/MCCE bit is set
high, otherwise the LEDSEG will be inactive if the MCAE/MCBE/MCCE bit is zero. When
PWMGE=1 and LDCOME=1, the PWM counter cannot be controlled regardless of the
MCAE/MCBE/MCCE bit state.

* LMCAR Register

Register Bit
Name 7 6 5 4 3 2 1 0
LMCE — — — — — MCCE MCBE MCAE
LMCAR MCAD7 MCAD6 MCADS5 MCAD4 MCAD3 MCAD2 MCAD1 MCADO
LMCBR MCBD7 MCBD6 MCBD5 MCBD4 MCBD3 MCBD2 MOCBD1 MCBDO
LMCCR MCCD7 MCCD6 MCCD5 MCCD4 MCCD3 MCCD2 M1CAD1 MCCDO
PWMCTLO PWMN2 PWMN1 PWMNO PWMCK2 | PWMCK1 | PWMCKO — LDCOME
PWMCTL1 KEYSR4 KEYSR3 KEYSR2 KEYSR1 KEYSRO PWMGE — KSCE
PWMCTL2 | TDELAY3 | TDELAY2 | TDELAY1 | TDELAYO — — COMDIR SEGDIR
PWMCTL3 | COMRD3 | COMRD2 | COMRD1 | COMRDO | LDCOM3 | LDCOM2 | LDCOM1 LDCOMO
PWMCmA D7 D6 D5 D4 D3 D2 D1 DO
PWMCmB D7 D6 D5 D4 D3 D2 D1 DO
PWMCmC D7 D6 D5 D4 D3 D2 D1 DO
KEYDATAX — — — — — — — DO
LED PWM Register List (x=0~7, m=0~7)
* LMCE Register
Bit 7 6 5 4 3 2 1 0
Name — — — — — MCCE MCBE MCAE
R/W — — — — — R/W R/W R/W
POR — — — — — 0 0 0
Bit 7~3 Unimplemented, read as “0”
Bit 2 MCCE: Module C PWM function enable control
0: Disable, C PWM counter=0
1: Enable
Bit 1 MCBE: Module B PWM function enable control
0: Disable, B PWM counter=0
1: Enable
Bit 0 MCAE: Module A PWM function enable control

Bit 7 6 O 4 3 2 1 0
Name MCAD7 | MCAD6 | MCAD5 | MCAD4 | MCAD3 | MCAD2 | MCAD1 | MCADO
R/W R/W R/W R/W R/W R/W R/IW R/W R/W
POR 0 0 0 0 0 0 0 0
Bit 7~0 MCAD7~MCADO: Duty data for Module 8-bit A PWM

This register can be read or written if the LDCOME bit is cleared to 0 to select the manual mode.

When the LDCOME bit is set, the register can only be read. An excessive change value may be read

from this register during the PWM data transferring period.
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* LMCBR Register

Bit 7 6 5 4 3 2 1 0
Name MCBD7 | MCBD6 | MCBD5 | MCBD4 | MCBD3 | MCBD2 | MOCBD1 | MCBDO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR 0 0 0 0 0 0 0 0
Bit 7~0 MCBD7~MCBDO0: Duty data for Module 8-bit BPWM

This register can be read or written if the LDCOME bit is cleared to 0 to select the manual mode.
When the LDCOME bit is set, the register can only be read. An excessive change value may be read
from this register during the PWM data transferring period.

* LMCCR Register

Bit 7 6 5 4 3 2 1 0
Name MCCD7 | MCCD6 | MCCD5 | MCCD4 | MCCD3 | MCCD2 | M1CAD1 | MCCDO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR 0 0 0 0 0 0 0 0
Bit 7~0 MCCD7~MCCDO: Duty data for Module 8-bit C PWM

This register can be read or written if the LDCOME bit is cleared to 0 to select the manual mode.

When the LDCOME bit is set, the register can only be read. An excessive change value may be read

from this register during the PWM data transferring period.

* PWMCTLO Register

Bit

7 6 5 4 3 2 1 0

Name

PWMN2 | PWMN1 | PWMNO |PWMCK2 | PWMCK1 | PWMCKO — LDCOME

R/W

R/W R/W R/W R/W R/W R/W — R/W

POR

0 0 0 0 0 0 — 0

Bit 7~5

Bit 4~2

Bit 1

PWMN2~PWMNO: Number of PWM waveform output on each LEDCOM
000: 8 times
001: 7 times
010: 6 times
011: 5 times
100: 4 times
101: 3 times
110: 2 times
111: 1 time
These bits can only be changed when the LED PWM function is configured as manual
mode or the PWMGE bit is disabled.

PWMCK2~PWMCKO0: LED PWM module clock source selection (fowm)
000: frosc
001: ferr_16MHz
010: ferr_12MHz
011: fprr_6MHz
100: fhosc/2
101: (frur_16MHz)/2
110: (feur_12MHz)/4
111: (frr_6MHz)/4
These bits can only be changed when the LED PWM function is configured as manual
mode or the PWMGE bit is disabled.

Unimplemented, read as “0”
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Bit 0

LDCOME: LED hardware COM function enable control
0: Disable, manual mode, users should fill in the related registers by the application
program
1: Enable, auto mode, the LED hardware automatically completes the related duty,
mode operation and COM output
This bit can only be changed when the LED PWM function is configured as manual
mode or the PWMGE bit is disabled.

* PWMCTL1 Register

Bit 7 6 5 4 3 2 1 0
Name | KEYSR4 | KEYSR3 | KEYSR2 | KEYSR1 | KEYSRO | PWMGE — KSCE
R/W R/W R/W R/W R/W R/W R/W — R/W

POR 0 0 0 0 0 0 — 0
Bit 7~3 KEYSR4~KEYSRO0: Hardware key scan output function
00000: KEYRO active
00001: KEYRO~1 active
00010: KEYRO~2 active
00011: KEYRO~3 active
00100: KEYRO0~4 active
00101: KEYRO~5 active
00110: KEYRO~6 active
00111~11111: KEYRO~7 active
These bits can only be changed when the LED PWM function is configured as manual
mode or the PWMGE bit is disabled.
Bit 2 PWMGE: Global LED hardware function enable control
0: Disable
1: Enable
When this bit is zero, the LED PWM function will be disabled, all the LEDSEG and
LEDCOM outputs will be in an inactive state, the PWM clock will be blocked. When
this bit changes from high to low, the PWM function will not be disabled until the
current LED frame and Scan frame are both completed. If the PWMGE bit changes
from high to low and then is set to high again, such transition which occurs during an
LED frame or Key Scan frame duration will not disable the PWM function, instead it
will remain in the enable state.
Bit 1 Unimplemented, read as “0”
Bit0 KSCE: Hardware key scan function enable control

0: Disable
1: Enable

This bit can only be changed when the LED PWM function is configured as manual
mode or the PWMGE bit is disabled.

* PWMCTL2 Register

Bit 7 6 5 4 3 2 1 0
Name |TDELAY3|TDELAY2 | TDELAY1 | TDELAYO — — COMDIR | SEGDIR
R/W R/W R/W R/W R/W — — R/W R/W
POR 0 0 0 0 — — 0 0
Bit 7~4 TDELAY3~TDELAYO0: Hardware key scan delay time selection

0000: 5/fpwm
0001: 10/frwm
0010: 20/frwm
001 1: 40/fpw1v1
0100: 80/fpwm
0101: 160/fewm
0110: 320/fpwm
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Bit 3~2
Bit 1

Bit 0

0111: 640/frwm

1000: 4/frwwm

1001: 8/frwm

1010: 16/fPWM

1011: 32/fpw1v[

1100: 64/fowm

1101: 128/frwm

1110: 256/fpwm

1111: 512/fpwm
These bits can only be changed when the LED PWM function is configured as manual
mode or the PWMGE bit is disabled.
Unimplemented, read as “0”
COMDIR: LED COM output polarity

0: High active

1: Low active
This bit can only be changed when the LED PWM function is configured as manual
mode or the PWMGE bit is disabled.
SEGDIR: LED SEG output polarity

0: Low active

1: High active
This bit can only be changed when the LED PWM function is configured as manual
mode or the PWMGE bit is disabled.

* PWMCTL3 Register

Bit 7 6 5 4 3 2 1 0
Name |COMRD3|COMRD2 |COMRD1|COMRDO | LDCOM3 | LDCOM2 | LDCOM1 | LDCOMO
R/W R R R R R/W R/W R/W R/W
POR 0 0 0 0 0 0 0 0
Bit 7~4 COMRD3~COMRDO: Indicate which LEDCOM is being processed by hardware
0000: LEDCOMO
0001: LEDCOM1
0010: LEDCOM?2
0011: LEDCOM3
0100: LEDCOM4
0101: LEDCOMS
0110: LEDCOM6
0111: LEDCOM7
1000~1111: Reserved
These bits are read only and are used to indicate that which LEDCOM is being processed
by Hardware. If the LED PWM function is disabled, this bit field value has no effect.
Bit 3~0 LDCOM3~LDCOMO: Hardware LED COM output selection

0000: LEDCOMO output
0001: LEDCOMO~1 output
0010: LEDCOMO0~2 output
0011: LEDCOMO0~3 output
0100: LEDCOMO0~4 output
0101: LEDCOMO~S5 output
0110: LEDCOMO0~6 output
0111~1111: LEDCOMO0~7 output
Note: The Hardware always chooses the selected LEDCOM(s) to output according to
the data in LDCOM3~LDCOMO. But in the condition of m < Hardware LED
COM output selection value, the hardware will keep the corresponding PWM
waveform output disabled in the extra LEDCOM(s).
These bits can only be changed when the LED PWM function is configured as manual
mode or the PWMGE bit is disabled.
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* KEYDATAX Register

Bit 7 6 5 4 3 2 1 0
Name — — — — — — — DO
RIW — — — — — — —
POR — — — — — — — 0
Bit 7~1 Unimplemented, read as “0”
Bit0 DO: Hardware key scan input pin KEYCO input data 0 for scan output LEDCOMm

* PWMCmA Register

Bit 7 6 5 4 3 2 1 0
Name D7 D6 D5 D4 D3 D2 D1 DO
R/W R/wW R/wW R/W R/W R/W R/W R/wW R/W
POR 0 0 0 0 0 0 0 0

Bit 7~0 D7~D0: PWM duty Data of PWMA for LEDCOMm in the Auto mode

* PWMCmB Register

Bit 7 6 5 4 3 2 1 0
Name D7 D6 D5 D4 D3 D2 D1 DO
R/wW R/wW R/wW R/wW R/wW R/W R/wW R/wW R/wW
POR 0 0 0 0 0 0 0 0

Bit 7~0 D7~D0: PWM duty Data of PWMB for LEDCOMm in the Auto mode

* PWMCmC Register

Bit 7 6 5 4 3 2 1 0
Name D7 D6 D5 D4 D3 D2 D1 DO
R/wW R/wW R/wW R/wW R/wW R/wW R/wW R/wW R/wW
POR 0 0 0 0 0 0 0 0

Bit 7~0 D7~D0: PWM duty Data of PWMC for LEDCOMm in the Auto mode

LED PWM Modules

The HT68FB541 device provides an LED PWM module, which contains three 8-bit PWMs, namely
PWMA, PWMB and PWMC. The LED PWM module has three segment outputs.

LED COM Output Unit

The HT68FB541 device provides an LED COM output unit used to output external LEDCOMm
enable control signal. By using the Time Shared method combined with the LED PWM module, 24
LED Segment PWM outputs can be generated, which can implement up to 24 LED applications. The
number of LED COM output is determined by the LDCOM][3:0] bits, by which 1 to 8 LEDCOM
outputs can be selected.

LED Operation

The LED function can be configured to operate in manual mode or auto mode, which is determined
by the LDCOME bit. If the LDCOME bit is set high to select the auto mode, the LED function will
automatically complete the related PWM duty and LED COM output by hardware. The HT68FB541
device provides several Auto mode PWM duty data registers, namely the PWMCmA, PWMCmB
and PWMCmC registers, to record the LED PWM duty data, these data will be converted to
the related registers by the hardware and then generates 24 LED segment PWM signals. If the
LDCOME bit is cleared to zero, users can also control the PWM output in manual mode by using
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the LED PWM module, PWM register enable signals and duty data. The COMDIR and SEGDIR
bits are used to setup the LEDCOM and LEDSEG output polarity, special attention should be paid
to this point in application programs.

The timing of the hardware LED PWM module, i.e. 3 LED Segment PWM and 8 LED COMs, is
shown as follow, where the LEDCOM is low active and LEDSEG is high active:

LED | |¢—— LED COM Cycle ————— |
rame Interrupt ‘|
_|
COM 0 COMO0
COM 1 COM 1
JE JE S
COM m-1 COM m-1
COMm COMm

D Read or write PWM duty value to SFR
I:l Enable the corresponding PWM (A/B/C) register and output PWM (A/B/C) cycle

LED PWM Timing Diagram (m=0~7)
The PWM Module PWM output waveform is as follows:
LEDCOM Output Waveform |

(each COM=2 PWM period)
(LEDCOM Low active)

LEDSEG output 8 bit PWM (A/B/C)
Ex:Duty Value=5
(LEDSEG High active) —

PWM (A/B/C) duty cycles value=5

8-bit PWM (A/B/C) period value=256
Module PWM Output Waveform

Hardware Auto Key Scan Function

The LED PWM also supports a Hardware Auto Key Scan function, which can be enabled by setting
the KSCE bit. This function allows the data on the key scan output ports KEYRm, the ports which
are pin-shared with LEDCOMm functions, to be input through the key scan input pin KEYCO
during the LED COM output or Key Scan output duration, the input data on the KEYCO pin will
then be captured and stored into the KEYDATAX registers at the instant the LED COM output
changed to an inactive state. This function can be configured using the related register bits, the
KSCE, TDELAY3~TDELY0 and KEYSR4~KEYSRO bits, as well as the KEYDATAX registers used
for scan input data storage.

The related timings of LED COM output and Key Scan are shown in the following diagrams:
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Condition (1):

KSCE=1; Enable hardware Key Scan function;

T1=TDELAY3~0;

KEYSR4~0 (x)=LDCOM3~0 (m);

LED frame Interrupt
request flag

_):.‘_

T

LED COM Cycle

COMO

LED COM
Time Slot

LED SEG

Key Scan frame
Interrupt

-« - Ty

KEYDATAO = KEYCO input |

_\
EX?FEY/_R\OW X=m

| KEYDATA(x-1) = KEYCO input |

| KEYDATA1 = KEYCO input |

v
| KEYDATAXx = KEYCO input

I:' Read or write PWM duty value from Auto mode PWM duty Data to SFR

I:' Enable the corresponding PWM (A/B/C) register and output PWM (A/B/C) cycle
[ Leosecof
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Condition (2):

KSCE=1; Enable hardware Key Scan function;

KEYSR4~0 (x) <

LDCOM3~0 (m);

T1=TDELAY3~0;

Ex. x=m-1;

LED frame Interrupt
request flag

LED COM Cycle

— 1

como !

LED COM
Time Slot

COM 1

LED SEG

Key Scan frame
Interrupt

U IO e iy i
s

Ex. KEY_ROW x=m-1 ¢

|
|
I ~N—
|
|

KEYDATAO = KEYCO input | [ KEYDATA(x) = KEYCO input

00O

| KEYDATA1=KEYCO input |

Read or write PWM duty value from Auto mode PWM duty Data to SFR
Enable the corresponding PWM (A/B/C) register and output PWM (A/B/C) cycle

LED SEG off
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Condition (3):

KSCE=1; Enable hardware Key Scan function;
KEYSR4~0 (x) > LDCOM3~0 (m);
T1=TDELAY3~0;

Ex. x=m+1;

LED COM Cycle —*]
LED frame Interrupt :
request flag : —l
COMO
LED COM ] ‘|
Time Slot ! COM 1 P
N I : :
I | — — — — — — : :
| . COM mi ' :
! i |
| | COM mi+1
— LED SEG off
LED SEG | | E —————— ( Opposite to
— 7] the SEGDIR setup)
I
f

aD

|
|
¢ ; x. KEY_ROW x=m+1
[ KEYDATA(x) = KEYCO ipput |

Key Scan frame
Interrupt

v

KEYDATAO = KEYCO input |

I
I
I
I
|
\
[ KEYDATA1 = KEYCO input |

[ KEYDATA(x=m+1) = KEYCO input

I:' Read or write PWM duty value from Auto mode PWM duty data to SFR
I:' Enable the corresponding PWM (A/B/C) register and output PWM (A/B/C) cycle

] Lepsecof
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The global LED PWM function configuration flowchart is shown as below:

Start

\

Configure PWM source frequency by PWMCK][2:0]

\

Configure the number of LED COM output by LDCOM[3:0]
Configure LEDCOM & LEDSEG output polarity by COMDIR & SEGDIR|
Configure PWM output number on each LEDCOM by PWMN][2:0]

Enable or disable Hardware Key Scan function by KSCE bit
Configure Hardware Key Scan output function by KEYSR4~0
Configure Hardware Key Scan delay time by TDELAY3~0

Hardware Key Scan?

Enable LED hardware Unit by setting
LDCOME bit and PWMGE bit

End

PWM Output Control Flow Chart

LED Interrupt

The LED function has two interrupt output signals, LED PWM frame interrupt and Key Scan frame
interrupt. After one frame, i.e. 24 LED segment PWM signals, is completed by the hardware, an
LED PWM frame interrupt request will be generated to inform the MCU. It should be noted that
when the LED PWM is disabled by application program, it will not be disabled until the hardware
completes the current PWM frame and sends out an interrupt request. When the Hardware Key Scan
function is enabled, a Key Scan frame interrupt request will be generated to inform the MCU when
the Key Scan frame is completed. Refer to the Interrupt section for more detailed information.
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LED PWM Function - HT68FB571

The HT68FB571 device includes a PWM function for LED application, which is composed of four
LED PWM modules, an LED RAM unit, an LED COM output unit and several registers.

Module 0
Module n
HR
> » PWM [So—»[X]LEDSEG2n
MnCAE 8-bit PWM A Control
LMnCAR [7:0] =P
PWMN[2:0]
& SEGDIR
HR
> o it PWM B » PWM [>o—»[X|LEDSEG2n+1
Control
MnCBE Ao -
LMnCBR [7:0] PWMN[2:0]
& SEGDIR
frosc frosc/2 ﬂ
fo_16MHz fuosold x| KEYRm/LEDCOMm
fou_12MHz frosc/8
£ 6MHz ‘ Hos KEYRILEDCOM [xX] KEYR16~KEYR19
PLL_¢ M PWM frosc/16 LED
fuosc/2 T (e 16MHZ)2 Mux == gam Quiput L SCANINT
PLL_ (To KEY Scan frame interrupt)
(fe_16MHz)/2 (fpL_16MHz)/4
(feLL_12MHz)/4 > LEDINT
PLL_ (fe_16MHz)/8 (To LED PWM frame interrupt)
(foLL_BMHz)/4 (fo_16MHzZ)/16
COMDIR & LDCOME & PHRC &
PWMCK[2:0] RAMCK[2:0] KSCE & LDCOM[3:0]
KEYCO [X—
: KEYDATA 19~0 |<— PHRC
KEYC7 [—

LED PWM Block Diagram (n=0~3, m=0~15)

LED PWM Registers

Overall operation of the LED PWM function is controlled using a series of registers.

Register
Name

Bit

7

6

5

4

3

2

1

0

LMnCE

MnCBE

MnCAE

LMnCAR

MnCAD7

MnCADG6

MnCADS5

MnCAD4

MnCAD3

MnCAD2

MnCAD1

MnCADO

LMnCBR

MnCBD7

MnCBD6

MnCBD5

MnCBD4

MnCBD3

MnCBD2

MnCBD1

MnCBDO

PWMCTLO

PWMN2

PWMN1

PWMNO

PWMCK2

PWMCKA1

PWMCKO

LDCOME

PWMCTLA

KEYSR4

KEYSR3

KEYSR2

KEYSR1

KEYSRO

PWMGE

PHRC

KSCE

PWMCTL2

TDELAY3

TDELAY2

TDELAY1

TDELAYO

TPHRE1

TPHREO

COMDIR

SEGDIR

PWMCTL3

COMRD3

COMRD2

COMRD1

COMRDO

LDCOM3

LDCOM2

LDCOM1

LDCOMO

PWMCTL4

RAMCK2

RAMCKA1

RAMCKO

KEYDATAX

D7

D6

D5

D4

D3

D2

D1

DO

LED PWM Register List (n=0~3, x=0~19)
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* LMnCE Register

Bit 7 6 5 4 3 2 1 0
Name — — — — — — MnCBE | MnCAE
R/W — — — — — — R/W R/W
POR — — — — — — 0 0
Bit 7~2 Unimplemented, read as “0”
Bit 1 MnCBE: Module n B PWM function enable control
0: Disable, B PWM counter=0
1: Enable
Bit 0 MnCAE: Module n A PWM function enable control
0: Disable, A PWM counter=0
1: Enable

Note: This register can be read/written regardless of the LDCOME bit state. When the PWMGE bit
is zero, the LEDSEG is inactive regardless of the LDCOME bit state. When the PWMGE=1
and LDCOME=0, the PWM counter will be enabled if the MnCAE/MnCBE bit is set high,
otherwise the LEDSEG will be inactive if the MnCAE/MnCBE bit is zero. When PWMGE=1
and LDCOME=1, the PWM counter cannot be controlled regardless of the MnCAE/MnCBE
bit state.

* LMnCAR Register

Bit 7 6 5 4 3 2 1 0
Name | MnCAD7 | MnCAD6 | MnCAD5 | MnCAD4 | MnCAD3 | MnCAD2 | MnCAD1 | MnCADO
R/wW R/wW R/wW R/wW R/W R/W R/wW R/wW R/W
POR 0 0 0 0 0 0 0 0

Bit 7~0 MnCAD7~MnCADO: Duty data for module n 8-bit A PWM

This register can be read or written if the LDCOME bit is cleared to 0 to select the manual mode.
When the LDCOME bit is set, the register can only be read. An excessive change value may be read
from this register during the RAM data transferring period.

* LMnCBR Register

Bit 7 6 S 4 3 2 1 0
Name | MnCBD7 | MnCBD6 | MnCBD5 | MnCBD4 | MnCBD3 | MnCBD2 | MnCBD1 | MnCBDO
R/wW R/W R/wW R/wW R/W R/wW R/wW R/wW R/wW

POR 0 0 0 0 0 0 0 0

Bit 7~0 MnCBD7~MnCBDO0: Duty data for module n 8-bit B PWM

This register can be read or written if the LDCOME bit is cleared to 0 to select the manual mode.
When the LDCOME bit is set, the register can only be read. An excessive change value may be read
from this register during the RAM data transferring period.

* PWMCTLO Register

Bit 7 6 5 4 3 2 1 0
Name PWMN2 | PWMN1 | PWMNO |PWMCK2 | PWMCK1 | PWMCKO — LDCOME
R/wW R/W R/wW R/wW R/W R/wW R/wW — R/W
POR 0 0 0 0 0 0 — 0
Bit 7~5 PWMN2~PWMNO: Number of PWM waveform output on each LEDCOM
000: 8 times
001: 7 times
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Bit 4~2

Bit 1
Bit0

010: 6 times
011: 5 times
100: 4 times
101: 3 times
110: 2 times
111: 1 time
These bits can only be changed when the LED PWM function is configured as manual
mode or the PWMGE bit is disabled.

PWMCK2~PWMCKO0: LED PWM modules clock source selection (frwwm)

000: frosc
001: ferr_16MHz
010: prL_leHZ
011: fpu_6MHz
100: fuosc/2
101: (fee_16MHz)/2
110: (frr_12MHz)/4
111: (frie_6MHz)/4
These bits can only be changed when the LED PWM function is configured as manual
mode or the PWMGE bit is disabled.
Unimplemented, read as “0”
LDCOME: LED hardware COM function enable control
0: Disable, manual mode, users should fill in the related registers by the application
program
1: Enable, auto mode, the LED hardware automatically completes the related duty,
mode operation and COM output

This bit can only be changed when the LED PWM function is configured as manual
mode or the PWMGE bit is disabled.

e PWMCTL1 Register

Bit 7 6 5 4 3 2 1 0
Name KEYSR4 | KEYSR3 | KEYSR2 | KEYSR1 | KEYSRO | PWMGE | PHRC KSCE
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR 0 0 0 0 0 0 0 0
Bit 7~3 KEYSR4~KEYSRO0: Hardware key scan output function
00000: KEYR 0 active
00001: KEYR 0~1 active

00010:
00011:
00100:
00101:
00110:
00111:
01000:
01001:
01010:
01011:
: KEYR 0~12 active
01101:
01110:
01111:
10000:
10001:
10010:

01100

KEYR 0~2 active
KEYR 0~3 active
KEYR 0~4 active
KEYR 0~5 active
KEYR 0~6 active
KEYR 0~7 active
KEYR 0~8 active
KEYR 0~9 active
KEYR 0~10 active
KEYR 0~11 active

KEYR 0~13 active
KEYR 0~14 active
KEYR 0~15 active
KEYR 0~16 ative

KEYR 0~17 active
KEYR 0~18 active

10011~11111: KEYR 0~19 active

These bits can only be changed when the LED PWM function is configured as manual
mode or the PWMGE bit is disabled.
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Bit 2

Bit 1

Bit0

PWMGE: Global LED hardware function enable control

0: Disable

1: Enable
When this bit is zero, the LED PWM function will be disabled, all the LEDSEG
and LEDCOM outputs will be in an inactive state, the PWM clock and RAM clock
will be blocked. When this bit changes from high to low, the PWM function will not
be disabled until the current LED frame and Scan frame are both completed. If the
PWMGE bit changes from high to low and then is set to high again, such transition
which occurs during an LED frame or Key Scan frame duration will not disable the
PWM function, instead it will remain in the enable state.

PHRC: Hardware key scan input port pull high resistor control
0: Disable
1: Enable
This bit can only be changed when the LED PWM function is configured as manual
mode or the PWMGE bit is disabled.
KSCE: Hardware key scan function enable control
0: Disable
1: Enable

This bit can only be changed when the LED PWM function is configured as manual
mode or the PWMGE bit is disabled.

* PWMCTL2 Register

Bit

7 6 5 4 3 2 1 0

Name

TDELAY3 | TDELAY2 | TDELAY1 | TDELAYO | TPHRE1 | TPHREO | COMDIR | SEGDIR

R/W

R/W R/W R/W R/W R/W R/W R/W R/W

POR

0 0 0 0 0 0 0 0

Bit 7~4

Bit 3~2

Bit 1

TDELAY3~TDELAY0: Hardware key scan delay time selection
0000: 5/frwwm
0001: 10/fpwm
0010: 20/frwm
0011: 40/fpwm
0100: 80/fpwwm
0101: 160/fpw1v[
0110: 320/fpwm
0111: 640/fpwm
1000: 4/fpwm
1001: 8/fpwwm
1010: 16/fpwm
1011: 32/fpw1\/{
1100: 64/fowm
1101: 128/fpwm
1110: 256/fpwm
1111: 512/fpwm
These bits can only be changed when the LED PWM function is configured as manual
mode or the PWMGE bit is disabled.

TPHRE1~TPHREDQ(: Time for hardware key scan input port pull high resistor
00: The last quarter of the last LED COM PWM cycle
01: 1/2 of the last LED COM PWM cycle
10: The last 3/4 of the last LED COM PWM cycle
11: The beginning of the first LED COM PWM cycle
COMDIR: LED COM output polarity
0: Low active
1: High active
This bit can only be changed when the LED PWM function is configured as manual
mode or the PWMGE bit is disabled.
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Bit 0

SEGDIR: LED SEG output polarity

0: High active

1: Low active
This bit can only be changed when the LED PWM function is configured as manual
mode or the PWMGE bit is disabled.

* PWMCTL3 Register

Bit

7 6 5 4 3 2 1 0

Name

COMRD3 | COMRD2 | COMRD1 | COMRDO | LDCOM3 | LDCOM2 | LDCOM1 | LDCOMO

R/wW

R R R R R/wW R/wW R/wW R/wW

POR

0 0 0 0 0 0 0 0

Bit 7~4

Bit 3~0

COMRD3~COMRDO: Indicate which LEDCOM is being processed by Hardware

0000: LEDCOMO

0001: LEDCOM1

0010: LEDCOM2

0011: LEDCOM3

0100: LEDCOM4

0101: LEDCOMS5

0110: LEDCOM6

0111: LEDCOM7

1000: LEDCOMS

1001: LEDCOM9

1010: LEDCOM10

1011: LEDCOMI11

1100: LEDCOM12

1101: LEDCOM13

1110: LEDCOM 14

1111: LEDCOM15
These bits are read only and are used to indicate that which LEDCOM is being
processed by Hardware. If the LED PWM function is disabled, this bit field value has
no effect.

LDCOM3~LDCOMO: Hardware LED COM output selection
0000: LEDCOMO output
0001: LEDCOMO~1 output
0010: LEDCOMO0~2 output
0011: LEDCOMO0~3 output
0100: LEDCOMO0~4 output
0101: LEDCOMO~5 output
0110: LEDCOMO0~6 output
0111: LEDCOMO~7 output
1000: LEDCOMO0~8 output
1001: LEDCOMO0~9 output
1010: LEDCOMO~10 output
1011: LEDCOMO~11 output
1100: LEDCOMO0~12 output
1101: LEDCOMO0~13 output
1110: LEDCOMO~14 output
1111: LEDCOMO0~15 output
Note: The Hardware always chooses the selected LEDCOM(s) to output according to
the data in LDCOM3~LDCOMO. But in the condition of m < Hardware LED
COM output selection value, the hardware will keep the corresponding PWM
waveform output disabled in the extra LEDCOM(s).
These bits can only be changed when the LED PWM function is configured as manual
mode or the PWMGE bit is disabled.
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* PWMCTL4 Register

Bit 7 6 5 4 3 2 1 0
Name — — — — — RAMCK2 | RAMCK1 | RAMCKO
R/W — — — — — R/W R/W R/W
POR — — — — — 0 1 0
Bit 7~3 Unimplemented, read as “0”

Bit 2~0 RAMCK2~RAMCKO0: LED RAM clock source selection
000: fuosc/2
001: fuosc/4
010: faosc/8
011: fuosc/16
100: (fru_16MHz)/2
101: (frue_16MHz)/4
110: (fr_16MHz)/8
111: (fpe_16MHz)/16

* KEYDATAX Register

Bit 7 6 5 4 3 2 1 0
Name D7 D6 D5 D4 D3 D2 D1 DO
R/W R R R R R R R R
POR 0 0 0 0 0 0 0 0
Bit 7~0 D7~D0: Hardware key scan input port KEYC input data 7~0 for scan output LEDCOMm

LED PWM Modules

The HT68FB571 device provides four LED PWM modules, each module contains two 8-bit PWMs,
namely PWMA and PWMB. Each LED PWM module has the identical architecture, the number of
PWM segment outputs is 2(n+1) decided by the selected Module number n.

LED COM Output Unit

The HT68FB571 device provides an LED COM output unit used to output external LEDCOMm
enable control signal. By using the Time Shared method combined with LED PWM modules, 128
LED Segment PWM outputs can be generated, which can implement up to 128 LED application.
The number of LED COM output is determined by the LDCOM[3:0] bits, by which 1 to 16
LEDCOM outputs can be selected.

LED Memory

The HT68FB571 device provides an area of embedded data memory for the LED. This data area is
known as the LED Memory, which is used to record LED PWM duty data. The LED RAM is used
to convert the LED RAM data to the LED PWM module related registers data, and generates 128
LED segment PWM signals.

The LED Memory has a capacity of 128 bytes. The LED RAM is subdivided into 16 columns,
namely Column 0~Column 15, corresponding respectively to LEDCOMO~LEDCOM15. Each
column has 8 bytes data, which is recorded as PWM value with a specific order of PWM_A0
—PWM_B0—...... PWM_A3—PWMB3.

The LED RAM data can be allocated as follows:
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LED RAM
Start address: RAM Sector 4 [80H] ——»
Column 0
Column 1
Column 2
Data format
PWM_CmAO \ N
PWM_CmBO0 \
PWM_CmA1 \ Column 3
PWM_CmB1 h \
\
\ |
\ |
AN
\ |
\
PWM_CmAn Column m
PwmM CmBn |
PWM_CmXn

[7]6[5]4]s]2[1]o]

Bit7~0: PWM_Cm(A/B)n PWM value
LED Memory Allocation (n=0~3, m=0~15)

LED Operation

The LED function can be configured to operate in manual mode or auto mode, which is determined
by the LDCOME bit. If the LDCOME bit is set high to select the auto mode, the LED function will
automatically complete the related PWM duty and LED COM output by hardware. If the LDCOME
bit is cleared to zero, users can also control the PWM output in manual mode by using the LED
PWM modules, PWM register enable signals and duty data. The COMDIR and SEGDIR bits are
used to setup the LEDCOM and LEDSEG output polarity, special attention should be paid to this
point in application programs.

The timing of hardware LED PWM, i.e. 2x(n+1) LED Segment PWM and (m+1) COM, is shown as
follow, where the LEDCOM is low active and LEDSEG is high active:

LED frame Interrupt [~ LED COM Cycle

request flag I

T L]

COM 0 COMO
LED COM I_ICOM 1 SRl
Time Slot
— oM m| — — — CoMmt
L
COM m cCOMm

] Read or write PWM duty value from LED RAM to SFR
[] Enable the corresponding PWM (A/B) register and output PWM (A/B) cycle
LED PWM Timing Diagram (n=0~3, m=0~15)
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The PWM Module PWM output waveform is as follows:

LEDCOM Output Waveform ]
(each COM=2 PWM period)
(LEDCOM Low active)

LEDSEG output 8 bit PWM (A/B)
Example:Duty Value=5
(LEDSEG High active) —

PWM (A/B) duty cycles value=5
8-bit PWM(A/B) period value=256
Module PWM Output Waveform

Hardware Auto Key Scan Function
The LED PWM also supports a Hardware Auto Key scan function, which can be enabled by
setting the KSCE bit. This function allows the data on the key scan output ports KEYRm, the
ports which are pin-shared with LEDCOMm functions or with only I/O functions, to be input
through the key scan input pins KEYCO~KEYC?7 during the LED COM output or Key Scan output
duration, the input data on the KEYCO~KEYC7 pins will then be captured and stored into the
KEYDATAX registers at the instant the LED COM output changed to an inactive state. This function
can be configured using the related register bits, the KSCE, PHRC, TDELAY3~TDELYO0 and
KEYSR4~KEYSRO bits, as well as the KEYDATAX registers used for scan input data storage.
The related timings of LED COM output and Key Scan are shown in the following diagrams:
Condition (1):
KSCE=1; Enable hardware Key Scan function
PHRC=0; Disable hardware Key Scan input port pull high resistor
T1=TDELAY3~0
KEYSR4~0 (x)=LDCOM3~0 (m)

T

; LED COM Cycle
LED frame Interrupt :
request flag P —l

| DN
| | d
' v lEx. KEY' ROW x=m
[ KEYDATAO = KEYC7~0 input |¢ [ KEYDATA(x-1) = KEYC7~0 input

Key Scan frame
Interrupt

COMO : | !
LED COM o J
Time Slot i
: COM1|
¥ B \_m[
i L COM m-1
H I
Hl | [
Hl ' ' COMm
coses [T}~ 1 |
[
[
[
v

Y
| KEYDATAXx = KEYC7~0 input

[ KEYDATA1 = KEYC7~0 input |

I:' Read or write PWM duty value from LED RAM to SFR
|:| Enable the corresponding PWM (A/B) register and output PWM (A/B) cycle
[ LepsEG off
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Condition (2):
KSCE=1; Enable hardware Key Scan function

PHRC=0; Disable hardware Key Scan input port pull high resistor
KEYSR4~0 (x) < LDCOM3~0 (m)
T1=TDELAY3~0

Ex. x=m-1
T1
H
LED COM Cycle
LED frame Interrupt i
request flag i —|
COM 0 i
LED COM | :
Time Slot | com 1
: H No T,
: l\_ \—‘ L delay
| Ll COM m!1 | /
; 0 : [T
; |
| i | comm |,
oo [ W I -
: I o
Key Scan frame | |_|
Interrupt v | -
v | Ex. KEY_ROW x=m-1 |,
| KEYDATAOQ = KEYC7~0 input | v [ KEYDATA(x) = KEYC7~0 input

| KEYDATA1 = KEYC7~0 input |

I:' Read or write PWM duty value from LED RAM to SFR
I:' Enable the corresponding PWM (A/B) register and output PWM (A/B) cycle

. LED SEG off
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Condition (3):
KSCE=1; Enable hardware Key Scan function

PHRC=0; Disable hardware Key scan input port pull high resistor
KEYSR4~0 (x) > LDCOM3~0 (m)
T1=TDELAY3~0

Ex. x=m+1

.

Key Scan frame

LED COM Cycle ———————
LED frame Interrupt :
request flag : —|
COMO :
LED COM = :
Time Slot ! com 1. | . ,
N AL H v
: e — — — P
il L COMm o
H y
P o il cOMm+1
T : : L — LED SEG off
LED SEG I | H —————— ( Opposite to
| ——1{ the SEGDIR setup)
|
I

D

Interrupt
? v v IEx. KEY_ROW x=m+1
|
KEYDATAO = KEYC7~0 input | J | KEYDATA(X) = KEYC?~§') input |
A4

[ KEYDATA1 = KEYC7~0 input | [ KEYDATA(x=m+1) = KEYC7~0 input

|:| Read or write PWM duty value from LED RAM to SFR
|:| Enable the corresponding PWM (A/B) register and output PWM (A/B) cycle

[} Lepsecof
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Condition (4):
KSCE=1; Enable hardware Key Scan function

PHRC=1; Enable hardware Key Scan input port pull high resistor
T1=TDELAY3~0; T2=TPHRE1~0
KEYSR4~0 (x)=LDCOM3~0 (m)

Disable KEYC pull register
[Enable KEYC pull register|<'§4A/>| pull register |

—> i
T2 i
_}E ?(..—
— LED COM Cycle
LED frame Interrupt i
request flag i —l
COMO | AL
LEDCOM | — : i
Time Slot ! CoM 1 1
T H T —
| Pl ——— = — =
| : . COM m-
HE f —
! i i —
| | | COM m
eoses Il M- I |
| | |
Key Scan frame [ | \
Interrupt | | 1
v : v Ex. KEY_ROW x=m
KEYDATAO = KEYC7~0 input | v [ KEYDATA(x-1) = KEYC7~0 input | :
v

[ KEYDATA1 = KEYC7~0 input | [ KEVDATAX = KEYG7~0 nput

I:' Read or write PWM duty value from LED RAM to SFR

|:| Enable the corresponding PWM (A/B) register and output PWM (A/B) cycle
[] LED SEG Disable
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Condition (5):
KSCE=1; Enable hardware Key Scan function

PHRC=1; Enable hardware Key Scan input port pull high resistor
KEYSR4~0 (x) < LDCOM3~0 (m)
T1=TDELAY3~0; T2=TPHRE1~0

Ex. x=m-1;
i Disable KEYC pull register |
[ Enable KEYC pull register J&——,
—> «— T1
T2 i

—> «—

LED COM Cycle
LED frame Interrupt

Key Scan frame
Interrupt

request flag P —|
COMO | i
LED COM = :
- i —
Time Slot I coM1 | | .
I H
| : : NO Telay
| ________ H +4
[ L COM m-1 TV
T ¥ = |
i i
' Ll | COMm, :
]
soseo NI - I
|
|
|
v

|
:
I Ex. KEY_ROW x=m-1
|
|

[ KEYDATAO = KEYC7~0 input | | KEYDATA(x) = KEYC7~0 input
\4

KEYDATA1 = KEYC7~0 input |

I:' Read or write PWM duty value from LED RAM to SFR
I:' Enable the corresponding PWM (A/B) register and output PWM (A/B) cycle

. LED SEG off
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Condition (6):
KSCE=1; Enable hardware Key Scan function;

PHRC=1; Enable hardware Key Scan input port pull high resistor control
T1=TDELAY3~0; T2=TPHRE1~0
KEYSR4~0 (x) > LDCOM3~0 (m)

Ex. x=m+1

[ Disable KEYC pull register |
[(Enable KEYC pullregister | %~ *
A A

[ Enable KEYC pull register ] /| Disable KEYC pull register |

—> T —p e T1
T2 i4— 2— e

LED COM Cycle

LED frame Interrupt
request flag

.

COMO |
LED COM :

Time Slot

C|6M—l'n+ 1

!

|

]

fl

Ll

Hl s

fl :

: : ; — LED SEG off

eoseo M- e

I — the SEGDIR setup)
|

I

\d

! |

| | m

: v [Ex. KEY_ROW x=m+1
]

| [ KEYDATA(x) = KEYC7~0 input |

Key Scan frame
Interrupt

KEYDATAQ = KEYC7~0 input |

" A4
[__KEYDATA1 = KEYC7~0 input_ | [ KEYDATA(x=m+1) = KEYC7~0 input

|:| Read or write PWM duty value from LED RAM to SFR
|:| Enable the corresponding PWM (A/B) register and output PWM (A/B) cycle

[ Lepsecoff

Rev. 1.40 148 September 10, 2021



HT68FB541/HT68FB571 #
USB Flash RGB LED MCU HOLTEK

The global LED PWM function configuration flowchart is shown as below:

Start

Y

Configure PWM & RAM source frequency by
PWMCK][2:0] & RAMCK|2:0]

\

Configure the number of LED COM output by LDCOM[3:0]
Configure LEDCOM & LEDSEG output polarity by COMDIR & SEGDIR
Configure PWM output number on each LEDCOM by PWMN[2:0]

Enable or disable Hardware Key Scan function by KSCE bit
Configure Hardware Key Scan output function by KEYSR4~0
Configure Hardware Key Scan delay time by TDELAY3~0
Set Hardware Key Scan input port pull high resistor by PHRC bit

Hardware Key Scan?

Enable LED hardware Unit by setting
LDCOME bit and PWMGE bit -

End

PWM Output Control Flow Chart

LED Interrupt

The LED function has two interrupt output signals, LED PWM frame interrupt and Key Scan frame
interrupt. After one frame, i.e. 2(n+1)x(m+1) LED segment PWM signals, is completed by the
hardware, an LED PWM frame interrupt signal will be generated to inform the MCU. It should be
noted that when the LED PWM is disabled by application program, it will not be disabled until the
hardware completes the current PWM frame and sends out an interrupt signal.

When the Hardware Key Scan function is enabled, a Key Scan frame interrupt signal will be
generated to inform the MCU when the Key Scan frame is completed. Refer to the Interrupt section
for more detailed information.
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Comparators — HT68FB541 Only

Two independent analog comparators are contained within the HT68FB541 device. These functions
offer flexibility via their register controlled features such as power-down, polarity select, hysteresis
etc. In sharing their pins with normal I/O pins the comparators do not waste precious 1/O pins if
there functions are otherwise unused.

CMPnHYEN
| Rt |
CMPnINP X T } One Shot > CMP n Interrupt
| |
CMPRINN [R—1 : I~ =1
T - CMPnPOL o+—>&4 CMPnO
CMPnEN
Pin-shared Pin-shared
selection selection

Comparators (n=0~1)

Comparator Operation

The HT68FB541 device contains two comparator functions which are used to compare two analog
voltages and provide an output based on their difference.

Any pull-high resistors connected to the shared comparator input pins will be automatically
disconnected when the comparator is enabled. As the comparator inputs approach their switching
level, some spurious output signals may be generated on the comparator output due to the slow
rising or falling nature of the input signals. This can be minimised by selecting the hysteresis
function will apply a small amount of positive feedback to the comparator. Ideally the comparator
should switch at the point where the positive and negative inputs signals are at the same voltage
level. However, unavoidable input offsets introduce some uncertainties here. The hysteresis function,
if enabled, also increases the switching offset value.

Comparator Registers

Full control over each internal comparator is provided via the control register, CMPnC. The
comparator output is recorded via a bit in their respective control register, but can also be transferred
out onto a shared I/O pin. Additional comparator functions include output polarity, hysteresis
functions and power down control.

* CMPnC Register (n=0~1)

Bit 7 6 5 4 3 2 1 0
Name — CMPREN | CMPnPOL | CMPNnO — — — CMPNnHYEN
R/wW — R/wW R/wW R — — — R/wW
POR — 0 0 0 — — — 1
Bit 7 Unimplemented, read as “0”
Bit 6 CMPnEN: Comparator n enable control
0: Disable
1: Enable

This is the Comparator n on/off control bit. If the bit is zero the comparator n will be
switched off and no power consumed even if analog voltages are applied to its inputs.
For power sensitive applications this bit should be cleared to zero if the comparator
n is not used or before the device enter the SLEEP or IDLE mode. Note that the
comparator n output will be set low when this bit is cleared to zero.
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Bit5 CMPnPOL: Comparator n output polarity control
0: Output is not inverted
1: Output is inverted
This is the comparator n polarity control bit. If the bit is zero then the comparator n
output bit, CMPnO, will reflect the non-inverted output condition of the comparator n.
If the bit is high the comparator n output bit will be inverted.
Bit4 CMPnO: Comparator n output bit
If CMPnPOL=0,
0: CMPnINP < CMPnINN
1: CMPnINP > CMPnINN
If CMPnPOL=1,
0: CMPnINP > CMPnINN
1: CMPnINP < CMPnINN
This bit stores the comparator n output bit. The polarity of the bit is determined by the
voltages on the comparator n inputs and by the condition of the CMPnPOL bit.

Bit 3~1 Unimplemented, read as “0”

Bit0 CMPnHYEN: Comparator n hysteresis enable control
0: Disable
1: Enable

This is the comparator n hysteresis enable control bit and if set high will apply a
limited amount of hysteresis to the comparator. The positive feedback induced by
hysteresis reduces the effect of spurious switching near the comparator threshold.

Comparator Interrupt

Each comparator also possesses its own interrupt function. When any one of the output bits changes
state, its relevant interrupt flag will be set, and if the corresponding interrupt enable bit is set, then
a jump to its relevant interrupt vector will be executed. Note that it is the changing state of the
CMPnO bit and not the output pin which generates an interrupt. If the microcontroller is in the
SLEEP or IDLE Mode and the Comparator is enabled, then if the external input lines cause the
Comparator output bit to change state, the resulting generated interrupt flag will also generate a
wake-up. If it is required to disable a wake-up from occurring, then the interrupt flag should be first
set high before entering the SLEEP or IDLE Mode.

Programming Considerations

If the comparator is enabled, it will remain active when the microcontroller enters the SLEEP or
IDLE Mode, however as it will consume a certain amount of power, users may wish to consider
disabling it before the SLEEP or IDLE Mode is entered.

As comparator pins are shared with normal I/O pins the I/O registers for these pins will be read as

“1”

zero (port control register is “1”°) or read as port data register value (port control register is “0”) if

the comparator function is enabled.

Rev. 1.40 151 September 10, 2021



# HT68FB541/HT68FB571
HOLTEK USB Flash RGB LED MCU

Interrupts

Interrupts are an important part of any microcontroller system. When an external event or an internal
function such as a Timer Module requires microcontroller attention, their corresponding interrupt
will enforce a temporary suspension of the main program allowing the microcontroller to direct
attention to their respective needs. The devices contain several external interrupts and internal
interrupts functions. The external interrupts are generated by the action of the external INTO~INT1
pins, while the internal interrupts are generated by various internal functions such as the EEPROM,
Timer/event counters, Comparators (HT68FB541 only), LED PWM functions, SPI, LVD, Time
Bases and the USB interface.

Interrupt Registers

Overall interrupt control, which basically means the setting of request flags when certain
microcontroller conditions occur and the setting of interrupt enable bits by the application
program, is controlled by a series of registers, located in the Special Purpose Data Memory, as
shown in the accompanying table. The number of registers falls into two categories. The first is the
INTCO~INTC3 registers which setup the primary interrupts and the second is an INTEG register to
setup the external interrupt trigger edge type.

Each register contains a number of enable bits to enable or disable individual registers as well as
interrupt flags to indicate the presence of an interrupt request. The naming convention of these
follows a specific pattern. First is listed an abbreviated interrupt type, then the (optional) number of
that interrupt followed by either an “E” for enable/disable bit or “F” for request flag.

Function Enable Bit | Request Flag Notes
Global EMI — —
INTn Pin INTnE INTnF n=0 or 1
uUsSB USBE USBF —
USB start of frame SOFE SOFF —
LED PWM frame LEDE LEDF —
Key Scan frame KSCIE KSCIF —
Time Bases TBnE TBnF n=0 or 1
LvVD LVE LVF —
Timer/Event Counters TnE TnF n=0 or 1
EEPROM DEE DEF —
SPI SPIE SPIF —
&"{2‘;?;‘;‘2{? only) CPnE CPnF |n=0or 1

Interrupt Register Bit Naming Conventions

Register Bit
Name 7 6 5 4 3 2 1 0

INTEG — — — — INT1S1 | INT1S0 | INTOS1 | INTOSO
INTCO — USBF | INT1F | INTOF | USBE | INT1E | INTOE EMI
INTC1 TB1F | TBOF | KSCIF | LEDF | TB1E | TBOE | KSCIE | LEDE
INTC2 DEF TIF TOF LVF DEE T1E TOE LVE
INTC3
(HT68FBS541) CP1F | CPOF | SOFF SPIF CP1E | CPOE | SOFE | SPIE
INTC3
(HTO8FBS71)|  — — SOFF SPIF — — SOFE | SPIE

Interrupt Register List
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* INTEG Register

Bit 7 6 5 4 3 2 1 0
Name — — — — INT181 INT1SO | INTOS1 INTOSO
R/W — — — — R/W R/W R/W R/W
POR — — — — 0 0 0 0
Bit 7~4 Unimplemented, read as “0”
Bit 3~2 INT1S1~INT1S0: Interrupt edge control for INT1 pin
00: Disable
01: Rising edge
10: Falling edge
11: Rising and falling edges
Bit 1~0 INTOS1~INTOSO: Interrupt edge control for INTO pin
00: Disable
01: Rising edge
10: Falling edge
11: Rising and falling edges
* INTCO Register
Bit 7 6 5 4 3 2 1 0
Name — USBF INT1F INTOF USBE INT1E INTOE EMI
R/wW — R/wW R/wW R/W R/wW R/wW R/wW R/W
POR — 0 0 0 0 0 0 0
Bit7 Unimplemented, read as “0”
Bit 6 USBF: USB interrupt request flag
0: No request
1: Interrupt request
Bit5 INT1F: INT1 interrupt request flag
0: No request
1: Interrupt request
Bit 4 INTOF: INTO interrupt request flag
0: No request
1: Interrupt request
Bit 3 USBE: USB interrupt control
0: Disable
1: Enable
Bit 2 INTI1E: INT1 interrupt control
0: Disable
1: Enable
Bit 1 INTOE: INTO interrupt control
0: Disable
1: Enable
Bit 0 EMI: Global interrupt control
0: Disable
1: Enable
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* INTC1 Register
Bit 7 6 5 4 3 2 1 0
Name TB1F TBOF KSCIF LEDF TB1E TBOE KSCIE LEDE
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR 0 0 0 0 0 0 0 0
Bit7 TBI1F: Time base 1 interrupt request flag
0: No request
1: Interrupt request
Bit 6 TBOF: Time base 0 interrupt request flag
0: No request
1: Interrupt request
Bit5 KSCIF: Key scan frame interrupt request flag
0: No request
1: Interrupt request
Bit 4 LEDF: LED PWM frame interrupt request flag
0: No request
1: Interrupt request
Bit 3 TBI1E: Time base | interrupt control
0: Disable
1: Enable
Bit 2 TBOE: Time base 0 interrupt control
0: Disable
1: Enable
Bit 1 KSCIE: Key scan frame interrupt control
0: Disable
1: Enable
Bit 0 LEDE: LED PWM frame interrupt control
0: Disable
1: Enable
* INTC2 Register
Bit 7 6 5 4 3 2 1 0
Name DEF T1F TOF LVF DEE T1E TOE LVE
R/wW R/W R/wW R/wW R/W R/W R/wW R/wW R/W
POR 0 0 0 0 0 0 0 0
Bit7 DEF: Data EEPROM interrupt request flag
0: No request
1: Interrupt request
Bit 6 T1F: Timer/event counter 1 interrupt request flag
0: No request
1: Interrupt request
Bit5 TOF: Timer/event counter 0 interrupt request flag
0: No request
1: Interrupt request
Bit4 LVF: LVD interrupt request flag
0: No request
1: Interrupt request
Bit 3 DEE: Data EEPROM interrupt control
0: Disable
1: Enable
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Bit2 T1E: Timer/event counter 1 interrupt control
0: Disable
1: Enable
Bit 1 TOE: Timer/event counter 0 interrupt control
0: Disable
1: Enable
Bit0 LVE: LVD interrupt control
0: Disable
1: Enable

* INTC3 Register - HT68FB541

Bit 7 6 5 4 3 2 1 0
Name CP1F CPOF SOFF SPIF CP1E CPOE SOFE SPIE
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR 0 0 0 0 0 0 0 0
Bit 7 CP1F: Comparator 1 interrupt request
0: No request
1: Interrupt request
Bit 6 CPOF: Comparator 0 interrupt request
0: No request
1: Interrupt request
Bit5 SOFF: USB start-of-frame interrupt request flag
0: No request
1: Interrupt request
Bit 4 SPIF: SPI interrupt request flag
0: No request
1: Interrupt request
Bit3 CP1E: Comparator 1 interrupt control
0: Disable
1: Enable
Bit 2 CPOE: Comparator 0 interrupt control
0: Disable
1: Enable
Bit 1 SOFE: USB start-of-frame interrupt control
0: Disable
1: Enable
Bit0 SPIE: SPI interrupt control
0: Disable
1: Enable
* INTC3 Register - HT68FB571
Bit 7 6 5 4 3 2 1 0
Name — — SOFF SPIF — — SOFE SPIE
R/W — — R/W R/W — — R/W R/W
POR — — 0 0 — — 0 0
Bit 7~6 Unimplemented, read as “0”
Bit5 SOFF: USB start-of-frame interrupt request flag

0: No request
1: Interrupt request

Bit 4 SPIF: SPI interrupt request flag
0: No request
1: Interrupt request
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Bit 3~2 Unimplemented, read as “0”

Bit 1 SOFE: USB start-of-frame interrupt control
0: Disable
1: Enable
Bit0 SPIE: SPI interrupt control
0: Disable
1: Enable

Interrupt Operation

When the conditions for an interrupt event occur, such as an EEPROM write cycle ends etc., the
relevant interrupt request flag will be set. Whether the request flag actually generates a program
jump to the relevant interrupt vector is determined by the condition of the interrupt enable bit. If the
enable bit is set high then the program will jump to its relevant vector; if the enable bit is zero then
although the interrupt request flag is set an actual interrupt will not be generated and the program
will not jump to the relevant interrupt vector. The global interrupt enable bit, if cleared to zero, will
disable all interrupts.

When an interrupt is generated, the Program Counter, which stores the address of the next instruction
to be executed, will be transferred onto the stack. The Program Counter will then be loaded with a
new address which will be the value of the corresponding interrupt vector. The microcontroller will
then fetch its next instruction from this interrupt vector. The instruction at this vector will usually
be a “JMP” which will jump to another section of program which is known as the interrupt service
routine. Here is located the code to control the appropriate interrupt. The interrupt service routine
must be terminated with an “RETI”, which retrieves the original Program Counter address from
the stack and allows the microcontroller to continue with normal execution at the point where the
interrupt occurred.

The various interrupt enable bits, together with their associated request flags, are shown in the
accompanying diagrams with their order of priority. Once an interrupt subroutine is serviced, all
the other interrupts will be blocked, as the global interrupt enable bit, EMI bit will be cleared
automatically. This will prevent any further interrupt nesting from occurring. However, if other
interrupt requests occur during this interval, although the interrupt will not be immediately serviced,
the request flag will still be recorded.

If an interrupt requires immediate servicing while the program is already in another interrupt service
routine, the EMI bit should be set after entering the routine, to allow interrupt nesting. If the stack
is full, the interrupt request will not be acknowledged, even if the related interrupt is enabled, until
the Stack Pointer is decremented. If immediate service is desired, the stack must be prevented from
becoming full. In case of simultaneous requests, the accompanying diagram shows the priority that
is applied. All of the interrupt request flags when set will wake-up the device if it is in SLEEP or
IDLE Mode, however to prevent a wake-up from occurring the corresponding flag should be set
before the device is in SLEEP or IDLE Mode.
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Legend
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Interrupt Structure

External Interrupts

The external interrupts are controlled by signal transitions on the pins INTn. An external interrupt
request will take place when the external interrupt request flag, INTnF, is set, which will occur
when a transition, whose type is chosen by the edge select bits, appears on the external interrupt
pins. To allow the program to branch to its respective interrupt vector address, the global interrupt
enable bit, EMI, and respective external interrupt enable bit, INTnE, must first be set. Additionally
the correct interrupt edge type must be selected using the INTEG register to enable the external
interrupt function and to choose the trigger edge type. As the external interrupt pins are pin-shared
with I/O pins, they can only be configured as external interrupt pins if their external interrupt enable
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bit in the corresponding interrupt register has been set and the external interrupts pin are selected by
the corresponding pin-shared function selection bits. The pins must also be setup as input by setting
the corresponding bits in the port control register. When the interrupt is enabled, the stack is not full
and the correct transition type appears on the external interrupt pins, a subroutine call to the external
interrupt vector, will take place. When the interrupt is serviced, the external interrupt request flag,
INTnF, will be automatically reset and the EMI bit will be automatically cleared to disable other
interrupts. Note that any pull-high resistor selections on the external interrupt pins will remain valid
even if the pin is used as an external interrupt input.

The INTEG register is used to select the type of active edge that will trigger the external interrupt.
A choice of either rising or falling or both edge types can be chosen to trigger an external interrupt.
Note that the INTEG register can also be used to disable the external interrupt function.

Timer/Event Counter Interrupts

A timer/event counter interrupt request will take place when the corresponding interrupt request flag,
TnF, is set, which occurs when the timer/event counter overflows. To allow the program to branch
to its respective interrupt vector address, the global interrupt enable bit, EMI and the corresponding
timer interrupt enable bit TnE must first be set. When the interrupt is enabled, the stack is not
full and a timer/event counter overflow occurs, a subroutine call to the relevant timer interrupt
vector will take place. When the interrupt is serviced, the timer interrupt request flag TnF will be
automatically reset and the EMI bit will be automatically cleared to disable other interrupts.

USB Interrupt

Several USB conditions can generate a USB interrupt. When one of these conditions occurs, an
interrupt pulse will be generated to get the attention of the microcontroller. These conditions are
the USB suspended, USB resumed, USB reset and USB endpoint FIFO access events. To allow the
program to branch to its respective interrupt vector address, the global interrupt enable bit, EMI, and
USB interrupt enable bit, USBE, must first be set. When the interrupt is enabled, the stack is not full
and any of these conditions are created, a subroutine call to the USB interrupt vector, will take place.
When the interrupt is serviced, the USB interrupt request flag, USBF, will be automatically reset and
the EMI bit will be automatically cleared to disable other interrupts.

USB Start of Frame Interrupt

A USB SOF interrupt request will take place when the correspongding interrupt request flag, SOFF,
is set, which occurs when a USB start of frame signal is detected. To allow the program to branch to
its respective interrupt vector address, the global interrupt enable bit, EMI, and USB start of frame
interrupt enable bit, SOFE, must first be set. When the interrupt is enabled, the stack is not full and
a USB start of frame signal is detected, a subroutine call to the respective interrupt vector will take
place. When the USB SOF interrupt is serviced, the SOFF flag will be automatically cleared, the
EMI bit will also be automatically cleared to disable other interrupts.

SPI Interrupt

The serial peripheral Interface interrupt, also known as the SPI interrupt, will take place when
the SPI interrupt request flag, SPIF, is set, which occurs when a byte of data has been received
or transmitted by the SPI interface or an SPI incomplete transfer occurs. To allow the program to
branch to its respective interrupt vector address, the global interrupt enable bit, EMI, and the serial
peripheral interface interrupt enable bit, SPIE, must first be set. When the interrupt is enabled, the
stack is not full and any of the above described situations occurs, a subroutine call to the respective
interrupt vector, will take place. When the interrupt is serviced, the serial peripheral interface
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interrupt flag, SPIF, will be automatically cleared. The EMI bit will also be automatically cleared to

disable other interrupts.

Time Base Interrupts

The function of the Time Base interrupts is to provide regular time signal in the form of an internal
interrupt. They are controlled by the overflow signals from their respective timer functions. When
these happens their respective interrupt request flags, TBOF or TB1F will be set. To allow the
program to branch to their respective interrupt vector addresses, the global interrupt enable bit, EMI
and Time Base enable bits, TBOE or TB1E, must first be set. When the interrupt is enabled, the stack
is not full and the time base overflows, a subroutine call to their respective vector locations will take
place. When the interrupt is serviced, the respective interrupt request flag, TBOF or TBI1F, will be
automatically reset and the EMI bit will be cleared to disable other interrupts.

The purpose of the Time Base interrupt is to provide an interrupt signal at fixed time periods. Its
clock source, fpsc, originates from the internal clock source fsys, fsys/4 or fsus and then passes
through a divider, the division ratio of which is selected by programming the appropriate bits in the
TBOC and TBI1C registers to obtain longer interrupt periods whose value ranges. The clock source
which in turn controls the Time Base interrupt period is selected using the CLKSEL1~CLKSELO
bits in the PSCR register.

TBO[2:0]
TBOON
fpsc/2® ~ fosc/2'® M
Psc Psc U Time Base 0 Interrupt
fsys—b M X
fsys/4d—» U fpso Prescaler |—§
fsus—>| X fosc/2® ~ fpsc/2'® M
U Time Base 1 Interrupt
CLKSEL[1:0] X
TB1ON
TB1[2:0]
Time Base Interrupts
* PSCR Register
Bit 7 6 5 4 3 2 1 0
Name — — — — — — CLKSEL1 | CLKSELO
R/W — — — — — — R/W R/W
POR — — — — — — 0 0
Bit 7~2 Unimplemented, read as “0”
Bit 1~0 CLKSEL1~CLKSELO: Prescaler clock source selection
00: fsys
01: fsys/4
1x: fSUB
* TBnC Register (n=0~1)
Bit 7 6 5 4 3 2 1 0
Name TBnON — — — — TBn2 TBn1 TBnO
R/W R/W — — — — R/W R/W R/W
POR 0 — — — — 0 0 0
Bit 7 TBnON: Time Base n control
0: Disable
1: Enable
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Bit 6~3 Unimplemented, read as “0”

Bit 2~0 TBn2~TBn0: Select Time Base n time-out period
000: 28/fpsc
001: 2%/fpsc
010: zlo/fpsc
011: 2"/fpsc
100: 2'%/fpsc
101: 213/fpsc
110: 214/fpsc
111: 215/fpsc

LED PWM Frame Interrupt

An LED PWM frame interrupt request will take place when the LED PWM frame interrupt request
flag, LEDF, is set, which occurs when one frame LED PWM is completed. To allow the program to
branch to its respective interrupt vector address, the global interrupt enable bit, EMI, and the LED
PWM frame interrupt enable bit, LEDE, must first be set. When the interrupt is enabled, the stack is
not full and one frame LED PWM is completed, a subroutine call to the LED PWM frame interrupt
vector will take place. When the LED PWM frame interrupt is serviced, the LEDF flag will be
automativally cleared, the EMI bit will also be automatically cleared to disable other interrupts.

Key Scan Frame Interrupt

A key scan frame interrupt request will take place when the key scan frame interrupt request flag,
KSCIF, is set, which occurs when one key scan frame is completed. To allow the program to branch
to its respective interrupt vector address, the global interrupt enable bit, EMI, and the key scan frame
interrupt enable bit, KSCIE, must first be set. When the interrupt is enabled, the stack is not full and
one key scan frame is completed, a subroutine call to the key scan frame interrupt vector will take
place. When the key scan frame interrupt is serviced, the KSCIF flag will be automativally cleared,
the EMI bit will also be automatically cleared to disable other interrupts.

EEPROM Interrupt

An EEPROM interrupt request will take place when the EEPROM interrupt request flag, DEF, is set,
which occurs when an EEPROM Write cycle ends. To allow the program to branch to its respective
interrupt vector address, the global interrupt enable bit, EMI, and EEPROM interrupt enable bit,
DEE, must first be set. When the interrupt is enabled, the stack is not full and an EEPROM Write
cycle ends, a subroutine call to the respective EEPROM interrupt vector will take place. When the
EEPROM interrupt is serviced, the DEF flag will be automatically cleared, the EMI bit will also be
automatically cleared to disable other interrupts.

Comparator Interrupts — HT68FB541 Only

The comparator interrupts are controlled by the two internal comparators. A Comparator interrupt
request will take place when the comparator interrupt request flag, CPnF, is set, a situation that will
occur when the comparator output bit changes state. To allow the program to branch to its respective
interrupt vector address, the global interrupt enable bit, EMI, and comparator interrupt enable bit,
CPnE, must first be set. When the interrupt is enabled, the stack is not full and the comparator inputs
generate a comparator output bit transition, a subroutine call to the comparator interrupt vector,
will take place. When the interrupt is serviced, the comparator interrupt request flag, CPnF, will be
automatically reset and the EMI bit will be automatically cleared to disable other interrupts.
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LVD Interrupt

An LVD interrupt request will take place when the LVD interrupt request flag, LVF, is set, which
occurs when the Low Voltage Detector function detects a low power supply voltage. To allow the
program to branch to its respective interrupt vector address, the global interrupt enable bit, EMI, and
the Low Voltage Detection interrupt enable bit, LVE, must first be set. When the interrupt is enabled,
the stack is not full and a low voltage condition occurs, a subroutine call to the LVD interrupt
vector, will take place. When the Low Voltage Detection interrupt is serviced, the LVF flag will be
automatically cleared, the EMI bit will also be automatically cleared to disable other interrupts.

Interrupt Wake-up Function

Each of the interrupt functions has the capability of waking up the microcontroller when in the
SLEEP or IDLE Mode. A wake-up is generated when an interrupt request flag changes from low to
high and is independent of whether the interrupt is enabled or not. Therefore, even though the device
is in the SLEEP or IDLE Mode and its system oscillator stopped, situations such as external edge
transitions on the external interrupt pins or a low power supply voltage may cause their respective
interrupt flag to be set high and consequently generate an interrupt. Care must therefore be taken if
spurious wake-up situations are to be avoided. If an interrupt wake-up function is to be disabled then
the corresponding interrupt request flag should be set high before the device enters the SLEEP or
IDLE Mode. The interrupt enable bits have no effect on the interrupt wake-up function.

Programming Considerations

By disabling the relevant interrupt enable bits, a requested interrupt can be prevented from being
serviced, however, once an interrupt request flag is set, it will remain in this condition in the
interrupt register until the corresponding interrupt is serviced or until the request flag is cleared by
the application program.

It is recommended that programs do not use the “CALL” instruction within the interrupt service
subroutine. Interrupts often occur in an unpredictable manner or need to be serviced immediately.
If only one stack is left and the interrupt is not well controlled, the original control sequence will be
damaged once a CALL subroutine is executed in the interrupt subroutine.

Every interrupt has the capability of waking up the microcontroller when it is in the SLEEP or IDLE
Mode, the wake up being generated when the interrupt request flag changes from low to high. If it is
required to prevent a certain interrupt from waking up the microcontroller then its respective request
flag should be first set high before enter SLEEP or IDLE Mode.

As only the Program Counter is pushed onto the stack, then when the interrupt is serviced, if the
contents of the accumulator, status register or other registers are altered by the interrupt service
program, their contents should be saved to the memory at the beginning of the interrupt service
routine.

To return from an interrupt subroutine, either an RET or RETI instruction may be executed. The
RETI instruction in addition to executing a return to the main program also automatically sets the
EMI bit high to allow further interrupts. The RET instruction however only executes a return to the
main program leaving the EMI bit in its present zero state and therefore disabling the execution of
further interrupts.
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Low Voltage Detector — LVD

The devices both have a Low Voltage Detector function, also known as LVD. This enabled the
device to monitor the power supply voltage, Vpp, and provide a warning signal should it fall below a
certain level. This function may be especially useful in battery applications where the supply voltage
will gradually reduce as the battery ages, as it allows an early warning battery low signal to be
generated. The Low Voltage Detector also has the capability of generating an interrupt signal.

LVD Register

The Low Voltage Detector function is controlled using a single register with the name LVDC. Three
bits in this register, VLVD2~VLVDO, are used to select one of eight fixed voltages below which
a low voltage condition will be determined. A low voltage condition is indicated when the LVDO
bit is set. If the LVDO bit is low, this indicates that the Voo voltage is above the preset low voltage
value. The LVDEN bit is used to control the overall on/off function of the low voltage detector.
Setting the bit high will enable the low voltage detector. Clearing the bit to zero will switch off the
internal low voltage detector circuits. As the low voltage detector will consume a certain amount of
power, it may be desirable to switch off the circuit when not in use, an important consideration in
power sensitive battery powered applications.

* LVDC Register

Bit 7 6 5 4 3 2 1 0
Name — — LvDO LVDEN | VBGEN | VLVD2 VLVD1 VLVDO
R/W — — R R/W R/W R/W R/W R/W
POR — — 0 0 0 0 0 0
Bit 7~6 Unimplemented, read as “0”
Bit5 LVDO: LVD output flag

0: No Low Voltage Detected
1: Low Voltage Detected

Bit 4 LVDEN: Low voltage detector enable control
0: Disable
1: Enable

Bit3 VBGEN: Bandgap voltage output enable control
0: Disable
1: Enable
Note that the Bandgap circuit is enabled when the LVD or LVR function is enabled or
when the VBGEN bit is set to 1.

Bit 2~0 VLVD2~VLVDO: LVD voltage selection
000: 2.0V
001:2.2V
010: 2.4V
011: 2.7V
100: 3.0V
101: 3.3V
110: 3.6V
111: 4.0V

LVD Operation

The Low Voltage Detector function operates by comparing the power supply voltage, Vpp, with a
pre-specified voltage level stored in the LVDC register. This has a range of between 2.0V and 4.0V.
When the power supply voltage, Vop, falls below this pre-determined value, the LVDO bit will be
set high indicating a low power supply voltage condition. When the device is in the SLEEP mode,
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the low voltage detector will be disabled even if the LVDEN bit is high. After enabling the Low
Voltage Detector, a time delay tivps should be allowed for the circuitry to stabilise before reading the
LVDO bit. Note also that as the Vpp voltage may rise and fall rather slowly, at the voltage nears that
of Vivp, there may be multiple bit LVDO transitions.

RO /[
N

LVDEN_J

woo _ LW 1 .
| |« tos

LVD Operation

The Low Voltage Detector also has its own interrupt, providing an alternative means of low voltage
detection, in addition to polling the LVDO bit. The interrupt will only be generated after a delay of
tuvp after the LVDO bit has been set high by a low voltage condition. In this case, the LVF interrupt
request flag will be set, causing an interrupt to be generated if Vpp falls below the preset LVD
voltage. This will cause the device to wake-up from the IDLE Mode, however if the Low Voltage
Detector wake up function is not required then the LVF flag should be first set high before the device
enters the IDLE Mode.

Application Description

The HT68FB541 device is mainly used for full speed USB gaming mouse with flow lighting effects.
In addition to supporting a 1ms report rate, the device can be applied to drive up to 8 RGB LEDs.
Due to the increased drive I/O current, the external RGB LEDs can be arranged as pairwise parallel
connection to produce excellent display effects, which can be applied for the mouse side flow
lighting effect implementation. The HT68FB571 device is mainly used for full speed USB gaming
keyboard with monochrome and single light features. The device supports a lms report rate and the
ability of driving up to 128PSC monochrome LEDs or 32 RGB LEDs.

Both of the devices provide the required hardware functions, such as LED PWM Scan and Key Scan
functions, which are introduced as below.

Functional Description

a. The devices contain a Full Speed USB function, which has integrated 3.3V LDO for the provision
of the required 3.3V voltage for USB signals, the required 1.5kQ resistor for USB Full Speed
function is also provided.

b. The HT68FB541 device uses an 8x3 matrix scanning method while the HT68FB571 device uses
a 16x8 matrix scanning method, the integrated hardware 8-bit LED PWM Driver will complete
scan function by hardware, which can achieve a high frame rate, only several current-limiting
resistors are required for external circuit.

c¢. The keyboard required key scan function is also implemented by hardware. For the HT68FB541
device, the key scan size is 8x1, in which the key scan output 0~7 are all pin-shared with LED
COM outputs. For the HT68FB571 device the key scan size is 20x8, in which the key scan output
0~15 are pin-shared with LED COM outputs, while the key scan output 16~19 are pin-shared
with only I/O functions. The key scan result can be obtained by reading the KEYDATAX register
contents.
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Hardware Circuit

HT68FB541 Application Circuit for Mouse
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Hardware Circuits for RGB LED Applications
The HT68FB571 can also be applied to RGB LED applications. The following diagrams show the
recommended matrix circuits when the device is used in the common anode and common cathode
RGB LEDs, in which the LEDSEG output polarity is active high and the LEDCOM output polarity
is active low.
a. The following diagram shows the recommended LED matrix circuit of common anode RGB LED.
The LEDs framed by a dash line means a common anode RGB LED. The HT68FB571 can be
applied to up to 40 common anode RGB LEDs.
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b. The following diagram shows the recommended LED matrix circuit of common cathode RGB
LED. The LEDs framed by a dash line means a common cathode RGB LED. The HT68FB571
can be applied to up to 32 common cathnode RGB LEDs.
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Instruction Set

Introduction

Central to the successful operation of any microcontroller is its instruction set, which is a set of
program instruction codes that directs the microcontroller to perform certain operations. In the case
of Holtek microcontroller, a comprehensive and flexible set of over 60 instructions is provided to
enable programmers to implement their application with the minimum of programming overheads.

For easier understanding of the various instruction codes, they have been subdivided into several
functional groupings.

Instruction Timing

Most instructions are implemented within one instruction cycle. The exceptions to this are branch,
call, or table read instructions where two instruction cycles are required. One instruction cycle is
equal to 4 system clock cycles, therefore in the case of an 8MHz system oscillator, most instructions
would be implemented within 0.5us and branch or call instructions would be implemented within
1us. Although instructions which require one more cycle to implement are generally limited to
the JMP, CALL, RET, RETI and table read instructions, it is important to realize that any other
instructions which involve manipulation of the Program Counter Low register or PCL will also take
one more cycle to implement. As instructions which change the contents of the PCL will imply a
direct jump to that new address, one more cycle will be required. Examples of such instructions
would be “CLR PCL” or “MOV PCL, A”. For the case of skip instructions, it must be noted that if
the result of the comparison involves a skip operation then this will also take one more cycle, if no
skip is involved then only one cycle is required.

Moving and Transferring Data

The transfer of data within the microcontroller program is one of the most frequently used
operations. Making use of several kinds of MOV instructions, data can be transferred from registers
to the Accumulator and vice-versa as well as being able to move specific immediate data directly
into the Accumulator. One of the most important data transfer applications is to receive data from
the input ports and transfer data to the output ports.

Arithmetic Operations

The ability to perform certain arithmetic operations and data manipulation is a necessary feature of
most microcontroller applications. Within the Holtek microcontroller instruction set are a range of
add and subtract instruction mnemonics to enable the necessary arithmetic to be carried out. Care
must be taken to ensure correct handling of carry and borrow data when results exceed 255 for
addition and less than 0 for subtraction. The increment and decrement instructions such as INC,
INCA, DEC and DECA provide a simple means of increasing or decreasing by a value of one of the
values in the destination specified.
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Logical and Rotate Operation

The standard logical operations such as AND, OR, XOR and CPL all have their own instruction
within the Holtek microcontroller instruction set. As with the case of most instructions involving
data manipulation, data must pass through the Accumulator which may involve additional
programming steps. In all logical data operations, the zero flag may be set if the result of the
operation is zero. Another form of logical data manipulation comes from the rotate instructions such
as RR, RL, RRC and RLC which provide a simple means of rotating one bit right or left. Different
rotate instructions exist depending on program requirements. Rotate instructions are useful for serial
port programming applications where data can be rotated from an internal register into the Carry
bit from where it can be examined and the necessary serial bit set high or low. Another application
which rotate data operations are used is to implement multiplication and division calculations.

Branches and Control Transfer

Program branching takes the form of either jumps to specified locations using the JMP instruction
or to a subroutine using the CALL instruction. They differ in the sense that in the case of a
subroutine call, the program must return to the instruction immediately when the subroutine has
been carried out. This is done by placing a return instruction “RET” in the subroutine which will
cause the program to jump back to the address right after the CALL instruction. In the case of a JMP
instruction, the program simply jumps to the desired location. There is no requirement to jump back
to the original jumping off point as in the case of the CALL instruction. One special and extremely
useful set of branch instructions are the conditional branches. Here a decision is first made regarding
the condition of a certain data memory or individual bits. Depending upon the conditions, the
program will continue with the next instruction or skip over it and jump to the following instruction.
These instructions are the key to decision making and branching within the program perhaps
determined by the condition of certain input switches or by the condition of internal data bits.

Bit Operations

The ability to provide single bit operations on Data Memory is an extremely flexible feature of all
Holtek microcontrollers. This feature is especially useful for output port bit programming where
individual bits or port pins can be directly set high or low using either the “SET [m].i” or “CLR [m].i”
instructions respectively. The feature removes the need for programmers to first read the 8-bit output
port, manipulate the input data to ensure that other bits are not changed and then output the port with
the correct new data. This read-modify-write process is taken care of automatically when these bit
operation instructions are used.

Table Read Operations

Data storage is normally implemented by using registers. However, when working with large
amounts of fixed data, the volume involved often makes it inconvenient to store the fixed data in
the Data Memory. To overcome this problem, Holtek microcontrollers allow an area of Program
Memory to be setup as a table where data can be directly stored. A set of easy to use instructions
provides the means by which this fixed data can be referenced and retrieved from the Program
Memory.

Other Operations

In addition to the above functional instructions, a range of other instructions also exist such as
the “HALT” instruction for Power-down operations and instructions to control the operation of
the Watchdog Timer for reliable program operations under extreme electric or electromagnetic
environments. For their relevant operations, refer to the functional related sections.
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Instruction Set Summary

The instructions related to the data memory access in the following table can be used when the
desired data memory is located in Data Memory sector 0.

Table Conventions

x: Bits immediate data

m: Data Memory address

A: Accumulator

i: 0~7 number of bits

addr: Program memory address

Mnemonic ‘ Description ‘ Cycles ‘ Flag Affected
Arithmetic
ADD A,[m] Add Data Memory to ACC 1 Z,C,AC, 0V, SC
ADDM A [m] Add ACC to Data Memory qNote Z,C,AC, QV, SC
ADD A,x Add immediate data to ACC 1 Z,C,AC, 0V, SC
ADC A,[m] Add Data Memory to ACC with Carry 1 Z,C,AC, 0V, SC
ADCM A,[m] Add ACC to Data memory with Carry qNote Z,C,AC, 0V, SC
SUB A x Subtract immediate data from the ACC 1 Z,C,AC, 0V, SC,Cz
SUB A,[m] Subtract Data Memory from ACC 1 Z,C,AC, 0V, SC, Cz
SUBM A,[m] Subtract Data Memory from ACC with result in Data Memory 1Note 17 C,AC, OV, SC, CZ
SBC Ax Subtract immediate data from ACC with Carry 1 Z,C,AC, 0V, SC, Ccz
SBC A,[m] Subtract Data Memory from ACC with Carry 1 Z,C,AC, 0V, SC,Cz
SBCM A,[m] Subtract Data Memory from ACC with Carry, result in Data Memory | 1N |Z, C, AC, OV, SC, CZ
DAA [m] Decimal adjust ACC for Addition with result in Data Memory 1 Note C
Logic Operation
AND A,[m] Logical AND Data Memory to ACC 1 4
ORA,[m] Logical OR Data Memory to ACC 1 4
XORA,[m] Logical XOR Data Memory to ACC 1 z
ANDM A,[m] Logical AND ACC to Data Memory qNote Z
ORM A,[m] Logical OR ACC to Data Memory 1 Note 4
XORM A,[m] Logical XOR ACC to Data Memory qNote 4
AND A,x Logical AND immediate Data to ACC 1 z
OR A,x Logical OR immediate Data to ACC 1 z
XOR A x Logical XOR immediate Data to ACC 1 4
CPL [m] Complement Data Memory 1 Note z
CPLA[m] Complement Data Memory with result in ACC 1 z
Increment & Decrement
INCA [m] Increment Data Memory with result in ACC 1 Z
INC [m] Increment Data Memory qNote z
DECA [m] Decrement Data Memory with result in ACC 1 Zz
DEC [m] Decrement Data Memory 1 Note Z
Rotate
RRA [m] Rotate Data Memory right with result in ACC 1 None
RR [m] Rotate Data Memory right qNote None
RRCA [m] Rotate Data Memory right through Carry with result in ACC 1 C
RRC [m] Rotate Data Memory right through Carry qNote C
RLA [m] Rotate Data Memory left with result in ACC 1 None
RL [m] Rotate Data Memory left qNote None
RLCA [m] Rotate Data Memory left through Carry with result in ACC 1 C
RLC [m] Rotate Data Memory left through Carry 1 Note C
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Mnemonic ‘ Description ‘Cycles‘ Flag Affected
Data Move
MOV A,Im] |Move Data Memory to ACC 1 None
MOV [m],A  |Move ACC to Data Memory 1Note None
MOV A, x Move immediate data to ACC 1 None
Bit Operation
CLR [m].i Clear bit of Data Memory 1 Note None
SET [m].i Set bit of Data Memory qNote None
Branch Operation
JMP addr Jump unconditionally 2 None
SZ [m] Skip if Data Memory is zero qNote None
SZA[m] Skip if Data Memory is zero with data movement to ACC qNote None
SZ [m].i Skip if bit i of Data Memory is zero 1Note None
SNZ [m] Skip if Data Memory is not zero qNote None
SNZ [m].i Skip if bit i of Data Memory is not zero qNote None
SIZ [m] Skip if increment Data Memory is zero qNote None
SDZ [m] Skip if decrement Data Memory is zero 1 Note None
SIZA [m] Skip if increment Data Memory is zero with result in ACC qNote None
SDZA [m] Skip if decrement Data Memory is zero with result in ACC qNote None
CALL addr  |Subroutine call 2 None
RET Return from subroutine 2 None
RET A,x Return from subroutine and load immediate data to ACC 2 None
RETI Return from interrupt 2 None

Table Read Operation
TABRD [m] ‘Read table (specific page) to TBLH and Data Memory ‘ 2Note ‘ None
Miscellaneous

NOP No operation 1 None
CLR [m] Clear Data Memory 1Note None
SET [m] Set Data Memory 1Note None
CLR WDT  |Clear Watchdog Timer 1 TO, PDF
SWAP [m] Swap nibbles of Data Memory qNote None
SWAPA[m] |Swap nibbles of Data Memory with result in ACC 1 None
HALT Enter power down mode 1 TO, PDF

Note: 1. For skip instructions, if the result of the comparison involves a skip then two cycles are required, if no
skip takes place only one cycle is required.

2. Any instruction which changes the contents of the PCL will also require 2 cycles for execution.
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Extended Instruction Set

The extended instructions are used to support the full range address access for the data memory.
When the accessed data memory is located in any data memory sector except sector 0, the extended
instruction can be used to directly access the data memory instead of using the indirect addressing
access. This can not only reduce the use of Flash memory space but also improve the CPU execution

efficiency.
Mnemonic ‘ Description ‘ Cycles ‘ Flag Affected

Arithmetic

LADD A,[m] Add Data Memory to ACC 2 Z,C,AC, QV, SC
LADDM A,[m] |Add ACC to Data Memory 2Note Z,C,AC, QV, SC
LADC A,[m] Add Data Memory to ACC with Carry 2 Z,C,AC, 0V, SC
LADCMA,[m] |Add ACC to Data memory with Carry 2MNote Z,C,AC, 0V, SC
LSUB A,[m] Subtract Data Memory from ACC 2 Z,C,AC, 0V, SC, Cz
LSUBM A,[m] |Subtract Data Memory from ACC with result in Data Memory 2Nte 17 C,AC, QV, SC, CZ
LSBC A,[m] Subtract Data Memory from ACC with Carry 2 Z,C,AC, 0V, SC, Cz
LSBCMA,[m] |Subtract Data Memory from ACC with Carry, result in Data Memory | 2N |Z, C, AC, OV, SC, CZ
LDAA [m] Decimal adjust ACC for Addition with result in Data Memory 2MNote C

Logic Operation

LAND A,[m] Logical AND Data Memory to ACC 2 4
LORA,[mM] Logical OR Data Memory to ACC 2 z
LXORA,[m] Logical XOR Data Memory to ACC 2 Z

LANDM A,[m] |Logical AND ACC to Data Memory 2Note z
LORMA,[m] Logical OR ACC to Data Memory 2MNote 4

LXORM A,[m] |Logical XOR ACC to Data Memory 2Note VA

LCPL [m] Complement Data Memory QNote Z

LCPLA [m] Complement Data Memory with result in ACC 2 VA
Increment & Decrement

LINCA[m] Increment Data Memory with result in ACC 2 Z

LINC [m] Increment Data Memory 2Note Z
LDECA[m] Decrement Data Memory with result in ACC 2 z

LDEC [m] Decrement Data Memory QNote Z

Rotate

LRRA [m] Rotate Data Memory right with result in ACC 2 None

LRR [m] Rotate Data Memory right 2MNote None
LRRCA [m] Rotate Data Memory right through Carry with result in ACC 2 C

LRRC [m] Rotate Data Memory right through Carry 2Note C

LRLA [m] Rotate Data Memory left with result in ACC 2 None

LRL [m] Rotate Data Memory left 2MNote None
LRLCA[m] Rotate Data Memory left through Carry with result in ACC 2 C

LRLC [m] Rotate Data Memory left through Carry 2Note C

Data Move

LMOV A,[m] Move Data Memory to ACC 2 None

LMOV [m],A Move ACC to Data Memory QNote None

Bit Operation

LCLR [m].i Clear bit of Data Memory 2Note None

LSET [m].i Set bit of Data Memory 2MNote None
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Mnemonic ‘ Description ‘Cycles‘ Flag Affected
Branch
LSZ [m] Skip if Data Memory is zero 2Note None
LSZA [m] Skip if Data Memory is zero with data movement to ACC 2Note None
LSNZ [m] Skip if Data Memory is not zero 2Note None
LSZ [m].i Skip if bit i of Data Memory is zero 2Note None
LSNZ [m].i Skip if bit i of Data Memory is not zero QNote None
LSIZ [m] Skip if increment Data Memory is zero 2Note None
LSDZ [m] Skip if decrement Data Memory is zero 2Note None
LSIZA [m] Skip if increment Data Memory is zero with result in ACC 2Note None
LSDZA [m] Skip if decrement Data Memory is zero with result in ACC QNote None
Table Read
LTABRD [m] ‘Read table (specific page) to TBLH and Data Memory ‘ 3hote None
Miscellaneous
LCLR [m] Clear Data Memory QNote None
LSET [m] Set Data Memory 2Note None
LSWAP [m] |Swap nibbles of Data Memory 2Note None
LSWAPA [m] |Swap nibbles of Data Memory with result in ACC 2 None

Note: 1. For these extended skip instructions, if the result of the comparison involves a skip then three cycles are
required, if no skip takes place two cycles is required.

2. Any extended instruction which changes the contents of the PCL register will also require three cycles for
execution.
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Instruction Definition

ADC A,[m] Add Data Memory to ACC with Carry

Description The contents of the specified Data Memory, Accumulator and the carry flag are added.
The result is stored in the Accumulator.

Operation ACC«+—ACC+[m]+C

Affected flag(s) oV, Z,AC, C, SC

ADCM A,[m] Add ACC to Data Memory with Carry

Description The contents of the specified Data Memory, Accumulator and the carry flag are added.
The result is stored in the specified Data Memory.

Operation [m] —ACC + [m]+C

Affected flag(s) oV, Z,AC, C, SC

ADD A,[m] Add Data Memory to ACC

Description The contents of the specified Data Memory and the Accumulator are added.
The result is stored in the Accumulator.

Operation ACC «+ ACC +[m]

Affected flag(s) OV,Z,AC, C,SC

ADD Ax Add immediate data to ACC

Description The contents of the Accumulator and the specified immediate data are added.
The result is stored in the Accumulator.

Operation ACC «— ACC +x

Affected flag(s) oV, Z,AC, C, SC

ADDM A,[m] Add ACC to Data Memory

Description The contents of the specified Data Memory and the Accumulator are added.
The result is stored in the specified Data Memory.

Operation [m] «— ACC + [m]

Affected flag(s) oV, Z,AC, C, SC

AND A,[m] Logical AND Data Memory to ACC

Description Data in the Accumulator and the specified Data Memory perform a bitwise logical AND
operation. The result is stored in the Accumulator.

Operation ACC «+—ACC "AND" [m]

Affected flag(s) Z

AND A x Logical AND immediate data to ACC

Description Data in the Accumulator and the specified immediate data perform a bit wise logical AND
operation. The result is stored in the Accumulator.

Operation ACC «+ ACC "AND" x

Affected flag(s) Z

ANDM A,[m] Logical AND ACC to Data Memory

Description Data in the specified Data Memory and the Accumulator perform a bitwise logical AND
operation. The result is stored in the Data Memory.

Operation [m] «— ACC "AND" [m]

Affected flag(s) Z
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CALL addr Subroutine call

Description Unconditionally calls a subroutine at the specified address. The Program Counter then
increments by 1 to obtain the address of the next instruction which is then pushed onto the
stack. The specified address is then loaded and the program continues execution from this
new address. As this instruction requires an additional operation, it is a two cycle instruction.

Operation Stack «— Program Counter + 1
Program Counter «— addr

Affected flag(s) None

CLR [m] Clear Data Memory

Description Each bit of the specified Data Memory is cleared to 0.

Operation [m] < 00H

Affected flag(s) None

CLR [m].i Clear bit of Data Memory

Description Bit i of the specified Data Memory is cleared to 0.

Operation [m]i<0

Affected flag(s) None

CLR WDT Clear Watchdog Timer

Description The TO, PDF flags and the WDT are all cleared.

Operation WDT cleared
TO 0
PDF « 0

Affected flag(s) TO, PDF

CPL [m] Complement Data Memory

Description Each bit of the specified Data Memory is logically complemented (1's complement). Bits which
previously contained a 1 are changed to 0 and vice versa.

Operation [m] « [m]

Affected flag(s) Z

CPLA [m] Complement Data Memory with result in ACC

Description Each bit of the specified Data Memory is logically complemented (1's complement). Bits which
previously contained a 1 are changed to 0 and vice versa. The complemented result is stored in
the Accumulator and the contents of the Data Memory remain unchanged.

Operation ACC «—[m]

Affected flag(s) Z

DAA [m] Decimal-Adjust ACC for addition with result in Data Memory

Description Convert the contents of the Accumulator value to a BCD (Binary Coded Decimal) value
resulting from the previous addition of two BCD variables. If the low nibble is greater than 9
or if AC flag is set, then a value of 6 will be added to the low nibble. Otherwise the low nibble
remains unchanged. If the high nibble is greater than 9 or if the C flag is set, then a value of 6
will be added to the high nibble. Essentially, the decimal conversion is performed by adding
00H, 06H, 60H or 66H depending on the Accumulator and flag conditions. Only the C flag
may be affected by this instruction which indicates that if the original BCD sum is greater than
100, it allows multiple precision decimal addition.

Operation [m] <~ ACC + 00H or
[m] «— ACC + 06H or
[m] « ACC + 60H or
[m] — ACC + 66H

Affected flag(s) C
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DEC [m] Decrement Data Memory

Description Data in the specified Data Memory is decremented by 1.

Operation [m] < [m]—1

Affected flag(s) Z

DECA [m] Decrement Data Memory with result in ACC

Description Data in the specified Data Memory is decremented by 1. The result is stored in the
Accumulator. The contents of the Data Memory remain unchanged.

Operation ACC «—[m]—1

Affected flag(s) Z

HALT Enter power down mode

Description This instruction stops the program execution and turns off the system clock. The contents of
the Data Memory and registers are retained. The WDT and prescaler are cleared. The power
down flag PDF is set and the WDT time-out flag TO is cleared.

Operation TO 0
PDF « 1

Affected flag(s) TO, PDF

INC [m] Increment Data Memory

Description Data in the specified Data Memory is incremented by 1.

Operation [m] «—[m]+1

Affected flag(s) Z

INCA [m] Increment Data Memory with result in ACC

Description Data in the specified Data Memory is incremented by 1. The result is stored in the Accumulator.
The contents of the Data Memory remain unchanged.

Operation ACC «[m] +1

Affected flag(s) Z

JMP addr Jump unconditionally

Description The contents of the Program Counter are replaced with the specified address. Program
execution then continues from this new address. As this requires the insertion of a dummy
instruction while the new address is loaded, it is a two cycle instruction.

Operation Program Counter «— addr

Affected flag(s) None

MOV A,[m] Move Data Memory to ACC

Description The contents of the specified Data Memory are copied to the Accumulator.

Operation ACC « [m]

Affected flag(s) None

MOV A x Move immediate data to ACC

Description The immediate data specified is loaded into the Accumulator.

Operation ACC «—x

Affected flag(s) None

MOV [m],A Move ACC to Data Memory

Description The contents of the Accumulator are copied to the specified Data Memory.

Operation [m] «— ACC

Affected flag(s) None
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NOP

No operation

Description No operation is performed. Execution continues with the next instruction.

Operation No operation

Affected flag(s) None

OR A,[m] Logical OR Data Memory to ACC

Description Data in the Accumulator and the specified Data Memory perform a bitwise
logical OR operation. The result is stored in the Accumulator.

Operation ACC «— ACC "OR" [m]

Affected flag(s) Z

OR A)x Logical OR immediate data to ACC

Description Data in the Accumulator and the specified immediate data perform a bitwise logical OR
operation. The result is stored in the Accumulator.

Operation ACC —ACC"OR" x

Affected flag(s) Z

ORM A,[m] Logical OR ACC to Data Memory

Description Data in the specified Data Memory and the Accumulator perform a bitwise logical OR
operation. The result is stored in the Data Memory.

Operation [m] «<— ACC "OR" [m]

Affected flag(s) zZ

RET Return from subroutine

Description The Program Counter is restored from the stack. Program execution continues at the restored
address.

Operation Program Counter « Stack

Affected flag(s) None

RET A,x Return from subroutine and load immediate data to ACC

Description The Program Counter is restored from the stack and the Accumulator loaded with the specified
immediate data. Program execution continues at the restored address.

Operation Program Counter «— Stack
ACC «x

Affected flag(s) None

RETI Return from interrupt

Description The Program Counter is restored from the stack and the interrupts are re-enabled by setting the
EMI bit. EMI is the master interrupt global enable bit. If an interrupt was pending when the
RETI instruction is executed, the pending Interrupt routine will be processed before returning
to the main program.

Operation Program Counter «— Stack
EMI « 1

Affected flag(s) None

RL [m] Rotate Data Memory left

Description The contents of the specified Data Memory are rotated left by 1 bit with bit 7 rotated into bit 0.

Operation [m].(i+1) « [m].i; (i=0~6)
[m].0 « [m].7

Affected flag(s) None
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RLA [m] Rotate Data Memory left with result in ACC

Description The contents of the specified Data Memory are rotated left by 1 bit with bit 7 rotated into bit 0.
The rotated result is stored in the Accumulator and the contents of the Data Memory remain
unchanged.

Operation ACC.(i+]) < [m].i; (i=0~6)
ACC.0 < [m].7

Affected flag(s) None

RLC [m] Rotate Data Memory left through Carry

Description The contents of the specified Data Memory and the carry flag are rotated left by 1 bit. Bit 7
replaces the Carry bit and the original carry flag is rotated into bit 0.

Operation [m].(i+1) «— [m].i; (i=0~6)
[m].0—C
C «—[m].7

Affected flag(s) C

RLCA [m] Rotate Data Memory left through Carry with result in ACC

Description Data in the specified Data Memory and the carry flag are rotated left by 1 bit. Bit 7 replaces the
Carry bit and the original carry flag is rotated into the bit 0. The rotated result is stored in the
Accumulator and the contents of the Data Memory remain unchanged.

Operation ACC.(i+]) «— [m].i; (i=0~6)
ACCO—C
C «—[m].7

Affected flag(s) C

RR [m] Rotate Data Memory right

Description The contents of the specified Data Memory are rotated right by 1 bit with bit 0 rotated into bit 7.

Operation [m]i « [m].(i+1); (i=0~6)
[m].7 < [m].0

Affected flag(s) None

RRA [m] Rotate Data Memory right with result in ACC

Description Data in the specified Data Memory is rotated right by 1 bit with bit 0
rotated into bit 7. The rotated result is stored in the Accumulator and the contents of the
Data Memory remain unchanged.

Operation ACC.i « [m].(i+1); (i=0~6)
ACC.7 < [m].0

Affected flag(s) None

RRC [m] Rotate Data Memory right through Carry

Description The contents of the specified Data Memory and the carry flag are rotated right by 1 bit. Bit 0
replaces the Carry bit and the original carry flag is rotated into bit 7.

Operation [m].i « [m].(i+1); (i=0~6)
[m].7 <~ C
C « [m].0

Affected flag(s) C
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RRCA [m] Rotate Data Memory right through Carry with result in ACC

Description Data in the specified Data Memory and the carry flag are rotated right by 1 bit. Bit 0 replaces
the Carry bit and the original carry flag is rotated into bit 7. The rotated result is stored in the
Accumulator and the contents of the Data Memory remain unchanged.

Operation ACC.i « [m].(i+1); (i=0~6)
ACC.7+C
C «—[m].0

Affected flag(s) C

SBC A,[m] Subtract Data Memory from ACC with Carry

Description The contents of the specified Data Memory and the complement of the carry flag are
subtracted from the Accumulator. The result is stored in the Accumulator. Note that if the
result of subtraction is negative, the C flag will be cleared to 0, otherwise if the result is
positive or zero, the C flag will be set to 1.

Operation ACC «— ACC —[m]-C

Affected flag(s) oV, Z,AC,C,SC,CZ

SBC A, x Subtract immediate data from ACC with Carry

Description The immediate data and the complement of the carry flag are subtracted from the
Accumulator. The result is stored in the Accumulator. Note that if the result of subtraction is
negative, the C flag will be cleared to 0, otherwise if the result is positive or zero, the C flag
will be set to 1.

Operation ACC «— ACC —[m]-C

Affected flag(s) OV, Z,AC, C, SC, CZ

SBCM A,[m] Subtract Data Memory from ACC with Carry and result in Data Memory

Description The contents of the specified Data Memory and the complement of the carry flag are
subtracted from the Accumulator. The result is stored in the Data Memory. Note that if the
result of subtraction is negative, the C flag will be cleared to 0, otherwise if the result is
positive or zero, the C flag will be set to 1.

Operation [m] — ACC —[m]-C

Affected flag(s) OV,Z,AC, C,SC,CZ

SDZ [m] Skip if decrement Data Memory is 0

Description The contents of the specified Data Memory are first decremented by 1. If the result is 0 the
following instruction is skipped. As this requires the insertion of a dummy instruction while
the next instruction is fetched, it is a two cycle instruction. If the result is not 0 the program
proceeds with the following instruction.

Operation [m] «—[m]—1
Skip if [m]=0

Affected flag(s) None

SDZA [m] Skip if decrement Data Memory is zero with result in ACC

Description The contents of the specified Data Memory are first decremented by 1. If the result is 0, the
following instruction is skipped. The result is stored in the Accumulator but the specified
Data Memory contents remain unchanged. As this requires the insertion of a dummy
instruction while the next instruction is fetched, it is a two cycle instruction. If the result is not 0,
the program proceeds with the following instruction.

Operation ACC —[m]—1
Skip if ACC=0

Affected flag(s) None
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SET [m] Set Data Memory

Description Each bit of the specified Data Memory is set to 1.

Operation [m] < FFH

Affected flag(s) None

SET [m].i Set bit of Data Memory

Description Bit i of the specified Data Memory is set to 1.

Operation [m]i«1

Affected flag(s) None

SIZ [m] Skip if increment Data Memory is 0

Description The contents of the specified Data Memory are first incremented by 1. If the result is 0, the
following instruction is skipped. As this requires the insertion of a dummy instruction while
the next instruction is fetched, it is a two cycle instruction. If the result is not 0 the program
proceeds with the following instruction.

Operation [m] < [m]+1
Skip if [m]=0

Affected flag(s) None

SIZA [m] Skip if increment Data Memory is zero with result in ACC

Description The contents of the specified Data Memory are first incremented by 1. If the result is 0, the
following instruction is skipped. The result is stored in the Accumulator but the specified
Data Memory contents remain unchanged. As this requires the insertion of a dummy
instruction while the next instruction is fetched, it is a two cycle instruction. If the result is not
0 the program proceeds with the following instruction.

Operation ACC « [m] + 1
Skip if ACC=0

Affected flag(s) None

SNZ [m].i Skip if bit i of Data Memory is not 0

Description If bit i of the specified Data Memory is not 0, the following instruction is skipped. As this
requires the insertion of a dummy instruction while the next instruction is fetched, it is a two
cycle instruction. If the result is O the program proceeds with the following instruction.

Operation Skip if [m]i#0

Affected flag(s) None

SNZ [m] Skip if Data Memory is not 0

Description The contents of the specified Data Memory are read out and then written back to the specified
Data Memory again. If the specified Data Memory is not 0, the following instruction is
skipped. As this requires the insertion of a dummy instruction while the next instruction is
fetched, it is a two cycle instruction. If the result is 0 the program proceeds with the following
instruction.

Operation Skip if [m]# 0

Affected flag(s) None

SUB A,[m] Subtract Data Memory from ACC

Description The specified Data Memory is subtracted from the contents of the Accumulator. The result is
stored in the Accumulator. Note that if the result of subtraction is negative, the C flag will be
cleared to 0, otherwise if the result is positive or zero, the C flag will be set to 1.

Operation ACC «— ACC —[m]

Affected flag(s) oV, Z,AC,C,SC,CZ
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SUBM A,[m] Subtract Data Memory from ACC with result in Data Memory

Description The specified Data Memory is subtracted from the contents of the Accumulator. The result is
stored in the Data Memory. Note that if the result of subtraction is negative, the C flag will be
cleared to 0, otherwise if the result is positive or zero, the C flag will be set to 1.

Operation [m] <~ ACC — [m]

Affected flag(s) oV, Z,AC,C,SC,CZ

SUB Ax Subtract immediate data from ACC

Description The immediate data specified by the code is subtracted from the contents of the Accumulator.
The result is stored in the Accumulator. Note that if the result of subtraction is negative, the C
flag will be cleared to 0, otherwise if the result is positive or zero, the C flag will be set to 1.

Operation ACC — ACC —x

Affected flag(s) oV, Z,AC,C,SC,CZ

SWAP [m] Swap nibbles of Data Memory

Description The low-order and high-order nibbles of the specified Data Memory are interchanged.

Operation [m].3~[m].0 <> [m].7~[m].4

Affected flag(s) None

SWAPA [m] Swap nibbles of Data Memory with result in ACC

Description The low-order and high-order nibbles of the specified Data Memory are interchanged. The
result is stored in the Accumulator. The contents of the Data Memory remain unchanged.

Operation ACC3~ACC.0 « [m].7~[m]4
ACC.7~ACC4 « [m].3~[m].0

Affected flag(s) None

SZ [m] Skip if Data Memory is 0

Description The contents of the specified Data Memory are read out and then written back to the specified
Data Memory again. If the contents of the specified Data Memory is 0, the following
instruction is skipped. As this requires the insertion of a dummy instruction while the next
instruction is fetched, it is a two cycle instruction. If the result is not 0 the program proceeds
with the following instruction.

Operation Skip if [m]=0

Affected flag(s) None

SZA [m] Skip if Data Memory is 0 with data movement to ACC

Description The contents of the specified Data Memory are copied to the Accumulator. If the value is zero,
the following instruction is skipped. As this requires the insertion of a dummy instruction
while the next instruction is fetched, it is a two cycle instruction. If the result is not 0 the
program proceeds with the following instruction.

Operation ACC « [m]
Skip if [m]=0

Affected flag(s) None

SZ [m].i Skip if bit i of Data Memory is 0

Description If bit i of the specified Data Memory is 0, the following instruction is skipped. As this requires
the insertion of a dummy instruction while the next instruction is fetched, it is a two cycle
instruction. If the result is not 0, the program proceeds with the following instruction.

Operation Skip if [m].i=0

Affected flag(s) None
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TABRD [m] Read table (specific page) to TBLH and Data Memory

Description The low byte of the program code (specific page) addressed by the table pointer (TBLP and
TBHP) is moved to the specified Data Memory and the high byte moved to TBLH.

Operation [m] « program code (low byte)
TBLH « program code (high byte)

Affected flag(s) None

XOR A,[m] Logical XOR Data Memory to ACC

Description Data in the Accumulator and the specified Data Memory perform a bitwise logical XOR
operation. The result is stored in the Accumulator.

Operation ACC «— ACC "XOR" [m]

Affected flag(s) Z

XORM A,[m] Logical XOR ACC to Data Memory

Description Data in the specified Data Memory and the Accumulator perform a bitwise logical XOR
operation. The result is stored in the Data Memory.

Operation [m] <~ ACC "XOR" [m]

Affected flag(s) Z

XOR A,x Logical XOR immediate data to ACC

Description Data in the Accumulator and the specified immediate data perform a bitwise logical XOR
operation. The result is stored in the Accumulator.

Operation ACC «—ACC"XOR" x

Affected flag(s) V4
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Extended Instruction Definition

The extended instructions are used to directly access the data stored in any data memory sections.

LADC A,[m] Add Data Memory to ACC with Carry

Description The contents of the specified Data Memory, Accumulator and the carry flag are added.
The result is stored in the Accumulator.

Operation ACC«—ACC+[m]+C

Affected flag(s) oV, Z,AC, C,SC

LADCM A,[m] Add ACC to Data Memory with Carry

Description The contents of the specified Data Memory, Accumulator and the carry flag are added.
The result is stored in the specified Data Memory.

Operation [m] <~ ACC +[m]+C

Affected flag(s) oV, Z,AC, C, SC

LADD A,[m] Add Data Memory to ACC

Description The contents of the specified Data Memory and the Accumulator are added.
The result is stored in the Accumulator.

Operation ACC «— ACC + [m]

Affected flag(s) oV, Z,AC, C,SC

LADDM A,[m] Add ACC to Data Memory

Description The contents of the specified Data Memory and the Accumulator are added.
The result is stored in the specified Data Memory.

Operation [m] «— ACC + [m]

Affected flag(s) oV, Z,AC, C, SC

LAND A,[m] Logical AND Data Memory to ACC

Description Data in the Accumulator and the specified Data Memory perform a bitwise logical AND
operation. The result is stored in the Accumulator.

Operation ACC «— ACC "AND" [m]

Affected flag(s) zZ

LANDM A,[m] Logical AND ACC to Data Memory

Description Data in the specified Data Memory and the Accumulator perform a bitwise logical AND
operation. The result is stored in the Data Memory.

Operation [m] «— ACC "AND" [m]

Affected flag(s) Z

LCLR [m] Clear Data Memory

Description Each bit of the specified Data Memory is cleared to 0.

Operation [m] < 00H

Affected flag(s) None

LCLR [m].i Clear bit of Data Memory

Description Bit i of the specified Data Memory is cleared to 0.

Operation [m]i<0

Affected flag(s) None
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LCPL [m] Complement Data Memory

Description Each bit of the specified Data Memory is logically complemented (1's complement). Bits which
previously contained a 1 are changed to 0 and vice versa.

Operation [m] « [m]

Affected flag(s) Z

LCPLA [m] Complement Data Memory with result in ACC

Description Each bit of the specified Data Memory is logically complemented (1's complement). Bits which
previously contained a 1 are changed to 0 and vice versa. The complemented result is stored in
the Accumulator and the contents of the Data Memory remain unchanged.

Operation ACC «— [m]

Affected flag(s) Z

LDAA [m] Decimal-Adjust ACC for addition with result in Data Memory

Description Convert the contents of the Accumulator value to a BCD (Binary Coded Decimal) value
resulting from the previous addition of two BCD variables. If the low nibble is greater than 9
or if AC flag is set, then a value of 6 will be added to the low nibble. Otherwise the low nibble
remains unchanged. If the high nibble is greater than 9 or if the C flag is set, then a value of 6
will be added to the high nibble. Essentially, the decimal conversion is performed by adding
00H, 06H, 60H or 66H depending on the Accumulator and flag conditions. Only the C flag
may be affected by this instruction which indicates that if the original BCD sum is greater than
100, it allows multiple precision decimal addition.

Operation [m] < ACC + 00H or
[m] «— ACC + 06H or
[m] <~ ACC + 60H or
[m] — ACC + 66H

Affected flag(s) C

LDEC [m] Decrement Data Memory

Description Data in the specified Data Memory is decremented by 1.

Operation [m] «—[m]—1

Affected flag(s) Z

LDECA [m] Decrement Data Memory with result in ACC

Description Data in the specified Data Memory is decremented by 1. The result is stored in the
Accumulator. The contents of the Data Memory remain unchanged.

Operation ACC «—[m]—1

Affected flag(s) Z

LINC [m] Increment Data Memory

Description Data in the specified Data Memory is incremented by 1.

Operation [m] «—[m]+1

Affected flag(s) Z

LINCA [m] Increment Data Memory with result in ACC

Description Data in the specified Data Memory is incremented by 1. The result is stored in the Accumulator.
The contents of the Data Memory remain unchanged.

Operation ACC «—[m] +1

Affected flag(s) V4
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LMOV A,[m] Move Data Memory to ACC

Description The contents of the specified Data Memory are copied to the Accumulator.

Operation ACC « [m]

Affected flag(s) None

LMOV [m],A Move ACC to Data Memory

Description The contents of the Accumulator are copied to the specified Data Memory.

Operation [m] — ACC

Affected flag(s) None

LOR A,[m] Logical OR Data Memory to ACC

Description Data in the Accumulator and the specified Data Memory perform a bitwise
logical OR operation. The result is stored in the Accumulator.

Operation ACC «— ACC "OR" [m]

Affected flag(s) Z

LORM A,[m] Logical OR ACC to Data Memory

Description Data in the specified Data Memory and the Accumulator perform a bitwise logical OR
operation. The result is stored in the Data Memory.

Operation [m] <~ ACC "OR" [m]

Affected flag(s) Z

LRL [m] Rotate Data Memory left

Description The contents of the specified Data Memory are rotated left by 1 bit with bit 7 rotated into bit 0.

Operation [m].(i+1) « [m].i; (i=0~6)
[m].0 « [m].7

Affected flag(s) None

LRLA [m] Rotate Data Memory left with result in ACC

Description The contents of the specified Data Memory are rotated left by 1 bit with bit 7 rotated into bit 0.
The rotated result is stored in the Accumulator and the contents of the Data Memory remain
unchanged.

Operation ACC.(i*+]) « [m].i; (i=0~6)
ACC.0 « [m].7

Affected flag(s) None

LRLC [m] Rotate Data Memory left through Carry

Description The contents of the specified Data Memory and the carry flag are rotated left by 1 bit. Bit 7
replaces the Carry bit and the original carry flag is rotated into bit 0.

Operation [m].(i+1) «— [m].i; (i=0~6)
[m].0 —C
C « [m].7

Affected flag(s) C

LRLCA [m] Rotate Data Memory left through Carry with result in ACC

Description Data in the specified Data Memory and the carry flag are rotated left by 1 bit. Bit 7 replaces the
Carry bit and the original carry flag is rotated into the bit 0. The rotated result is stored in the
Accumulator and the contents of the Data Memory remain unchanged.

Operation ACC.(i+]) « [m].; (i=0~6)
ACC.O0—C
C « [m].7

Affected flag(s) C
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LRR [m] Rotate Data Memory right

Description The contents of the specified Data Memory are rotated right by 1 bit with bit 0 rotated into bit 7.

Operation [m].i «— [m].(i+1); (i=0~6)
[m].7 < [m].0

Affected flag(s) None

LRRA [m] Rotate Data Memory right with result in ACC

Description Data in the specified Data Memory is rotated right by 1 bit with bit 0
rotated into bit 7. The rotated result is stored in the Accumulator and the contents of the
Data Memory remain unchanged.

Operation ACC.i « [m].(it+1); (i=0~6)
ACC.7 «— [m].0

Affected flag(s) None

LRRC [m] Rotate Data Memory right through Carry

Description The contents of the specified Data Memory and the carry flag are rotated right by 1 bit. Bit 0
replaces the Carry bit and the original carry flag is rotated into bit 7.

Operation [m].i « [m].(i+1); (i=0~6)
[m].7 < C
C «—[m].0

Affected flag(s) C

LRRCA [m] Rotate Data Memory right through Carry with result in ACC

Description Data in the specified Data Memory and the carry flag are rotated right by 1 bit. Bit 0 replaces
the Carry bit and the original carry flag is rotated into bit 7. The rotated result is stored in the
Accumulator and the contents of the Data Memory remain unchanged.

Operation ACC.i « [m].(i+1); (i=0~6)
ACC.7+C
C «—[m].0

Affected flag(s) C

LSBC A,[m] Subtract Data Memory from ACC with Carry

Description The contents of the specified Data Memory and the complement of the carry flag are
subtracted from the Accumulator. The result is stored in the Accumulator. Note that if the
result of subtraction is negative, the C flag will be cleared to 0, otherwise if the result is
positive or zero, the C flag will be set to 1.

Operation ACC —ACC—[m]-C

Affected flag(s) oV, Z,AC,C,SC,CZ

LSBCM A,[m] Subtract Data Memory from ACC with Carry and result in Data Memory

Description The contents of the specified Data Memory and the complement of the carry flag are
subtracted from the Accumulator. The result is stored in the Data Memory. Note that if the
result of subtraction is negative, the C flag will be cleared to 0, otherwise if the result is
positive or zero, the C flag will be set to 1.

Operation [m] — ACC —[m] - C

Affected flag(s) OV, Z,AC, C, SC, CZ
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LSDZ [m]

Skip if decrement Data Memory is 0

Description The contents of the specified Data Memory are first decremented by 1. If the result is 0 the
following instruction is skipped. As this requires the insertion of a dummy instruction while
the next instruction is fetched, it is a three cycle instruction. If the result is not 0 the program
proceeds with the following instruction.

Operation [m] < [m]—1
Skip if [m]=0

Affected flag(s) None

LSDZA [m] Skip if decrement Data Memory is zero with result in ACC

Description The contents of the specified Data Memory are first decremented by 1. If the result is 0, the
following instruction is skipped. The result is stored in the Accumulator but the specified
Data Memory contents remain unchanged. As this requires the insertion of a dummy
instruction while the next instruction is fetched, it is a three cycle instruction. If the result is
not 0, the program proceeds with the following instruction.

Operation ACC «—[m]—1
Skip if ACC=0

Affected flag(s) None

LSET [m] Set Data Memory

Description Each bit of the specified Data Memory is set to 1.

Operation [m] < FFH

Affected flag(s) None

LSET [m].i Set bit of Data Memory

Description Bit i of the specified Data Memory is set to 1.

Operation [m]i<1

Affected flag(s) None

LSIZ [m] Skip if increment Data Memory is 0

Description The contents of the specified Data Memory are first incremented by 1. If the result is 0, the
following instruction is skipped. As this requires the insertion of a dummy instruction while
the next instruction is fetched, it is a three cycle instruction. If the result is not 0 the program
proceeds with the following instruction.

Operation [m] < [m]+1
Skip if [m]=0

Affected flag(s) None

LSIZA [m] Skip if increment Data Memory is zero with result in ACC

Description The contents of the specified Data Memory are first incremented by 1. If the result is 0, the
following instruction is skipped. The result is stored in the Accumulator but the specified
Data Memory contents remain unchanged. As this requires the insertion of a dummy
instruction while the next instruction is fetched, it is a three cycle instruction. If the result is
not 0 the program proceeds with the following instruction.

Operation ACC «—[m]+1
Skip if ACC=0

Affected flag(s) None

LSNZ [m].i Skip if bit i of Data Memory is not 0

Description If bit i of the specified Data Memory is not 0, the following instruction is skipped. As this
requires the insertion of a dummy instruction while the next instruction is fetched, it is a three
cycle instruction. If the result is 0 the program proceeds with the following instruction.

Operation Skip if [m]i# 0

Affected flag(s) None
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LSNZ [m] Skip if Data Memory is not 0

Description The contents of the specified Data Memory are read out and then written to the specified Data
Memory again. If the content of the specified Data Memory is not 0, the following instruction
is skipped. As this requires the insertion of a dummy instruction while the next instruction is
fetched, it is a three cycle instruction. If the result is 0 the program proceeds with the following
instruction.

Operation Skip if [m] # 0

Affected flag(s) None

LSUB A,[m] Subtract Data Memory from ACC

Description The specified Data Memory is subtracted from the contents of the Accumulator. The result is
stored in the Accumulator. Note that if the result of subtraction is negative, the C flag will be
cleared to 0, otherwise if the result is positive or zero, the C flag will be set to 1.

Operation ACC «+— ACC —[m]

Affected flag(s) oV, Z,AC, C, SC, CZ

LSUBM A,[m] Subtract Data Memory from ACC with result in Data Memory

Description The specified Data Memory is subtracted from the contents of the Accumulator. The result is
stored in the Data Memory. Note that if the result of subtraction is negative, the C flag will be
cleared to 0, otherwise if the result is positive or zero, the C flag will be set to 1.

Operation [m] « ACC — [m]

Affected flag(s) oV, Z,AC,C,SC,CZ

LSWAP [m] Swap nibbles of Data Memory

Description The low-order and high-order nibbles of the specified Data Memory are interchanged.

Operation [m].3~[m].0 <> [m].7~[m].4

Affected flag(s) None

LSWAPA [m] Swap nibbles of Data Memory with result in ACC

Description The low-order and high-order nibbles of the specified Data Memory are interchanged. The
result is stored in the Accumulator. The contents of the Data Memory remain unchanged.

Operation ACC.3~ACC.0 « [m].7~[m].4
ACC.7~ACC4 « [m].3~[m].0

Affected flag(s) None

LSZ [m] Skip if Data Memory is 0

Description The contents of the specified Data Memory are read out and then written to the specified Data
Memory again. If the contents of the specified Data Memory is 0, the following instruction is
skipped. As this requires the insertion of a dummy instruction while the next instruction is
fetched, it is a three cycle instruction. If the result is not 0 the program proceeds with the
following instruction.

Operation Skip if [m]=0

Affected flag(s) None

LSZA [m] Skip if Data Memory is 0 with data movement to ACC

Description The contents of the specified Data Memory are copied to the Accumulator. If the value is zero,
the following instruction is skipped. As this requires the insertion of a dummy instruction
while the next instruction is fetched, it is a three cycle instruction. If the result is not O the
program proceeds with the following instruction.

Operation ACC « [m]
Skip if [m]=0

Affected flag(s) None
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LSZ [m].i

Skip if bit i of Data Memory is 0

Description If bit i of the specified Data Memory is 0, the following instruction is skipped. As this requires
the insertion of a dummy instruction while the next instruction is fetched, it is a three cycle
instruction. If the result is not 0, the program proceeds with the following instruction.

Operation Skip if [m].i=0

Affected flag(s) None

LTABRD [m] Read table (specific page) to TBLH and Data Memory

Description The low byte of the program code (specific page) addressed by the table pointer (TBHP and
TBLP) is moved to the specified Data Memory and the high byte moved to TBLH.

Operation [m] « program code (low byte)

TBLH « program code (high byte)

Affected flag(s) None

LXOR A,[m] Logical XOR Data Memory to ACC

Description Data in the Accumulator and the specified Data Memory perform a bitwise logical XOR
operation. The result is stored in the Accumulator.

Operation ACC «+—ACC "XOR" [m]

Affected flag(s) Z

LXORM A,[m] Logical XOR ACC to Data Memory

Description Data in the specified Data Memory and the Accumulator perform a bitwise logical XOR
operation. The result is stored in the Data Memory.

Operation [m] «— ACC "XOR" [m]

Affected flag(s) Z
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Package Information

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

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

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

e Carton information
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24-pin SSOP (150mil) Outline Dimensions
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Dimensions in inch
Symbol

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

Dimensions in mm
Symbol

Min Nom. Max.
A — 6.00 BSC —
B — 3.90 BSC —
C 0.20 — 0.30
C — 8.66 BSC —
D — — 1.75
E — 0.635BSC —
F 0.10 — 0.25
G 0.41 — 1.27
H 0.10 — 0.25
a 0° — 8°
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28-pin SSOP (150mil) Outline Dimensions
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Dimensions in inch
Symbol
Min Nom. Max.
A — 0.236 BSC —
B — 0.154 BSC —
C 0.008 — 0.012
c — 0.390 BSC —
D — — 0.069
E — 0.025 BSC —
F 0.004 — 0.010
G 0.016 — 0.050
H 0.004 — 0.010
a 0° — 8°
Dimensions in mm
Symbol
Min Nom. Max.
A — 6.00 BSC —
B — 3.90 BSC —
C 0.20 — 0.30
(63 — 9.90 BSC —
D — — 1.75
E — 0.635BSC —
F 0.10 — 0.25
G 0.41 — 1.27
H 0.10 — 0.25
a 0° — 8°
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48-pin LQFP (7mmx7mm) Outline Dimensions
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Dimensions in inch
Symbol

Min. Nom. Max.
A — 0.354 BSC —
B — 0.276 BSC —
C — 0.354 BSC —
D — 0.276 BSC —
E — 0.020 BSC —
F 0.007 0.009 0.011
G 0.053 0.055 0.057
H — — 0.063
| 0.002 — 0.006
J 0.018 0.024 0.030
K 0.004 — 0.008
a 0° — 7°

Dimensions in mm
Symbol

Min Nom. Max.
A — 9.00 BSC —
B — 7.00 BSC —
C — 9.00 BSC —
D — 7.00 BSC —
E — 0.50 BSC —
F 0.17 0.22 0.27
G 1.35 1.40 1.45
H — — 1.60
| 0.05 — 0.15
J 0.45 0.60 0.75
K 0.09 — 0.20
a 0° — 7°
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