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Features

CPU Features

Operating voltage

¢ fsys=8MHz: 2.0V~5.5V

Up to 0.5us instruction cycle with 8MHz system clock at Vpp=5V
Power down and wake-up functions to reduce power consumption
Oscillator types

+ Internal High Speed S8MHz RC — HIRC

+ Internal Low Speed 32kHz RC — LIRC

Multi-mode operation: FAST, SLOW, IDLE and SLEEP

Fully integrated internal oscillators require no external components
All instructions executed in one or two instruction cycles

Table read instructions

61 powerful instructions

4-level subroutine nesting

Bit manipulation instruction

Peripheral Features

OTP Program Memory: (2K-16)x15

Data Memory: 96x8

OTP ROM Parameter Program function — ORPP

Watchdog Timer function

6 bidirectional 1/O lines

Two external interrupt lines shared with I/O pins

Single 8-bit programmable Timer/Event Counter with PWM output

+ 3-channel PWM function with three kinds of independently adjustable duty cycle
Single 16-bit programmable Timer/Event Counter

3 external channel 8-bit resolution A/D converter

Single Time-Base function for generation of fixed time interrupt signals
Low voltage reset function

Support isolated LED dimming products, A/D Converter detection TRIAC turn-on angle and
threshold voltage setting

Support APFC PSR Flyback design, the active power factor correction control technology can
meet the performance requirements of high power factor, low harmonic distortion and high
efficiency

Primary-side current regulation without secondary-side feedback circuitry

Power factor higher than 0.9, efficiency higher than 75%, total harmonic distortion lower than
20%

PWM control LED dimming technology
+ 8-bit PWM control DIM input (977Hz, 128 duty)

Rev. 1.10
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+ PWM dimming range: 5%~100%
» Tight LED constant current regulation of +3%, a maximum 500mA current output of the DRV pin
is used to drive the MOSFET
* Line compensation for enhanced LED current accuracy
 Constant voltage regulation when LED is turned off
» Supports active Bleeder function to prevent Misfire and LED flicker
« Full protection functions for enhanced safety
+ Output over voltage protection
+ Output short-circuit protection
+ VCC over voltage protection
+ VCC under voltage lockout

+ External/internal over temperature protection

» Package type: 16-pin NSOP

General Description

This device is an OTP type 8-bit high performance RISC architecture microcontroller, designed for
LED lighting product applications.

Analog features include a multi-channel 8-bit A/D converter function. Two extremely flexible
Timer/Event Counters providing functions for timing, event counting and pulse width measurement
functions. Protective features such as an internal Watchdog Timer and Low Voltage Reset coupled
with excellent noise immunity and ESD protection ensure that reliable operation is maintained in

hostile electrical environments.

A full choice of internal high and low speed oscillators are provided and the two fully integrated
system oscillators 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 optimize microcontroller operation and minimize power consumption.

The device provides a controller for implementing constant current LED driver with power factor
correction (PFC). By using primary-side regulation, it controls the LED output current accurately
without the need of secondary-side feedback components. The LED driver operates in the quasi-
resonant mode to achieve higher efficiency. The output current can be modulated by the DIM
signal. The LED driver also integrates robust protection functions, including output over voltage
protection, output short-circuit protection (SCP), VCC over voltage protection, VCC under voltage
lockout and over temperature protection (OTP).

The device supports front phase angle detection and provides an active Bleeder circuit as well as an
LED Driver circuit to achieve isolated LED dimming applications.

The inclusion of flexible I/O programming features, Time-Base function along with many other
features ensure that the device will find excellent use in applications such as TRIAC LED dimming
lights or decorative lighting sources, LED plant lights, LED dimming strip for farming systems,
TRIAC dimming LED drivers and other lighting products.

Rev. 1.10 7 September 03, 2024
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Pin Assignment

vce [ 1 = 16 |1 DRV
NTC [ 2 15 |1 GND
cowmP [ 3 14 [1zCD
BLD [ 4 131 cCs
PA7/PWMAO/RES/VPP [ 5 12 |11 PA2/TCO/AN1/ICPCK/OCDSCK
PB3/INTO [ 6 11 [ PA1/PWMAOB/AN2/VREF
PB4/TC1/INT1 [ 7 10 [ PAO/INT1/PWMAO/AN3/ICPDA/OCDSDA
vDD [ 8 9 [1vss
HT45R5530/HT45V5530
16 NSOP-A

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 only
available for the HT45V5530 device (Flash type) which is the OCDS EV chip for the
HT45R5530 device (OTP type).

3. For the unbonded pins, PA3~PA6, PB0O, PB5 and PCO~PC3, which should be properly
configured to avoid unwanted current consumption resulting from floating input conditions.
Refer to the “Standby Current Considerations” and “Input/Output Ports” sections.

4. The VPP pin is the High Voltage input for OTP programming and only available for the

HT45R5530 device.

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.

Pin Name Function | OPT T oIT Description
PAPU .
PAO PAWU | ST | cMOs S:dna':ll(g_trpose 1/0. Register enabled pull-up
PASO P-
INTEG
INT1 INTC1 ST Ext l'int t input 1
PAO/INT1/PWMAO/AN3/ PASO — |Fxiemnalinterruptinpu
ICPDA/OCDSDA IFS
PWMAO | PASO — | CMOS |PWMA signal output
AN3 PASO | AN — | A/D Converter external input channel
ICPDA — ST | CMOS |ICP Data/Address pin
OCDSDA — ST | CMOS |OCDS Address/Data pin, for EV chip only
PAPU .
PA1 PAWU | sT |cmos aG:dnsvr:Lg_l:rpose 1/0. Register enabled pull-up
PASO P-
PA1/PWMAOB/ANZIVREF  [p\yMAOB| PASO | — | CMOS |PWMA signal inverter output
AN2 PASO | AN — | A/D Converter external input channel
VREF PASO | AN — | A/D Converter external reference voltage input
PAPU .
PA2 PAWU | sT |cmos Snednjlr:ll(ep-l:rpose 1/0. Register enabled pull-up
PASO P-
PA2/TCO/AN1/ICPCK/ TCO F]';'\:SO ST | — | Timer/Event Counter 0 clock input
OCDSCK S
AN1 PASO | AN — | A/D Converter external input channel
ICPCK — ST — |ICP clock pin
OCDSCK — ST — | OCDS clock pin, for EV chip only
Rev. 1.10 9 September 03, 2024
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Pin Name Function | OPT ) oIT Description
PA7 PAWU ST | cmos General purpose I/0O. Register enabled pull-up
PAS1 and wake-up.
_ PWMAO | PAS1 — | CMOS | PWMA signal output
PA7/PWMAO/RES/VPP — -
RES PAS1 ST — | External reset input

High Voltage input for OTP programming, not

VPP PAST |PWR|  — available for EV chip

PB3 I;g';g ST | CMOS | General purpose I/0. Register enabled pull-up
PB3/INTO 'I”‘\ﬁig
INTO PBSO ST — External interrupt input O
IFS
PBPU )
PB4 PBS1 ST | CMOS |General purpose I/0. Register enabled pull-up
TC1 P”Ei? ST — | Timer/Event Counter 1 clock input
PB4/TC1/INT1
INTEG
INTCA1 . .
INT1 PBS1 ST — External interrupt input 1
IFS
NTC NTC . ST __ |Connect an NTC resistor _to this pin for
programmable thermal protection
. __ |Loop compensation pin. A capacitor should be
comP cowvp ST placed between COMP and GND
cs cs . ST __ | Current sense pin. A resistor is connected to

sense the MOSFET's current

Connected to a resistor divider from the
ZCD ZCD — ST — |auxiliary winding to sense the valley and the
output voltage

Gate driver output for driving the external

DRV DRV o — | CMOs power MOSFET
BLD BLD — — | CMOS | Active Bleeder output control pin
GND GND — PWR| — |Ground pin
VCC VCC — PWR| — |Power supply input
VDD VDD — PWR| — |Positive power supply
VSS VSS — PWR| — |Negative power supply, ground
Legend: U/T: Input type; O/T: Output type;
OPT: Optional by register option; PWR: Power;
ST: Schmitt Trigger input; CMOS: CMOS output;

AN: Analog signal.

Internally Connected Signals

Several signals listed in the following table are not connected to external package pins. These
signals are interconnection lines between the MCU and the LED Controller. Users should configure
PB1 and PB2 signals to implement correct interconnection.

MCU Signal Name | LED Controller Signal Name | Function Description

PB1 General purpose /0
PB1/PWMCO DIM PWMCO |PWMC signal output
DIM Dimming signal input

PB2 General purpose /O
PB2 BLD

BLD Active Bleeder output control

Rev. 1.10 10 September 03, 2024
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Absolute Maximum Ratings

SUPPLY VOIEAZE ..ottt ettt enean Vss-0.3V to 6.0V
INPUL VOIEAZE ...t Vss-0.3V to Vppt+0.3V
VCC Supply Voltage, VCC to GND ....ccioiiiiiiieiiieicneneeeeeeeeeeie e -0.3V~48V
DRV 0 GND ..ottt -0.3V~20V
COMP, NTC, ZCD, CS t0 GND ...ttt -0.3V~6V
Storage TeMPEIATUTE. ......coouiiiiiiiiiiiiiiei ettt -60°C to 150°C
Operating TeMPETALUTE........c.ccviiiriirierieetieteeie ettt ettt ettt st sbe et nean -40°C to 85°C
LOH TOTAL ... -80mA
TOL TOAL .. 80mA
Total POWET DISSIPALION ....e.viuiiieiieiiiteieteeteete ettt ettt ettt ettt et sbesbeebesbeeneeneane 500mW

Note: These are stress ratings only. Stresses exceeding the range specified under “Absolute Maximum
Ratings” may cause substantial damage to the device. Functional operation of the device 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

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vi Operating Voltage — HIRC fsys=fhirc=8MHz 2.0 — 5.5 \Y
o Operating Voltage — LIRC fvs=furc=32kHz 2.0 — 55 Vv

Standby Current Characteristics

Ta=25°C, unless otherwise specified

Test Conditions . Max. .
Symbol Standby Mode o oo Min. Typ. Max. @85°C Unit
2v — 0.45 0.80 7.00
3V |WDT off — 0.45 0.90 8.00 pA
5V — 0.5 2.0 10.0
SLEEP Mode
2V — 1.5 3.0 55
3V |WDT on — 1.8 3.6 6.5 PA
lera 5V — 3 5 10
2v — 24 4.0 8.0
IDLEO Mode - LIRC 3V |fsus On — 3 5 9 pA
5V — 5 10 1
2v — 288 400 480
IDLE1 Mode — HIRC 3V |fsus on, fsys=8MHz — 360 500 600 pA
5V — 600 800 960

Note: When using the characteristic table data, the following notes should be taken into consideration:
1. Any digital inputs are set in a non-floating condition.

Rev. 1.10
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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.

Operating Current Characteristics
Ta=-40°C~85°C

Test Conditions
Symbol Operating Mode Min. Typ. Max. Unit
Voo Conditions
2V — 12 24
SLOW Mode - LIRC 3V | fsys=32kHz — 15 30 uA
5V — 30 50
lop
2V — 0.6 1.0
FAST Mode — HIRC 3V | fsys=8MHz — 0.8 1.2 mA
5V — 1.6 2.4

Note: When using the characteristic table data, the following notes should be taken into consideration:
1. Any digital inputs are set 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.

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 either 3V or 5V.

Test Conditions
Symbol Parameter Min. Typ. Max. Unit
Voo Temp.
25°C -1% 8 +1%
3V/5V . " 5 5
8MHz Writer Trimmed HIRC -40°C~85°C -4% 8 +4%
fire MHz
Frequency 25°C -3% 8 +3%
2.0V~5.5V
-40°C~85°C -5% 8 +5%

Note: 1. The 3V/5V values for Vpp are provided as these are the two selectable fixed voltages at which the HIRC
frequency is trimmed by the writer.

2. The row below the 3V/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 3V for application voltage ranges from 2.0V
to 3.6V and fixed at 5V for application voltage ranges from 3.3V to 5.5V.

3. The minimum and maximum tolerance values provided in the table are for the frequency at which the
writer trims the HIRC oscillator.

Rev. 1.10 12 September 03, 2024
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Low Speed Internal Oscillator — LIRC — Frequency Accuracy

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

Test Conditions
Symbol Parameter Min. Typ. Max. Unit
Voo Temp.
; LIRC F 2.0V~ |25°C -20% 32 +20% KH
requenc z
Lre quency 55V |.40°C~85°C -50% 32 +60%
tsTarT LIRC Start Up Time — — — — 500 us
Operating Frequency Characteristic Curves
System Operating Frequency
A
8MHz —
2.0v 5.5V
Operating Voltage
System Start Up Time Characteristics
Ta=-40°C~85°C
Test Conditions
Symbol Parameter Min. | Typ. | Max. | Unit
Voo Conditions
System Start-up Time — | fsvs=fu~fu/64, fi=furc — | 128 | — | ftsys
(Wake-up from Condition Where fsys is Off) — | fsys=fsus=fLrc — 2 — | tsus
test System Start-up Time — | fsvs=fu~fu/64, fu=Frirc — 2 — | tsvs
(Wake-up from Condition Where fsys is On) — | fsys=feus=furc — 2 — | tsus
System Speed Switch Time __ | furcswitches from off | 198 | — |4
(FAST to SLOW Mode or SLOW to FAST Mode) to on HIRC
System Reset Delay Time
(Reset Source from Power-on Reset or LVR — | RRror=5V/ms
Hardware Reset)
trsTD - 16 80 ms
System Reset Delay Time
(Reset Source from WDT Overflow or RES Pin | — —
Reset)

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.

2. The time units, shown by the symbols, ture, etc., are the inverse of the corresponding frequency values as
provided in the frequency tables. For example tuire=1/fhirc, ture=1/fLire, etc.

3. 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, tstarr, as provided in the LIRC frequency table, must be added to the tssr time in the table above.

4. The System Speed Switch Time is effectively the time taken for the newly activated oscillator to start up.
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Input/Output Characteristics

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

Test Conditions
Symbol Parameter Min. Typ. Max. Unit
Vop Conditions
5V — 0 — 1.5
Input Low Voltage for I/O Ports \Y
y _ — 0 — 0.2Vop
* - — |Vop22.7 0 — | 04Von | V
Input Low Voltage for RES Pin
— [2.0sVpp<2.7 0 — 0.3Vop \Y
. 5V — 35 — 5
Input High Voltage for I/O Ports \Y
Vin — — 0.8Vop — Voo
Input High Voltage for RES Pin — — 0.9Vop — Vop \Y,
| Sink C t for 1/0 Port Al Vor=0.1Vi > 10 — A
in rrent for orts =0. m
oL u 5v oL DD 10 20 _
| s Current for I/O Port AV 25 | 50 — A
ource Current for orts =0. m
o sy | O 50 | -10 —
. . 3V — 20 60 100
Ren Pull-high Resistance for I/0 Ports "ot®) kQ
5V — 10 30 50
ILeak Input Leakage Current for I/O Ports 5V | Vin=Vop or Vin=Vss — — +1 MA
tre TCn Clock Input Minimum Pulse Width — — 20 — — ns
tinr Interrupt Input Pin Minimum Pulse Width — — 0.3 — — us
tres External Reset Minimum Low Pulse Width | — — 0.3 — — us

Note: The Ren 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.

Memory Characteristics

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

Test Conditions
Symbol Parameter Min. Typ. Max. Unit
Voo Conditions
Voo Voo for Read — ORPP Memory — — 2.0 — 5.5 \%
Voo for Write — ORPP Memory — — 4.5 — 5.5 \%
OTP Program Memory
Vep Vep for Write — ORPP Memory — — 8.25 8.50 8.75 \%
twr Write Cycle Time — ORPP Memory | — — — 300 450 us
Ep Cell Endurance — ORPP Memory — — 1 — — w
tretD ROM Data Retention Time — |Ta=25°C — 40 — Year
Flash Program Memory — for HT45V5530 only
tacrv ROM Activation Time — \gfxﬁmggm Power | 35 — 64 us
RAM Data Memory
Vor RAM Data Retention Voltage = — 1 — | = ] v

Note: 1. “W” means Write times.
2. The ROM activation time tacrv should be added when calculating the total system start-up time of a

wake-up from the IDLE/SLEEP mode.
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A/D Converter Electrical Characteristics

Ta=-40°C~85°C

Test Conditions
Symbol Parameter Min. Typ. Max. Unit
Voo Conditions
Vabi Input Voltage — — 0 — VRer \%
VRer Reference Voltage — — 2 — Vop \Y,
Nr Resolution — — — — 8 Bit
DNL Differential Nonlinearity — | Vrer=Vop, tanck=0.5us -1.5 — 1.5 LSB
INL Integral Nonlinearity — | Vrer=Vbp, tanck=0.5us -2 — 2 LSB
- 2.2V — 280 400
laoc éggg‘l‘;"a' Current for AD Converter =3\, N load (tock=05ps) | — | 450 | 600 | A
5V — 850 1000
tabck Clock Period — — 0.5 — 10.0 us
tonasT A/D Converter On-to-Start Time — — 4 — — us
t Conversion Time . . _ 12 . ¢
ADC (Includes A/D Sample and Hold Time) ADCK
LVR Electrical Characteristics
Ta=-40°C~85°C
Test Conditions
Symbol Parameter Min. | Typ. | Max. | Unit
Vop Conditions

LVR enable, voltage select 1.9V | -5% | 1.9 | +5%

LVR enable, voltage select 2.1V | -5% | 2.1 | +5%
Vivr Low Voltage Reset Voltage — Vv

LVR enable, voltage select 3.15V| -5% | 3.15 | +5%

LVR enable, voltage select 4.2V | -5% | 4.2 | +5%

) 3V |LVR enable, Vir=1.9V — — 15
lvr Operating Current A
5V | LVR enable, Vivr=1.9V — 15 30

tvr Minimum Low Voltage Width to Reset | — — 120 | 240 | 480 | ps

LED Controller Electrical Characteristics

Vee=15V, Ta=25°C

Symbol ‘ Parameter ‘ Test Conditions ‘ Min. ‘ Typ. ‘Max.‘ Unit
Supply Voltage
Vee Supply Voltage — 10 | — | 40 \Y
Vec_ove VCC Over Voltage Protection — — | 44 | — vV
Vee_on VCC Turn-On Threshold Voltage — — 18 — \Y
Ve orr VCC Turn-Off Threshold Voltage — — | 75| — \%
Entry VCC Self-Charging Threshold .
VCCfET VoItage Vee FaIIlng — 8.5 — \%
Exit VCC Self-Charging Threshold -
Vee ex Voltage Vce Rising — 9 — \Y
lec_st Start-up Current Vee = Vec on - 1V — 10 — | PA
lec_au Quiescent Current ZCD Pin and DRV Pin Open Circuit| — | 1.2 | — | mA
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Symbol ‘ Parameter ‘ Test Conditions ‘ Min. ‘ Typ. ‘Max.‘ Unit
Constant Current Control
Vier wax \C/glr:as;aent Current Maximum Reference . — 1300 — | mv
Ves_max x?g?:rntc;%rrsp;tgg?;: Limit Voltage Vzep > Vzep_uve — | 155 — \Y
Ves min g:ﬂgﬂ?rSn%l;:rs/gftjggsF?rétlgtﬁg/:ltage for Vzeo < Vzep uve or Vo < Vo pis — | 04 | — \Y
ties Leading Edge Blanking Time — — | 400 | — | ns
to_oce Over Current Protection Debounce Time |Vcowr 2 4.8V — | 100 | — | ms
Zero Current and Output Voltage Detector
Vo [200 0 Ot lloge Pt - s
Vzep_ov Constant Voltage Threshold Voltage — — | 08| — \%
Vzco_ove %ﬁg;ﬂg{}gﬁ; g\]/(Sltage Protection o _ los | — v
to 2couvp ZCD Pin UnQer Voltage Protection . . 16 | — | ms
- Debounce Time
. . . Ves pk 2 150mV — | 112 — | ps
tak_zco ZCD Pin Blanking Time
Ves_pk < 150mV — 077 — | ps
Timing Control
torr_comin | Minimum Off Time for CC Mode |CcC Vo > Voim_pis — | 22| — | ps
torr_comax | Maximum Off Time for CC Mode |Mode | Vo > Vo pis — | 160 | — | ps
torr_om g{fﬁﬂno(I;A:de Fixed Off Time for oV Vo < Voim_pis — | 40 — us
torF_sTmax g\a/x'\lﬂn;léz Start Timer Period for | Mode Vo < Vom_pis — 10 — | ms
ton_max Maximum On Time — — | 22 | — | ps
Gate Driver
Iorv_source | DRV Pin Source Current — — 400 | — | mA
Iprv_sink DRV Pin Sink Current — — | 500 — | mA
Vorv_ctavp | DRV Pin Clamp Voltage — — |12 | — \Y
Dimming Control
Voim_op DIM Signal Open Voltage — — | 54 | — \%
Vom_ et | DIM Signal High Threshold Voltage — — 3 — \%
Vom_tow DIM Signal Low Threshold Voltage — — 300 | — | mV
Voim_pis DIM Signal Disable Threshold Voltage — — 250 | — | mV
to_pimbis DIM Signal Disable Debounce Time — — 15 — | ms
Ioim DIM Signal Current Source — — 10 | — | mA
Current Foldback with Thermal Regulation
Vntc_op NTC Pin Open Voltage — — | 37| — \%
InTc NTC Pin Current Source — — | 8 | — | PA
Ver start \S/LTtr; g;urrent Fold-back Threshold . N T Vv
Ve stop \S/Lc:tp; ;)eurrent Fold-back Threshold . _los | — Vv
Ve reser \E/g;t:—;rg:l Thermal Shutdown Reset o —_ 10| — v
o, nTCsD _II\_li'rI:n(; Pin Thermal Shutdown Debounce o — 16| — | ms

Rev. 1.10 16 September 03, 2024



HT45R5530 #
LED Lighting with TRIAC Dimming OTP MCU HOLTEK

Symbol ‘ Parameter ‘ Test Conditions ‘ Min. ‘ Typ. ‘Max.‘ Unit
Internal Over Temperature Protection
Totp_sp Internal Thermal Shutdown Protection — — | 150 — | °C
Internal Thermal Shutdown Protection o
Totp_spHys Hysteresis — — 25 — C

Power-on Reset Characteristics

Ta=-40°C~85°C

Test Conditions
Symbol Parameter Min. | Typ. | Max. | Unit
Vop Conditions
Vror Voo Start Voltage to Ensure Power-on Reset | — — — — 100 mV
RRror | Vop Rising Rate to Ensure Power-on Reset — — 0.035 | — — Vims
Minimum Time for Vop Stays at Vror to Ensure
tror — — 1 — — ms
Power-on Reset
VDD
A
tPor RRpor
Vpor
» Time
System Architecture

A key factor in the high-performance features of the Holtek range of microcontrollers is attributed
to their internal system architecture. The device takes 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 cycle, with the exception of
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 device suitable for affordable, high-volume production for controller applications.

Clocking and Pipelining

The main system clock, derived from either a 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.
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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.

fsys | | | |
(System Clock)

Phase Clock T1 If \ IJ \ IJ \
| I

Phase Clock T2 | ] \ | ] \ / \
|
|

Phase Clock T3 : / \ / \ l \
—
|
X
|
|

|
Phase Clock T4 | / M
|
X
[

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
1 MOV A[12H] | [_Fetchinst 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

During program execution, the Program Counter is used to keep track of the address of the
next instruction to be executed. It is automatically incremented 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

Program Counter High Byte PCL Register
PC10~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.
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Stack

This is a special part of the memory which is used to save the contents of the Program Counter
only. The stack, organized into four levels, is 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.

If the stack is overflow, the first Program Counter save in the stack will be lost.

Program Counter

=z

Top of Stack | gtack Level 1

Stack
Pointer

» Stack Level 2

Program Memory

Stack Level 3

Bottom of Stack | Stack Level 4

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

* Logic operations: AND, OR, XOR, ANDM, ORM, XORM, CPL, CPLA

» Rotation: RRA, RR, RRCA, RRC, RLA, RL, RLCA, RLC

e Increment and Decrement: INCA, INC, DECA, DEC

 Branch decision: JMP, SZ, SZA, SNZ, S1Z, SDZ, SIZA, SDZA, CALL, RET, RETI
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OTP Program Memory

The Program Memory is the location where the user code or program is stored. The device is
supplied with One-Time Programmable, OTP memory where users can program their application
code into the device.

Structure

The Program Memory has a capacity of (2K-16)x15 bits. Note that the subtractive 16x15 bits space
is reserved and cannot be used. The Program Memory is addressed by the Program Counter and also
contains data, table information and interrupt entries. Table data, which can be set in any location
within the Program Memory, is addressed by a separate table pointer register.

000H | nitialization Vector
004H

A< Interrupt Vectors =2
018H
00H
" Look-up Table
nFFH

a 15 bits ac
7FFH 1615

=: Reserved, can not be used

Program Memory Structure

Special Vectors

Within the Program Memory, certain locations are reserved for the reset and interrupts. The location
000H 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 configured by placing the
address of the look up data to be retrieved in the table pointer register, TBLP. This register defines
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 “TABRD [m]” or “TABRDL[m]” instructions respectively. When the 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. Any unused bits in this
transferred higher order byte will be read as “0”.
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The accompanying diagram illustrates the addressing data flow of the look-up table.

Last page or Program Memory
Program Counter

high byte :|
TBLP Register
[l

f User Selected
Register TBLH Register

Data
15 bits

ssalppy

High Byte Low Byte

Table Program Example

The following example shows how the table pointer and table data is defined and retrieved from the
microcontrollers. 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 “0700H” which refers to the
start address of the last page within the 2K words Program Memory of the device. The table pointer
low byte register is set 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 “0706H” or 6 locations after the start
of the last page. Note that the value for the table pointer is referenced to the specific address of the
TBLP register if the “TABRD [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] instruction is executed.

Because the TBLH register is a read-only register and cannot 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

tempregl db ? ; temporary register #1
tempreg2 db ? ; temporary register #2
mov a,06h ; initialise low table pointer - note that this address is
referenced
; to the last page or present page

mov tblp,a

tabrd tempregl transfers value in table referenced by table pointer,

data at program memory address “0706H” transferred to tempregl and TBLH
reduce value of table pointer by one

transfers value in table referenced by table pointer,

data at program memory address “0705H” transferred to tempreg? and TBLH
; in this example the data “1AH” is transferred to tempregl and
data “OFH” to register tempreg2

the value “00H” will be transferred to the high byte register TBLH

dec tblp
tabrd tempreg2

org 0700h ; sets initial address of program memory
dc 00Ah, 00Bh, 00Ch, 00Dh, O00Eh, 00Fh, O01Ah, 01Bh
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In Circuit Programming — ICP

The provision of OTP type Program Memory, users can program their application One-Time
into the device. As an additional convenience, Holtek has provided a means of programming the
microcontroller in-circuit using a 5-pin interface. This provides manufacturers with the possibility
of manufacturing their circuit boards complete with an un-programmed microcontroller, and then

programming the program at a later stage.

Holtek Writer Pins | MCU Programming Pins Pin Description
ICPDA PAO Programming Serial Data/Address
ICPCK PA2 Programming Clock
VPP VPP Programming OTP ROM power supply (8.5V)

Power Supply. A 0.1uF capacitor is required to be
connected between VDD and VSS for programming.

VSS VSS Ground

VDD VDD

The Program Memory can be programmed serially in-circuit using this 5-wire interface. Data is
downloaded and uploaded serially on a single pin with an additional line for the clock. Three additional
lines are required for the power supply. 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 _T_ VDD
0.1uF ==
icroA| O PAO
icrek| O PA2
writer VPP | O VPP
writer_vss | O VsS

To other Circuit
Note: 1. A 0.1pF capacitor is required to be connected between VDD and VSS for ICP programming
and located as close to these pins as possible.

2. * may be resistor or capacitor. The resistance of * must be greater than 1kQ or the
capacitance of * must be less than 1nF.

On-Chip Debug Support — OCDS

There is an EV chip named HT45V5530 which is used to emulate the real MCU device named
HT45R5530. 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
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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. 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 Power Supply
VSS VSS Ground

OTP ROM Parameter Program — ORPP

This device contains an ORPP function. The provision of the ORPP function offers users the
convenience of OTP Memory programming features. Note that the Write operation only writes data
to the last page of ROM, and the data can only be written once and cannot be erased.

Before the write operation is implemented, the VPP pin must be connected to an 8.5V power and
after the write operation is completed, the high voltage power should be removed from the VPP pin.
If the VPP function is pin-shared with an I/O port, the corresponding I/O port cannot be set as an
output when it is used as the VPP function.

ORPP Registers

Three registers control the overall operation of the internal ORPP function. These are data registers
ODL and ODH, and a control register OCR.

Register Bit
Name 7 6 5 4 3 2 1 0
OCR — — — — WREN WR — —
ODL D7 D6 D5 D4 D3 D2 D1 DO
ODH — D14 D13 D12 D11 D10 D9 D8

ORPP Register List

* ODL Register

Bit 7 6 5 4 3 2 1 0
Name D7 D6 D5 D4 D3 D2 D1 DO
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 7~0 D7~D0: ORPP program memory data bit 7 ~ bit 0

* ODH Register

Bit 7 6 5 4 3 2 1 0
Name — D14 D13 D12 D11 D10 D9 D8
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 Unimplemented, read as “0”

Bit 6~0 D14~D8: ORPP program memory data bit 14 ~ bit 8
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* OCR Register

Bit 7 6 5 4 3 2 1 0
Name — — — — WREN WR — —
RIW — — — — RIW RIW — —
POR — — — — 0 0 — —
Bit 7~4 Unimplemented, read as “0”
Bit 3 WREN: ORPP Write Enable
0: Disable
1: Enable

This is the ORPP Write Enable Bit which must be set high before write operations are
carried out. This bit will be automatically reset to zero by the hardware after the write
cycle has finished. Clearing this bit to zero will inhibit ORPP write operations.
Bit2 WR: ORPP Write Control
0: Write cycle has finished
1: Activate a write cycle
This is the ORPP 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 1~0 Unimplemented, read as “0”
Note: 1. The WREN and WR cannot be set high at the same time in one instruction.
2. Note that the CPU will be stopped when a write operation is successfully activated.
3. Ensure that the fsus clock is stable before executing the write operation.
4. Ensure that the write operation is totally complete before executing other operations.

ORPP Writing Data to the OTP Program Memory

For ORPP write operation the data to be written should be placed in the ODH and ODL registers and the
desired write address should first be placed in the TBLP register. To write data to ROM, the write enable
bit, WREN, in the OCR register must first be set high to enable the write function. After this, the WR
bit in the OCR register must be immediately set high to initiate a write cycle. These two instructions
must be executed in two consecutive instruction cycles to activate a write operation successfully.
The global interrupt bit EMI should also first be cleared before implementing any write operations,
and then set again after a valid write activation procedure has completed. Note that the CPU will be
stopped when a write operation is successfully activated. When the write cycle terminates, the CPU will
resume executing the application program. And the WR bit will be automatically cleared to zero by the
microcontroller, informing the user that the data has been written to the OTP Program Memory.

ORPP Reading Data from the OTP Program Memory

For ORPP read operation the desired address should first be placed in the TBLP register. Then the
data can be retrieved from the program memory using the “TABRDL [m]” instruction. When the
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.
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Programming Considerations

Care must be taken that data is not inadvertently written to ROM. Protection can be enhanced by
ensuring that the Write Enable bit is normally cleared to zero when not writing. 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 set high again after a write activation procedure
has completed. Note that the device should not enter the IDLE or SLEEP mode until ORPP write
operation is totally complete. Otherwise, ORPP write operation will fail.

Programming Examples

ORPP Reading data from the OTP Program Memory

Tempregl db ? ; temporary register

MOV A, O3H

MOV TBLP, A ; set read address 03H

TABRDL Tempregl ; transfers value in table (last page) referenced by table pointer,

; data at program memory address “0703H” transferred to tempregl and TBLH

ORPP Writing Data to the OTP Program Memory

MOV A, ORPP_ADRES ; user defined address

MOV TBLP, A

MOV A, ORPP DATA L ; user defined data

MOV ODL, A

MOV A, ORPP DATA H

MOV ODH, A

MOV A, 00H

MOV OCR, A

CLR EMI

SET WREN ; set WREN bit, enable write operation

SET WR ; start Write Cycle - set WR bit - executed immediately
; after setting WREN bit

SET EMI

BACK:

SZ  WR ; check for write cycle end

JMP BACK

NOP
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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.

Structure

Categorised into two 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 start address of the Data Memory for the device is 00H. The address range of the Special
Purpose Data Memory for the device is from 00H to 3FH while the address range of the General
Purpose Data Memory is from 40H to 9FH.

00H
Special Purpose
Data Memory
3FH
40H
General Purpose
Data Memory
9FH Bank 0

Data Memory Structure

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 programming 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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00H
01H
02H
03H
04H
05H
06H
o7H
08H
09H
0AH
0BH
0CH
ODH
OEH
OFH
10H
11H
12H
13H
14H
15H
16H
17H
18H
19H
1AH
1BH
1CH
1DH
1EH
1FH
20H
21H
22H
23H
24H
25H
26H
27H
28H
29H
2AH
2BH
2CH
2DH
2EH
2FH
30H
31H
32H
33H
34H

3FH

:l: Unused, read as 00H
: Reserved, cannot be changed Unless otherwise specified

Bank 0

IARO

MPOQ

IAR1

MP1

ACC

PCL

TBLP

TBLH

STATUS

INTEG

WDTC

TBC

SCC

PASO

PAS1

PA

PAC

PAPU

PAWU

INTCO

INTC1

TMR1C

TMRIL

TMR1H

IFS

SADCO

SADC1

SADO

PBC

PBPU

PBS0O

PCC

PBS1

OCR

ODL

ODH

TMROC/PWMC

TMRO/PWMADATA

PWMBDATA

PWMCDATA

Special Purpose Data Memory
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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

The Indirect Addressing Registers, IARO and IAR1, although having its location in normal RAM
register space, do not actually physically exist as normal registers. The method of indirect addressing
for RAM data manipulation uses this Indirect Addressing Registers and Memory Pointers, in
contrast to direct memory addressing, where the actual memory address is specified. Actions on the
IARO and IARI registers will result in no actual read or write operation to these registers but rather
to the memory location specified by the corresponding Memory Pointers, MPO or MP1. Acting
as a pair, IARO and MPO or IARI and MP1 can together access data from Bank 0. As the Indirect
Addressing Register is not physically implemented, reading the Indirect Addressing Register will
return a result of “00H” and writing to the register will result in no operation.

Memory Pointers — MP0, MP1

Two Memory Pointers, known as MPO and MP1 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 Indirect Addressing Register is carried out, the actual address that the microcontroller is directed
to is the address specified by the Memory Pointer. MPO and MP1, together with the Addressing
Registers, IARO and IAR1, all can be used to access data from Bank 0.

The following example shows how to clear a section of four Data Memory locations already defined
as locations adres1 to adres4.

Indirect Addressing Program Example

data .section ‘data’

adresl db ?
adres2 db ?
adres3 db ?
adres4 db ?
block db ?
code .section at 0 ‘code’
org 00h
start:
mov a, 04h ; set size of block

mov block, a
mov a, offset adresl ; Accumulator loaded with first RAM address

mov MPO, a ; set memory pointer with first RAM address
loop:
clr IARO ; clear the data at address defined by MPO
inc MPO ; increase memory pointer
sdz block ; check if last memory location has been cleared
jmp loop
continue:

The important point to note here is that in the examples shown above, no reference is made to
specific Data Memory addresses.
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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.

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, TBLH

The special function register TBLP is used to control operation of the look-up table which is stored
in the Program Memory. TBLP is the table pointer and indicates the location where the table data
is located. Its value must be set before any table read commands are executed. Its 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 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 and C flags generally reflect the status of the latest operations.

» C is 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.

o 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.
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* 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.

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 — — TO PDF ov z AC Cc
R/W — — R R R/W R/W R/W R/W
POR — — 0 0 X X X X
“x”: unknown
Bit 7~6 Unimplemented, read as “0”
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
Bit3 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
Bit2 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.

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 operations 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 Interrupt. The fully integrated internal oscillators, requiring
no external components, are provided to form a wide range of both fast and slow system oscillators.
The higher frequency oscillator provides higher performance but carry with it the disadvantage of
higher power requirements, while the opposite is of course true for the lower frequency oscillator.
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With the capability of dynamically switching between fast and slow system clock, the device has 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 8MHz
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 sourced from the internal 8MHz 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~CKSO bits in the SCC register and the
system clock can be dynamically selected.

fu »
High Speed fu/2 o
Oscillator v
..................... : fuld
HIRC E r\ fu/8 >

: IDLEO

: »| Prescaler /16 o —» fsvs
--------- R sieep—] S

A

HIRCEN fu/32 >
fu/64 >
fsus o L

Low Speed ” /j

Oscillator (

procm ey CKS2~CKS0

il LIRC \ NN
i IDLE2 ) » fsus
Lemorsmneanneanneee SLEEP —/_/

fLIRC
L

System Clock Configuration

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 one fixed frequency of 8MHz. 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. Note that this internal system clock option requires no external
pins for its operation.

Internal 32kHz Oscillator — LIRC

The Internal 32kHz System Oscillator is a fully integrated low frequency 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 device 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 device has many different clock sources for both the CPU and peripheral function operation. By
providing the user with a wide range of clock options using register programming, a clock system
can be configured to obtain maximum application performance.

The main system clock, can come from either 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 is
sourced from the HIRC oscillator. The low speed system clock source is 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.
fu \

ful2
High Speed . >
Oscillator ful4
| —_———" >
| — f8
HIRCEN—+ HIRC f >
IDLEO » Prescaler | f./16
[Tpp——— SLEEP =2 Lo > fors
32
f64
Low Speed -
Oscillator =
r————A
| ; CKS2~CKS0
LIRC
' IDLE2 D = > fus
L———! SLEEP
fsys —p»
fF’SC
fsvs/4 —p —>| Prescaler |—/—>| Time Base

f fsus -
s wor ] Y

CLKSEL[1:0]

Device Clock Configurations

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

System Operation Modes

There are six different modes of operation for the microcontrollers, 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 FAST 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.
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i Register Setting
sl CPU fsys fu fsus fure
Mode FHIDEN | FSIDEN | CKS2~CKS0
FAST On X X 000~110 fu~fu/64 On On On
SLOW On X X 111 fsus On/Off™ | On On
000~110 Off
IDLEO Off 0 1 Off On On
111 On
IDLE1 Off 1 1 XXX On On On On
000~110 On
IDLE2 Off 1 0 On Off On
111 Off
SLEEP Off 0 0 XXX Off Off Off | On/Off@

“x”: Don’t care
Note: 1. The fi clock will be switched on or off by configuring the corresponding oscillator enable bit
in the SLOW mode.

2. The fire clock can be switched on or off which is controlled by the WDT function being
enabled or disabled in the SLEEP mode.

FAST Mode

This is one of the main operating modes where the microcontrollers have all of their functions
operational and where the system clock is provided by the high speed oscillator. This mode operates
allowing the microcontrollers to operate normally with a clock source which will come from the
high speed oscillator, HIRC. 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~CKSO0 bits in the SCC register.
Although a high speed oscillator is used, running the microcontrollers at a divided clock ratio
reduces the operating current.

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, which is derived from the LIRC oscillator.

SLEEP Mode
The SLEEP Mode is entered when an 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 fiire clock can continues to operate if the
WDT function is enabled.

IDLEO Mode

The IDLEO Mode is entered when an 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.

IDLE1 Mode

The IDLE1 Mode is entered when an 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.
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IDLE2 Mode

The IDLE2 Mode is entered when an 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 Register

The SCC register is used to control the system clock and the corresponding oscillator configurations.

* SCC Register

Bit 7 6 5 4 3 2 1 0

Name CKS2 CKS1 CKSO0 — HIRCF | HIRCEN | FHIDEN | FSIDEN

R/W R/W R/W R/W — R R/W R/W R/W

POR 1 1 1 — 0 0 0 0

Bit 7~5 CKS2~CKSO0: System clock selection

Bit 4
Bit3

Bit 2

Bit 1

Bit 0

Note:

000: fu
001: fu/2
010: fu/4
011: fu/8
100: fu/16
101: fu/32
110: fu/64
111: fsus
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.
Unimplemented, read as “0”
HIRCF: 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 or the HIRC frequency selection
is changed by the application program, 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
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 an “HALT” instruction.
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 an “HALT” instruction.
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. 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%trar)], Where tcur. indicates the current
clock period, tr.. indicates the target clock period and the tsys indicates the current system clock
period.
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Operating Mode Switching

The device 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 FAST Mode and SLOW Mode is executed using the
CKS2~CKSO0 bits in the SCC register while mode switching from the FAST/SLOW Modes to the
SLEEP/IDLE Modes is executed via the HALT instruction. When an HALT instruction is executed,
whether the device enters the IDLE Mode or the SLEEP Mode is determined by the condition of the

FHIDEN and FSIDEN bits in the SCC register.

FAST
fsys =fH"'fH/ 64
fuon
CPU run
fsys on
fsus on

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

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

FAST Mode to SLOW Mode Switching

SLOW
fsys=fsus
fsus ON
CPU run
fsys on
fu on/off

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

HALT instruction executed

IDLEO

CPU stop
FHIDEN=0
FSIDEN=1

fH off
fsus on

When running in the FAST 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 system clock is sourced from the LIRC oscillator and therefore requires this

oscillator to be stable before full mode switching occurs.
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FAST Mode

CKS2~CKS0=111

L SLOW 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

SLOW Mode to FAST Mode Switching

In the SLOW mode the system clock is derived from fsys. When system clock is switched back to
the FAST 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 fy is not used in the SLOW mode and thus switched off, it will take some time to re-
oscillate and stabilise when switching to the FAST mode from the SLOW Mode. This is monitored
using the HIRCF bit in the SCC register. The time duration required for the high speed system
oscillator stabilisation is specified in the System Start Up Time Characteristics.

SLOW Mode
CKS2~CKS0=000~110

—— FAST 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.

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 fi 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.

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 fu 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.

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:
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» 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 the device which has different package types, as there may be unbonded pins.
These must either be set as outputs or if set as inputs must have pull-high resistors connected.

Care must also be taken with the loads, which are connected to I/O pins, which are set 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 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 falling edge on Port A
+ An external RES pin reset

+ A system interrupt

* AWDT overflow

When the device executes the “HALT” instruction, it will enter the IDLE or SLEEP mode and
the PDF flag will be set to 1. The PDF flag will be cleared to 0 if the device experiences a system
power-up or executes the clear Watchdog Timer instruction.

If the system is woken up by an external RES pin 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
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 flag. 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, other flags remain in their original status.
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Each pin on Port A can be set using the PAWU 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, fiirc 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 [(28-29)~2%]~[(2!5-27)~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 time-out period as well as the enable/disable operation.

* WDTC Register

Bit 7 6 5! 4 3 2 1 0
Name — — — — WDTEN WS2 WS1 WSO
R/W — — — — R/W R/W R/W R/W
POR — — — — 1 1 1 1
Bit 7~4 Unimplemented, read as “0”
Bit 3 WDTEN: WDT function enable control
0: Disable
1: Enable

Bit 2~0 WS2~WS0: WDT time-out period selection
000: [(28-29~2%)/fLire
001: [(2°-2")~2)/fLire
010: [(210-2%)~21/fire
011: [(2"-2%)~2"
[
[

/fLire

—

100: [(212-24)~21"2
101: [(213-2%)~2"]/fLre
110: [(24-29)~2"/fuire
111: [(2B3-27)~25]/fLre
These three bits determine the division ratio of the Watchdog Timer source clock,
which in turn determines the timeout period.

/fLire
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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. With regard
to the Watchdog Timer enable/disable function, there is one bit, WDTEN, in the WDTC register to
offer the enable/disable control.

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 bit 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 using the Watchdog Timer software clear instruction, the second is via a HALT instruction.
The third is an external hardware reset, which means a low level on the external reset pin. The fourth
is that the WDTEN bit is cleared to zero to disable the Watchdog Timer.

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 1
second for the 2" division ratio, and a minimum timeout of 8ms for the 2% division ration.

A -
P fpsco~frscr

WS2~WS0
(furc/2° ~ fLire/2")

7-stage Divider 8-to-1 MUX 8-stage Divider —3»WDT Time-out
(2%fure ~ 2" MfLirc)

fLIRC

Clear 7-stage divider

S5Ea WDTEN—T\ Clear B-stage divid
RES pin reset — A= mstruction ) cero-siage dvider
“CLR WDT"” Instruction —L/

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 microcontrollers. In this case, internal circuitry will
ensure that the microcontrollers, 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,
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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 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.
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.

Reset Functions

There are several ways in which a microcontroller reset can occur, through events occurring both
internally and externally.

Power-on Reset

The most fundamental and unavoidable reset is the one that occurs after power is first applied to
the microcontrollers. 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.

VDD /

Power-on Reset
tRSTD

SST Time-out

Power-on Reset Timing Chart

RES Pin Reset

As the reset pin is shared with an 1/O pin, the reset function must be selected using a configuration
option. Although the microcontroller has an internal RC reset function, if the Vbp 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 trstp 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.
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® T VDD

1N4148* l

0.01pF*

10kQ~
100kQ

RES

P 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.

0.1uF~1pF

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.
O.QVDD
N
trsTo*tssT
Internal Reset

RES Reset Timing Chart

Low Voltage Reset — LVR

The microcontroller contains a low voltage reset circuit in order to monitor the supply voltage of
the device. The LVR function can be enabled or disabled which is selected by the configuration
options. If the supply voltage of the device drops to within a range of 0.9V~Viyr such as might
occur when changing the battery in battery powered applications, the LVR will automatically reset
the device internally. 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 tivr in the LVR 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 specified voltage values for Viyr can

be selected using configuration options.

LVR J

h—.‘ tRSTD + tSST

Internal Reset

Low Voltage Reset Timing Chart
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Watchdog Time-out Reset during Normal Operation

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

WDT Time-out

P trsTD

A
\

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 flag will be set to “1”. Refer to the System Start Up Time
Characteristics for tssr details.

WDT Time-out —|

P tssT

A
Y

Internal Reset

WDT Time-out Reset during SLEEP or IDLE Mode Timing Chart

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 or LVR reset during FAST or SLOW Mode operation
1 u WDT time-out reset during FAST or SLOW Mode operation
1 1 WDT time-out reset during IDLE or SLEEP Mode operation

“u” stands for 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 Base Cleared after reset, WDT begins counting
Timer/Event Counter Timer/Event Counter will be turned off
Input/Output Ports I/0 ports will be set 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.
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Register Reset WDT Time-ot.ft RES Reset ) WDT Time-out
(Power On) | (Normal Operation) | (Normal Operation) | (IDLE/SLEEP)
IARO XXXX XXXX uuuu uuuu uuuu uuuu uuuu uuuu
MPO XXXX XXXX uuuu uuuu uuuu uuuu uuuu uuuu
IAR1 XXXX XXXX uuuu uuuu uuuu uuuu uuuu uuuu
MP1 XXXX XXXX uuuu uuuu uuuu uuuu uuuu uuuu
ACC XXXX XXXX uuuu uuuu uuuu uuuu uuuu uuuu
PCL 0000 0000 0000 0000 0000 0000 0000 0000
TBLP XXXX XXXX uuuu uuuu uuuu uuuu uuuu uuuu
TBLH SXXX XXXX -uuu uuuu -uuu uuuu -uuu uuuu
STATUS --00 xxxx --1u uuuu --uu uuuu --11 uuuu
INTEG ---- 0000 ---- 0000 ---- 0000 ---- uuuu
WDTC ---- 1111 ---- 1111 ---- 1111 ---- uuuu
TBC 0-00 -000 0-00 -000 0-00 -000 u-uu -uuu
SCC 111- 0000 111- 0000 111- 0000 uuu- uuuu
PASO 0000 0000 0000 0000 0000 0000 uuuu uuuu
PAS1 -0-0 00-0 -0-0 00-0 -0-0 00-0 -u-u uu-u
PA 1111 1111 1111 1111 1111 1111 uuuu uuuu
PAC 1111 1111 1111 1111 1111 1111 uuuu uuuu
PAPU 0000 0000 0000 0000 0000 0000 uuuu uuuu
PAWU 0000 0000 0000 0000 0000 0000 uuuu uuuu
INTCO -000 0000 -000 0000 -000 0000 -uuu uuuu
INTCA1 -000 -000 -000 -000 -000 -000 -uuu- -uuu
TMR1C 00-0 1000 00-0 1000 00-0 1000 uu-u uuuu
TMR1L 0000 0000 0000 0000 0000 0000 uuuu uuuu
TMR1H 0000 0000 0000 0000 0000 0000 uuuu uuuu
IFS 0000 0000 0000 0000 0000 0000 uuuu uuuu
SADCO 000- 0000 000- 0000 000- 0000 uuu- uuuu
SADCA1 ---0 0000 ---0 0000 ---0 0000 ---u uuuu
SADO XXXX XXXX XXXX XXXX XXXX XXXX uuuu uuuu
PB --11 1111 --11 1111 --11 1111 --uu uuuu
PBC --11 1111 --11 1111 --11 1111 --uu uuuu
PBPU --00 0000 --00 0000 --00 0000 --uu uuuu
PBSO0 -000 0000 -000 0000 -000 0000 -uuu uuuu
PCC ---- 1111 ---- 1111 ---- 1111 ---- uuuu
PBS1 ---- -0-0 ---- -0-0 ---- -0-0 ---- -u-u
OCR ---- 00-- ---- 00-- ---- 00-- ---- uu--
ODL 0000 0000 0000 0000 0000 0000 uuuu uuuu
ODH -000 0000 -000 0000 -000 0000 -uuu uuuu
TMROC/PWMC 00-0 0000 00-0 0000 00-0 0000 uu-u uuuu
TMRO/PWMADATA | 0000 0000 0000 0000 0000 0000 uuuu uuuu
PWMBDATA 0000 0000 0000 0000 0000 0000 uuuu uuuu
PWMCDATA 0000 0000 0000 0000 0000 0000 uuuu uuuu
Note: “u” stands for unchanged
“x” stands for unknown
“-” stands for unimplemented
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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
wide ran,

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

ge of application possibilities.

The device provides bidirectional input/output lines labeled with port names PA~PB. These 1/0

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 (i}
PA PA7 D6 D5 D4 D3 PA2 PA1 PAO
PAC PAC7 D6 D5 D4 D3 PAC2 PAC1 PACO
PAPU | PAPU7 D6 D5 D4 D3 PAPU2 | PAPU1 | PAPUO
PAWU | PAWU7 D6 D5 D4 D3 PAWU2 | PAWU1 | PAWUO
PB — — D5 PB4 PB3 PB2 PB1 DO
PBC — — D5 PBC4 PBC3 PBC2 PBC1 DO
PBPU — — D5 PBPU4 | PBPU3 | PBPU2 | PBPU1 DO
PCC — — — — PCC3 PCC2 PCC1 PCCO

“—” Unimplemented, read as “0”
1/0 Logic Function Register List

Pull-high Resistors

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 co

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

resistor. These pull-high resistors are selected using the relevant pull-high control registers and are

impleme

nted using weak PMOS transistors.

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. 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

The PxPUn bit is used to control the pin pull-high function. Here the “x” can be A or B.
However, the actual available bits for each I/O Port may be different.

Note that the pull-high control bit denoted as "Dn" in the port A and port B should remain
the POR value after power-on reset.
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Port A Wake-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 Port
A pins from high to low. This function is especially suitable for applications that can be woken up
via external switches. Each pin on Port A can be selected individually to have this wake-up feature
using the PAWU register.

Note that the wake-up function can be controlled by the wake-up control registers only when the pin
is selected as a general purpose input and the MCU enters the IDLE or SLEEP mode.

* PAWU Register

Bit 7 6 5 4 3 2 1 0
Name PAWU7 | PAWU6 | PAWUS | PAWU4 | PAWU3 | PAWU2 | PAWU1 | PAWUO
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
PAWUn: Port A Pin wake-up function control
0: Disable
1: Enable

/0 Port Control Registers

Each I/O port has its own control register 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/0 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 set as a CMOS
output. If the pin is currently set 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 A Pin type selection
0: Output
1: Input

[T}

The PxCn bit is used to control the pin type selection. Here the “x” can be A or B. However,
the actual available bits for each I/O Port may be different.

For the unbonded pins, PA3~PA6, PB0, PB5 and PCO~PC3, it is recommended that the
corresponding PxCn bit should be cleared to zero to set these I/O lines as outputs after power
on. This can avoid unwanted power consumption resulting from floating input conditions.
For the PB1 and PB2 signals, they are connected to the DIM and BLD respectively, users
should configure the PB1 and PB2 signals to implement correct interconnection.
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Pin-shared Functions

The flexibility of the microcontroller range 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 device includes a Port “x” output function selection
register “n”, labeled as PxSn, and Input Function Selection register, labeled as IFS, 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, a special point must be noted for the digital input
pin TCn, etc, which shares the same pin-shared control configuration with its corresponding general
purpose I/O function when setting the relevant pin-shared control bit. To select this pin function,
in addition to the necessary pin-shared control and peripheral functional setup aforementioned,
it must also be set as an 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.

Register Bit

Name 7 6 5 4 3 2 1 0
PASO D7 D6 PASO5 | PAS04 | PAS03 | PAS02 | PAS01 | PAS00
PAS1 — PAS16 — D4 D3 D2 — DO
PBSO — PBSO6 | PBS05 | PBS04 | PBS03 | PBS02 D1 DO
PBS1 — — — — — D2 — PBS10
IFS | TC1PS1 | TC1PSO | TCOPS1 | TCOPSO | INT1PS1 | INT1PSO | INTOPS1 | INTOPSO

Pin-shared Function Selection Register List

* PASO Register

Bit 7 6 5 4 3 2 1 0
Name D7 D6 PAS05 PAS04 PAS03 PAS02 PAS01 PAS00
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 D7~D6: Reserved bits, should remain unchanged after power-on reset
Bit 5~4 PAS05~PAS04: PA2 Pin-Shared function selection
00: PA2/TCO
01: Reserved, cannot be used
10: AN1
11: PA2/TCO
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Bit 3~2

Bit 1~0

PAS03~PAS02: PA1 Pin-Shared function selection
00: PA1
01: PWMAOB
10: VREF
11: AN2
PAS01~PAS00: PAO Pin-Shared function selection
00: PAO/INT1
01: PWMAO
10: AN3
11: PAO/INTI1

* PAS1 Register

Bit 7 6 5 4 3 2 1 0
Name — PAS16 — D4 D3 D2 — DO
R/W — R/W — R/W R/W R/W — R/W
POR — 0 — 0 0 0 — 0
Bit 7 Unimplemented, read as “0”
Bit 6 PAS16: PA7 Pin-Shared function selection
0: PA7/RES/VPP
1: PWMAO
Bit 5 Unimplemented, read as “0”
Bit 4~2 D4~D2: Reserved bits, should remain unchanged after power-on reset
Bit 1 Unimplemented, read as “0”
Bit 0 DO: Reserved bit, should remain unchanged after power-on reset
* PBS0 Register
Bit 7 6 5 4 3 2 1 0
Name — PBS06 PBS05 PBS04 PBS03 PBS02 D1 DO
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 Unimplemented, read as “0”
Bit 6 PBS06: PB3 Pin-Shared function selection
0: PB3/INTO
1: Reserved, cannot be used
Bit 5~4 PBS05~PBS04: These bits should be kept unchanged after power-on
For the PB2, the active internal signal is PB2.
Bit 3~2 PBS03~PBS02: These bits should be fixed at “11” after power-on
For the PB1, the active internal signal is PWMCO.
Bit 1~0 D1~D0: Reserved bits, should remain unchanged after power-on reset

* PBS1 Register

Bit 7 (] 5 4 3 2 1 0
Name — — — — — D2 — PBS10
RIW — — — — — RIW — RIW
POR — — — — — 0 — 0
Bit 7~3 Unimplemented, read as “0”
Bit 2 D2: Reserved bit, should remain unchanged after power-on reset
Bit 1 Unimplemented, read as “0”
Bit 0 PBS10: PB4 Pin-Shared function selection

0: PB4/TC1/INT1
1: Reserved, cannot be used
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* IFS Register

Bit 7 6 5 4 3 2 1 0
Name | TC1PS1 | TC1PSO | TCOPS1 | TCOPSO | INT1PS1 | INT1PSO | INTOPS1 | INTOPSO
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 TC1PS1~TC1PS0: TCI input source pin selection
00~10: Reserved, cannot be used
11: PB4

Bit 5~4 TCOPS1~TCOPSO0: TCO input source pin selection
00: PA2
01~11: Reserved, cannot be used

Bit 3~2 INT1PS1~INT1PSO0: INT1 input source pin selection
00: Reserved, cannot be used
01: PAO
10~11: Reserved, cannot be used

Bit 1~0 INTOPS1~INTOPSO: INTO input source pin selection
00: Reserved, cannot be used
01~10: Reserved, cannot be used
11: PB3

1/0 Pin Structure

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 1/O logic function. The wide range of pin-shared
structures does not permit all types to be shown.

Vop
o
Pull-high
Control Bit ge|gistter | Weak
elect ), -
Data Bus D Q J ! Pull-up
Write Control Register CcK Q _D_‘
Chip Reset s
»—ﬂ—- I 1/0 pin
Read Control Register
Data Bit
HD  Q D JE_
Write Data Register CK Q
S
| M—’> /77
U
X @I

Read Data Register

System Wake-up 4(]__ wake-up Select | PA only

Logic Function Input/Output Structure
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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 set 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 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.

Port A has the additional capability of providing wake-up function. 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 of any of the Port A pins. Single or multiple pins on Port A can be set to have this function.

8-bit Timer/Event Counter

The provision of the Timer/Event Counter forms an important part of any microcontroller, giving the
designer a means of carrying out time related functions. The device contains an 8-bit Timer/Event
Counter, which is an 8-bit programmable count-up counter and the clock may come from an external
or internal clock source. As this timer has four different operating modes, it can be configured to
operate as a general timer, an external event counter, a pulse width measurement or a pulse width
mode.

TOPSC2~TOPSCO

Data bus

U

fPSC

ToM1 8-bit Timer/Event Counter Reload

Preload Register

TOMO

TCO

:||

Pulse Width 8-bit Timer/Event Overflow to
TOM1 — )
TOEG TomMo —] Measurement Counter interrupt
TOON — Mode Control

8-bit Timer/Event Counter Structure

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, Pulse Width
Measurement Mode and PWM Mode. For the Timer/Event Counter, this internal clock is sourced from
the Time Base prescaler, which is selected by the TOPSC2~TOPSCO bits in the TMROC Timer/Event
Control Register.

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 TCO pin. Depending upon the condition of the TOEG 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 several registers related to the Timer/Event Counter. The first is the TMRO register that
contains the actual value of the timer and into which an initial value can be preloaded. Writing to
the TMRO register will transfer the specified data to the Timer/Event Counter. Reading the TMRO
register will read the contents of the Timer/Event Counter. The second is the TMROC control
register, which is used to define the operating mode, control the counting enable or disable and select
the active edge. Another four registers control the overall operation of the Pulse Width Modulator,
the data register, PWMADATA, PWMBDATA, PWMCDATA and the control register, PWMC. Note
that the PWMC and TMROC registers have the same register address, the PWMADATA and TMRO
registers also have the same register address.

Register Bit
Name 7 6 5 4 3 2 1 0
TMRO D7 D6 D5 D4 D3 D2 D1 DO
TMROC TOMA1 TOMO — TOON TOEG TOPSC2 | TOPSC1 | TOPSCO
PWMC TOMA1 TOMO — PWMDIV2 | PWMDIV1 | PWMDIVO | PWMSEL | PWMEN

PWMADATA | PWMAD7 | PWMAD6 | PWMADS | PWMAD4 | PWMAD3 | PWMAD2 | PWMAD1 | PWMADO
PWMBDATA | PWMBD7 | PWMBD6 | PWMBDS5 | PWMBD4 | PWMBD3 | PWMBD2 | PWMBD1 | PWMBDO
PWMCDATA | PWMCD7 | PWMCD6 | PWMCD5 | PWMCD4 | PWMCD3 | PWMCD2 | PWMCD1 | PWMCDO

Timer/Event Counter Register List

Timer Register - TMRO

The timer register TMRO is the place where the actual timer value is stored. The value in the timer
register 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 FFH for the 8-bit Timer/Event Counter, at which point the timer overflows and
an internal interrupt signal is generated. The timer value will then be loaded with the preload register
value and continue counting.

Note that to achieve a maximum full range count of FFH, the preload register must first be cleared.
Note that 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 remain in the

preload register and will only be written into the actual counter until an overflow occurs.

* TMRO 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 byte

Rev. 1.10 51 September 03, 2024



# HT45R5530
HOLTEK LED Lighting with TRIAC Dimming OTP MCU

Timer Control Register - TMROC

The flexible features of the Holtek microcontroller Timer/Event Counter are implemented by
operating in four different modes, the options of which are determined by the contents of control
register bits.

The Timer Control Register is known as TMROC. It is the Timer Control Register together with
its corresponding timer register 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 four modes the timer is to operate in, namely the PWM Mode, Timer Mode,
the Event Counter Mode or the Pulse Width Measurement Mode, the TOM1~TOMO bits in the Timer
Control Register must be set to the required logic levels. The timer-on bit TOON 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 fesc is used, it can be selected by properly setting the
TOPSC2~TOPSCO bits. The internal clock selection will 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 type is selected by the logic level of the TOEG bit in the TMROC Register.

TMROC Register

Bit 7 6 5 4 3 2 1 0
Name TOM1 TOMO — TOON TOEG | TOPSC2 | TOPSC1 | TOPSCO
R/wW R/wW R/wW — R/wW R/wW R/wW R/wW R/wW
POR 0 0 — 0 0 0 0 0

Bit 7~6 TOM1~TOMO: Timer/Event Counter operating mode selection
00: PWM Mode
01: Event Counter Mode
10: Timer Mode
11: Pulse Width Measurement Mode

Bit 5 Unimplemented, read as “0”
Bit 4 TOON: Timer/Event Counter counting enable
0: Disable
1: Enable
Note that this bit is invalid in PWM Mode.
Bit 3 TOEG: Timer/Event Counter 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
PWM Mode
Unused
Bit 2~0 TOPSC2~TOPSCO: Timer internal clock selection
000: fpsc/2°
001: fpsc/2!
010: fpsc/2?
011: fpsc/23
100: fpsc/2*
101: fpsc/2°
110: fpsc/2°
111: fosc/27
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Timer PWM Mode Registers - PWMC, PWMADATA, PWMBDATA, PWMCDATA

There four registers control the overall operation of the Pulse Width Modulator channel. These are
the data registers, PWMADATA, PWMBDATA, PWMCDATA and a single control register, PWMC.
Note that the PWMC register is the same register address as TMROC register. Additionally, the
PWMADATA and TMRO registers also have the same register address.

* PWMC Register

Bit 7 6 5 4 3 2 1 0
Name TOM1 TOMO — PWMDIV2 | PWMDIV1 | PWMDIVO | PWMSEL | PWMEN
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 7~6 TOM1~TOMO: Timer/Event Counter operating mode selection
00: PWM Mode

01: Event Counter Mode
10: Timer Mode
11: Pulse Width Measurement Mode
Bit5 Unimplemented, read as “0”
Bit 4~2 PWMDIV2~PWMDIVO: fpiv Frequency selection
000: forv = fsys
001: forv = fsys/2
010: forv = fsys/3
011: f[)[v = fSYS/4
100: f[)]v = fSYS/8
101: forv = fsys/16
110: forv = fsys/32
111: fDIV = fSYS/64
Bit 1 PWMSEL: PWM mode selection
0: (6+2) bits mode
1: (7+1) bits mode
Bit 0 PWMEN: PWM enable control
0: Disable
1: Enable
Note: 1. When the PWMEN bit is cleared to zero to disable the PWM function, the
internal PWMmO signal will be pulled low. However, the external PWMmO
pin status will be floating when the multi-functional pin is selected as a
PWMmO output and the PWMEN bit is cleared to zero. (m=A, B or C)

2. After the PWMEN bit is set high, the first PWM modulation cycle period and
cycle may not match the expected waveform. The PWM output will be normal
after the first PWM cycle.

3. The PWMAORB is the inverse output of the PWMAO, which can generate a
complementary output.

* PWMmDATA Register (m=A, B or C)

Bit 7 6 5 4 3 2 1 0
Name |PWMmD7|PWMmDG6 | PWMmD5 |PWMmD4 | PWMmD3 | PWMmD2 | PWMmD1 | PWMmDO
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 PWMmD7~PWMmDO0: PWM output duty cycle PWMmD bit 7 ~ bit 0
Note that the duty cycle value PWMmDATA, once being changed, will reflect on the
PWMmO output signal immediately. Therefore, a sudden PWM duty change will occur
in the current PWM cycle, resulting in undesired waveform, which only lasts a PWM
cycle. Starting from the next new PWM cycle, the PWM duty will be in accordance
with the new PWMmD value.
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Timer/Event Counter Operating Modes

The Timer/Event Counter can operate in one of four operating modes, PWM Mode, Timer Mode,
Event Counter Mode or Pulse Width Measurement Mode. The operating mode is selected using the
TOM1 and TOMO bits in the TMROC register.

Timer Mode

To select this mode, bits TOM1 and TOMO in the TMROC register should be set to “10” respectively.
In this mode, the Timer/Event Counter can be utilised 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 fesc is used as the timer clock. The clock source is
from the Time Base prescaler, and is selected by the TOPSC2~TOPSCO bits in the TMROC register.
The timer-on bit TOON must be set high to enable the timer to run. Each time an internal clock high
to low transition occurs, the timer increases by one. When the timer reaches its maximum 8-bit,
FF Hex, value and overflows, an interrupt request is generated and thetimer will reload the value
already loaded into the preload register and continue counting. 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.

Internal clock | | | | ___________ I_l_
source output
Increase ) . ) .
Timer Counter X  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 TOM1 and TOMO in the TMROC register should be set to “01” respectively.

In this mode, a number of externally changing logic events, occurring on the external timer TCO pin,
can be recorded by the Timer/Event Counter.

When operating in this mode, the external timer pin, TCO, is used as the Timer/Event Counter clock
source. After the other bits in the Timer Control Register have been properly configured, the enable
bit TOON, can be set high to enable the Timer/Event Counter. If the Active Edge Selection bit,
TOEG, is low, the Timer/Event Counter will increase each time the TCO pin receives a low to high
transition. If the TOEG bit is high, the counter will increase each time the TCO pin receives a high
to low transition. When it is full and overflows, an interrupt signal is generated and the Timer/Event
Counter will reload the value already loaded into the preload register and continue counting.

As the external timer pin TCO is pin-shared with other pin functions, the TCO pin function must first
be selected using relevant pin-shared function selection bits. The pin must 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 device is in the IDLE/SLEEP Mode, the Timer/Event Counter will continue to
record externally changing logic events on the TCO pin. As a result when the timer overflows it will
generate a timer interrupt and corresponding wake-up source.

' Increase >( Timer + 1 X Timer + 2 X Timer + 3
Timer Counter

Event Counter Mode Timing Chart (TOEG=1)

External Event
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Pulse Width Measurement Mode

To select this mode, bits TOM1 and TOMO in the TMROC 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 fesc is used as the timer clock. The clock source is
from the Time Base prescaler, the division ratio is determined by the TOPSC2~TOPSCO bits in the
TMROC register. After the other bits in the Timer Control Register have been properly configured,
the enable bit TOON, 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 TCO pin.

If the active edge selection bit TOEG is low, once a high to low transition has been received on the
TCO pin, the Timer/Event Counter will start counting based on the internal selected clock source
until the TCO 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 Selection bit is
high, the Timer/Event Counter will begin counting once a low to high transition has been received
on the TCO pin and stop counting when the external timer pin returns to its original low level. As
before, the enable bit will then be automatically reset to zero. 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 TCO pin returns to its original level, whereas in the event count or timer mode 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 TCO 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 measurements 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 signal is generated and the Timer/
Event Counter will reload the value already loaded into the preload register and continue counting.
As the external timer pin TCO is pin-shared with other pin functions, the TCO pin function must
first be selected using relevant pin-shared function selection bits. The pin must also be set as an
input by setting the corresponding bit in the port control register. It should be noted that in the Pulse
Width Capture mode, even if the device is in the IDLE/SLEEP Mode, the Timer/Event Counter will
continue to record externally changing logic events on the TCO pin if the internal clock source is still
activated and the external signal continues to change state. As a result when the timer overflows it
will generate a timer interrupt and corresponding wake-up source.

External 7\ 5227 \
TCO Pin Input
TOON-with TOEG =0 g |

Increase

Timer Counter Timer 4

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

PWM Mode

To select this mode, bits TOM1 and TOMO in the PWMC register should be set to “00” respectively.
In this mode, the Timer/Event Counter can be used to make PWM waveform with the clock source
coming from the internal selected clock source.
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The PWMC register and PWMmDATA register are assigned to the Pulse Width Modulator channel.
The PWM channel has a data register, PWMmDATA, the content of which is an 8-bit data,
abbreviated as PWMmD, representing the overall duty cycle of one modulation cycle of the output
waveform. To increase the PWM modulation frequency, each modulation cycle is subdivided into
two or four individual modulation subsections, known as the (7+1) bits mode or (6+2) bits mode
respectively. The PWM counter clock frequency, forv, comes from fsys or its division. The required
mode, clock source selection and the enable/disable control for the PWM channel are selected
using the PWMC register. Note that when using the PWM, it is only necessary to write the required
value into the PWMmDATA register and select the required mode, clock source and enable/disable
control using the PWMC register, the subdivision of the waveform into its sub-modulation cycles
is implemented automatically within the microcontroller hardware. Note that the PWMAOB pin is
the inverse output of the PWMAO, which can generate a complementary output and supplying more
power to connected interfaces such as buzzers.

This method of dividing the original modulation cycle into a further 2 or 4 sub-cycles enables the
generation of higher PWM frequencies which allow a wider range of applications to be served.
The difference between what is known as the PWM cycle frequency and the PWM modulation
frequency should be understood. As the PWM clock is fpiv, and as the PWM value is 8-bits wide, the
overall PWM cycle frequency is fpiv/256. However, when in the (7+1) mode the PWM modulation
frequency will be fprv/128, while the PWM modulation frequency for the (6+2) mode will be foiv/64.

TOMO  TOM1 PWMEN

v

Divider o = )
fsvs—> 1,12, 13, 14, 18, 16, /32, I64) > 8-bit Counter

PWMDIV[2:0] J L
-bit PWM ¢
PwmseL —>| &0 (7+?;/%ﬂ'2§’ara or PWMmO
PWMmOB
PWMmMD

PWMmDATA

Note: 1. m=A, B or C, while the PWMBO and PWMCO are the internal signals.
2. Only the PWMAO has the inverter output pin PWMAOB.
PWM Mode Block Diagram

(6+2) Bits PWM Mode Modulation

A (6+2) bits mode PWM cycle is divided into four modulation cycles, which are named as
Modulation cycle 0 ~ Modulation cycle 3. Each modulation cycle has 64 PWM input clock periods.
In the (6+2) bits PWM mode, the PWMmD is divided into two groups. Group 1 is denoted by
DC which is the value of PWMmD bit 7 ~ bit 2. Group 2 is denoted by AC which is the value of
PWMmD bit 1 ~ bit 0. The modulation frequency, modulation cycle duty, PWM cycle frequency and
PWM cycle duty of the (6+2) bits mode PWM output signals are summarized in the following table.

Modulation Modulation Modulation PWM Cycle PWM Cycle
Frequency Cycle i Cycle Duty Frequency Duty
. i<AC (DC+1)/64
fon/64 i=0~3 - fon/256 PWMmD/256
i2AC DC/64

(6+2) Bits PWM Mode Summary
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The following diagram illustrates the waveforms associated with the (6+2) bits mode of PWM

operation. It is important to note how the single PWM cycle is subdivided into 4 individual

modulation cycles, numbered from 0~3 and how the AC value is related to the PWM value. The

waveforms of PWM outputs are as shown below.
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(7+1) Bits PWM Mode Modulation

PWM cycle: 256/foy
(6+2) Bits PWM Mode Modulation Waveform

A (7+1) bits mode PWM cycle is divided into two modulation cycles, which is named as Modulation

cycle 0 ~ Modulation cycle 1. Each modulation cycle has 128 PWM input clock periods. In the (7+1)
bits PWM mode, the PWMmD is divided into two groups. Group 1 is denoted by DC which is the
value of PWMmD bit 7 ~ bit 1. Group 2 is denoted by AC which is the value of PWMmD bit 0. The
modulation frequency, modulation cycle duty, PWM cycle frequency and PWM cycle duty of the

(7+1) bits mode PWM output signals are summarized in the following table.

Modulation | Modulation Modulation PWM Cycle | PWM Cycle
Frequency Cyclei Cycle Duty Frequency Duty
) i<AC | (DC+1)/128
fov/128 i=0~1 - fo/256 PWMmD/256
i2AC DC/128

(7+1) Bits PWM Mode Summary

o L T

g

PWMD=100
PWMO [ > < > <
50/128 50/128 50/128
PWMD=101
PWMO [« < > <
I 51/128 50/128 51/128
PWMD=102
PWMO [ < <
51/128 51/128 51/128
PWMD=103
PWMO [« < <
52/128 51/128 52/128
) PWM modulation period: 128/fpn g
¥ Modulation cycle 0 P Modulation cycle 1 i Modulation cycle 0 .
) PWM cycle: 256/fon "
(7+1) Bits PWM Mode Modulation Waveform
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16-bit Timer/Event Counter

The provision of the Timer/Event Counter forms an important part of any microcontroller,
giving the designer a means of carrying out time related functions. The device contains a 16-bit
Timer/Event Counter, which contains a 16-bit programmable count-up counter and the clock may
come from an external or internal clock source. 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 a
pulse width measurement device.

T1PSC2~T1PSCO0

I ; 3 Data bus

I

| Low Byte Buffer

U

fpsc cm—

Tt 16-bit Timer/Event Counter Reload

Preload Register

T1MO

TC1

:

Pulse Width . Overflow
TIEG H mg —| Measurement High Byte; Low Byte to interrupt
— Mode Control
T1ON ode ~ontro 16-bit Timer/Event Counter

(TMR1H/TMR1L)

16-bit Timer/Event Counter Structure

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 is sourced from
the divided version of Time Base prescaler, which is selected by the TIPSC2~T1PSCO0 bits in the
TMRI1C Timer/Event Control Register.

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 TC1 pin. Depending upon the condition of the T1EG bit,
each high to low or low to high transition on the external timer pin will increase the counter by one.

Timer/Event Counter Registers

There are two types of registers related to the Timer/Event Counter. The first is the TMR1L/TMRIH
register pair that contains the actual value of the timer and into which an initial value can be preloaded.
Writing to the TMRIL/TMRI1H register will transfer the specified data to the Timer/Event Counter.
Reading the TMR1L/TMR1H register will read the contents of the Timer/Event Counter. The second is
the TMR1C control register, which is used to define the operating mode, control the counting enable or
disable and select the active edge.

Register Bit

Name 7 6 5 4 3 2 1 0
TMR1C | T1M1 T1MO — T1ON T1EG | T1PSC2 | T1PSC1 | T1PSCO
TMR1L D7 D6 D5 D4 D3 D2 D1 DO
TMR1H D15 D14 D13 D12 D11 D10 D9 D8

Timer/Event Counter Register List
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Timer Register - TMR1L, TMR1H

As the 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 TMR1H, and a low byte register, known as TMRI1L.
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 TMRI1L register will only write the data into an internal lower byte buffer while
writing to the TMRI1H register will transfer the high byte data and the contents of the lower byte
buffer into the TMR1H and TMR1L registers respectively. Therefore the timer/event counter preload
register is changed by each write operation to the TMR1H register. Reading from the TMR1H
register will latch the contents of the TMR1H and TMRI1L counters to the destination and the lower
byte buffer respectively, while reading from TMR1L will read the contents of the lower byte buffer.

* TMR1L 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/W R/wW R/wW R/wW R/wW
POR 0 0 0 0 0 0 0 0

Bit 7~0 D7~D0: Timer preload register low byte

* TMR1H 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: Timer preload register high byte

Timer Control Register - TMR1C

The Timer Control Register is known as TMRIC. It is the Timer Control Register together with
its corresponding timer register 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 TIM1~T1MO bits in the Timer Control
Register must be set to the required logic levels. The timer-on bit TION 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 fpsc is used, it can be selected by properly setting the
T1PSC2~T1PSCO bits. The internal clock selection will 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 type is selected by the logic level of the T1EG bit in the Timer Control Register.
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* TMR1C Register

Bit 7 6 5 4 3 2 1 0
Name T1M1 T1MO — T10N T1EG T1PSC2 | T1IPSC1 | T1PSCO
R/W R/W R/W — R/W R/W R/W R/W R/W
POR 0 0 — 0 1 0 0 0
Bit 7~6 T1M1~T1MO: Timer/Event Counter operating mode selection
00: Unused

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

Bit 5 Unimplemented, read as “0”
Bit 4 T10ON: Timer/Event Counter counting enable
0: Disable
1: Enable
Bit3 T1EG: Timer/Event Counter 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 T1PSC2~T1PSCO0: Timer internal clock selection
000: fpsc/zo
001: fpsc/ 2!
010: fpsc/ 22
011: fpsc/ 23
100: fpsc/ 24
101: fpsc/ 23
110: fpsc/2°
111: fpsc/27

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 TIM1 and
T1MO bits in the TMR1C register.

Timer Mode

To select this mode, bits TIM1 and T1MO in the TMR1C register should be set to “10” respectively.
In this mode, the Timer/Event Counter can be utilised 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 fesc is used as the timer clock. The clock source is
from the Time Base prescaler, and is selected by the TIPSC2~T1PSCO bits in the TMR1C register.
The timer-on bit TION must be set high to enable the timer to run. Each time an internal clock high
to low transition occurs, the timer increases by one. When the timer reaches its maximum 16-bit,
FFFF Hex, value and overflows, an interrupt request is generated and thetimer will reload the value
already loaded into the preload register and continue counting. 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.
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Internal clock | | | | _I—I—I—l_
source output
Increase . ) X -
Timer Counter X  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 TIM1 and TIMO in the TMR1C register should be set to “01” respectively.
In this mode, a number of externally changing logic events, occurring on the external timer TC1 pin,
can be recorded by the Timer/Event Counter.

When operating in this mode, the external timer pin, TC1, is used as the Timer/Event Counter clock
source. After the other bits in the Timer Control Register have been properly configured, the enable
bit TION, can be set high to enable the Timer/Event Counter. If the Active Edge Selection bit,
T1EG, is low, the Timer/Event Counter will increase each time the TCI1 pin receives a low to high
transition. If the TIEG bit is high, the counter will increase each time the TC1 pin receives a high
to low transition. When it is full and overflows, an interrupt signal is generated and the Timer/Event
Counter will reload the value already loaded into the preload register and continue counting.

As the external timer pin TC1 is pin-shared with other pin functions, the TC1 pin function must first
be selected using relevant pin-shared function selection bits. The pin must 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 device is in the IDLE/SLEEP Mode, the Timer/Event Counter will continue to
record externally changing logic events on the TC1 pin. As a result when the timer overflows it will
generate a timer interrupt and corresponding wake-up source.

I —

Increase >< Timer + 1 X Timer + 2 X Timer + 3
Timer Counter

Event Counter Mode Timing Chart (T1EG=1)

External Event

Pulse Width Measurement Mode

To select this mode, bits TIM1 and T1MO in the TMRI1C 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 fesc is used as the timer clock. The clock source is
from the Time Base prescaler, the division ratio is determined by the TIPSC2~T1PSCO bits in the
TMRIC register. After the other bits in the Timer Control Register have been properly configured,
the enable bit TION, 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 TC1 pin.

If the active Edge Selection bit TIEG is low, once a high to low transition has been received on the
TC1 pin, the Timer/Event Counter will start counting based on the internal selected clock source
until the TC1 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 Selection bit is
high, the Timer/Event Counter will begin counting once a low to high transition has been received
on the TC1 pin and stop counting when the external timer pin returns to its original low level. As
before, the enable bit will then be automatically reset to zero. It is important to note that in the pulse
width measurement Mode, the enable bit is automatically reset to zero when the external control
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signal on the TC1 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 TC1 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 measurements 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 signal is generated and the Timer/Event
Counter will reload the value already loaded into the preload register and continue counting.

As the external timer pin TC1 is pin-shared with other pin functions, the TC1 pin function must
first be selected using relevant pin-shared function selection bits. The pin must also be set as an
input by setting the corresponding bit in the port control register. It should be noted that in the Pulse
Width Capture mode, even if the device is in the IDLE/SLEEP Mode, the Timer/Event Counter will
continue to record externally changing logic events on the TC1 pin if the internal clock source is still
activated and the external signal continues to change state. As a result when the timer overflows it
will generate a timer interrupt and corresponding wake-up source.

External _\_M_\ /
TC1 Pin Input
T10ON-with TIEG=0 |
Internal Clock Output

Increase

Timer Counter Timer mﬂm *4

Internal Clock Output is sampled at every falling edge of T1.
Pulse Width Measurement Mode Timing Chart (T1EG=0)

Programming Considerations

When running in the Timer Mode, if the internal system clock is used as the timer clock source,
the timer can be 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 timer 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 errors 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 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 enable bit 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 issued to ensure the timer is properly configured for the
required applications. It is also important to ensure that a desired initial value is first loaded into the
timer register 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.
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When the Timer/Event Counter overflows, its corresponding interrupt request flag in the interrupt
control register will be set to generate an interrupt signal. If the Timer/Event Counter interrupt
is enabled this will in turn allow program branch to its interrupt vector. However irrespective of
whether the interrupt is 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 source is still activated 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.

Analog to Digital Converter

The need to interface to real world analog signals is a common requirement for many electronic
systems. However, to properly process these signals by a microcontroller, they must first be
converted into digital signals by A/D converters. By integrating the A/D conversion electronic
circuitry into the microcontroller, the need for external components is reduced significantly with the

corresponding follow-on benefits of lower costs and reduced component space requirements.

A/D Converter Overview

The device contains a multi-channel analog to digital converter which can directly interface to
external analog signals, such as that from sensors or other control signals and convert these signals
directly into an 8-bit digital value. The external analog signal to be converted is determined by
the SACS3~SACSO0 bits. When the external analog signal is to be converted, the corresponding
pin-shared control bits should first be properly configured and then desired external channel input
should be selected using the SACS3~SACSO0 bits. More detailed information about the A/D input
signal selection will be described in the “A/D converter Control Registers” and “A/D Converter
Input Signals” section respectively.

External Input Channels | A/D Signal Select Bits
3: AN1~AN3 SACS3~SACS0

The accompanying block diagram shows the internal structure of the A/D converter together with its
associated registers and control bits.
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A/D Converter Register Description

Overall operation of the A/D converter is controlled using five registers. A read only register exists
to store the A/D Converter data 8-bit value. The remaining two registers, SADC0 and SADC1, are
control registers which set the operating conditions and control function of the A/D converter.

Register Bit
Name 7 6 5 4 3 2 1 (i}
SADO D7 D6 D5 D4 D3 D2 D1 DO
SADCO | START | ADBZ | ADCEN — SACS3 | SACS2 | SACS1 | SACSO
SADC1 — — — SAVRS1 | SAVRS0O | SACKS2 | SACKS1 | SACKS0

A/D Converter Register List

A/D Converter Data Register — SADO

As the device contains an internal 8-bit A/D converter, it only requires a data register to store the
converted value. This is the register SADO. After the conversion process takes place, the register
can be directly read by the microcontroller to obtain the digitised conversion value. DO~D7 are the
A/D conversion result data bits. The A/D data registers contents will be cleared if the A/D converter
is disabled.

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

A/D Converter Data Register

A/D Converter Control Registers — SADC0, SADC1

To control the function and operation of the A/D converter, two control registers known as SADCO
and SADCI are provided. These 8-bit registers define functions such as the selection of which
analog signal is connected to the internal A/D converter, the digitised data format, the A/D clock
source as well as controlling the start function and monitoring the A/D converter busy status. As the
device contains only one actual analog to digital converter hardware circuit, each of the external
and internal analog signals must be routed to the converter. The SACS3~SACSO bits in the SADCO
register are used to determine which external channel input is selected to be converted.

The relevant pin-shared function selection bits determine which pins on I/O Ports are used as analog
inputs for the A/D converter input and which pins are not to be used as the A/D converter input.
When the pin is selected to be an A/D input, its original function whether it is an I/O or other pin-
shared function will be removed. In addition, any internal pull-high resistor connected to the pin will
be automatically removed if the pin is selected to be an A/D converter input.

SADCO Register

Bit 7 6 5 4 3 2 1 0
Name START ADBZ ADCEN — SACS3 SACS2 SACS1 SACSO0
R/W R/W R R/W — R/W R/W R/W R/W
POR 0 0 0 — 0 0 0 0
Bit 7 START: Start the A/D conversion
0—1—0: Start

This bit is used to initiate an A/D conversion process. The bit is normally low but if set
high and then cleared low again, the A/D converter will initiate a conversion process.

Rev. 1.10

64 September 03, 2024



HT45R5530

LED Lighting with TRIAC Dimming OTP MCU HDLTEK#

Bit 6

Bit5

Bit4
Bit 3~0

ADBZ: A/D converter busy flag

0: No A/D conversion is in progress

1: A/D conversion is in progress
This read only flag is used to indicate whether the A/D conversion is in progress or
not. When the START bit is set from low to high and then to low again, the ADBZ flag
will be set to 1 to indicate that the A/D conversion is initiated. The ADBZ flag will be
cleared to 0 after the A/D conversion is complete.
ADCEN: A/D converter function enable control

0: Disable

1: Enable
This bit controls the A/D internal function. This bit should be set to one to enable
the A/D converter. If the bit is set low, then the A/D converter will be switched off
reducing the device power consumption. When the A/D converter function is disabled,
the contents of the A/D data register known as SADO will be unchanged.
Unimplemented, read as “0”
SACS3~SACS0: A/D converter external analog input channel selection

0000: Reserved, cannot be used

0001: AN1

0010: AN2

0011: AN3

0100~1001: Reserved, cannot be used

1010~1111: Non-existed channel, the input will be floating if selected.

* SADC1 Register

Bit 7 6 5 4 3 2 1 0
Name — — — SAVRS1 | SAVRSO | SACKS2 | SACKS1 | SACKSO0
R/W — — — R/W R/W R/W R/W R/W

POR — — — 0 0 0 0 0
Bit 7~5 Unimplemented, read as
Bit 4~3 SAVRS1~SAVRSO0: A/D converter reference voltage selection
00: External VREF pin
01: Internal A/D converter power, Vpp
1x: External VREF pin
These bits are used to select the A/D converter reference voltage. Care must be taken
if the SAVRS1~SAVRSO0 bits are set to “01” to select the internal A/D converter power
as the reference voltage source. When the internal A/D converter power is selected
as the reference voltage, the VREF pin cannot be configured as the reference voltage
input by properly configuring the corresponding pin-shared function control bits.
Otherwise, the external input voltage on VREF pin will be connected to the internal
A/D converter power.
Bit 2~0 SACKS2~SACKSO0: A/D conversion clock source selection

000: fsys
001: fsys/2
010: fsys/4
011: fsys/8
100: fsys/16
101: fsys/32
110: fsys/64
111: fsys/128
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A/D Converter Reference Voltage

The actual reference voltage supply to the A/D converter can be supplied from the positive
power supply, Vpp, or an external reference source supplied on pin VREF, determined by the
SAVRS1~SAVRSO bits in the SADCI register. When the SAVRS1~SAVRSO bits are set to “01”, the
A/D converter reference voltage will come from the internal A/D converter power Vpp. Otherwise,
if the SAVRS1~SAVRSO bits are set to any other value except “01”, the A/D converter reference
voltage will come from the VREF pin. When the VREF pin is selected as the reference voltage supply
pin, the relevant pin-shared control bits should first be properly configured to enable the VREF pin
function as it is pin-shared with other functions. However, if the internal A/D converter power is
selected as the reference voltage, the VREF pin must not be configured as the reference voltage input
function to avoid the internal connection between the VREF pin to A/D converter power Vpp.

A/D Converter Input Signals

All of the external A/D analog input pins are pin-shared with the I/O pins as well as other functions.
The corresponding pin-shared function control bits in the PxSn registers determine whether the
external input pins are set as A/D converter analog channel inputs or whether they have other
functions. If the corresponding pin is set to be an A/D converter analog channel input, the original
pin function will be disabled. In this way, pins can be changed under program control to change
their function between A/D inputs and other functions. All pull-high resistors, which are set through
register programming, will be automatically disconnected if the pins are set as A/D inputs. Note that
it is not necessary to first set the A/D pin as an input in the port control register to enable the A/D
input as when the relevant A/D input function selection bits enable an A/D input, the status of the
port control register will be overridden.

SACS[3:0] Input Signals Description

0001~0011 AN1~AN3 External channel analog input ANn
0000, 0100~1001 ANO, AN4~AN9 |Reserved, cannot be used

1010~1111 — Non-existed channel, input is floating

A/D Converter Input Signal Selection

A/D Converter Operation

The START bit in the SADCO register is used to start the AD conversion. When the microcontroller
sets this bit from low to high and then low again, an analog to digital conversion cycle will be initiated.

The ADBZ bit in the SADCO register is used to indicate whether the analog to digital conversion
process is in progress or not. This bit will be automatically set to 1 by the microcontroller after an A/
D conversion is successfully initiated. When the A/D conversion is complete, the ADBZ bit will be
cleared to 0. In addition, the corresponding A/D interrupt request flag in the interrupt control register
will be set, and an internal A/D interrupt signal will be generated. If the A/D interrupt is enabled,
this A/D internal interrupt signal will direct the program flow to the associated A/D internal interrupt
address for processing. If the A/D internal interrupt is disabled, the microcontroller can poll the
ADBZ bit in the SADCO register to check whether it has been cleared as an alternative method of
detecting the end of an A/D conversion cycle.

The clock source for the A/D converter, which originates from the system clock fsys, can be chosen
to be either fsys or a subdivided version of fsys. The division ratio value is determined by the
SACKS2~SACKSO bits in the SADC1 register. Although the A/D clock source is determined by
the system clock fsys and by bits SACKS2~SACKSO0, there are some limitations on the A/D clock
source speed that can be selected. As the recommended range of permissible A/D clock period, tapck,
is from 0.5us to 10us, care must be taken for system clock frequencies. For example, if the system
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clock operates at a frequency of 8MHz, the SACKS2~SACKSO bits should not be set to “000”, “001”
or “111”. Doing so will give A/D clock periods that are less than the minimum A/D clock period or

greater than the maximum A/D clock period which may result in inaccurate A/D conversion values.
Refer to the following table for examples, where values marked with an asterisk * show where,
special care must be taken, as the values may be beyond the specified A/D Clock Period range.

A/D Clock Period (tapck)
fsys | SACKS[2:0] | SACKS[2:0] | SACKS[2:0] | SACKS[2:0] | SACKS[2:0] | SACKS[2:0] | SACKS[2:0] | SACKS[2:0]
=000 =001 =010 =011 =100 =101 =110 =111
(fsvs) (fsvs/2) (fsvs/4) (fsvs/8) (fsvs/16) (fsvs/32) (fsvs/64) (fsvs/128)
1MHz 1us 2us 4pus 8us 16us* 32us* 64us* 128ps*
2MHz 500ns 1us 2us 4us 8us 16us* 32us* 64us*
4MHz 250ns* 500ns 1us 2us 4us 8us 16us* 32us*
8MHz 125ns* 250ns* 500ns 1us 2us 4us 8us 16us*

AID Clock Period Examples

Controlling the power on/off function of the A/D converter circuitry is implemented using the
ADCEN bit in the SADCO register. This bit must be set high to power on the A/D converter. When
the ADCEN bit is set high to power on the A/D converter internal circuitry, a certain delay, as
indicated in the timing diagram, must be allowed before an A/D conversion is initiated. Even if no
pins are selected for use as A/D inputs by configuring the relevant pin-shared control bits, if the
ADCEN bit is high, then some power will still be consumed. In power conscious applications it is
therefore recommended that the ADCEN is set low to reduce power consumption when the A/D
converter function is not being used.

Conversion Rate and Timing Diagram

A complete A/D conversion contains two parts, data sampling and data conversion. The data sampling
takes 4 A/D clock periods and the data conversion takes 8 A/D clock periods. Therefore a total of 12

A/D clock periods for an analog signal A/D conversion which is defined as tapc are necessary.
Maximum single A/D conversion rate = 1 = (A/D clock period % 12)

The accompanying diagram shows graphically the various stages involved in an external channel
input signal analog to digital conversion process and its associated timing. After an A/D conversion
process has been initiated by the application program, the microcontroller internal hardware will
begin to carry out the conversion, during which time the program can continue with other functions.
The time taken for an A/D conversion is 12 tapck wWhere tapck is equal to the A/D clock period.

i tonzsT i * #
ADCEN off on off on
A/D sampling time A/D sampling time
4P taos 4P tans
START £ 4 4
Start of A/D conversion Start of A/D conversion | Start of A/D conversion
ADBZ
End of A/D End of A/D
conversion conversion
SACS[3:0]  go11B X 00108 X 00008 X 00018
A/D channel tanc tanc tanc
switch A/D conversion time A/D conversion time A/D conversion time
A/D Conversion Timing — External Channel Input
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Summary of A/D Conversion Steps

The following summarises the individual steps that should be executed in order to implement an
A/D conversion process.

» Step 1
Select the required A/D conversion clock by properly programming the SACKS2~SACKSO0 bits
in the SADCI1 register.
e Step 2
Enable the A/D converter by setting the ADCEN bit in the SADCO register to one.
» Step 3
The corresponding pins should be configured as A/D input function by configuring the relevant

pin-shared function control bits. The desired analog channel then should be selected by
configuring the SACS3~SACSO bits.

» Step 4
Select the reference voltage source by configuring the SAVRS1~SAVRSO0 bits in the SADC1
register. If the reference voltage is selected from Voo, ensure the VREF pin function not be
selected by configuring the PASO and PCSO registers.

e Step S
If A/D conversion interrupt is used, the interrupt control registers must be correctly configured
to ensure the A/D interrupt function is active. The master interrupt control bit, EMI, and the A/D
conversion interrupt control bit, ADE, must both be set high in advance.

e Step 6
The A/D conversion procedure can now be initialized by setting the START bit from low to high
and then low again.

» Step 7
If A/D conversion is in progress, the ADBZ flag will be set high. After the A/D conversion process
is complete, the ADBZ flag will go low and then the output data can be read from SADO register.

Note: When checking for the end of the conversion process, if the method of polling the ADBZ bit
in the SADCO register is used, the interrupt enable step above can be omitted.

Programming Considerations

During microcontroller operations where the A/D converter is not being used, the A/D internal
circuitry can be switched off to reduce power consumption, by clearing bit ADCEN to zero in the
SADCO register. When this happens, the internal A/D converter circuits will not consume power
irrespective of what analog voltage is applied to their input lines. If the A/D converter input lines are
used as normal I/Os, then care must be taken as if the input voltage is not at a valid logic level, then
this may lead to some increase in power consumption.

A/D Conversion Function

As the device contains a 8-bit A/D converter, its full-scale converted digitised value is equal to FFH.
Since the full-scale analog input value is equal to the actual A/D converter reference voltage, Vrer,
this gives a single bit analog input value of reference voltage value divided by 256.

1 LSB = Vger + 256
The A/D Converter input voltage value can be calculated using the following equation:

A/D input voltage = A/D output digital value X (Vgrer + 256)
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The diagram shows the ideal transfer function between the analog input value and the digitised
output value for the A/D converter. Except for the digitised zero value, the subsequent digitised
values will change at a point 0.5 LSB below where they would change without the offset, and the
last full scale digitised value will change at a point 1.5 LSB below the Vrer level.

Note that here the Vrer voltage is the actual A/D converter reference voltage source determined by
the SAVRS1~SAVRSO bits.
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A/D Conversion Programming Examples

The following two programming examples illustrate how to set and implement an A/D conversion.
In the first example, the method of polling the ADBZ bit in the SADCO register is used to detect
when the conversion cycle is complete, whereas in the second example, the A/D interrupt is used to
determine when the conversion is complete.

Example 1: using an ADBZ polling method to detect the end of conversion

clr ADE ; disable ADC interrupt

mov a,03h ; select A/D input signal from external channel, reference voltage
; from Vi, and fsys/8 as A/D clock

mov SADCI,a

mov a,03h

mov PASO,a ; set PASO to configure pin AN1

mov a,20h

mov SADCO,a ; enable the A/D converter and connect ANI channel to A/D converter

start conversion:

clr START ; high pulse on start bit to initiate conversion

set START ; reset A/D

clr START ; start A/D

polling EOC:

sz ADBZ ; poll the SADCO register ADBZ bit to detect end of A/D conversion
jmp polling EOC ; continue polling

mov a,SADO ; read byte conversion result value

mov SADO buffer,a ; save result to user defined register

jmp start conversion ; start next A/D conversion
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Example 2: using the interrupt method to detect the end of conversion

clr ADE ; disable ADC interrupt

mov a,03h ; select A/D input signal from external channel, reference voltage
; from Vi, and fss/8 as A/D clock

mov SADCI,a

mov a,03h

mov PASO,a ; set PASO to configure pin AN1

mov a,20h
; enable the A/D converter and connect ANI channel to A/D converter

mov SADCO,a

start conversion:

clr START ; high pulse on START bit to initiate conversion
set START ; reset A/D
clr START ; start A/D
clr ADF ; clear ADC interrupt request flag
set ADE ; enable ADC interrupt
; enable global interrupt

set EMI

; ADC interrupt service routine

ADC_ISR:

mov acc_stack,a ; save ACC to user defined memory

mov a,STATUS

mov status stack,a ; save STATUS to user defined memory
mov a,SADO ; read byte conversion result value
mov SADO buffer,a ; save result to user defined register

EXIT INT ISR:
mov a,status stack

mov STATUS,a ; restore STATUS from user defined memory
mov a,acc_stack ; restore ACC from user defined memory
reti

LED Controller

The device provides a dimmable constant current LED controller designed for isolated LED lighting
applications. The controller can achieve high power factor values and low total harmonic distortion
(THD) values without additional circuits and can also generate high accuracy LED driving currents
with very few external components.

LED Current Setting

The LED Controller regulates the LED current (ILep) by sensing the primary-side information. The
maximum LED current (I.ep max) can be calculated by the following equation:

I 1 _ Veermax _ Np
LED_MAX ¥ 75~ X ——p =T X

where Np is the turns of the primary winding, Ns is the turns of the secondary winding, Vrer max is
the maximum current reference voltage for Iep_max, and Rcs is the external current sensing resistor.

Dimming Function

The LED Controller provides the PWM dimming function on the DIM pin.If the DIM signal inputs
the PWM signal directly, it is recommended that the high-level voltage (Vewwm piv 1) is 3.3V and the
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low-level voltage (Vewm piv 1) is OV. The PWM frequency (fowwm piv) is between 500Hz and 1kHz.
When the PWM duty cycle (Dewwm piv) is reduced from 100% to 5%, the Irep is decreased from
100% to 5% of Irep max, the ILep is linearly proportional to Dpwwm piv. The Iep of PWM dimming can
be expressed as:

Itep = Dpwm pim X ILED Max if 100% > Dpwm piv > 5%

Note that when the PWM duty cycle is lower than 5%, the LED current will not be
proportional to it. In addition, to have a good LED current regulation and prevent flicker, it is
recommended to power the dimming controller (ex. MCU) through another power supply. If
Vo is lower than the dimming disable threshold voltage (Vo pis) for a period of tp pivos,
the LED Controller will enter the constant-voltage regulation mode until Vpiv is higher than
Vo row. If DIM signal is open, the Vv will be pulled up to the internal bias voltage, and output a
current of Itep max. The PWM dimming curves is shown below.

ILED

A
100%*ILep_max
Dewi_oim
g e e S Vewm_oim_m
I L Ly
Pl PWM_DIM_L
5%*ILep_max [ fewm_pim
i » D
0 5% T00% PWM_DIM

LED Dimming Curves

Current Foldback with Thermal Regulation

The LED Controller provides an NTC pin to limit the maximum output current with an external
100kQ NTC resistor. In response to a high temperature, the maximum output current is clamped by
the foldback current Iiep cr. As shown in the figure below, for PWM dimming applications, the LED
current is gradually reduced according to the decreasing of Vnrce. The foldback current (ILep cr) can
be determined by the following equation:

Itep cr = ILep pim if Vnre > Ve start
Ve .
Iiep cr =<7 X ILep pim if Ver start > Vnre > Ver stop
VcE start

When Vnrc reaches the thermal shutdown threshold voltage Vcr stop for to nresp, the controller will
enter the auto-recovery mode until Vyrc is higher than Ve starr.

Constant Voltage Control

When the Vo is lower than Vo pis for to pivpis, the LED Controller will enter the constant voltage
mode, and the output voltage is regulated by sensing the ZCD voltage (Vzcp su). The following first
figure shows that the ZCD pin samples the Vzcp after the blanking time (tsk_zcp) when the MOSFET
is turned off. The tsk zcp is adjusted by the peak current voltage of the CS pin (Vcs pk), and the
output voltage can be adjusted by Rzcoi and Rzep: as shown in the application circuit. Therefore, the
output constant voltage (Vour cv) can be designed by the following equation:

Vour ev=Vzep cv X (1 + %) X II:IL; - Vb

where Ns is the turns of the secondary winding, Na is the turns of the auxiliary winding, and Vp is
the forward voltage of the secondary-side rectifier diode. As shown in the following second figure,
if Vpiv is lower than Vpiv pis for more than tp_pivpis, the controller will enter the constant voltage
operating mode. The controller will return to constant current operating mode immediately when
Vv is higher than Vv Low.
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CCI/CV Mode Operation

Line Compensation

When the MOSFET is turned off, the propagation delay under different input voltages will cause the
CS pin voltage deviation (AVcs), which will affect the LED current accuracy. The LED Controller
has integrated a line compensation for current regulation errors due to different AC line inputs. As
illustrated by the figure below, the input voltage is sensed by ZCD pin and converted to the current
to CS pin. By adding an external compensation resistor (Recs) in series between the Res and CS
pin, the voltage offset will be added to the CS pin and is proportional to the input voltage when the

MOSFET is turned on.
Lo—~
No— ~
RZCD1 §
L
Naux ZCD L Line Compensation L
T Circuit L

lcs_comp

GND

RZCD2 j_‘:

Line Compensation for LED Current Accuracy
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Boundary Conduction Mode (BCM)

The power MOSFET is turned on by inductor current zero-crossing detection. When the inductor
current is falling to the zero-crossing point, the voltage on the ZCD pin will detect the zero voltage
and turn on the MOSFET. The BCM control provides low turn-on switching losses and high

conversion efficiency.

Soft-Start

When the VCC pin reaches the turn-on threshold voltage (Vcc on) after power-on, the MOSFET will
be turned on and the CS pin will set the minimum current sense threshold voltage (Ves miv) to limit
the power so as to reduce the voltage spike on the MOSFET. In the soft-start period, the on-time of
DRV is determined by Ves miv and the maximum off-time of QR operation is limited by torr comax.
When the Vzcp is higher than Vzcp uve, the controller will set the maximum current sense threshold
voltage (Vcs max) and operate in normal operation, as shown below. The on-time and minimum
switching off-time of DRV is determined by Vcowmp.

ANANNNNNNNNN
VVUVVVVVVVVVY

Vac
A

Ves_tH
A

Ves_max

Soft-Start

Ves_min

Vzeo
4

Vzep_uve

Vbry

Waveform in Start-up Condition

VCC Self-Charging Mode

When the VCC pin voltage reaches the self-charging threshold voltage (Vcc er), the LED Controller
will enter the VCC self-charging mode to charge VCC to avoid triggering VCC UVLO during start-
up or light load. It is highly recommended to design the VCC operating voltage higher than Vcc er
to avoid the output voltage out of regulation.
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Over Current Protection (OCP)

The LED Controller includes an over current protection function on the CS pin. In normal operation,
an internal circuit detects the current level and when the current is larger than the over current
protection threshold level (Ves max), the MOSFET will be turned off.

Output Short Circuit Protection (SCP)

The LED Controller determines whether the LED is shorted by detecting Vzcp. When the LED is
short-circuited and the Vzcp is lower than Vzcp uve, the controller will set the current sense limit
voltage to Vs v to limit a lower output power so as to protect the power components, as shown in
the following figure.

Vi
cC o

Vee_on

Vee_oFF

VLED y

LED Short; Circuit

v

\4
P

Vzco o

Vzeo_uve

\4
-

Ves a

Ves_max

Ves_min

\4
.y

Waveform in LED Short Circuit Condition

VCC Over Voltage Protection (VCC OVP)

In order to prevent PWM controller damage, the LED Controller integrates a VCC OVP function.
When the VCC voltage is higher than the OVP threshold voltage (Vcc ove), the PWM controller will
stop operating immediately. If the VCC voltage decreases below the UVLO threshold voltage (Vcc_
orr), the controller will reset.

VCC Under Voltage Lockout (VCC UVLO)

The LED Controller has an integrated UVLO function which includes a hysteresis of 10.5V (Typ.).
The PWM controller will switch on when the VCC voltage exceeds Vcc on. It will switch off when
the VCC voltage is less than Vcc orr. The wide hysteresis characteristics will ensure that the device
can be powered by an input capacitor during start-up. When the output voltage increases to a certain
value after start-up, the VCC will be charged through the auxiliary winding.

Internal Over Temperature Protection (In-OTP)

The LED Controller also has an internal over temperature protection (In-OTP). When the junction
temperature exceeds the internal thermal shutdown temperature (Torp sp), the controller will
immediately turn off the DRV terminal. When the VCC decreases below the Vcc orr, the controller
will reset.
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ZCD Divider Resistor

The upper resistor (Rzcp1) of the voltage divider is determined by the following equation:
Rzepi =335 x %’; x 103 Q
where Np is the turns of the primary winding and Ny is the turns of the auxiliary winding. The lower
resistor (Rzcns) is determined by:
(Vour ove + Vp) X Na 1
Ns * Vzep ove
The ZCD pin senses the positive voltage of the auxiliary winding to detect the output over-voltage

Rzep2 = Rzepi / (

condition of Vour. When the sensed voltage is higher than Vzcp ove, the IC stops switching.

NTC Resistor

An external NTC resistor is used to program the thermal shutdown temperature. With the internal
current source (Intc) and the shutdown threshold (Vcr stop), a 5.8kQ thermistor shutdown threshold
is determined. If the NTC resistance stays lower than 5.8kQ for more than tp nresp, the IC stops
switching. The NTC resistance must increase to greater than 11.8kQ to enter a normal start-up. The
bias resistor (Reias) is used to adjust the thermal shutdown temperature for different thermistors.

CS Compensation Resistor

The propagation delay (tep) of the IC and MOSFET leads to the AVcs deviation, which can be
calculated as:
V2Vac X tep X Res
L
in which Ly is the primary inductance. An internal current sourcing from the CS pin creates

AVcs =

the offset voltage to compensate the propagation delay effect. In the beginning, the propagation
compensation resistor can be calculated by:
tep X Res X Rzepr X Np
Lm % 0.044 % Na
If the LED current is higher at high line, increase Rpcs. Conversely, if the LED current is lower at

Recs =

high line, increase Ccs.
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Interrupts

Interrupts are an important part of any microcontroller system. When an external event or an internal
function such as a Timer requires microcontroller attention, its corresponding interrupt will enforce
a temporary suspension of the main program allowing the microcontroller to direct attention to its
needs. The device contains several external interrupt and internal interrupt functions. The external
interrupt is generated by the action of the external INTO~INT1 pins, while the internal interrupts are
generated by internal functions including the Timer/Event Counter and Time Base, etc.

The various interrupt enable bits, together with their associated request flags, are shown in the
accompanying diagram with their order of priority. All interrupt sources have their own individual vector.

Legend

Request Flag, auto reset in ISR
Enable Bits

EMI auto disabled in ISR -------- :

Interrupt Request Enable Magter Vector  Priority
Name Flags Bits Enable High
[ INTOPin r INTOF || INTOE H EMI 1--| 04H |
[ TmeBase P 786F |{ T8 H Ew Y osH |
[ Timero r TOF | ToE H EI:VII 1—-| ocH |
[ Timer 1 r TiF | TE H EMI 1—-| 104 |
|A/DConverterr ADF | ADE H e 1—-| 14H |
[ INT1Pin r INTIF | INT1E H Em Y teH | J

Interrupt Structure

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~INTC1 registers which setup the primary interrupts, the second is the INTEG register to set
the external interrupt trigger edge type.

The interrupt 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=0~1
Time Base TBE TBF —
Timer/Event Counter TnE TnF n=0~1
A/D Converter ADE ADF —

Interrupt Register Bit Naming Conventions
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Register Bit
Name 7 6 5 4 3 2 1 (i}
INTEG — — — — INT1S1 | INT1SO | INTOS1 | INTOSO
INTCO — TOF TBF INTOF TOE TBE INTOE EMI
INTC1 — INT1F ADF T1F — INT1E ADE T1E

Interrupt Register List

* INTEG Register

Bit 7 6 5 4 3 2 1 0
Name — — — — INT1S1 | INT1SO | INTOS1 | INTOSO
R/wW — — — — R/W R/wW R/wW 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 — TOF TBF INTOF TOE TBE INTOE EMI
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 Unimplemented, read as “0”
Bit 6 TOF: Timer/Event Counter 0 interrupt request flag

0: No request
1: Interrupt request
Bit5 TBF: Time Base interrupt request flag
0: No request
1: Interrupt request
Bit4 INTOF: INTO interrupt request flag
0: No request
1: Interrupt request
Bit3 TOE: Timer/Event Counter 0 interrupt control
0: Disable
1: Enable
Bit 2 TBE: Time Base 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 — INT1F ADF T1F — INT1E ADE T1E
R/W — R/W R/W R/W — R/W R/W R/W
POR — 0 0 0 — 0 0 0
Bit 7 Unimplemented, read as “0”
Bit 6 INT1F: INT1 interrupt request flag

0: No request
1: Interrupt request
Bit5 ADF: A/D Converter interrupt request flag
0: No request
1: Interrupt request
Bit4 T1F: Timer/Event Counter 1 interrupt request flag
0: No request
1: Interrupt request
Bit3 Unimplemented, read as “0”
Bit 2 INTI1E: INT1 interrupt control
0: Disable
1: Enable
Bit 1 ADE: A/D Converter interrupt control
0: Disable
1: Enable
Bit 0 T1E: Timer/Event Counter 1 interrupt control
0: Disable
1: Enable

Interrupt Operation

When the conditions for an interrupt event occur, such as a timer overflow, 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 a “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.

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 Interrupt Structure diagram shows the priority
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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.

External Interrupt

The external interrupt is controlled by signal transitions on the INTn pin. 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 pin. To
allow the program to branch to its respective interrupt vector address, the global interrupt enable bit,
EMI, and the 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 pin is pin-shared with I/O pin, it can
only be configured as external interrupt pin if its external interrupt enable bit in the corresponding
interrupt register has been set and the external interrupt pin is selected by the corresponding pin-
shared function selection bits. The pin must also be set as an input by setting the corresponding
bit 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 pin, 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 selection on the external interrupt pin 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 Interrupt

An actual Timer/Event Counter interrupt will take place when the Timer/Event Counter 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 Timer/Event
Counter Interrupt enable bit, TnE, must first be set. When the interrupt is enabled, the stack is not
full and the Timer/Event Counter overflows, a subroutine call to its interrupt vector, will take place.
When the interrupt is serviced, the Timer/Event Counter Interrupt flag, TnF, will be automatically
cleared. The EMI bit will also be automatically cleared to disable other interrupts.

A/D Converter Interrupt

An A/D Converter Interrupt request will take place when the A/D Converter Interrupt request flag,
ADF, is set, which occurs when the A/D conversion process finishes. To allow the program to branch
to its respective interrupt vector address, the global interrupt enable bit, EMI, and A/D Interrupt
enable bit, ADE, must first be set. When the interrupt is enabled, the stack is not full and the A/D
conversion process has ended, a subroutine call to the A/D Interrupt vector, will take place. When
the A/D Converter Interrupt is serviced, the A/D Interrupt flag, ADF, will be automatically cleared.
The EMI bit will also be automatically cleared to disable other interrupts.

Time Base Interrupt

The function of the Time Base Interrupt is to provide regular time signal in the form of an internal
interrupt. It is controlled by the overflow signals from the timer function. When this happens its
interrupt request flag TBF will be set. To allow the program to branch to its interrupt vector address,
the global interrupt enable bit, EMI and Time Base enable bit, TBE, must first be set. When the
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interrupt is enabled, the stack is not full and the Time Base overflows, a subroutine call to its
interrupt vector location will take place. When the interrupt is serviced, the interrupt request flag,
TBF, 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
TBC register to obtain longer interrupt periods whose value ranges. The clock source which in turn
controls the Time Base interrupt period is selected using the CLKSEL[1:0] bits in the TBC register.
It should be noted that as the Time Base clock source is the same as the Timer/Event Counter clock
source, care should be taken when programming.

To PWM Control

fsys ——>|
fsvs/4 —|
fsup ——>

fosc/2* ~ fpsc/2""! Time Base Interrupt

Prescaler

CLKSEL[1:0] TB[2:0]

Time Base Interrupt

TBC Register

Bit 7 6 5 4 3 2 1 0
Name TBON — CLKSEL1 | CLKSELO — TB2 TB1 TBO
R/W R/W — R/W R/W — R/W R/W R/W
POR 0 — 0 0 — 0 0 0
Bit 7 TBON: Time Base control
0: Disable
1: Enable
Bit 6 Unimplemented, read as “0”
Bit 5~4 CLKSELI1~CLKSELDO: Prescaler clock source fpsc selection
00: fsys
01: fsys/4
1x: fSUB
Bit3 Unimplemented, read as “0”

Bit 2~0 TB2~TB0: Time Base Time-out period selection
000: 24/fpsc
001: 2°/fpsc
010: 2%/fpsc
011: 27/fps(;
100: 2%/fpsc
101: 2%/fpsc
110: zlo/fpsc
111: 2“/fps(;

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 gene rated 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 pin 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.
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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 a 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.

Configuration Options

Configuration options refer to certain options within the MCU that are programmed into the device
during the programming process. During the development process, these options are selected using
the HT-IDE software development tools. As these options are programmed into the device using
the hardware programming tools, once they are selected they cannot be changed later using the
application program.All options must be defined for proper system function, the details of which are
shown in the table.

No. Options
1/0 Pin-Shared Options

RES pin reset function selection:
1 0: Always I/O or other function
1: RES pin

LVR Options

LVR function selection:
2 0: Enable
1: Disable

LVR voltage selection:
00: 1.9V

3 01: 2.1V

10: 3.15V

11: 4.2V
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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 three 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 0O for subtraction. The increment and decrement instructions 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 set 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 following table depicts a summary of the instruction set categorised according to function and
can be consulted as a basic instruction reference using the following listed conventions.

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, OV
ADDM A,[m] |Add ACC to Data Memory Note Z,C,AC, OV
ADD A,x Add immediate data to ACC 1 Z,C,AC, OV
ADC A,[m] Add Data Memory to ACC with Carry 1 Z,C,AC, OV
ADCM A,[m] |Add ACC to Data memory with Carry 1Note Z,C,AC, OV
SUB A,x Subtract immediate data from the ACC 1 Z,C,AC, OV
SUB A,[m] Subtract Data Memory from ACC 1 Z,C,AC, OV
SUBMA,[m] |Subtract Data Memory from ACC with result in Data Memory Note Z,C,AC, OV
SBC A,[m] Subtract Data Memory from ACC with Carry 1 Z,C,AC, OV
SBCMA,[m] |Subtract Data Memory from ACC with Carry, result in Data Memory 1Note Z,C,AC, OV
DAA[m] Decimal adjust ACC for Addition with result in Data Memory 1Note C
Logic Operation
AND A,[m] Logical AND Data Memory to ACC 1 Z
ORA,[m] Logical OR Data Memory to ACC 1 Z
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 1Note Z
XORMA,[m] |Logical XOR ACC to Data Memory 1Note Z
AND A,x Logical AND immediate Data to ACC 1 Z
ORA,x Logical OR immediate Data to ACC 1 Z
XOR A x Logical XOR immediate Data to ACC 1 Z
CPL [m] Complement Data Memory Note V4
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 1Note Z
DECA [m] Decrement Data Memory with result in ACC 1 Z
DEC [m] Decrement Data Memory 1Note Z
Rotate
RRA [m] Rotate Data Memory right with result in ACC 1 None
RR [m] Rotate Data Memory right 1Note None
RRCA [m] Rotate Data Memory right through Carry with result in ACC 1 C
RRC [m] Rotate Data Memory right through Carry 1Note 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 1Note C
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Mnemonic ‘ Description ‘ Cycles ‘ Flag Affected
Data Move
MOV A,[m] 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 1Note None
SET [m].i Set bit of Data Memory Note None
Branch Operation
JMP addr Jump unconditionally 2 None
SZ [m] Skip if Data Memory is zero 1Note 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 Note None
SNZ [m].i Skip if bit i of Data Memory is not zero 1Note None
SIZ [m] Skip if increment Data Memory is zero Note None
SDZ [m] Skip if decrement Data Memory is zero 1Note None
SIZA [m] Skip if increment Data Memory is zero with result in ACC 1 Note None
SDZA [m] Skip if decrement Data Memory is zero with result in ACC 1Note 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 or current page) to TBLH and Data Memory| 2Nt None
TABRDL [m] |Read table (last page) to TBLH and Data Memory 2Note None
Miscellaneous
NOP No operation 1 None
CLR [m] Clear Data Memory Note None
SET [m] Set Data Memory 1Note None
CLRWDT Clear Watchdog Timer 1 TO, PDF
SWAP [m] Swap nibbles of Data Memory 1 Note 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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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

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

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

ADD A x 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

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

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
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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

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

CLRWDT 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
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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

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
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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

NOP No operation

Description No operation is performed. Execution continues with the next instruction.

Operation No operation

Affected flag(s)  None

ORA,[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) Z
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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
RETTI 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

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+1) « [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
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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+1) « [m].i; (i=0~6)
ACC.0 —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

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
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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

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

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
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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 I 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 0 the program proceeds with the following instruction.

Operation Skip if [m].i # 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

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

SUB A)x 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

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
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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 ACC.3~ACC.0 «— [m].7~[m].4
ACC.7~ACC.4 « [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 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

TABRD [m] Read table (specific page or current page) to TBLH and Data Memory

Description The low byte of the program code addressed by the table pointer (TBHP and TBLP or only
TBLP if no 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
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TABRDL [m] Read table (last page) to TBLH and Data Memory

Description The low byte of the program code (last page) addressed by the table pointer (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

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) zZ

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) zZ
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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

¢ Carton information
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16-pin NSOP (150mil) Outline Dimensions
THHAHAAHA

16
A

i
9

8

:
v f

IREEEEE:

e

Symbol Dimensions in inch
mbo
L Min. ‘ Nom. Max.
A 0.236 BSC
B 0.154 BSC
c 0.012 | — 0.020
c 0.390 BSC
D — | — 0.069
E 0.050 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 0.31 | — 0.51
(03 9.90 BSC
D — | — 1.75
E 1.27 BSC
F 0.10 — 0.25
G 0.40 — 1.27
H 0.10 — 0.25
a 0° — 8°
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