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Features

CPU Features

» Operating Voltage
¢ fsys=7.5MHz: 2.55V~5.5V
¢ fsys= 15MHz: 4.5V~5.5V

* Up to 0.27ps instruction cycle with 15MHz system clock at Vpp= 5V
» Power down and wake-up functions to reduce power consumption

e Oscillators
¢+ Internal RC -- HIRC
¢+ Internal 32kHz -- LIRC

* Fully intergrated internal 30MHz oscillator requires no external components
* Multi-mode operation: NORMAL, SLOW, IDLE and SLEEP

» All instructions executed in one or two instruction cycles

» Table read instructions

* 63 powerful instructions

* 4-level subroutine nesting

* Bit manipulation instruction

Peripheral Features
* Flash Program Memory: 2Kx16
* RAM Data Memory: 128x8
* True EEPROM Memory: 64x8
» Watchdog Timer function
» Up to 16 bidirectional I/O lines
» Two pin-shared external interrupts

* Multiple Timer Module for time measure, input capture, compare match output, PWM output
function or single pulse output function

* Over current protection (OCP) with interrupt

» Over voltage protection (OVP) with interrupt

» Dual Time-Base functions for generation of fixed time interrupt signals
 8-channel 12-bit resolution A/D converter

* Low voltage reset function (enable@?2.55V)

» Low voltage detect function

* One integrated LDO: 5V output for HT4SFH4MA/HT45FH4MA-1 only
2 level shift output pins for HT45SFH4MA/HT45FH4MA-1 only

* 16-pin NSOP, 20-pin SSOP package

Rev. 1.20 6 December 14, 2016



HT45F4MA/HT45FH4MA/HT45FH4MA-1

HDLTEK#

Power Bank Flash MCU

Foatures Device HT45FH4MA HTA45FHAMA-1
AX/BX pin at Reset — Output high
AX/BX pin at Reset Output low —
CX/DX pin at Reset Output low Output low

Internally Connected

PB5/OUTL — A, PB4/OUTH — C
PB3/TP1_0 — ENBF

PB5/OUTL — A, PB4/OUTH — C
PB3/TP1_0 — Floating

Level Shift

AX/BX is inversion output of input A
CX/DX is inversion output of input C

AX/BX is non-inversion output of input A.

CX/DX is inversion output of input C.

Level Shift Enable Control — ENBF

Controlled by PB3/TP1_0

Always enabled

General Description

The device is a Flash Memory type 8-bit high performance RISC architecture microcontroller.
Offering users the convenience of Flash Memory multi-programming features, this device also
includes a wide range of functions and features. Other memory includes an area of RAM Data
Memory as well as an area of true EEPROM memory for storage of non-volatile data such as serial

Peripheral Features Comparison Table

numbers, calibration data etc.

Analog features include a multi-channel 12-bit A/D converter, an over voltage protection function,
an over current protection function and a LDO regulator. Multiple and extremely flexible Timer
Modules provide timing, pulse generation and PWM generation functions. Protective features such
as an internal Watchdog Timer, Low Voltage Reset and Low Voltage Detector coupled with excellent
noise immunity and ESD protection ensure that reliable operation is maintained in hostile electrical

environments.

A full choice of HIRC and LIRC oscillator functions are provided including a fully integrated
system oscillator which requires no external components for its implementation. The ability to
operate and switch dynamically between a range of operating modes using different clock sources

gives users the ability to optimise microcontroller operation and minimize power consumption.

The inclusion of flexible I/O programming features, Time-Base functions along with many other
features ensure that the device will find excellent use in applications such as electronic metering,
environmental monitoring, handheld instruments, household appliances, electronically controlled

tools, motor driving in addition to many others.

Rev. 1.20

December 14, 2016




# HT45FAMA/HT45FH4MA/HT45FH4MA-1
HOLTEK Power Bank Flash MCU

Selection Table

Most features are common to all devices and the main features distinguishing them are the I/O pin
count and Level Shift output pins. The following table summarises the main features of each device.

Program Data Data Ext. Timer Level Shift

Batioy Vel Memory | Memory | EEPROM " Interrupt e Module e Output Pins Slacke] grlackacs
HT45F4MA 2552x~ 2Kx16 128x8 64x8 16 2 12-bitx8 18:2:: §$m:1 — — 4 ;ggggg
HT45FH4MA 2552x~ 2Kx16 128x8 64x8 13 2 12-bitx8 18:2:: §$m:1 R Q:Z% 4 20SSOP
HT45FH4MA-1 2:2x~ 2Kx16 128x8 64x8 13 2 12-bitx8 13:2:: §$m:1 V g—x)ég(( 4 20SSOP

Block Diagram

RS Low Voltage
Flash/EEPROM Detect
Programming '
Circuitry Low Voltage
Watchdog 8-bit 9
Ji Stack Timer ; RISC Reset
77 Meu
2 Core Internal
EEPROM Flash RAM D . ) Reset Circuit
Data Program Mem Oa:;a Time Base | /7
M
s Merory / Interrupt [0

I

Internal RC
Oscillator

7

2

7

|

/

g

2 Controller |
:

.

%

12-Bit AD % Q

Level | Ti : : .
OCP || OVP | || DO Shit (= 10 Modules %«— Converter DS
é {

......... S A S A

Lo (HT45FHAMA/ .0
HT45FH4MA-1 only)
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Pin Assignment
N\ \
PB3/TP1_0 [] 1 16 [ PB5/OUTL PB3/TP1_0 [] 1 16 [1 PB5/OUTL
PB2 ] 2 15 [J PB4/OUTH PB2 ] 2 15 [J PB4/OUTH
PB1/TP1_1 ] 3 14 3 vbD PB1/TP1_1 ] 3 14 [ vbD
PBO/TPO_1 [] 4 13 [0 vss PBO/TPO_1 [] 4 13 [0 vss
PB6 ] 5 12 [ PAO/OVP/ANO PB6 [ 5 12 [ PAO/OVP/ANO
PA7/TPO_O/AN7/ICPCK [] 6 11 [J PA1/DAPWR/AN1/VREF PA7/TPO_O0/AN7/ICPCK/OCDSCK [ 6 11 [J PA1/DAPWR/AN1/VREF
PA6/INT1/TCK1/AN6/ICPDA []| 7 10 [J PA3/OCP/AN3 PA6/INT1/TCK1/AN6/ICPDA/OCDSDA [] 7 10 [ PA3/OCP/AN3
PAS5/INTO/TCKO/AN5S [] 8 9 [0 PA4/AN4 PAS5/INTO/TCKO/AN5 [] 8 9 [J PA4/AN4
HT45F4MA HT45V4MA
16 NSOP-A 16 NSOP-A
\4 \
PB3/TP1_0 ] 1 20 [0 PB5/OUTL PB3/TP1_0 [] 1 20 [J PB5/OUTL
PB2 ]2 19 [ PB4/OUTH PB2 ]2 19 [0 PB4/OUTH
PB1/TP1_1 ] 3 18 [J VDD PB1/TP1_1 [ 3 18 [J VDD
PBO/TPO_1 [ 4 17 3 vss PBO/TPO_1 [] 4 17 [0 vss
PB7 (|5 16 [J PAO/OVP/ANO PB7 (5 16 [J PAO/OVP/ANO
PB6 |6 15 [J PA1/DAPWR/AN1/VREF PB6 [ 6 15 [0 PA1/DAPWR/AN1/VREF
NC 7 14 [0 PA2/AN2 NC 7 14 [0 PA2/AN2
NC 8 13 [J PA3/OCP/AN3 NC 8 13 [J PA3/OCP/AN3
PA7/TPO_O/AN7/ICPCK [ 9 12 [0 PA4/AN4 PA7/TPO_0/AN7/ICPCK/OCDSCK [] 9 12 [ PA4/AN4
PA6/INT1/TCK1/AN6/ICPDA [] 10 11 [0 PA5/INTO/TCKO/AN5 PA6/INT1/TCK1/AN6/ICPDA/OCDSDA [ 10 11 [J PA5/INTO/TCKO/ANS
HT45F4AMA HT45V4MA
20 SSOP-A 20 SSOP-A
J— \ —_— \4
CX/DX 1 20 [0 vce CX/IDX 1 20 [d vce
AX/BX [ 2 19 1 vss AX/BX [ 2 19 [ vss
PB2 (3 18 [ vs PB2 []3 181 V5
PB1/TP1_1 ] 4 17 [0 vDD PB1/TP1_1 ] 4 17 [J vDD
PBO/TPO_1 [ 5 16 [J vss PBO/TPO_1 [ 5 16 [J VSS
PB7 []6 15 [J PAO/OVP/ANO PB7 (6 15 [ PAO/OVP/ANO
PB6 (] 7 14 [J PA1/DAPWR/AN1/VREF PB6 [ 7 14 [J PA1/DAPWR/AN1/VREF
PA7/TPO_O/AN7/ICPCK [] 8 13 [0 PA2/AN2 PA7/TPO_0/AN7/ICPCK/OCDSCK [] 8 13 [J PA2/AN2
PAB/INT1/TCK1/AN6/ICPDA [] 9 12 [J PA3/OCP/AN3 PAB/INT1/TCK1/AN6/ICPDA/OCDSDA [] 9 12 [J PA3/OCP/AN3
PAS/INTO/TCKO/AN5 [ 10 11 [0 PA4/AN4 PAS5/INTO/TCKO/AN5 [] 10 11 [0 PA4/AN4
HT45FH4MA HT45VH4MA
20 SSOP-A 20 SSOP-A
PR — \ —_—— \
CX/DX 1 20 [ vce CX/DX [ 1 20 [ vee
AX/BX [ 2 191 vss AX/BX [ 2 19 [J vss
PB2 3 183 v5 PB2 ] 3 181 V5
PB1/TP1_1 [ 4 17 3 vDD PB1/TP1_1 ] 4 17 [J vDD
PBO/TPO_1 ] 5 16 [J vsS PBO/TPO_1 [ 5 16 [1 vss
PB7 (6 15 [ PAO/OVP/ANO PB7 (6 15 [J PAO/OVP/ANO
PB6 (] 7 14 [J PA1/DAPWR/AN1/VREF PB6 [ 7 14 [J PA1/DAPWR/AN1/VREF
PA7/TPO_O/AN7/ICPCK [] 8 13 [J PA2/AN2 PA7/TPO_0/AN7/ICPCK/OCDSCK [] 8 13 [0 PA2/AN2
PAB/INT1/TCK1/AN6/ICPDA [] 9 12 [0 PA3/OCP/AN3 PAB/INT1/TCK1/AN6/ICPDA/OCDSDA [ 9 12 [J PA3/OCP/AN3
PA5/INTO/TCKO/AN5 [] 10 11 [0 PA4/AN4 PAS5/INTO/TCKO/AN5 [] 10 11 [0 PA4/AN4

HT45FH4MA-1

20 SSOP-A

HT45VH4MA-1
20 SSOP-A

Note: 1. If the pin-shared pin functions have multiple outputs simultaneously, its pin names at the right side of the *“/”’
sign can be used for higher priority.

2.

Both real MCU and OCDS EV devices have the same package type. The OCDSCK and OCDSDA pins

are only available for the OCDS EV device. More details are described in the OCDS section.

C and A respe

ctively.

and A, respectively.

. For HT45FH4MA device the I/O lines, PB3~PBS5, are internally connected to the level shift inputs, ENBE,

. For HT45FH4MA-1 device the I/O lines, PB4~PBS5, are internally connected to the level shift inputs, C

Rev. 1.20

December 14, 2016



# HT45F4MA/HT45FH4MA/HT45FH4MA-1
HOLTEK

Power Bank Flash MCU

Pin Desc

ription

With the exception of the power pins and some relevant transformer control pins, all pins on these
devices can be referenced by their Port name, e.g. PA.0, PA.1 etc, which refer to the digital I/O
function of the pins. However these Port pins are also shared with other function such as the Analog
to Digital Converter, Timer Module pins etc. 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.

HT45F4MA
Pin Name Function OPT T oIT Pin-Shared Mapping
PAO~PA7 General purpose |/O port A PPQVIT/LLJJ ST | CMOS —
PBO~PB7 General purpose |/O port B PBPU ST | CMOS —
OovP Over voltage protection input OCVPR1 | AN — |PAO
OoCP Over current protection input OCVPR1 | AN — |PA3
DAPWR D/A Converter power input OCVPRO | PWR PA1
ANO~AN7 A/D Converter input 0~7 ﬁch;EE AN — | PAO~PA7
VREF A/D Converter reference voltage input ADCR1 AN — |PA1
INTEG
INTO, INT1 External interrupt 0, 1 INTCO ST — |PAS5, PA6
INTC2
TCKO, TCK1 TMO, TM1 input — ST — |PA5, PA6
TPO_0, TPO_1 |TMO I/O TMPC ST | CMOS |PA7, PBO
TP1_0,TP1_1 |TM11/O TMPC ST | CMOS |PB3, PB1
ICPCK In-circuit programming clock pin — ST — |PA7
ICPDA In-circuit programming data/address pin — ST | CMOS |PA6
OCDSCK On-chip debug support clock pin — ST — |PA7
OCDSDA On-chip debug support data/address pin — ST | CMOS |PA6
OUTL, OUTH Complementary PWM output — PWR — |PB5, PB4
VDD Positive power supply — PWR — —
VSS Negative power supply, ground — PWR — —
Note: I/T: Input type; O/T: Output type
OPT: Optional by configuration option (CO) or register option
PWR: Power; AN: analog signal;
CMOS: CMOS output; ST: Schmitt Trigger input

Rev. 1.20
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Pin Name Function OPT | IT | O PR?;?;?JS"
PAPU
PAO~PA7 General purpose I/O port A PAWU ST | CMOS —
PB0~PB2, PB6~PB7 General purpose I/O port B PBPU ST | CMOS —
OVP Over voltage protection input OCVPR1| AN — |PAO
OCP Over current protection input OCVPR1| AN — |PA3
DAPWR D/A Converter power input OCVPRO | PWR PA1
ANO~AN7 A/D Converter input 0~7 QEEEE AN — | PAO~PA7
VREF A/D Converter reference voltage input ADCR1 | AN — |PA1
INTEG
INTO, INT1 External interrupt 0, 1 INTCO ST — | PA5, PA6
INTC2
TCKO, TCK1 TMO, TM1 input — ST — | PA5, PA6
TPO_0, TPO_1 TMO 1/O TMPC ST | CMOS |PA7, PBO
TP1_1 TM1 I/O0 TMPC ST | CMOS |PB1
ICPCK In-circuit programming clock pin — ST — |PA7
ICPDA In-circuit programming data/address pin — ST | CMOS |PA6
OCDSCK On-chip debug support clock pin — ST — |PA7
OCDSDA On-chip debug support data/address pin — ST | CMOS |PA6
V5 5V LDO output — — PWR —
vee :rl?\i)ngosv&i;ﬂs;pply and Level shift output . PWR . .
VDD Positive power supply — PWR — —
VSS Negative power supply, ground — PWR — —
AX, BX (HT45FH4MA) | Level shift outputs of input A — — — —
AX, BX (HT45FH4MA-1) | Level shift outputs of input A — — — —
CX, DX Level shift outputs of input C — — —
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Internal Connection Description

Signal Name Function OPT T e | P
Mapping
PB4~PB5 General purpose input/output. Regi'stt'ar enabled pul!-up. PBPU ST | cMmos .
Internally connected to the level shift inputs respectively.
PWM output
OUTL, OUTH Internally connected to the level shift inputs Aand C TMPC - CMOS PBS, PB4
Level shift inputs
A, C Internally connected to PB5/OUTL and PB4/OUTH — — — —
respectively
Level shift enable
ENBF For HT45FH4MA —lInternally connected to PB3/TP1_0 — — — —
For HT45FH4MA-1 —Floating input
Note: I/T: Input type; O/T: Output type
OPT: Optional by configuration option (CO) or register option
PWR: Power; AN: analog signal;
CMOS: CMOS output; ST: Schmitt Trigger input
Level Shift Input/Output Relationship and Reset Condition
Level Shift Input
Level Shift Output Reset State
Ainput = Low A input = High
AX, BX (HT45FH4MA) High Low Low
AX, BX (HT45FH4MA-1) Low High High
Level Shift Input
Level Shift Output Reset State
C input = Low C input = High
CX, DX High Low Low
Absolute Maximum Ratings
SUPPly VOItAZE ... Vss—0.3V to Vss+6.0V
INPUL VOILAZE ...ttt Vss—0.3V to Vpp+0.3V
StOrage TEMPETATUTE. ......c.eeueeuieieterterierteeie et eitete ettt be ettt et et e teseesbesbeeseeneens -50°C to 150°C
Operating TeMPETALUTE..........ce.vetiiitiieetieteeieeitet ettt sttt ettt e b bbb eas -40°C to 85°C
Ior Total
Ion Total

Total POWEr DISSIPALION .....euveuiieiiitiieiieieceteie ettt 500mW

Note: These are stress ratings only. Stresses exceeding the range specified under "Absolute Maximum

Ratings" may cause substantial damage to these devices. Functional operation of these devices at
other conditions beyond those listed in the specification is not implied and prolonged exposure to
extreme conditions may affect devices reliability.
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D.C. Characteristics

Ta=25°C
Test Conditions X i
Symbol |Parameter — Min. | Typ. | Max. | Unit
Voo Conditions
fsys=fuirc/4=7.5MHz 2.55 — 55
Operating Voltage (HIRC) _ |OETHRe
Voo fsys=frirc/2=15MHz 4.5 — 55 V
Operating Voltage (LIRC) — | fsys=furc=32kHz 2.55 — 5.5
3V | fsys=7.5MHz, No load, — 24 | 36 A
5v |All peripherals off — 54 8.1
Operating Current (HIRC)
| 4.5V | fsys=15MHz, No load, — 50 | 75 mA
oo 5Vv |All peripherals off — 6.0 9.0
. 3V | fsys=32kHz, No load, — 40 60
Operating Current (LIRC) 5v | All peripherals off — 50 90 uA
3V ) — 1.3 3.0
Standby Current (IDLEO Mode) No load, All peripherals off A
5V — 2.2 5.0
4.5V = — 4.0 6.0
Ists Standby Current (IDLE1 Mode) frarc 3.0MHZ‘ No load, mA
5V | All peripherals off — 4.6 6.9
3V ) — 1.3 3.0
Standby Current (SLEEP Mode) No load, All peripherals off uA
5V — 2.2 5.0
. 5V _ 3.5 — Voo \Y
Vin Input High Voltage (I/O Ports)
— — 0.8Vop | — Vbp \%
5V — 0 — 1.5 \
Vi Input Low Voltage (I/O Ports)
— — 0 — [0.2Vop| V
Output High Voltage 3V | low=-2.4mA 2.7 — — v
v (PA, PBO~PB3, PB6, PB7) 5V | lon=-6mA 45 — —
OH
Output High Voltage 3V | low=-16mA 2.7 — — v
(PB4, PB5) 5V | lon=-40mA 45 | — —
Output Low Voltage 3V |lo.=6.4mA — — 0.3 v
v (PA, PBO~PB3, PB6, PB7) 5V |lo.=16mA — — 0.5
oL
Output Low Voltage 3V |lo=16mA — — 0.3 Vv
(PB4, PBS5) 5V |lo.=40mA — | — | 05
I/0 Port Source Current 3V _ 24 | 48 | —
| (PA, PBO~PB3, PB6, PB7) 5V Vor=0.9Veo 6 12 | — mA
OH
I/0 Port Source Current 3V -16 | -32 —
Vor=0.9V| mA
(PB4, PBS5) sy | 40 | 80 | —
I/O Port Sink Current 3V B 64 | 128 | —
| (PA, PBO~PB3, PB6, PB7) gy | Vo=01Voo 6 | 32 | — | ™
oL
I/0 Port Sink Current 3V 16 32 —
Vor=0.1V, mA
(PB4, PBS5) sy |0 40 | 80 | —
ILeAk Input Leakage current 5V |Vin=Vop or Vin=Vss — — 11 uA
. . 3V — 20 60 100 | KQ
Ren Pull-high Resistance of 1/0 Ports
5V — 10 30 50 KQ
Vor RAM Data Retention Voltage — — 1.0 — — V
Ioop Supply Current During Programming — — — — 10 mA
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HT45F4MA/HT45FH4MA/HT45FH4MA-1

Power Bank Flash MCU
A.C. Characteristics
Ta=25°C
Test Conditions
Symbol Parameter Min. Typ. Max. Unit
Vob Condition
2.55V~5.5V |fsys=fuirc/4 — — 7.5 MH
z
fsvs System Clock 4.5V~5.5V | fsys=fuirc/2 — — 15
2.55V~5.5V |fsys=furc — — 32 kHz
) ) 5V Ta=25°C Typ.-2% | 30 | Typ.+2%
furc m?gg)peed Internal RC Oscillator 17 4/ 5 5y [Ta=-10°C to 85°C Typ-5% | 30 | Typ.+5% | MHz
3.6V~5.5V | Ta=-40°C to 85°C Typ.-10% | 30 | Typ.+10%
) 5V Ta=25°C Typ.-10% | 32 | Typ.+10%
fure I(_If)lv';g)peed Internal RC Oscillator 5V |Ta=-40°C to 85°C Typ.-30% | 32 | Typ.+30% | kHz
2.55V~5.5V | Ta=-40°C to 85°C Typ.-50% | 32 | Typ.+60%
tereser I\R/I(lerzg:um Software Reset Width to . . 45 90 120 us
System Reset Delay Time (POR
Reset, LVR Hardware Reset, LVR — — 25 50 100 ms
trsTD Software Reset, WDT Software Reset)
System Reset Delay Time
(WDT Time-out Hardware Cold Reset) - - 8.3 16.7 333 ms
o Wake-up from SLEEP 16 o . fevs
System Start-up Timer Period mode or IDLEO mode
tesr (fsvs = fuirc/4) o Wake-up from IDLE1 5 o . ffvs
mode
System Start-up Timer Period . Wake-up from IDLE 2 . . 11
(fsvs = fuire) mode or SLEEP mode svs
t External Interrupt Minimum Pulse - o 10 o . s
INT Width M
TM TCK Input Pin Minimum Pulse
trok Width — — 0.3 — — us
teero EEPROM Read Time — — — — 4 tsvs
teewr EEPROM Write Time — — — 2 4 ms
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LVD & LVR Electrical Characteristics

Ta=25°C
Test Conditions
Symbol Parameter Min. Typ. | Max. | Unit
Vop Conditions
Vivr Low Voltage Reset Voltage — |LVR enable Typ.-5% | 2.55 | Typ.+5% | V
__|LVD enable, 27
selected voltage=2.7V '
__ |LVD enable, 3.0
selected voltage=3.0V '
. LVD enable, o o
Vivo Low Voltage Detection Voltage — | selected voltage=3.3V Typ.-5% | 3.3 | Typ.+5% | V
__|LVD enable, 36
selected voltage=3.6V '
__|LVD enable, 4.0
selected voltage=4.0V '
Veo Bandgap Reference Voltage — — Typ.-3% | 1.25 | Typ.+3% | V
lec Additional current for Bandgap . . . 200 300 uA
Reference
- 3V — 30 45
lvo Additional Current for LVD Enable — MA
5V — 60 90
taes Vec Turn on Stable Time — |No load — — 200 us
tvr Minimum Low Voltage Width to Reset — — 120 240 480 us
tvo Minimum Low Voltage Width to Interrupt| — — 60 120 240 us
) Bandgap is ready,
tios LVDO Stable Time 5V LVD off — on — — 15 us
A/D Converter Electrical Characteristics
Ta=25"C
Test Conditions
Symbol Parameter Min. Typ. Max. Unit
Voo Condition
Vop A/D Converter Operating Voltage — — 2.7 — 5.5 \Y
Vaoi A/D Converter Input Voltage — — 0 — VRer \Y
VRer A/D Converter Reference Voltage | — — 2 — Vbp \%
Additional Current for A/D 3V — 090 | 1.35
lanc No load mA
Converter Enable 5V — 1.20 1.80
DNL Differential Non-linearity 5V | Vrer=Vop, taock=0.5us — +1 13 LSB
INL Integral Non-linearity 5V | Vrer=Vop, taock=0.5us — +2 4 LSB
tabck A/D Converter Clock Period — — 0.5 — 10 us
ta A/D Converter Conversion Time . . . 16 o ta
pe (A/D Sample and Hold Time) poK
taps A/D Converter Sampling Time — — — 4 — tabck
tonzsT A/D Converter On-to-Start Time — — 4 — — us
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Over Current Circuit Electrical Characteristics

Ta=25°C
Test Conditions
Symbol Parameter Min. | Typ. | Max. | Unit
Voo Condition
| Operating Current V.| ocPEN=1 — | 300 | 500 A
erating Curren =
oo perating 5V — 450 | 600 | "
Without calibration, 15 o 15 mv
Vos cup | Comparator Input Offset Voltage 5v | CBOF[5:0]=100000B
With calibration -4 — 4 mV
Viys Hysteresis 5V — 20 40 60 mV
Vem_cvp | Comparator Common Mode Voltage Range | 5V — Vss — | Vop-14 | V
Wlthou.t c:ahbratlon, 15 - 15 mv
Vos_ora | OPA Input Offset Voltage 5v | AOF[5:0]=100000B
With calibration -4 — 4 mV
Vem ora | OPA Common Mode Voltage Range 5V — Vss — | Vop-14 | V
DNL |Differential Nonlinearity sy |D/AConverterreference) || .4 | | gp
voltage=Vop
INL | Integral Nonlinearity sy |D/AConverterreference) || 5 | |gp
voltage=Vop
Over Voltage Circuit Electrical Characteristics
Ta=25"C
Test Conditions X i
Symbol Parameter — Min. | Typ. Max. | Unit
Voo Condition
. 3V — 300 500
love Operating Current OVPEN=1 WA
5V — 450 600
Without calibration
i -15 — 15 mV
Vos Input Offset Voltage 5v | CAOF[5:0]=100000B
With calibration -4 — 4 mV
Vhys Hysteresis 5V — 20 40 60 mV
Vem Common Mode Voltage Range | 5V — Vss — |Voo-14| V
DNL Differential Nonlinearity 5V | D/A Converter reference voltage=Vop| — — +1 LSB
INL Integral Nonlinearity 5V |D/A Converter reference voltage=Voo| — — +2 LSB
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LDO Regulator Electrical Characteristics

Croap=1uF, Ta=25°C

Test Conditions

Symbol Parameter —
Voo Condition

Min. | Typ.| Max. Unit

Vin Input Voltage — —

6 — 28 \

Ta=25°C,
lLoao=1mA, Vin=Vour + 1V

Typ.-2%| 5 |Typ.+2%| V

V. Output Volta
out utpu ge -40°C < Ta<85°C,

lLoao=1mA, Vin=Vour + 1V

Typ.-5%| 5 |Typ.+5%| V

< <
AVioao |Load Regulation MNete — | ImAX loao < 30mA

— 0.09| 0.18 | %/mA

Vin=Vour + 1V, lLoao=10mA

Vin=Vour+1V
AVour=2%, lLoao=1mA
(Note 2) B ? P J—
Voror Dropout Voltage Vin=Vour+2V 100 mV
la Quiescent Current — |Noload, Vin=12V — 2 4 MA
AViine Line Regulation — |6V =Vin=28Y, lloan=1mA — — 0.2 %IV
TC Temperature Coefficient __ |40°C=Ta<85C, — +0.9 +2 mV/°'C

Note: 1. Load regulation is measured at a constant junction temperature, using pulse testing with a low ON time
and is guaranteed up to the maximum power dissipation. Power dissipation is determined by the input/
output differential voltage and the output current. Guaranteed maximum power dissipation will not be
available over the full input/output range. The maximum allowable power dissipation at any ambient

temperature is Po= (Tioax) - Ta) / 05a.

2. Dropout voltage is defined as the input voltage minus the output voltage that produces a 2% change in the

output voltage from the value at Vin= Vour+ 2V.

Level Converter Electrical Characteristics

Ta=25°C

Test Conditions

Symbol Parameter
Voo Condition

Min. | Typ. | Max. | Unit

Output Source Current of AX, BX, AX, BX,

Isource CX. DX — | Vee=12V, Vou=10.4V -60 -90 —_ mA

o | Qutput Sink Current of AX, BX, AX, BX, 1y =12V, vo=16v | 60 | 90 | — | mA
CX, DX
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HT45F4MA/HT45FH4MA/HT45FH4MA-1

Power Bank Flash MCU
Power on Reset Electrical Characteristics
Ta= 25°C
Test Conditions X i
Symbol Parameter — Min. Typ. | Max. Unit
Voo Conditions
Vror Voo Start Voltage to Ensure Power-on Reset | — — — — 100 mV
RRror | Voo Rising Rate to Ensure Power-on Reset — — 0.035 — — Vims
t Minimum Time for Vop Stays at Vror to . . 1 . . ms
FOR Ensure Power-on Reset
VbD
A
. tror RRPoRr
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. 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 and
A/D control system with maximum reliability and flexibility. This makes the device suitable for low-
cost, high-volume production for controller applications.

Clocking and Pipelining

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

(System Clock)

Phase Clock T1 ¥ \

Phase Clock T2 /\ /\ /~ \

Phase Clock T3 /\ /\ /~ \

Phase Clock T4 /N
Program Counter PC PC+1 PC+2

Fetch Inst. (PC)
Execute Inst. (PC-1) Fetch Inst. (PC+1)
Execute Inst. (PC) Fetch Inst. (PC+2)

Execute Inst. (PC+1)

Pipelining

System Clock and Pipelining

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.

1 MOV A,[12H] | Fetch Inst. 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
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Stack

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

This is a special part of the memory which is used to save the contents of the Program Counter
only. The stack is 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

Top of Stack Stack Level 1

Stack |  Stack Level 2
Pointer e Program

Stack Level 3 Memory

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, IMP, SZ, SZA, SNZ, SIZ, SDZ, SIZA, SDZA, CALL, RET, RETI
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HDLTEK#

Flash Program Memory

The Program Memory is the location where the user code or program is stored. For this device the

Program Memory is Flash type, which means it can be programmed and re-programmed a large

number of times, allowing the user the convenience of code modification on the same device.

By using the appropriate programming tools, this Flash device offers users the flexibility to
conveniently debug and develop their applications while also offering a means of field programming

and updating.

Structure

The Program Memory has a capacity of 2Kx16 bits. The Program Memory is addressed by the

Program Counter and also contains data, table information and interrupt entries. Table data, which

can be setup in any location within the Program Memory, is addressed by a separate table pointer

register.

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.

000H Initialisation
Vector
004H Over Voltage
Protection Interrupt
008H Over Current
Protection Interrupt
00CH External
Interrupt O Vector
010H Multi_Function
Interrupt O Vector
014H ™ Mutti_Function
Interrupt 1 Vector
018H ™ Multi_Function
Interrupt 2 Vector
01CH AD
Interrupt Vector
020H Time Base 0
Interrupt Vector
024H Time Base 1
Interrupt Vector
028H Extemal
Interrupt 1 Vector

Program Memory Structure
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Look-up Table

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

After setting up the table pointer, the table data can be retrieved from the Program Memory using
the “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”.

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

Last page or
TBHP Register
TBLP Register

Program Memory

Data

ssaIppy

Register TBLH UseRr Selected
egister
High Byte Low Byte

Table Location Bits
b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
TABRD[m] @10 | @9 @8 @7 @6 | @5 | @ | @3 | @2 | @1 | @O
TABRDL [m] 1 1 1 @7 | @6 | @5 | @4 | @3 | @2 | @1 @0

Table Location

Instruction

Note: b10~b0: Table location bits
@7~@0: Table pointer (TBLP) bits
@10~@8: Table pointer (TBHP) bits
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Table Program Example

The following example shows how the table pointer and table data is defined and retrieved from the
microcontroller. This example uses raw table data located in the Program Memory which is stored
there using the ORG statement. The value at this ORG statement is “700H” which refers to the start
address of the last page within the 2K words Program Memory of the device. The table pointer is
setup here to have an initial value of “06H”. This will ensure that the first data read from the data
table will be at the Program Memory address “706H” or 6 locations after the start of the last page.
Note that the value for the table pointer is referenced to the first address of the present page 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 simultancous 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
mov tblp,a

mov &,07h ; initialise high table pointer

mov tbhp,a

tabrd tempregl transfers value in table referenced by table pointer data at program
memory address “706H” 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 “705H” transferred to tempreg2 and TBLH

in this example the data “1AH” is transferred to tempregl and data “0FH”

to register tempreg2

dec tblp
tabrd tempreg2

org 700h sets initial address of program memory
dc 00Ah, 00Bh, 00Ch, 00Dh, 0OEh, 00Fh, 01Ah, 01Bh
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In Circuit Programming

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

The Holtek Flash MCU to Writer Programming Pin correspondence table is as follows:

Holtek Writer Pins MCU Programming Pins Pin Description
ICPDA PAGB Programming Serial Data/Address
ICPCK PA7 Programming Clock

VDD VDD Power Supply
VSS VSS Ground

During the programming process, the user must take care to ensure that no other outputs are
connected to these two pins.

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

Writer Connector MCU Programming
Signals Pins
writer_vDD | () VDD
icroa | O PAG
iceek | (O PA7
writer_vss | () vss

To other Circuit
Note: * may be resistor or capacitor. The resistance of * must be greater than 1k or the capacitance
of * must be less than InF.
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On-Chip Debug Support — OCDS

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

MCU Device EV Chip Device
HT45F4MA HT45V4MA
HT45FH4MA HT45VH4MA
HT45FH4MA-1 HT45VH4MA-1
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
GND VSS Ground

RAM 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

Divided into two sections, the first of these is an area of RAM, known as the Special Function Data
Memory. Here are located registers which 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 overall Data Memory is subdivided into two banks. The Special Purpose Data Memory registers are
accessible in all banks, with the exception of the EEC register at address 40H, which is only accessible
in Bank 1. Switching between the different Data Memory banks is achieved by setting the Bank Pointer
to the correct value. The start address of the Data Memory for the device is the address 00H.
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Bank 0, 1 Bank 0{Bank 1
00H JARO 28H [ TMOCO
01H MPO 29H [ TMOC1
02H IART 2AH [ TMODL
03H MP1 2BH [ TMODH
04H BP 2CH [ TMOAL
05H ACC 2DH [ TMOAH
06H PCL 2EH [ TMORP
07H TBLP 2FH [ TM1CO
08H TBLH 30H [ TM1CT
09H TBHP 31H [ TM1DL
0AH [ STATUS 32H [ TM1DH
0BH SMOD 33H [ TMIAL
0CH LVDC 34H [ TM1AH
ODH INTEG 35H [ TMIRPL
OEH INTCO 36H | TMARPH
OFH INTCT 37H
10H INTC2 . o -
11H MFIO0 : 3
12H MFT1 3CH
13H MFI2 3DH PB
14H PA 3EH PBC
15H PAC 3FH PBPU
16H PAPU 40H [ EEC
17H PAWU 41H [ OCPREF
18H Unused 42H OVPREF
19H TMPC 43H [ OCVPRO
1AH WDTC 44H [ OCVPRI1
1BH TBC 45H [ OCVPR2
1CH 46H | OCVPR3
1pH | Unused 47H [ OCVPR4
1EH EEA 48H [ OCVPR5
1FH EED 49H CPR
20H ADRL 4AH
21H ADRH TN A
22H ADCRO : Unused
23H [ ADCR1 :
24H [ ACERL 7FH
25H Unused
26H CTRL []: Unused, read as 00H
27H LVRC

Special Purpose Data Memory Structure

00H

Special Purpose
Data Memory

\N7FH
¢ 80H

General Purpose:<
Data Memory

FFH

Data Memory Structure
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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 their locations in normal RAM
register space, do not actually physically exist as normal registers. The method of indirect addressing
for RAM data manipulation uses these Indirect Addressing Registers and Memory Pointers, in
contrast to direct memory addressing, where the actual memory address is specified. Actions on the
IARO and IARI registers will result in no actual read or write operation to these registers but rather
to the memory location specified by their corresponding Memory Pointers, MPO or MP1. Acting as a
pair, IARO and MPO can together access data from Bank 0 while the IAR1 and MP1 register pair can
access data from any bank. As the Indirect Addressing Registers are not physically implemented,
reading the Indirect Addressing Registers indirectly will return a result of “00H” and writing to the
registers indirectly 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 relevant Indirect Addressing Registers is carried out, the actual address that the microcontroller
is directed to is the address specified by the related Memory Pointer. MPO, together with Indirect
Addressing Register, IARO, are used to access data from Bank 0, while MP1 and IAR1 are used to
access data from all banks according to BP register. Direct Addressing can only be used with Bank 0,
all other Banks must be addressed indirectly using MP1 and IARI.

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

Indirect Addressing Program Example

data .section ‘data’
adresl db ?
adres?2 db
adres3 db
adres4 db
block db
code .section at 0 “code’
org00h
start:

mov a,04h ; setup size of block

mov block,a

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

mov mp0,a ; setup memory pointer with first RAM address
loop:

clr IARO ; clear the data at address defined by mp0

inc mp0 ; increment memory pointer

sdz block ; check if last memory location has been cleared

jmp loop
continue:

BN N )

The important point to note here is that in the example shown above, no reference is made to specific
Data Memory addresses.
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Bank Pointer — BP

For this device, the Data Memory is divided into two banks, BankO and Bankl. Selecting the
required Data Memory area is achieved using the Bank Pointer. Bit 0 of the Bank Pointer is used to
select Data Memory Banks 0~1.

The Data Memory is initialised to Bank 0 after a reset, except for a WDT time-out reset in the Power
Down Mode, in which case, the Data Memory bank remains unaffected. It should be noted that the
Special Function Data Memory is not affected by the bank selection, which means that the Special
Function Registers can be accessed from within any bank. Directly addressing the Data Memory
will always result in Bank 0 being accessed irrespective of the value of the Bank Pointer. Accessing
data from Bank1 must be implemented using Indirect Addressing.

BP Register
Bit 7 6 5 4 3 2 1 0
Name — — — — — — — DMBPO
R/W — — — — — — — R/W
POR — — — — — — — 0

Bit7~1 Unimplemented, read as "0"

Bit0 DMBPO: Select Data Memory Banks
0: Bank 0
1: Bank 1

Accumulator — ACC

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

Program Counter Low Register — PCL

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

Look-up Table Registers — TBLP, TBHP, TBLH

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

Rev. 1.20

28 December 14, 2016



HT45F4AMA/HT45FH4AMA/HT45FH4MA-1 #
Power Bank Flash MCU HOLTEK

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.

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

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

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

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

* TO is cleared by a system power-up or executing the “CLR WDT” or “HALT” instruction. TO is
set by a WDT time-out.

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.
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STATUS Register
Bit 7 6 5 4 3 2 1 0
Name — — TO PDF ov 4 AC C
R/W — — R R R/W R/W R/W R/W
POR — — 0 0 x x x x
"x" unknown
Bit7~6 Unimplemented, read as "0"
Bit 5 TO: Watchdog Time-Out flag
0: After power up or executing the "CLR WDT" or "HALT" instruction
1: A watchdog time-out occurred.
Bit4 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.
Bit 2 Z.: Zero flag
0: The result of an arithmetic or logical operation is not zero
1: The result of an arithmetic or logical operation is zero
Bit 1 AC: Auxiliary flag
0: No auxiliary carry
1: An operation results in a carry out of the low nibbles in addition, or no borrow
from the high nibble into the low nibble in subtraction
Bit0 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

C is also affected by a rotate through carry instruction.
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EEPROM Data Memory

One of the special features in the device is its internal EEPROM Data Memory. EEPROM, which
stands for Electrically Erasable Programmable Read Only Memory, is by its nature a non-volatile
form of memory, with data retention even when its power supply is removed. By incorporating
this kind of data memory, a whole new host of application possibilities are made available to the
designer. The availability of EEPROM storage allows information such as product identification
numbers, calibration values, specific user data, system setup data or other product information to
be stored directly within the product microcontroller. The process of reading and writing data to the
EEPROM memory has been reduced to a very trivial affair.

EEPROM Data Memory Structure

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

EEPROM Registers

Three registers control the overall operation of the internal EEPROM Data Memory. These are the
address register, EEA, the data register, EED and a single control register, EEC. As both the EEA
and EED registers are located in Bank 0, they can be directly accessed in the same way as any other
Special Function Register. The EEC register however, being located in Bank1, cannot be directly
addressed directly and can only be read from or written to indirectly using the MP1 Memory Pointer
and Indirect Addressing Register, IAR1. Because the EEC control register is located at address 40H
in Bank 1, the MP1 Memory Pointer must first be set to the value 40H and the Bank Pointer register,
BP, set to the value, 01H, before any operations on the EEC register are executed.

EEPROM Control Registers List

Name Bit
7 6 5 4 3 2 1 0
EEA — — D5 D4 D3 D2 D1 DO
EED D7 D6 D5 D4 D3 D2 D1 DO
EEC — — —_ — WREN WR RDEN RD
EEA Register
Bit 7 6 5 4 3 2 1 0
Name — — D5 D4 D3 D2 D1 DO
R/W — — R/W R/W R/W R/W R/W R/W
POR — — 0 0 0 0 0 0
Bit7~6 Unimplemented, read as "0"
Bit5~0 Data EEPROM address
Data EEPROM address bit 5 ~ bit 0
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EED 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
Bit7~0 Data EEPROM data
Data EEPROM data bit 7 ~ bit 0
EEC Register
Bit 7 6 5 4 3 2 1 0
Name — — — — WREN WR RDEN RD
R/W — — — — R/W R/W R/W R/W
POR — — — — 0 0 0 0
Bit7~4 Unimplemented, read as "0"
Bit 3 WREN: Data EEPROM Write Enable
0: Disable
1: Enable
This is the Data EEPROM Write Enable Bit which must be set high before Data
EEPROM write operations are carried out. Clearing this bit to zero will inhibit Data
EEPROM write operations.
Bit 2 WR: EEPROM Write Control
0: Write cycle has finished
1: Activate a write cycle
This is the Data EEPROM Write Control Bit and when set high by the application
program will activate a write cycle. This bit will be automatically reset to zero by the
hardware after the write cycle has finished. Setting this bit high will have no effect if
the WREN has not first been set high.
Bit 1 RDEN: Data EEPROM Read Enable
0: Disable
1: Enable
This is the Data EEPROM Read Enable Bit which must be set high before Data
EEPROM read operations are carried out. Clearing this bit to zero will inhibit Data
EEPROM read operations.
Bit0 RD: EEPROM Read Control

0: Read cycle has finished

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

Note: The WREN, WR, RDEN and RD can not be set to “1” at the same time in one instruction.
The WR and RD can not be set to “1” at the same time.
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Reading Data from the EEPROM

To read data from the EEPROM, the read enable bit, RDEN, in the EEC register must first be set
high to enable the read function. The EEPROM address of the data to be read must then be placed
in the EEA register. If the RD bit in the EEC register is now set high, a read cycle will be initiated.
Setting the RD bit high will not initiate a read operation if the RDEN bit has not been set. When
the read cycle terminates, the RD bit will be automatically cleared to zero, after which the data can
be read from the EED register. The data will remain in the EED register until another read or write
operation is executed. The application program can poll the RD bit to determine when the data is
valid for reading.

Writing Data to the EEPROM

The EEPROM address of the data to be written must first be placed in the EEA register and the data
placed in the EED register. To write data to the EEPROM, the write enable bit, WREN, in the EEC
register must first be set high to enable the write function. After this, the WR bit in the EEC register
must be immediately set high to initiate a write cycle. These two instructions must be executed
consecutively. The global interrupt bit EMI should also first be cleared before implementing any
write operations, and then set again after the write cycle has started. Note that setting the WR bit
high will not initiate a write cycle if the WREN bit has not been set. As the EEPROM write cycle is
controlled using an internal timer whose operation is asynchronous to microcontroller system clock,
a certain time will elapse before the data will have been writte