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Features
CPU Features Peripheral Features
¢ Operating Voltage: ¢ Flash Program Memory: 1Kx14 ~ 2Kx15
fors= 8MHz: 2.2V~5.5V * RAM Data Memory: 64x8 ~ 96x8
fors= 12MHz: 2.7V~5.5V « EEPROM Memory: 64x8
fvs= 20MHz: 4.5V~5.5V e Watchdog Timer function 0
e Up to 0.2us instruction cycle with 20MHz system 9 (

clock at V,,=5V

¢ Power down and wake-up functions to reduce power
consumption

¢ Five oscillators:
External high speed xtal

 Up to 8 bidirectional I/0 lines ﬂ@l
¢ External interrupt line shared \@Iﬂ(O @A
in

¢ Multiple Timer Module fort put
capture, compare-m M output or
single pulse o tpmt

External 32.768kHz xtal . Compﬁ onfunc
External RC o se funct|on$%>\%fm/o)fﬁxed time
Internal high speed -- no external components . /\ e rup’f S|gnals
Internal 32kHz -- no external components ow voltage tlo
¢ Multi-mode operation: NORMAL, SLOW, FJI: a@} B Lovx@ unctlon

SLEEP 12-bit resolution A/D converter

tiy&héinn

e Fully integrated internal 4 ; @a}@r\éMHz . N&J
oscillator requires no %ﬁ%nts \/O\ @h@age types: 8-pin DIP/SOP

o All |nstruct|onse uted\in or two ins
. f;%“ e

cycles

?%@\3 e @v

General Description

The devices are Flash Memory type 8-bit high perfor-
mance RISC architecture microcontrollers. Offering users
the convenience of Flash Memory multi-programming fea-
tures, these devices also include a wide range of functions
and features. Other memory includes an area of RAM
Data Memory as well as an area of EEPROM memory for
storage of non-volatile data such as serial numbers, cali-
bration data etc.

Analog features include a multi-channel 12-bit A/D con-
verter and comparator functions. 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 oper-
ation is maintained in hostile electrical environments.

A full choice of HXT, LXT, ERC, HIRC and LIRC oscilla-
tor functions are provided including a fully integrated
system oscillator which requires no external compo-
nents 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 mini-
mize power consumption.

The inclusion of flexible I/O programming features,
Time-Base functions along with many other features en-
sure that the devices will find excellent use in applica-
tions such as electronic metering, environmental
monitoring, handheld instruments, household appli-
ances, electronically controlled tools, motor driving in
addition to many others.
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Selection Table

Most features are common to all devices, the main feature distinguishing them are Memory capacity, I/O count, TM fea-
tures, stack capacity and package types. The following table summarises the main features of each device.

Program | Data Data Ext. Timer
Part No. | VDD Memory | Memory | EEPROM o | |nt. A/ID Module Comparator | Stack | Package
2.2V~ . 10-bit CTMx1,
HT66F03C 55V 1Kx14 64x8 64x8 6 1 12-bitx3 10-bit STMx1 1 4 8DIP/SOP
2.2V~ 10-bit CTMx1,
HT66F04C | 2Kx15 96x8 64x8 6 1 12-bitx3 | 10-bit ETMx1, 1 8 8DIP/SOP
5.5V 10-bit STMx1
2.2V~ 10-bit CTMx1,
HT68F03C 5.5V 1Kx14 64x8 64x8 6 1 — 10-bit STMx1 1 4 8DIP/SOP
2.2V~ 10-bit CTMx1,
HT68F04C 55V 2Kx15 96x8 64x8 6 1 — 10-bit STMx1 1 8 8DIP/SOP

(o)
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Pin Assignment

VDD & AVDD [ 1
PA6/[TCKO[TP1/0SC1 [ 2
PA5/[TPOJ/OSC2 [ 3
PA7/[INTY[TCKOV[TCK1)[TP1J/RES []4

[1VSS & AVSS
] PAO/C+/ANO
1 PA1/C-/AN1/VREF
[ PA2/CX/[TPO)/AN2

g O N

HT66F03C
8 DIP/SOP-A

VDD & AVDD [ 1
PAG/[TCKOY[TP1/TP2A/OSC1 [ 2
PAS/[TCK2]/[TPO}/TP2B/OSC2 [ 3

PA7/[INTY[TCKOY[TCKAY[TP1[TP2AVRES [ 4

[1VSS & AVSS
] PAO/[TP2B]/C+/ANO

[ PA1/[TP2A]/C-/AN1/VREF @
:IPA2/CX/[TCK2]/[TPO]/[TPZB]/AQ @@

g O N ©

HT66F04C
8 DIP/SOP-A

@@@&

i Tiﬁt) C/HT68F04C
(\é@ @@ 8 DIP/SOP-A
o % %
5 ndlcate non-default pinout remapping locations.
e

2. Ifthe p d-pin functions have multiple outputs simultaneously, its pin names at the right side of the
"[" sign can be used for higher priority.
3. VDD&AVDD means the VDD and AVDD are the double bonding.

Rev. 1.00 3 March 16, 2012



HOLTEK i ’

HT66F03C/HT66F04C/HT68F03C/HT68F04C

Pin Description

With the exception of the power 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/0 function of the pins. However these Port pins are also shared with other function such
as the Analog to Digital Converter, Serial Port 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.

The following tables only include the pins which are directly related to the MCU. The pin descriptions of the additional
peripheral functions are located at the end of the datasheet along with the relevant peripheral function functional de-

scription.
HT66F03C
Pin Name Function OP ) oIT Pin-Shared Mapping
o |Porta oW ST cMOS | —
ANO~AN2 A/D converter input ACERL AN — PAO~PA2 (é\
VREF A/D converter reference input ADCR1 AN — PA1 @\ T
C- Comparator input AN — F’@Tm Q =
C+ Comparator input CPC AN (OB{Q‘ Ei\ﬁ)
CX Comparator output LR S | PA2 (o %
TCKO TMO input PRM__ | ST\ —\ \ lgi\é §r\PK7
TCK1 TM1 input LpRMUC ST N\ P
TPO TMO 1/0 ol ere | Ssr0) ['mos | P o PA2
TP1 TM1 1/0 "\(Q\ O (PRM/Q\( 0 \éﬁ' CMOS | PAG6 or PA7
INT Exterpal nterrapt e st — |pa7
OSscC1 /f(\\@g \ }Q%/\EFQC/LXT pin¢ & ? \ \@ co ':;((_I — PA6
\dsééw {%x\j % co _ ':))g PA5
RES ' |Reset pin co ST — PA7
VDD Power supply * — PWR — —
AVDD A/D converter power supply * — PWR — —
VSS Ground ** — PWR — —
AVSS A/D converter ground ** — PWR —
Note:  I/T: Input type; O/T: Output type

OP: Optional by configuration option (CO) or register option
PWR: Power; CO: Configuration option; ST: Schmitt Trigger input
CMOS: CMOS output; NMOS: NMOS output

SCOM: Software controlled LCD COM; AN: Analog input pin
HXT: High frequency crystal oscillator

LXT: Low frequency crystal oscillator

The important point to note here is that the PA3 and PA4 pads are not bonded to the external pins in the 8-pin
DIP/NSOP package. Users should take special care of these two pads. Refer to the Programming consider-
ations in Input/Output Ports section for more details.

*: VDD is the device power supply while AVDD is the ADC power supply. The AVDD pin is bonded together
internally with VDD.

**: VSS is the device ground pin while AVSS is the ADC ground pin. The AVSS pin is bonded together internally
with VSS.
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HT66F04C
Pin Name Function OP ) oIT Pin-Shared Mapping
PAO~PA2, PAWU
PA5~PA7 Port A PAPU ST CMos | —
ANO~AN2 A/D converter input ACERL AN N PAO~PA2
VREF A/D converter reference input ADCR1 AN — PA1
C- Comparator input AN — PA1
C+ Comparator input CPC AN — PAO
CX Comparator output — CMOS |PA2
TCKO TMO input PRM ST — PAG or PA7
TCK1 TM1 input PRM ST — PA7
TCK2 TM2 input PRM ST — PA5 or PA2 /i\
TPO TMO 1/O PRM ST CMOS |PA5 OWAZQ 0
TP1 T™1 1/O PRM ST CMOS | PAB o PAT' °
TP2A TM2 1/0 PRM ST /GMJQS ‘\u E@€A1 or PA7
TP2B TM2 1/0 PRM ST \CrM}SS PA5, PAQ o7 PA2
s =N
INT External Interrupt @—/\ : Sﬁ'\\y\ — \ /S)g?\/
. \ LHXT
0 7\
OSC1 HXT/ERC/LXT pin ~ 7/V LXT V/@_VQ rPAG
N A0 AxT
i U \
0SC2 HXT/LXT pin @\\ w Cg @(“O \D =/ LXT PA5
—_— \
RES Resetpin | ~ \con T st —  |pa7
VDD af P@é&mpw A2\ — PWR =
AV@Q(G{\\\ A/D conveger\ﬁ/}upﬁy — PWR — —
\\)sal%, r@”}@”\\/ — PWR — —
AVSS “ é@éonﬂféﬁer ground ** — PWR — —

=

Note: I/T: Input type; O/T: Output type
OP: Optional by configuration option (CO) or register option
PWR: Power; CO: Configuration option; ST: Schmitt Trigger input
CMOS: CMOS output; NMOS: NMOS output
SCOM: Software controlled LCD COM; AN: Analog input pin
HXT: High frequency crystal oscillator
LXT: Low frequency crystal oscillator

The important point to note here is that the PA3 and PA4 pads are not bonded to the external pins in the 8-pin
DIP/NSOP package. Users should take special care of these two pads. Refer to the Programming consider-
ations in Input/Output Ports section for more details.

*: VDD is the device power supply while AVDD is the ADC power supply. The AVDD pin is bonded together in-
ternally with VDD.

**: VSS is the device ground pin while AVSS is the ADC ground pin. The AVSS pin is bonded together internally
with VSS.
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HT68F03C/HT68F04C
Pin Name Function OP ) oIT Pin-Shared Mapping
AT e | s owos -
C- Comparator input AN N PA1
C+ Comparator input cPC AN — PAO
CPC
CX Comparator output — CMOS |PA2
TCKO TMO input PRM ST — PA6 or PA7
TCK1 TM1 input PRM ST — PA7
TPO TMO I/O PRM ST CMOS | PA5 or PA2
TP1 TM1 1/0 PRM ST CMOS | PA6 or PA7
INT External Interrupt PRM ST — PA7 p
0OSC1 HXT/ERC/LXT pin CcO ':>)((_IT_ — PA6 Q(\ @\£ U)
0SscC2 HXT/LXT pin CO — HXT ﬁﬁ\é\Q
Ty
RES Reset pin co ST\ éz N
VDD Power supply — A PV\@V\ I+ \S \&
vss Ground 0 PR @; ~
Note: I/T: Input type; O/T: Output type \\/\) \A
OP: Optional by conflgtfrav; p}&@ﬁn}éo or pegs@e%{gh
PWR: Power; C \Cohﬂgﬁ ion option; mput
CMO@ olutput MOS ﬁ?p
§OOM\ re controII ﬁ\d AN Analog input pin
?\ \Wh freque/my\ i‘;\t}scnlator
stal oscillator

DIP/NS

Absolute Maximum Ratings

Supply Voltage ........cccccevevieennnn. Vss—0.3V to Vgg+6.0V
Input Voltage.........ccccovevrevnnnnne Vgs-0.3V to Vpp+0.3V
oL TOtal e 80mA
Total Power Dissipation ..........ccccceeveviiiiiennennns 500mwW

Storage Temperature
Operating Temperature

loy Total

“ [XT: Lo (j

The |mp§:’gguamﬁj 0 note here is that the PA3 and PA4 pads are not bonded to the external pins in the 8-pin
package. Users should take special care of these two pads. Refer to the Programming consider-

ations in Input/Output Ports section for more details.

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 this device at other conditions beyond those listed
in the specification is not implied and prolonged exposure to extreme conditions may affect device reliability.
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D.C. Characteristics Ta=25°C
Test Conditions
Symbol Parameter Min. | Typ. | Max. Unit
Voo Conditions
fsys=8MHz 2.2 — 55

Operating Voltage _
V — = _
bD (HXT, ERC, HIRC) fsys=12MHz 2.7 5.5

foys=20MHz 45 — 55
3V | No load, f=8MHz, — |10 ] 15 | mA
5y | ADC off, WDT enable . 25 4.0 mA
3V | No load, f,=10MHz, — | t2 ] 20 | mA
5v | ADC off, WDT enable - 28 45 mA
| Operating Current (HXT), 3V | No load f,=12MHz — 1.5 2.5 mﬁ\\\\
oot (fsvs=fu, fs=fsus=TLirc) 5V ADC off, WDT enable 35 5 T\Jg\ﬁﬁ‘
i g
R
3V | No load, f,=16MHz, — 120 1)307] mA
5v | ADC off, WDT enable 3 _@ ( M 70 | mA
1=

O
No load, f;=20MHz; ﬂ -
V' ADC off, WDT/epamé\ - f"% 5| mA

3v S 08 | 15 | ma
ad
5V Ab@% WDT er@b/e N % 22" 1 50 | 30 | ma
& (\\
0\ LV No Joad, f= @1\ N — |12 ] 20 | mA
> T end
oo Operating %Fent\(gRé\){ 5V ADC;% — 2.8 45 mA
foys=fi, 4, ‘
( %37 H@b LIRH \/\?9\ \/FM/N\)() load, fH:12MHZ, — 1.8 3.0 mA
o) /“%\\ %ﬁ\ u\ 5y | ADC off, WDT enable ~ a0l 60 | ma
\ O\
\ AL (0 \\/ No load, f,=16MHz,

- \ 2 V| ADC off, WDT enable — | %0 | 75 mA
3V | No Ioad, f,=4MHz, — o7 | 12 | mA
5v | ADC off, WDT enable _ 15 25 mA

| Operating Current (HIRC), 3V I No load, f,=8MHz, — 1.2 2.0 mA

oos (fsvs=fh, fs=fsug=fixr OF fLirc) 5y | ADC off, WDT enable o 28 45 mA
3V | No load, f,;=12MHz, — | 18 ] 30 mA
5y | ADC off, WDT enable _ 4.0 6.0 mA
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Ta=25°C
Test Conditions
Symbol Parameter Min. | Typ. | Max. Unit
Voo Conditions
3V | No load, f;=12MHz, f=f/2, | — | 080 | 1.50 | mA
5V ADC off, WDT enable o 2.50 3.75 mA
3V | No load, f;=12MHz, f =f/4, | — | 070 | 1.00 | mA
5V ADC off, WDT enable o 2.00 3.00 mA
3V | No load, f;=12MHz, f =f/8, | — | 0-60 | 0.90 | mA
Operating Current (HXT), 5v | ADC off, WDT enable — 1.60 | 2.40 mA
loos (fsvs=fi, fs=fsus=fure) 3V 0.50 0.75 A
No load, f,=12MHz, f,=f/16, | — : : m
5V ADC off, WDT enable o 1.50 2.25 mA
3V | No load, f;=12MHz, f=f/32,| — | 049 | 074 m/%\
A
5y | ADC off, WDT enable — | 145 | 218 A
O
3V | No load, f,=12MHz, f,=f./64, | — _| @““&4 10747 mA
5V ADC off, WDT enable \J '(T(\()‘ W 2.10 mA
o )v
3V | No load, ADC off, @ — L% 20\ pA
| Operating Current (LXT), sv | WDT enablqu?S 0\ | BE\M ~'50 HA
oos fovs=fi=fixr, fs=fsus=f o) -
(fsvs=fi=fixr, fs=fsus=fixr) 3V (/N\S&%(L\WC off, /& A\ 10 20 7
/|| WD Tenable Q@@\\Q — | 40 | 60 | uA
\ 0\
| Operating Curren ‘Bg)ﬂf&/ \3)V No\lqa @L\?g — 10 20 pA
oos (fsvs=fi= fLIRC/fiSSffSU LRE) 5V WDT — 30 50 A
| P@ﬁe\@&urrent (RT x \S)V No load, ADC off, — 10 20 HA
oo, —foT, fo= fsy@ 5y | WDT enable, QOSC=0 a0 | 0 | A
S\
\ ¢ \a;ai ldle) (HxT), | 3V | Noload, system HALT, — 0.6 1.0 mA
Isrer (Sf an fby =) _/f( d ;3 A ADC off, WDT enable,
sysTIH: Ts=Tsus=TLre 5V | f,s=12MHz — 1.2 2.0 mA
Standby Current (Idle) (HXT), 3V | No load, system HALT, — 1.3 3.0 pA
IsTa2 (fovs=0ff, fs=foye/4) ADC off, WDT enable,
sys=OM, Ts=Tsys 5V | f,s=12MHz — 2.2 5.0 pA
3V | No load, system HALT, — 1.3 3.0 A
Standby C t (Idle) (HXT), H
55 | et g o) (D) ADC off, WDT enable,
sys=OM, Ts=lsus=lLire 5V | fog=12MHz _ 22 5.0 pA
3V | No load, system HALT, — 1.3 3.0 A
Standby Current (Idle) (HXT), H
lsros | (fooosoff fuet ! )) (HXT) ADC off, WDT enable,
sys=OT, Ts=Tsus=TLire 5V | fy,s=12MHz — 2.2 5.0 pA
3V | No load, system HALT — 0.6 0.9 mA
Standby C t (Idle) (HXT), ’
Istes (f. an_f yf _l;rrerlf( )e) (HXT) ADC off, WDT enable,
sys=1L Ts=Tsus=Ture 5V | fy,s=12MHz/64 — 1.3 2.0 mA
3V | No load, system HALT, — 1.3 3.0 A
Standby C t (Idle) (HXT), H
SR il Dt Sl ADC off, WDT enable,
sys=OM, Ts=lsus=lLire 5V | fo,s=12MHz/64 _ 22 5.0 pA
3V | No load, system HALT, — 5 10 A
t t (Idle) (LXT H
Iste7 (Sf an_dfbi/fCur;eff ( d_?) () ) ADC off, WDT enable,
SYSTILTILXT IsTIsuB™ILXT 5V fsys=32768HZ . 16 32 HA
Rev. 1.00 8 March 16, 2012
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Ta=25°C
Test Conditions
Symbol Parameter v — Min. | Typ. | Max. Unit
bD onditions
| Standby Current (Idle) (HXT), | 3V Zgg’i‘é’ w;ﬁz:gggl — 5 10 uA
STB8 - - ) )

(fsys=off, fs=fsys/4) 5V foys=32768Hz — 16 32 pA
| Standby Current (idle) (LXT), | 3V 28(‘;’2‘;’ WEt?an'lﬁET‘ — | 5 10 | wA
STB9 - = ) )

(fsvs=off, fs=fsua=fixr) 5V | f,,4=32768Hz — 16 32 A
I Standby Current (Idle) (LIRC), | 3V EB(I:O‘Z?{ \S/stt_?_:nZﬁ:;T’ - 13 3.0 HA
STB10 f = ff f=f =f 3 )

(fsvs=off, fs=fsua=fiirc) 5V foys=32kHz _ 22 5.0 pA
| Standby Current (idle) (LXT), | 3V Egg"z‘f’f' \S/zSthzng’gg' — | 13 | 30 | wA
STB11 - - — ) )

(fsys=off, fs=fsus=TLirc) 5V | f,,c=32768Hz — 2.2 5.0 uAf\\

(O
| Standby Current (Sleep) (HXT), 3V | No load, system.HALT, — 0.1 1%@&/
STB12 (foys=0ff, fs=Fsup=fLc) ADC off, WDT disable, OV 7o v
sys=OT, Ts=Tsus=TLire 5V foys=12MHz — 8@\(\\ \ 2.0 pA
r 7 / \ \\
~ ( \ 4
lerors Standby Current (Sleep) (HXT), | 3V EB(I:O‘Z?{ \S/stt_?_:nZﬁ:;T' { J@ 13 50 HA
(fsys=0ff, fs=fsus=TLirc) 5V |1 —12|\’/IHZ %\ : \\ ©v 2.2 a% pA
SYs™ \\ 0 1dB)
A\ ‘ \/@ -
| Standby Current (Sleep) (LXT), | 3V | No load uf ’?)IHV o b 10 | A
STB14 (fsvs=off, fs=fsua=fixr Or firc) 5y &%%?S@L\ng sable » y 0.3 0 A
| Standby Current (Sleep MﬁT \%\U\N/ load, sys e@i‘i/\k — 5 10 WA
STBIS | (fgyg=0ff, fs um@ A8 5V r% _ 16 32 LA
SYS
Vi, ﬁ{ﬁ i@g@a@;e for |/oP : @U B o | — losve| v
\
=
VoA }qﬁwut High Vo é orts,

\\Vm \Q\ TC K N\%ag\\@\m - — 0.7Vop | — Voo \%
Vi |nput‘|:%>@\fo|é{{ez (RES) _ _ 0 04V | Vv
Vinz Input High Voltage (RES) — — 09Vpp | — Voo Y,
Vivr1 LVR Enable, 2.10V option —5% 2.10 +5% \%
Vivr1 LVR Enable, 2.55V option -5% 2.55 +5% \%

LVR Voltage Level —

Vivrs LVR Enable, 3.15V option | 5% | 3.15 | +5% v
Vivra LVR Enable, 4.20V option -5% 4.20 +5% \%
Vivos LVDEN=1, V,,5=2.0V 5% | 200 | +5% | V
Vivoz LVDEN=1, V,\p=2.2V 5% | 220 | +5% | V
Vivos LVDEN=1, V,\p=2.4V 5% | 240 | +5% | V
Vivos LVDEN=1, V,\,x=2.7V 5% | 2.70 | +5% Vv
LVD Voltage Level —
Vivos LVDEN=1, V,5x=3.0V 5% | 300 | +5% | V
Vivos LVDEN=1, V,,x=3.3V 5% | 3.30 | +5% | V
Vivor LVDEN=1, V,,5=3.6V 5% | 360 | +5% | V
V\ivps LVDEN=1, V,\p=4.4V -5% 4.40 +5% \Y
lvos Additional Power Consumption| LVR disable, LVDEN=1 — 75 120 HA
lvoz if LVR and LVD is Used LVR enable, LVDEN=1 — 90 | 150 A
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Ta=25°C
Test Conditions
Symbol Parameter Min. | Typ. | Max. Unit
Voo Conditions
3V | lg.=9mA — — 0.3 v
Voo Output Low Voltage I/O Port
5V | lo,=20mA — — 0.5 \Y,
3V | lgy=—3.2mA 2.7 — — v
Vou Output High Voltage 1/0 Port
5V | lgy=—7.4mA 45 — — Y
R Pull-high Resistance for /0 3V 20 60 100 kQ
PH —
Ports 5V 10 30 50 kQ
Vi \1/.02It5&:geReference with Buffer - . 3% 1.95 +39% Vv
Additional Power Consumption \/\\
l125 if 1.25V Reference with Bufferis| — — — 200 300 ‘ \~ \\
used 0 i
\ ( g\~
- K \ A
A.C. Characteristics ) @% \Q Ta=25°C
Test Conditio ©
Symbol Parameter L=t Min. | ~Typ.\( [ - | Unit
VDD C?nﬂ]'@io\h?é h
A\
[22vB5v Zre) g 8 | MHz
§
fepu Operating Clock - Jg@/ \2/‘)\¢5 5V ﬁ\/ N\ DC — 12 MHz
\ (N A\
/(;\@x/@\:\ %Y@\(O \\\u DC — 20 | MHz
v ~ 2.2V555V 04 | — 8 | MHz
fovs f@@é&qﬁxm g\?% KQ) 2.7V~5.5V 04 | — | 12 | MHz
\ \
2 /&%D (2 N\l 4.5V~5.5V 04 | — | 20 | MHz

1\ \

\ o fy\/)\/ 5V |Ta=25°C,R=120kQ* | 2% | 8 | +2% | MHz
5V | Ta=0~70°C, R=120kQ * | —5% 8 +6% | MHz
5V ;ﬁjggfg%% c 7% | 8 | +9% | MHz

ferc System Clock (ERC) -

g'g\\;~ ;ijz_gfﬁ% © -9% 8 +10% | MHz
e R IR P
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Ta=25°C
Test Conditions
Symbol Parameter Min. Typ. Max. Unit
Voo Conditions
3V/5V | Ta=25°C 2% 4 +2% MHz
3V/5V | Ta=25°C —2% 8 +2% MHz
5V | Ta=25°C —2% 12 +2% MHz
3V/5V | Ta=0~70°C -5% 4 +5% MHz
3V/I5V | Ta=0~70°C 5% 8 +4% MHz
5V | Ta=0~70°C -5% 12 +3% MHz
g'gy Ta=0~70°C ~7% 4 +7% | MHz
~ A\
gg:// Ta=0~70°C 5% 4 +9% MF&\
R
2.2V~ Iy
Ta=0~70°C —6% 8\[\ +%\ Hz
; System Clock 3.6V ~5 @ S
HIRC /
(HIRC) 3.0V~ A=
Ta=0~70°C % (10 +9% MHz
5.5V \ @;@ ( y 3
~ V N ) (0
3.0V Ta=0~70° \”\\ \ 6% 12 %?L%) MHz
5.5V n W\ O\ MY T
Y\ -
- N
; ;\7%\ 1?@%&2@40 “85C_ éﬁé% 4 | +8% | MHz
C “m}/ o)
a3 \/ o 0
0 g sy e 7@6 -10% 4 +9% | MHz
0\ \\VC —
(Q \\ \\/\ 2?}? -};é_ o o o, o
A (O s = -40°C~85°C -15% 8 +5% MHz
A 9\‘@@\/ e
\ A \ L\ ~
\ O\ v e @V” 2% Ta= -40°C~85°C -8% 8 +9% | MHz
\ \ .
\ L) R AZ
\ () 3.0V~
| INERSY sy | Ta=—40°C~85°C 2% | 12 | +7% | MHz
fixr System Clock (LXT) — — — 32768 — Hz
22\7 — 2 — 8 MHz
22\7 — 2 — 10 | MHz
friver Timer I/P Frequency (TMR) '
22\7 — 2 — 12 | MHz
22\7 — 2 — 16 | MHz
fure System Clock (LIRC) 5V | Ta=25°C -10% 32 +10% kHz
tres External Reset Low Pulse Width | — — 1 — — us
tinT Interrupt Pulse Width — — 1 — — tsvs
tvr Low Voltage Width to Reset — | (for verify) 120 240 480 us
tvo Low Voltage Width to Interrupt — — 1 — 2 tsus
tLvos LVDO stable time — | Forall Vp, LVR disable | 15 — — us
tacs V25 Turn on Stable Time — — 10 — — ms
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Ta=25°C

Test Conditions

Symbol Parameter Min. Typ. Max. Unit

Voo Conditions

fsys=XTAL or RTC OSC — 1024 —
fsys=ERC or HIRC OSC — 15~16 —

t System Start-up Timer Period t

ssT (Wake-up from HALT) | fsys=LIRC OSC — 1~2 — Svs
Bot.h RTC and LIRC are 1024 o
off in any fgys

Note: 1. tsys=1/fsys

2. * For ferc, as the resistor tolerance will influence the frequency a precision resistor is recommended.

3. To maintain the accuracy of the internal HIRC oscillator frequency, a 0.1uF decoupling capacitor should be
connected between VDD and VSS and located as close to the device as possible.

g%g

A/D Converter Characteristics
Test Conditions
Symbol Parameter ” Min. 0 @ Max. Unit
Voo Conditions ) (Q 0
) \ N A\
AVpp A/D Converter Operating Voltage — | Vree=AVpp ) \ O)W/ — §5
W\ [@B)
Vapi A/D Converter Input Voltage — adl \B! DR INN C ﬁl’«}EF
Vrer A/D Converter Reference Voltage | — [} (\| @/\ 2 é\é \ B AVpp
[
DNL Differential Non-linearity ﬂ\é@ N{DCK 1. OusQ /r\ \ — +1 +2 LSB
\
INL Integral Non- Ilneaﬂ%y\(Q‘ : 5V AVDQK@@& W — +2 +4 LSB
! -
Additional Pppyqr Ophsumptlon if é\( \Nﬁlg\ac{tADCK— 0.5ps — 0.90 1.35 mA
lnoc A risUsed 207 |
fpco’\a@‘@ﬁ sed AT (BV" | No load, tapec= 0.5ps — | 120 | 180 | mA
o g\ \ﬁ\u 20~
A ' —
?\L\\DC\? \ MConverte/LGI&%\§§ ey _ 05 10 us
\
A/D d? eﬁ\qﬁjlme Include 2.2~ .
t - — — t
ADC Sample and Hold Time) 55V 12-bit A/D Converter 16 ADCK
. ) 2.2~
tans A/D Converter Sampling Time 5.5V — — 4 _ tanck
) 2.2~
tonzst AID Converter On-to-Start Time | ", _ 2 _ _ us
Rev. 1.00 12 March 16, 2012
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Comparator Electrical Characteristics Ta=25°C
Test Conditions
Symbol Parameter Min. Typ. Max. Unit
Voo Conditions
Vewp Comparator Operating Voltage — — 2.2 — 5.5 \%
3V — — 37 56 pA
lemp Comparator Operating Current
5V — — 130 200 LA
Vempos | Comparator Input Offset Voltage | — — -10 — 10 mV
Vivs Hysteresis Width — — 20 40 60 mV
Comparator Common Mode
V — — V — —
oM Voltage Range ss Voo-14V) -V
Aol Comparator Open Loop Gain — — 60 80 — dB '\
[
. With 100mV @@/ B
t _ _ (
PD Comparator Response Time overdrive (Note) 370 (Y%OK
Note: Measured with comparator one input pin at Veum = (Vpp—1.4)/2 while the

(Vem +100mV) or from Vpp to (Vem -100mV).

Power-on Reset Characteristics

K¢

OJ
O\

L

ﬂ\

U\Q@%mon from Vgss to

e

(@ %,»
Ta=25°C

Symbol P t \%@é@ ditions é \% T M Unit
ymbo arameter q in. yp- ax. ni
Cog&ﬁi
v VDD Start Voltage to Ensuré) ) HW ~ %’\0 f@\l
) |
FOR Power-on Resét \ — A = — — 100 | mV
% |
Rpor ac W %\& r%@eks%\e 0 Ensu;e \ Lgﬁ) — 0.035 — — V/ms
& T\ jowhlmum Tim fo[/bﬂ étéays at ] s
PRV TV on pﬁms@é@@wef -on Reset - - - -
VbD L
A
tPOR RRvbD
VPOR
» Time
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System Architecture

A key factor in the high-performance features of the
Holtek range of microcontrollers is attributed to their in-
ternal system architecture. The range of devices take
advantage of the usual features found within RISC
microcontrollers providing increased speed of operation
and enhanced performance. The pipelining scheme is
implemented in such a way that instruction fetching and
instruction execution are overlapped, hence instructions
are effectively executed in one 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, in-
crement, decrement, branch decisions, etc. The internal
data path is simplified by moving data through the Accu-
mulator and the ALU. Certain internal registers are im-
plemented in the Data Memory and can be directly or
indirectly addressed. The simple addressing methods of
these registers along with additional architectural fea-
tures ensure that a minimum of external components is
required to provide a functional /0O and A/D control sys-
tem with maximum reliability and flexibility. This makes

for controller applications.

Clocking and Pipelining

t \% ~Thereq e
‘ en into a ou t{p
@ e appllcatl

the device suitable for low-cost, high-volume producti %@

ternally 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 in-
struction cycles, the pipelining structure of the
microcontroller ensures that instructions are effectively
executed in one instruction cycle. The exception to this
are instructions where the contents of the Program
Counter are changed, such as subroutine calls or
jumps, in which case the instruction will take one more
instruction cycle to execute.

For instructions involving branches, such asj ‘«v &
instructions, two machine cycles required-to com-

plete instruction execution. le is required as
the program takes

rst obtaln the actual
jump or call addre S@a n another to actually
execute [ xtra cycle

mmers in timing

The main system clock r}w} a HXT LX @@
HIRC, LIRC or ERC os:é%r is |V|ded |nto

@{SAM

E;gg@ / \
Phase Clock T2 / \ / \
Phase Clock T3 / \ / \
Phase Clock T4 / \
Program Counter PC PC+1 PC+2
s Fetch Inst. (PC)
Pipelining
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] | 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

Rev. 1.00
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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 Regis-
ter, 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 condi-
tional skip instructions, once the condition has been
met, the next instruction, which has already been

If the stack is full and an enabled interrupt takes place,
the interrupt request flag will be recorded but the ac-
knowledge signal will be inhibited. When the Stack
Pointer is decremented, by RET or RETI, the interrupt
will be serviced. This feature prevents stack overflow al-
lowing the programmer to use the structure more easily.
However, when the stack is full, a CALL subroutine in-
struction 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.
AL

fetched during the present instruction execution, is dis- Top of Stack | Stack Level 1 \ ’ ‘\9)
carded and a dummy cycle takes its place while the cor- Stack L‘?”e'\@ Q
rect instruction is obtained. Stack ev}é P
Pomer Stak(Lgve) 3 /N;gggg:;
Program Counter A > 2\
Device Program Counter . ﬂ N ﬁ
High Byte PCL Register \/\%}m\ws}ack Stack Levié
HT66F03C EQ -
HT68F03C PCS, PC8 Pmﬁ%/ 0) ! /@X@W Stack Levels
HT66F04C PC10~P /@\\g HTO6F0SC/HTE8FO3C 4
HT68F04C ) o)
qu; /\} I—‘Ff6/6F04C/HT68FO4C 8
s{ﬁn Counter \3} S
The lower i rogram Co *ie? @ asthe  Arithmetic and Logic Unit — ALU
rlLow register; \Kavallable for ) ) . . ) "
@{E Atrol a %@rﬂ db\b% writeable register. The arithmetic-logic unit or ALU is a critical area of the

By-transferring d t@ \; )o this register, a short pro-
gram jump can ecuted directly, however, as only
this low byte is available for manipulation, the jumps are
limited to the present page of memory, that is 256 loca-
tions. When such program jumps are executed it should
also be noted that a dummy cycle will be inserted. Manip-
ulating the PCL register may cause program branching,
so an extra cycle is needed to pre-fetch.

Stack

This is a special part of the memory which is used to
save the contents of the Program Counter only. The
stack has multiple levels depending upon the device
and is neither part of the data nor part of the program
space, and is neither readable nor writeable. The acti-
vated level is indexed by the Stack Pointer, and is nei-
ther readable nor writeable. At a subroutine call or
interrupt acknowledge signal, the contents of the Pro-
gram 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 re-
stored to its previous value from the stack. After a device
reset, the Stack Pointer will point to the top of the stack.

microcontroller that carries out arithmetic and logic oper-
ations of the instruction set. Connected to the main
microcontroller data bus, the ALU receives related in-
struction 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 oper-
ations may result in carry, borrow or other status
changes, the status register will be correspondingly up-
dated 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

¢ Increment and Decrement INCA, INC, DECA, DEC

e Branch decision, JMP, SZ, SZA, SNZ, SIZ, SDZ,
SIZA, SDZA, CALL, RET, RETI

Rev. 1.00
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Flash Program Memory

The Program Memory is the location where the user
code or program is stored. For this device series 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 modifi-
cation on the same device. By using the appropriate
programming tools, these Flash devices offer users the
flexibility to conveniently debug and develop their appli-
cations while also offering a means of field programming
and updating.

Structure

The Program Memory has a capacity of 1Kx14 bits to
2Kx15 bits. The Program Memory is addressed by the
Program Counter and also contains data, table informa-
tion and interrupt entries. Table data, which can be
setup in any location within the Program Memory, is ad-
dressed by a separate table pointer register.

Device Capacity
HT66F03C
HT68F03C K14
HT66F04C N
2Kx15 Q
HT68F04C x ff \Y)
g A
HT 3C 04C
A
oo [Chet | mes 0]\ (00
! f@%ﬂév Interrupt | @@
Y\ T\ so | Vestor (9 2& or
P\ ﬂ/ U
;e % A
e e 5

07FFH| 15 bits

Program Memory Structure

Special Vectors

Within the Program Memory, certain locations are re-
served for the reset and interrupts. The location 000H is
reserved for use by the device reset for program initialis-
ation. After a device reset is initiated, the program will
jump to this location and begin execution.

Look-up Table

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

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

Ei)kq \g\l@?rogram E

"TABRD[m]” or "TABRDL[m]" instructions, respec-
tively. 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 speci-
fied 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 trans-
ferred higher order byte will be read as "0".

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

Program Memory

Last page or >

TBHP Register 2| Data \4\
3 (

TBLP Register @ | 14~15 bits 0

Al
User Selected
glster

Jb

J 7
Eaa

\_“High BytE> E@% Byte
i\)l

shows how the table pointer and
defined and retrieved from the

\\@

The fotﬁb

@t\éshfroller This example uses raw table data lo-
\ ted-in the Program Memory which is stored there us-

ing 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 ini-
tial 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 refer-
enced 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 simultaneous use of the table read
instructions should be avoided. However, in situations
where simultaneous use cannot be avoided, the inter-
rupts 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.

Rev. 1.00
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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 us-
ing a 5-pin interface. This provides manufacturers with
the possibility of manufacturing their circuit boards com-
plete with a programmed or un-programmed
microcontroller, and then programming or upgrading the
program at a later stage. This enables product manufac-
turers to easily keep their manufactured products sup-
plied with the latest program releases without removal
and re-insertion of the device.

MCU Programming Pins Function
PAO Serial Data Input/Output
PA2 Serial Clock
RES Device Reset
VDD Power Supply
VSS Ground

orary regis
empora ejr

* Table Read Program
tempregl db
tempregZ d@

o
'l 4
mc

ov a, 07h
tbhp, a

eferenced

The Program Memory and EEPROM data memory can
both 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. Two ad-
ditional lines are required for the power supply and one
line for the reset. The technical details regarding the
in-circuit programming of the devices are beyond the
scope of this document and will be supplied in supple-
mentary literature.

During the programming process the RES pin will be
held low by the programmer disabling the normal opera-
tion of the microcontroller and taking control of the PAO
and PA2 I/O pins for data and clock programming pur-
poses. The user must there take care to ensure that no
other outputs are connected to these two pins.

@@@

se low table pointer - note that this address

2
Ekii initialise high table pointer

tabrd tempregl ; transfers value in table referenced by table pointer data at program

memory address "706H" transferred to tempregl and TBLH

dec tblp ; reduce value of table pointer by one

tabrd tempreg2 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 "OFH” to
register tempreg?2

org 700h ; sets initial address of program memory

dc 00Ah, 00Bh, 00Ch, 00Dh, OOEh, 00Fh, 01Ah, O1Bh
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Wr'teéiggzgedor McU P;)i%rsamm'ng Device | Capacity | Bank 0 Bank 1
) HT66F03C - 40H (EEC)
writer voD | () LER HTesFoac| ©64x8 | 4OH-TFH | ilable only
N — HT66F04C - 40H (EEC)
RES O RES HT68F04C 96x8 40H~9FH available only
DATA O DATA The second area of Data Memory is known as the Gen-
eral Purpose Data Memory, which is reserved for gen-
CLK O CLK eral pu.rpose use: All locations within this area are read
and write accessible under program control.
Wiiter VSS O VEE The overall Data Memory is subdivided into two banks
e for all the devices. The Special Purpose Data Memory

To other Circuit

Note: * may be resistor or capacitor. The resistance

registers are accessible in all banks, with the exception
of the EEC register at address 40H, which is only acces-
sible in Bank 1. Switching between the differe t l\a
Memory banks is achieved by settin the/BE\

to the correct value. The start add s\ oftuDaﬁa Mem-
ory for all devices is the ad/d\t

of * must be greater than 1kQ or the capacitance \ s %
0
of * must be less than 1nF. Bank 0 & 5\3“5%\ Banl;jg& Bank 1
00H AARD OH, (ADRL
01/1+ \MPO (\ / "ADRH
Programmer Pin MCU Pins IAR1 b2 ___ADCRO
— K MP1 ADCR1
RES PA7 ~ E B8P 24H [ AGERL
@) 05H OAGG 25H CPC
N)
DATA PAG"- 1\ \\/ \ | U PeL 26H Unused
~ V) R\ TBLP 27H Unused
CLK (ow ( Uﬁt /%Sg( ) TBLH 28H TMOCO
TBHP 29H TMOC1
P"°/9"a e('j% MCU P'“s % 0AH STATUS 2AH TMODL
\ \ /) OBH SMOD 2BH TMODH
R A M / \ 0CH LVDC 2CH TMOAL
M F?) ODH INTEG 2DH TMOAH
OEH INTCO 2EH TM1CO
Memor Ie of 8-bit wide RAM in- OFH INTCA oFH TMIC
memory a d>l tion where temporary in- 10H INTC2 30H TM1DL
formatlon is stor 11H MFI0 31H TM1DH
12H Unused 32H TM1AL
13H MFI2 33H TM1AH
Structure 14H PA 34H Unused
- . . X . 15H PAC 35H Unused
Divided into two sections, the first of .these is an area of 16H PAPU 36H Uhiees
RAM, known as the Special Function Data Memory. 17H PAWKUP 37H Unused
Here are located registers which are necessary for cor- 18H PRM 38H Unused
t ti fthe devi M fth ist 19H Unused 39H Unused
rect operation of the device. Many of these registers can 1AH WDTC 3AH Unused
be read from and written to directly under program con- 1BH TBC 3BH Unused
trol, however, some remain protected from user manipu- 1CH Unused 3CH Unused
lati 1DH Unused 3DH Unused
ation. 1EH EEA 3EH Unused
1FH EED 3FH Unused

HT66F03C Special Purpose Data Memory
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Bank 0 & Bank 1

Bank 0 & Bank 1

00H IARO 20H ADRL

01H MPO 21H ADRH
02H IAR1 22H ADCRO
03H MP1 23H ADCR1
04H BP 24H ACERL
05H ACC 25H CPC

06H PCL 26H Unused
07H TBLP 27H Unused
08H TBLH 28H TMOCO
09H TBHP 29H TMOC1
0AH STATUS 2AH TMODL
0BH SMOD 2BH TMODH
OCH LvVDC 2CH TMOAL
ODH INTEG 2DH TMOAH
OEH INTCO 2EH TM1CO
OFH INTC1 2FH TM1C1
10H INTC2 30H TM1DL
11H MFIO 31H TM1DH
12H MFI1 32H TM1AL
13H MF12 33H TM1AH
14H PA 34H TM2C0
15H PAC 35H TM2C1
16H PAPU 36H TM2C2
17H PAWKUP 37H TM2DL
18H PRM 38H TM2DH
19H Unused 39H TM2AL
1AH WDTC 3AH TM2AH
1BH TBC 3BH TM2BL
1CH Unused 3CH TM2BH
1DH Unused 3DH Unused
1EH EEA 3EH Unused
1FH EED 3FH Unused

HT66F04C Special Purpose

/@

@W

f

B

/\ \ %
i; 6F03C/HT68F03C

7FH

EEC
General
Purpose
Data Memory | Unused

Q&

Bank 0 & Bank 1

Bank 0 & Bank 1

00H IARO 20H Unused
01H MPO 21H Unused
02H IAR1 22H Unused
03H MP1 23H Unused
04H BP 24H Unused
05H ACC 25H CPC
06H PCL 26H Unused
07H TBLP 27H Unused
08H TBLH 28H TMOCO
09H TBHP 29H TMOC1
0AH STATUS 2AH TMODL
0BH SMOD 2BH TMODH
0CH LVDC 2CH TMOAL
ODH INTEG 2DH TMOAH
OEH INTCO 2EH TM1CO
OFH INTCA1 2FH TM1C1
10H INTC2 30H TM1DL
11H MFI0 31H TM1DH
12H Unused 32H TM1AL {
13H MFI12 33H TM1AH (A
14H PA 34H Unused \\
15H PAC 35H [\ Upused\\®
16H PAPU 36H.\\ | Untsed
17H PAWKUP \ |\ ) Unused
18H PRM Q ' Unused
19H Unuséd O L\ 9,35H Unused
1AH WDTG O ) 3AH (Unused
1BH (TBC BHN/ © " Uhused

| \\Unused g (\_""/Unused
@ " Unused  \ | Unused

EEA /» EH Unused

1FH EED\ [ 0 3FH Unused

v@@

40H

9FH

M\I‘%SFMC Special Purpose Data Mem-

HT66F04C/HT68F04C
EEC
General
Purpose
Data Memory | Unused

General Purpose Data Memory
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Special Function Register Description

Most of the Special Function Register details will be de- Memory Pointers — MP0, MP1
scribed in the relevant functional section, however sev-
eral registers require a separate description in this
section.

Two Memory Pointers, known as MP0O and MP1 are pro-
vided. These Memory Pointers are physically imple-
mented in the Data Memory and can be manipulated in
the same way as normal registers providing a conve-

Indirect Addressing Registers — IARO, IAR1 . ) )
g Reg nient way with which to address and track data. When

The Indirect Addressing Registers, IARO and IAR1, al- any operation to the relevant Indirect Addressing Regis-
though having their locations in normal RAM register ters is carried out, the actual address that the
space, do not actually physically exist as normal regis- microcontroller is directed to, is the address specified by
ters. The method of indirect addressing for RAM data the related Memory Pointer. MPO, together with Indirect
manipulation uses these Indirect Addressing Registers Addressing Register, IARO, are used to access data
and Memory Pointers, in contrast to direct memory ad- from Bank 0, while MP1 and IAR1 are used to access
dressing, where the actual memory address is speci- data from all banks according to BP register. Direct Ad-
fied. Actions on the IARO and IAR1 registers will resultin dressing can only be used with Bank 0 all oth
no actual read or write operation to these registers but must be addressed indirectly using M
rather to the memory location specified by their corre- that for this series of dewces t omters
sponding Memory Pointers, MP0O or MP1. Acting as a MPO and MP1, are both 8 and used to ac-
pair, IARO and MPO can together access data from Bank cess the Data Me{:n/ thelr corresponding
0 while the IAR1 and MP1 register pair can access data indirect %ddr smg registers IARO and | 1
from any bank. As the Indirect Addressing Registers are
The ample sho S r e a section of
not physically implemented, reading the Indirect Ad-
emory Io dy defined as loca-
dressing Registers indirectly will return a result of "00 K/d adres1 to
and writing to the registers indirectly will result in Qd Kx
eration. KA\)
o In%regﬁ Program &é
ion 'data«/,
i}gq 1-db ? ) \\
és2 db ? \
LEgres:’v db ? Ki
adres4 db ?
block db ?
code .section at 0 'code’
org 00h
start:
mov a, 04h ; setup size of block
mov block, a
mov a,offset adresl ; Accumulator loaded with first RAM address

mov mp0, a setup memory pointer with first RAM address

loop:
clr IARO ; clear the data at address defined by MPO
inc mp0 ; increment memory pointer
sdz block ; check if last memory location has been cleared
Jjmp loop
continue:

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

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

The Data Memory is initialised to Bank O 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 ac-
cessed irrespective of the value of the Bank Pointer. Ac-
cessing data from banks other than Bank 0 must be
implemented using indirect addressing.

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 wri
the result of each calculation or logical operati nﬁu?;
as addition, subtraction, shift, etc to the Dﬁ&(ﬁ'
resulting in higher programml rl eads
Data transfer operations ¢ temporar
storage function of t A((% muiétor fored< enV
transferring d@%ﬁ%\ujﬁe user derf“ f:%

anothe Rgil the data

/Itf\(\k ary to do thi
hro &ﬁ:&ﬁ&:cumulatorfas é> i@lransfer between
two registers is piki{@s%

B

* Bank Pointer Register

Program Counter Low Register — PCL

To provide additional program control functions, the low
byte of the Program Counter is made accessible to pro-
grammers by locating it within the Special Purpose area
of the Data Memory. By manipulating this register, direct
jumps to other program locations are easily imple-
mented. Loading a value directly into this PCL register
will cause a jump to the specified Program Memory lo-
cation, however, as the register is only 8-bit wide, only
jumps within the current Program Memory page are per-
mitted. 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
trol operation of the look-up table which is
Program Memory. TBLP and TBHaﬁe t |nter

and indicates the Iocatlon wi data is lo-
cated. Their value éore any table read

commands are e@ ir value ca/n»ls\e changed,
2
for exan@l

sing ”INC” ‘ l%/ Nil g;uctlons al-
onv' fok able data p ading. TBLH is
tion where t @h or yte of the table data is

ored after agﬁWata instruction has been exe-
cuted ower order table data byte is trans-

/\}@@ \én er deflned location.

Bit 7 6 5 4 3] 2 1 0
Name — — — — — — — DMBPO
R/w — — — — — — — R/W
POR — — — — — — — 0
Bit7 ~ 1 Unimplemented, read as "0"
Bit 0 DMBPO: Select Data Memory Banks
0: Bank 0
1: Bank 1
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Status Register - STATUS is also affected by a rotate through carry instruction.

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 manage-
ment flags are used to record the status and operation of
the microcontroller.

With the exception of the TO and PDF flags, bits in the

cleared.

is zero; otherwise Z is cleared.

AC is set if an operation results in a carry out of the
low nibbles in addition, or no borrow from the high nib-
ble into the low nibble in subtraction;

otherwise AC is

Zis set if the result of an arithmetic or logical operation

OV is set if an operation results in a carry into the high-
est-order bit but not a carry out of the highest-order bit,

status register can be altered by instructions like most or vice versa: otherwise OV is cleared.

other registers. Any data written into the status register
will not change the TO or PDF flag. In addition, opera-
tions related to the status register may give different re- "HALT” instruction.
sults due to the different instruction operations. The TO
flag can be affected only by a system power-up, a WDT

¢ PDF is cleared by a system power-up or executing the
"CLR WDT" instruction. PDF is set by executing the

TO is cleared by a system power-up or executing the

) ) ] "CLR WDT” or "HALT” instruction. TO is set b4

time-out or by executing the "CLR WDT" or "HALT" in- WDT time-out.

struction. The PDF flag is affected only by executing the

"HALT” or "CLR WDT” instruction or during a system In addition, on entering an |nterrup&{hu@ \ cut-
ing a subroutine call, the st |II not be

power-up.

the latest operations.

f the contents of

pushed onto the stack %vn\atl
The Z, OV, AC and C flags generally reflect the status of the status reglstegéb Ant and if subroutine

. . . . . can cori reglster F%&ﬁ/rﬁ must be
e Cis setif an operation results in a carry during an ad- 5@@ R;d}( y saveﬁlt \ \
dition operation or if a borrow does not take place dur- 2
ing a subtraction operation; otherwise C is cleared \K\)j % /d\\
B ion<s
« STATUS Register ﬂ@@ \\&% /e \Q \\ﬁ
Bit S\ 6 5 0~ 3 2 1 0
Name i (22U Pq00.) PDF ov z AC
O R = VR R RIW RIW RIW RIW
Y \ﬁ@}@ ~N %\L& 0 0 X X X X
‘ \J %) "x" unknown
Bit7, 6 nimplemented, 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.
Bit 4 PDF: Power down flag
0: After power up or executing the "CLR WDT" instruction
1: By executing the "HALT" instruction
Bit 3 OV: Overflow flag
0: no overflow

1: an operation results in a carry into the highest-order bit but not a carry out of the

highest-order bit or vice versa.
Bit 2 Z: Zero flag
0: The result of an arithmetic or logical operation is not zero
1: The result of an arithmetic or logical operation is zero
Bit 1 AC: Auxiliary flag
0: no auxiliary carry

1: an operation results in a carry out of the low nibbles in addition, or no borrow from the

high nibble into the low nibble in subtraction

Bit 0 C: Carry flag
0: no carry-out

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

during a subtraction operation
C is also affected by a rotate through carry instruction.

Rev. 1.00 22

March 16, 2012



HOLTEK i ’

HT66F03C/HT66F04C/HT68F03C/HT68F04C

EEPROM Data Memory

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

EEPROM Data Memory Structure

The EEPROM Data Memory capacity is 64x8 bits for
this series of devices. Unlike the Program Memory and
RAM Data Memory, the EEPROM Data Memory is not
directly mapped into memory space and is therefore not
directly addressable in the same way as the other types

Address
00H ~ 3FH

Device Capacity

All devices 64x8

EEPROM Registers

Three registers control the overall operation of the inter-
nal EEPROM Data Memory. These are the address reg-
ister, 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 was as any other Special Function Register. The
EEC register however, being located in Bank1, cannot
be addressed directly and can only be read from or \FN-
ten to indirectly using the MP1 Memory Po/ua{% ﬂ% i
rect Addressing Register, IAR1Q 2ca Sﬁ e EEC

control register is located at dﬂ(;g? Hin Bank 1, the
e

MP1 Memory P0| t to the value 40H
and the Bank Pom\t‘iﬁjg , BP, set to \value 01H,
before %@ra s on t Qf @ev are exe-
c\mf% =

/\\\ L

of memory. Read and Write operations to the EEPRO O \)/
are carried out in single byte operations usmg a/rr — % d
dress and data register in Bank 0 and a a / \\
register in Bank 1. % Q
. (o\ ( K/ % gJ
D\
A (0 L %
Qﬁ%\ @b) ? \ /& /)
* EEPROMRegisterList
. O .
AP AECE Bit
} B\%\E A 6 5) 4 3 2 1 0
i
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 — — X X X X X X
"x" unknown
Bit7~6 Unimplemented, read as "0”
Bit5~0 Data EEPROM address
Data EEPROM address bit 5 ~ bit 0
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* EEC Register

Bit 7 6 5 4 3 2 1 0
Name — — — — WREN WR RDEN RD
R/wW — — — — R/wW R/wW R/wW R/wW
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 0
This is the Data EEPROM Write Control Bit and when set high by the application progra @)
activate a write cycle. This bit will be automatically reset to zero by the hardye@(q af@ e
cycle has finished. Setting this bit high will have no effect if the WREN ha set high.
Bit 1 RDEN: Data EEPROM Read Enable %
0: Disable
1: Enable / %
This is the Data EEPROM Read Enable Bit w dé@set high be PROM read
operations are carried out. Clearing thﬁ bp‘\ zf Mﬁ inhibit Dat ead operations.
Bit 0

Nde

¢
RD: EEPROM Read Control o W o @Q

0: Read cycle has flnlshsad/\ Q) Q

1: Activate a read \\\ /
This |s}he g ﬁfi@!@Read Contro n)wen set high by the application program will
actlv e. This b|t ically r

be\at eset to zero by the hardware after the read

/\ q@\/s flnlshed §e@u§z\ /)hlgﬁwnl have no effect if the RDEN has not first been set high.

WR RDEN be setto ”1” at the same time in one instruction. The WR and RD can

ﬁ\ \\w&bé)set to "1" at Fh’s

W i

¥E€D Register
6 5 4 3 2 1 0
Name D7 D6 D5 D4 D3 D2 D1 DO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR X X X X X X X X
"x" unknown
Bit7~0 Data EEPROM address

Data EEPROM address bit 7 ~ bit 0
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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 en-
able 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 initi-
ate a read operation if the RDEN bit has not been set.
When the read cycle terminates, the RD bit will be auto-
matically 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 exe-
cuted. The application program can poll the RD bit to de-
termine when the data is valid for reading.

Writing Data to the EEPROM

To write data to the EEPROM, the write enable bit,
WREN, in the EEC register must first be set high to en-
able the write function. The EEPROM address of the
data to be written must then be placed in the EEA regis-
ter and the data placed in the EED register. If the WR bit
in the EEC register is now set high, an internal write cy-

cle will then be initiated. Setting the WR bit high will not /Fu equest flag will b th\be

initiate a write cycle if the WREN bit has not been s
the EEPROM write cycle is controlled usmg@
timer whose operation is async s to
microcontroller system cIoACK (@e
before the data will have/be n written-into the EEP
Detecting wh le has flrp\s@gg_
plemente/Je ing the WR bit t@ regis-
ter 3 the EEPROM fupt\ When the write
Qghs inates th be automatically
redtozerob ntroller informing the user
that the data has b wrltten to the EEPROM. The ap-
plication program can therefore poll the WR bit to deter-
mine when the write cycle has ended.

=

|II elap Q

\/

Write Protection

Protection against inadvertent write operation is pro-
vided in several ways. After the device is powered-on
the Write Enable bit in the control register will be cleared
preventing any write operations. Also at power-on the
Bank Pointer, BP, will be reset to zero, which means that
Data Memory Bank O will be selected. As the EEPROM
control register is located in Bank 1, this adds a further
measure of protection against spurious write opera-
tions. During normal program operation, ensuring that
the Write Enable bit in the control register is cleared will
safeguard against incorrect write operations.

EEPROM Interrupt

The EEPROM write or read interrupt is generated \#h/é\
an EEPROM write or read cycle has e

EEPROM interrupt must first be eﬂaﬁ\led:W} the
DEE bit in the relevant |nterrup i ever as the
EEPROM is contained nctlon Interrupt,
the associated um- 'nterrupt e/naQIe bit must
also be @e

PROM wri kf%lg ends, the
DEF eq&{ééj and its ass@ tion inter-

tio

he global, EEPROM

Multl-fung wts are enabled and the stack
is not @M associated Multi-function Inter-
rupf” e\(\t& ake place. When the interrupt is serviced

gjﬁlultl-functlon interrupt flag will be automatically
the EEPROM interrupt flag must be manually re-
set by the application program. More details can be ob-
tained in the Interrupt section.

Programming Considerations

Care must be taken that data is not inadvertently written
to the EEPROM. Protection can be enhanced by ensur-
ing that the Write Enable bit is normally cleared to zero
when not writing. Also the Bank Pointer could be nor-
mally cleared to zero as this would inhibit access to
Bank 1 where the EEPROM control register exist. Al-
though 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.
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* Programming Examples
+ Reading data from the EEPROM - polling method

MOV A, EEPROM ADRES ; user defined address
MOV EEA, A
MOV A, 040H
MOV MP1, A

setup memory pointer MP1
MP1 points to EEC register

MOV A, 01H ; setup Bank Pointer

MOV BP, A

SET IAR1.1 ; set RDEN bit, enable read operations
SET IAR1.0 ; start Read Cycle - set RD bit

BACK:

SZ IAR1.O ; check for read cycle end

JMP BACK

CLR IAR1 ; disable EEPROM read/write

CLR BP

MOV A, EEDATA
MOV READ DATA, A

¢ Writing Data to the EEPROM - polling method @
MOV A, EEPROM_ADRES ; user defined address % @

move read data to register

MOV EEA, A O

MOV A, EEPROM_DATA ; user defined data KX
MOV EED, A @
MOV A, 040H ; setup memory pointer MP1

MOV MP1, A MP1 points to EEC reg@s

MOV A, 01H ; setup Bank Pointer

MOV BP, A

SET IAR1.3 ; set WREN wrlte op on|
O

start e - set w

SET IAR1.2

BACK:
SZ IAR1.2 >
JMP BACK @
CLR IARI1 7
CLR BP

2
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Oscillator

Various oscillator options offer the user a wide range of
functions according to their various application require-
ments. The flexible features of the oscillator functions
ensure that the best optimisation can be achieved in
terms of speed and power saving. Oscillator selections
and operation are selected through a combination of
configuration options and registers.

Oscillator Overview

In addition to being the source of the main system clock
the oscillators also provide clock sources for the Watch-
dog Timer and Time Base Interrupts. External oscilla-
tors requiring some external components as well as fully
integrated internal oscillators, requiring no external
components, are provided to form a wide range of both
fast and slow system oscillators. All oscillator options
are selected through the configuration options. The
higher frequency oscillators provide higher performance
but carry with it the disadvantage of higher power re-
quirements, while the opposite is of course true for the
lower frequency oscillators. With the capability of dy-
namically switching between fast and slow syste
clock, the device has the flexibility to optimize the p
mance/power ratio, a feature espemallyrlmp(

power sensitive portable apph?ﬁ
"
(e

) ,

J
o

% o

R

Type Name Freq. Pins
External Crystal HXT gg&kﬁzr 8§g;/
External RC ERC 8MHz OSC1
g‘;zg‘;gggh HIRC | 4, 8or 12MHz | —
g;fégac':;g‘{‘;l LXT | 32.768kHz ig;/
?;ZZ‘;L{LSW LIRC 32kHz _

Oscillator Types

ﬂ&»
System Clock Configurations Q(\ %
g%l@dﬁe system clock,

0 low speed oscilla-

There are five methods of
ors are the \'nal crystal/

three high speed cill
tors. The hlgh sp w}
ceramlc ternal @élllator and
Hz, BMHZ o@ oscillator. The
&® speed oscwatok ar internal 32kHz RC os-
Q Iator ndt 768kHz crystal oscillator. Se-

thefg/

Iectlng e@we Iow or high speed oscillator is used
/tije\ s\s;t/m oscillator is implemented using the
@)blt and CKS2 ~ CKSO0 bits in the SMOD register

and as the system clock can be dynamically selected.

—-—>| 6-stage Prescaler

1 fH/2I
HIRC : fr4
-------- _}
High Speed Oscillation fiv8 »
Configuration Option fH/16
Low Speed Oscillation fu/32 _
------ hl
: L /64 >
| e s T
1 >
1
1
| LT ;
i : /( HLCLK,
fommmmm o _ CKS2~CKSO0 bits
Low Speed Oscillation fsus
Configuration Option >

Fast Wake-up from SLEEP Mode or
IDLE Mode Control (for HXT only)

System Clock Configurations
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The actual source clock used for each of the high speed
and low speed oscillators is chosen via configuration
options. The frequency of the slow speed or high speed
system clock is also determined using the HLCLK bit
and CKS2 ~ CKSO bits in the SMOD register. Note that
two oscillator selections must be made namely one high
speed and one low speed system oscillators. It is not
possible to choose a no-oscillator selection for either the
high or low speed oscillator. The OSC1 and OSC2 pins
are used to connect the external components for the ex-
ternal crystal, external RC and external low speed crys-
tal oscillators. Once the OSC1 or both OSC1 and OSC2
pins are used for ERC, HXT or LXT oscillators, the cor-
responding low speed oscillator must be the Internal
Low speed RC oscillator LIRC. Therefore there are
some limitations to select the high speed and low speed
oscillators for the high and low speed system clock
sources. The available selections for high speed and
low speed oscillators are shown in the following table.

Available Oscillator
Oscillator Types Selections
1 2 3 4
High Speed Oscillator | HXT | ERC | HIRC
Low Speed Oscillator | LIRC | LIRC | LIRC

External Crystal/ Ceramic @%f}\ Xlr

é@&uc System Oécm;lkﬁney

The External Crysta
of the high f@(w iflator ch0|6e§”\ fic
al oscilla-

Iecteg i \Bﬁé ion option. Fmﬁw
or ?NI ons, the sj é tion of a crystal

ross’ OSC1 a create the necessary
phase shift and fee eyoscillation, without requir-
ing external capacitors. However, for some crystal types
and frequencies, to ensure oscillation, it may be neces-
sary to add two small value capacitors, C1 and C2.
Using a ceramic resonator will usually require two small
value capacitors, C1 and C2, to be connected as shown
for oscillation to occur. The values of C1 and C2 should
be selected in consultation with the crystal or resonator
manufacturer’s specification.

C1 Internal
. 0SCt Oscillator
! Circuit
Rp Rf
= g
| T To internal

0sc2

circuits

Note: 1. Rp is normally not required. C1 and C2 are required.
2. Although not shown OSC1/OSC2 pins have a parasitic
capacitance of around 7pF.

Crystal/Resonator Oscillator — HXT

?)Z.C\\X EQK%‘Z ratu e d”

E

Crystal Oscillator C1 and C2 Values
Crystal Frequency C1 C2
12MHz OpF OpF
8MHz OpF OpF
4MHz OpF OpF
1MHz 100pF 100pF
Note: C1 and C2 values are for guidance only.

Crystal Recommended Capacitor Values

External RC Oscillator - ERC

Using the ERC oscillator only requires that a resistor,
with a value between 56kQ and 2.4MQ, is conneqted
between OSC1 and VDD, and a capacitor is co m
between OSC1 and ground, providing a IOWP;}

tor configuration. It is only the ex@ | re; |ét rthat de-

termines the oscnlatlon/fr\ the external
e frequency and is

capacitor has n
connected fo s;@ rposes only. Device trimming
during t faetaring p fﬁhcluswn of
te@afr uencycorr\pens{lﬁg}wk Cuité are used to en-
t the influe \(}(f he|power supply voltage, tem-
? arlatlons on the oscillation
frequel @e‘ mlsed As aresistance/frequency ref-
rice |n1/t can be noted that with an external 120kQ
connected and with a 5V voltage power supply
and temperature of 25°C degrees, the oscillator will
have a frequency of 8MHz within a tolerance of 3%.
Here only the OSC1 pin is used, which is shared with I/0O
pin PAB, leaving pin PA5 free for use as a normal I/O pin.

Vob

Rosc

oscH1
470pF

.

External RC Oscillator - ERC

Internal RC Oscillator — HIRC

The internal RC oscillator is a fully integrated system os-
cillator requiring no external components. The internal
RC oscillator has three fixed frequencies of either
4MHz, 8MHz or 12MHz. Device trimming during the
manufacturing process and the inclusion of internal fre-
quency compensation circuits are used to ensure that
the influence of the power supply voltage, temperature
and process variations on the oscillation frequency are
minimised. As a result, at a power supply of either 3V or
5V and at a temperature of 25°C degrees, the fixed os-
cillation frequency of the internal 32kHz oscillator will
have a tolerance within 3%. Note that if this internal sys-

Rev. 1.10 28

March 16, 2012



HOLTEK i ’

HT66F03C/HT66F04C/HT68F03C/HT68F04C

tem clock option is selected, as it requires no external
pins for its operation, 1/0O pins PA6 and PA5 are free for
use as normal 1/O pins or external 32.768 kHz crystal
oscillator (LXT) pins.

External 32.768kHz Crystal Oscillator — LXT

The External 32.768kHz Crystal System Oscillator is
one of the low frequency oscillator choices, which is se-
lected via configuration option. This clock source has a
fixed frequency of 32.768kHz and requires a 32.768kHz
crystal to be connected between pins OSC1 and OSC2.
The external resistor and capacitor components con-
nected to the 32.768kHz crystal are necessary to pro-
vide oscillation. For applications where precise

frequencies are essential, these components may be
required to provide frequency compensation due to dif-
ferent crystal manufacturing tolerances. During
power-up there is a time delay associated with the LXT
oscillator waiting for it to start-up.

When the microcontroller enters the SLEEP or IDLE
Mode, the system clock is switched off to stop
microcontroller activity and to conserve power. How-
ever, in many microcontroller applications it may be n
essary to keep the internal timers operational
when the microcontroller is in the SLEEP or(l

To do this, another clock, inde en(veqﬁbf\

clock, must be prowded

stem

However, for so/me

tm\ensure SCi tw@

accurate fre &% |on itis ﬁﬁ@ dd
two nal capamto@ The ex-
1 and C2 W% cted in consulta-

tv I
ith the c y t I(&@\é nator manufacturer’s
speC|f|cat|on Th n arallel feedback resistor,

Rp, is required.

Some configuration options determine if the OSC1 and

OSC2 pins are used for the LXT oscillator or as I/O pins.

e If the LXT oscillator is not used for any clock source,
the OSC1 and OSC2 pins can be used as normal 1/O
pins.

e If the LXT oscillator is used for any clock source, the
32.768kHz crystal should be connected to the OSC1
and OSC2 pins.

c1 Internal
L. 0OsC1 Oscillator
f Circuit

Rp
32.768 §
kHzT

| 0SC2 To internal
| circuits

c2 |—{>o—

Note: 1. Rp, C1 and C2 are required.
2. Although not shown pins have a
parasitic capacitance of around 7pF.

External LXT Oscillator

ol

LXT sci@\w ill power up a d(
/e\er fter-the LXTos liator ha

LXT Oscillator C1 and C2 Values

C1 Cc2
10pF 10pF
1. C1 and C2 values are for guidance only.
2. Rp=5M~10MQ is recommended.

Crystal Frequency
32.768kHz
Note:

32.768kHz Crystal Recommended Capacitor Values

LXT Oscillator Low Power Function

The LXT oscillator can function in one of two modes, the
Quick Start Mode and the Low Power Mode. The mode
selection is executed using the LXTLP bit in the TBC
register.

LXTLP Bit LXT Mode
0 Quick Start
1 Low-power

Lé)e automatically

After power on the L}(T

cleared to zero e@r a@ LXT oscnlator isin the

Quick Start operat n@ e. IntheQ art Mode the
wckly How-

powered up it can
Uz) vplaced into er mode by setting the
LXTLF@DI scnlator will continue to run but
W|t e dg\/el&;rent consumption, as the higher current
/m%\ bflon is only required during the LXT oscillator
n%? In power sensitive applications, such as battery
applications, where power consumption must be kept to
a minimum, it is therefore recommended that the appli-
cation program sets the LXTLP bit high about 2 seconds
after power-on.

It should be noted that, no matter what condition the
LXTLP bit is set to, the LXT oscillator will always func-
tion normally, the only difference is that it will take more
time to start up if in the Low-power mode.

Internal 32kHz Oscillator — LIRC

The Internal 32kHz System Oscillator is one of the low
frequency oscillator choices, which is selected via con-
figuration option. It is a fully integrated RC oscillator with
a typical frequency of 32kHz at 5V, requiring no external
components for its implementation. Device trimming
during the manufacturing process and the inclusion of
internal frequency compensation circuits are used to en-
sure that the influence of the power supply voltage, tem-
perature and process variations on the oscillation
frequency are minimised. As a result, at a power supply
of 5V and at a temperature of 25°C degrees, the fixed
oscillation frequency of 32kHz will have a tolerance
within 10%.
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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 bat-
tery powered portable applications. The fast clocks re-
quired 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 these devices with both high and low
speed clock sources and the means to switch between
them dynamically, the user can optimise the operation of
their microcontroller to achieve the best perfor-
mance/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 config-
uration options and register programming, a clock sys-
tem can be configured to obtain maximum application
performance.

High Speed Oscillation

The main system clock, can come from either a high fre-
quency, fy, or low frequency, fi, source, and is selected
using the HLCLK bit and CKS2~CKSO0 bits in the SMOD
register. The high speed system clock can be sourced
from either an HXT, ERC or HIRC oscillator, selected via
a configuration option. The low speed system clock
source can be sourced from internal clock f . If f, is se-
lected then it can be sourced by either the LXT or LIRC
oscillators, selected via a configuration option. The
other choice, which is a divided version of the high
speed system oscillator has a range of fy/2~f/64.

There are two additional internal clocks for the periph-
eral circuits, the substitute clock, fsyg, and the Time
Base clock, frgc. Each of these internal clo § %
sourced by either the LXT or LIR%—@EHIM\
via configuration options. The fsy K i

vide a substitute clock for tpe roller just after a

wake-up has occ%n'( d%ﬁéﬁ ster wake -up times.

w@

\ ﬁr—bl\ 6-stage Rres@ga\oz

A % q fn/2 >
o \}\ 5 ?v\l fi/a
\S == ———— \ D —>
0\ T\ \ (H@I% illation fii8 >
\ A\ A @Qn\ ation Option f/16 R
Low Spe ittation fH/32 -
' f/64 .
E ' fi q > fS V'S
1 1
LXT [
i - H /( HLCLK,
e o CKS2~CKSO0 bits
Low Speed Oscillation fsus
Configuration Option >
Fast Wake-up from SLEEP Mode or
IDLE Mode Control (for HXT only)
frec
g frB
fSYS /4 '
TBCK
fsus
- fs
m— WDT
fSYS/4 mmmep
Configuration Option
System Clock Configurations
Note:  When the system clock source fsys is switched to i from fn, the high speed oscillation will stop to conserve the

power. Thus there is no fy~fn/64 for peripheral circuit to use.
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Together with fsys/4 it is also used as one of the clock
sources for the Watchdog timer. The frg¢ clock is used
as a source for the Time Base interrupt functions and for
the TMs.

System Operation Modes

There are six different modes of operation for the
microcontroller, each one with its own special character-

istics and which can be chosen according to the specific
performance and power requirements of the applica-
tion. There are two modes allowing normal operation of
the microcontroller, the NORMAL Mode and SLOW
Mode. The remaining four modes, the SLEEPO,
SLEEP1, IDLEO and IDLE1 Mode are used when the
microcontroller CPU is switched off to conserve power.

Description
Operation Mode

CPU fsvs fsus fs frac
NORMAL Mode On fy~ /64 On On On
SLOW Mode On f, on on on_ )\

Y
IDLEO Mode Off off on On/Off (5 on
\ (o

IDLE1 Mode off on on on1\\[} ““on
SLEEPO Mode Off off off N o : off
SLEEP1 Mode off off @Qpr\ \ & \off

¢ NORMAL Mode
As the name suggests this is one of the m
ing modes where the mlcrocontroll/er
functions operational and
provided by one of the;” |g e oscnlators Th|§

mode operates ; aI e rmérocontr Ier
normally m@a& ce will com” Q he
D |I rs, either t or HIRC
i I however first

\The high speed&sc
ided by tio m@lhg m 1 to 64, the actual
\r{o being selecte \b KS2~LCKS0 and HLCLK
bits in the SM glster Although a high speed os-
cillator is used, running the microcontroller at a di-
vided clock ratio reduces the operating current.

|ts

* SLOW Mode

This is also a mode where the microcontroller oper-
ates normally although now with a slower speed clock
source. The clock source used will be from one of the
low speed oscillators, either the LXT or the LIRC.
Running the microcontroller in this mode allows it to
run with much lower operating currents. In the SLOW
Mode, the f4 is off.

e SLEEPO Mode

The SLEEP Mode is entered when an HALT instruc-
tion is executed and when the IDLEN bit in the SMOD
register is low. In the SLEEPO mode the CPU will be
stopped, and the fsyg and fs clocks will be stopped too,
and the Watchdog Timer function is disabled. In this
mode, the LVDEN is must set to "0”. If the LVDEN is
set to ”1”, it won't enter the SLEEPO Mode.

* SLEEP1 Mode
The SLEEP Mode is entered when an HALT instruc-
tion is executed and when the IDLEN bit in the SMOD
register is low. In the SLEEP1 mode the CPU will be
stopped. However the fsyg and fs clocks will continue

s @3&%@

clock @/ B

%

P On
bk\j\@

is”1" or the Watchdog Timer
an if its clock source is chosen
|on option to come from the fsys.

Mode

The IDLEO Mode is entered when a HALT instruction
is executed and when the IDLEN bit in the SMOD reg-
ister is high and the FSYSON bit in the WDTC register
is low. In the IDLEO Mode the system oscillator will be
inhibited from driving the CPU but some peripheral
functions will remain operational such as the Watch-
dog Timer, TMs and SIM. In the IDLEO Mode, the sys-
tem oscillator will be stopped. In the IDLEO Mode the
Watchdog Timer clock, fs, will either be on or off de-
pending upon the fs clock source. If the source is
fsys/4 then the fs clock will be off, and if the source co-
mes from fsyg then fs will be on.

/to operate if
func

IDLE1 Mode

The IDLE1 Mode is entered when an HALT instruction
is executed and when the IDLEN bit in the SMOD reg-
ister is high and the FSYSON bit in the WDTC register
is high. In the IDLE1 Mode the system oscillator will be
inhibited from driving the CPU but may continue to
provide a clock source to keep some peripheral func-
tions operational such as the Watchdog Timer, TMs
and SIM. In the IDLE1 Mode, the system oscillator will
continue to run, and this system oscillator may be high
speed or low speed system oscillator. In the IDLE1
Mode the Watchdog Timer clock, fs, will be on. If the
source is fgys/4 then the fs clock will be on, and if the
source comes from fsyg then fs will be on.
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Control Register
A single register, SMOD, is used for overall control of the internal clocks within the device.

* SMOD Register

Bit 7 6 5 4 3 2 1 0
Name CKS2 CKS1 CKS0 FSTEN LTO HTO IDLEN HLCLK
R/W R/W R/W R/W R/W R R R/W R/W
POR 0 0 0 0 0 0 1 1
Bit 7~5 CKS2~CKSO0: The system clock selection when HLCLK is "0”

000: fi_ (fuxt or fure)
001: fi (fuxt or fLirc)
010: fy/64
011: f4/32
100: fy/16 A\
101: /8 /6\
110: fu/4
111: fy/2
These three bits are used to select which clock is used as the system cI ddltlon
to the system clock source, which can be either the LXT or ion of the high

speed system oscillator can also be chosen as the system c@q
Bit 4 FSTEN: Fast Wake-up Control (only for HXT) @)
0: Disable f
1: Enable
This is the Fast Wake-up Control lérmlnes |ft k ource is initially used
after the device wakes up s hlgh thje f rce can be used as a
temporary system cl Wa faster We}ké p\ the fsyg clock is available.
Bit 3 LTO: Low s@ |I|ator rm @\
0: Nof tea y

isis-the low spegd@ bsb/\llator ready flag which indicates when the low speed system
) ff\lw scillator is st ter\power on reset or a wake-up has occurred. The flag will be low when in
@\ T\ij\)\ the SL ﬁ/ ut after a wake-up has occurred, the flag will change to a high level after
&V 024 loc les if the LXT oscillator is used and 1~2 clock cycles if the LIRC oscillator is used.
‘ speed system oscillator ready flag
0: Not ready
1: Ready
This is the high speed system oscillator ready flag which indicates when the high speed system
oscillator is stable. This flag is cleared to "0” by hardware when the device is powered on and
then changes to a high level after the high speed system oscillator is stable. Therefore this flag
will always be read as "1” by the application program after device power-on. The flag will be
low when in the SLEEP or IDLEO Mode but after a wake-up has occurred, the flag will change to

a high level after 1024 clock cycles if the HXT oscillator is used and after 15~16 clock cycles if
the ERC or HIRC oscillator is used.

Bit 1 IDLEN: IDLE Mode control

0: Disable

1: Enable
This is the IDLE Mode Control bit and determines what happens when the HALT instruction is
executed. If this bit is high, when a HALT instruction is executed the device will enter the
IDLE Mode. In the IDLE1 Mode the CPU will stop running but the system clock will continue to
keep the peripheral functions operational, if FSYSON bit is high. If FSYSON bit is low, the CPU
and the system clock will all stop in IDLEO mode. If the bit is low the device will enter the
SLEEP Mode when a HALT instruction is executed.

Bit 0 HLCLK: system clock selection
0: fu/2 ~ f4/64 or f_
1: fH
This bit is used to select if the fy clock or the fy/2 ~ f4/64 or f|_ clock is used as the system
clock. When the bit is high the fy clock will be selected and if low the fy/2 ~ fy/64 or f_ clock will
be selected. When system clock switches from the fy clock to the f, clock and the fy clock will
be automatically switched off to conserve power.
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Fast Wake-up

To minimise power consumption the device can enter
the SLEEP or IDLEO Mode, where the system clock
source to the device will be stopped. However when the
device is woken up again, it can take a considerable
time for the original system oscillator to restart, stabilise
and allow normal operation to resume. To ensure the
device is up and running as fast as possible a Fast
Wake-up function is provided, which allows fgyg,
namely either the LXT or LIRC oscillator, to act as a tem-
porary clock to first drive the system until the original
system oscillator has stabilised. As the clock source for
the Fast Wake-up function is fsyg, the Fast Wake-up
function is only available in the SLEEP1 and IDLEO
modes. When the device is woken up from the SLEEPO
mode, the Fast Wake-up function has no effect because
the fsyg clock is stopped. The Fast Wake-up enable/dis-

able function is controlled using the FSTEN bit in the
SMOD register.

If the HXT oscillator is selected as the NORMAL Mode
system clock, and if the Fast Wake-up function is en-
abled, then it will take one to two tgyg clock cycles of the
LIRC oscillator for the system to wake-up. The system
will then initially run under the fgyg clock source until
1024 HXT clock cycles have elapsed, at which point the
HTO flag will switch high and the system will switch over
to operating from the HXT oscillator.

If the ERC or HIRC oscillators or LIRC oscillator is used
as the system oscillator then it will take 15~16 clock cy-
cles of the ERC or HIRC or 1~2 cycles of the LIRC to
wake up the system from the SLEEP or IDLEO Mode.
The Fast Wake-up bit, FSTEN will have no effi

these cases. 5

System | FSTEN Wake-up Time Wake-up Time ake '@A(/ Wake-up Time
Oscillator Bit (SLEEPO Mode) (SLEEP1 Mode) |~ (IDEEOMode) /_(ID//hA_EJ Mode)
0 | 1024 HXT cycles 1% HXT, 6ycles @52 AXT cycles
B

HXT fSUB cycles \>
1 1024 HXT cycles fs,UB first for (T cycles | 1~2 HXT cycles

|tches o@m {With the HXT clock)
ERC X 15~16/ER§@f§\5Q cycles 1~2 ERC cycles
HIRC X | 15-16 HIRC cycles 0 A&qja\ﬁ)Hch cycles 1~2 HIRC cycles
LIRC x| (2 LRC cyc@s 2\ 1~2 LIRC cycles 1~2 LIRC cycles
0 X7 1024 LT — 1024 LXT cycles 1~2 LXT oycles

Wake-Up Times
is disabled, which means that the LXT and LIRC are all both off, then there will be no

&Qat if the Q
Fast Wake-up f\;\m vailable when the device wakes-up from the SLEEPO Mode.
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Operating Mode Switching and Wake-up

The device can switch between operating modes dy-
namically allowing the user to select the best perfor-
mance/power ratio for the present task in hand. In this
way microcontroller operations that do not require high
performance can be executed using slower clocks thus
requiring less operating current and prolonging battery
life in portable applications.

In simple terms, Mode Switching between the NORMAL
Mode and SLOW Mode is executed using the HLCLK bit
and CKS2~CKSO0 bits in the SMOD register while Mode
Switching from the NORMAL/SLOW Modes to the
SLEEP/IDLE Modes is executed via the HALT instruc-
tion. When a HALT instruction is executed, whether the
device enters the IDLE Mode or the SLEEP Mode is de-
termined by the condition of the IDLEN bit in the SMOD
register and FSYSON in the WDTC register.

When the HLCLK bit switches to a low level, which im-
plies that clock source is switched from the high speed
clock source, fy, to the clock source, f/2~fy/64 or f,. If
the clock is from the f., the high speed clock source will
stop running to conserve power. When this happens it

sources will also stop running, which may affect the op-
eration of other internal functions such as the TMs and
the SIM. The accompanying flowchart shows what hap-
pens when the device moves between the various oper-
ating modes.

NORMAL Mode to SLOW Mode Switching

When running in the NORMAL Mode, which uses the
high speed system oscillator, and therefore consumes
more power, the system clock can switch to run in the
SLOW Mode by set the HLCLK bit to "0” and set the
CKS2~CKSO0 bits to "000” or "001" in the SMOD regis-
ter. 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 hlgh{p/é{
formance and can subsequently reduce p

B, Qg}x@th LIRC
e

The SLOW Mode is sourced f
s these oscillators to be

oscillators and thgte%@
mg OCCUI’§/-FhIS is moni-

stable before full

tored usﬁ@u in the SI\/@@
A 3 &

v/

; =
must be noted that the fy/16 and fy/64 internal c:Io%R\—g K Q\\\
AOP o G
SN 20
\5 T |
Py /\@ : NORMAL Mode
@&k/ \t\ ?g i)
(\M@Wﬂ ~\ (e - CKS2 ~ CKSO0 = 00xB &
@ 0\ HLCLK = 0
Eﬁk %) SLOW Mode

WDT and LVD are all off
IDLEN =0
HALT instruction is executed

—> SLEEPO Mode

WDT or LVD is on
IDLEN =
HALT instruction is executed

0

-

SLEEP1 Mode

IDLEN = 1, FSYSON=0
HALT instruction is executed

L

IDELO Mode

IDLEN = 1, FSYSON=1
HALT instruction is executed

—> IDLE1 Mode
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SLOW Mode

CKS2~CKS0+£000B, 001B as HLCLK=0
or HLCLK=1

NORMAL Mode

WDT and LVD are all off
IDLEN =0
HALT instruction is executed

—> SLEEPO Mode

WDT or LVD is on

IDLEN =0 @
HALT instruction is executed @
Q% 0

—> SLEEP1 Mode

o
e o
'HD:ETN.;S:N';SJ;SQ@@ Youk
6 ol @@@
m@% k/ %@@

b

m tchlng Entering the SLEEP0 Mode
In SLOW Mode the's es either the LXT or LIRC There is only one way for the device to enter the

low speed system oscillator. To switch back to the SLEEPO Mode and that is to execute the "HALT” instruc-
NORMAL Mode, where the high speed system oscillator tion in the application program with the IDLEN bit in
is used, the HLCLK bit should be set to "1” or HLCLK bit SMOD register equal to "0" and the WDT and LVD both

is "0", but CKS2~CKSO0 is set to "010”, 011", "100", off. When this instruction is executed under the condi-
"101”, 110" or "111". As a certain amount of time will be tions described above, the following will occur:

required for the high frequency clock to stabilise, the « The system clock, WDT clock and Time Base clock
status of the HTO bit is checked. The amount of time will be stopped and the application program will stop
required for high speed system oscillator stabilization at the "HALT” instruction.

depends upon which high speed system oscillator type

The Data Memory contents and registers will maintain
is used. their present condition.

The WDT will be cleared and stopped no matter if the
WDT clock source originates from the fsyg clock or
from the system clock.

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.
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Entering the SLEEP1 Mode

There is only one way for the device to enter the
SLEEP1 Mode and that is to execute the "HALT”
instruction in the application program with the IDLEN bit
in SMOD register equal to "0” and the WDT or LVD on.

When this instruction is executed under the conditions

described above, the following will occur:

e The system clock and Time Base clock will be
stopped and the application program will stop at the
"HALT"” instruction, but the WDT or LVD will remain
with the clock source coming from the fsyg clock.

The Data Memory contents and registers will maintain
their present condition.

e The WDT will be cleared and resume counting if the
WDT clock source is selected to come from the fsyg
clock as the WDT is enabled.

The 1/0O 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.

Entering the IDLEO Mode

There is only one way for the device to enter the IDL
Mode and that is to execute the "HALT" instructi
application program with the IDLEN bit i

W&lde

equal to "1” and the FSYSON D ister equal/\
to "0". When this |nstruc under the ndl
tions descnbea @ IIo ing WI|| o @

e The sy X be stoppe hd?fh lication
@pr%@%top at the "HAl ctlon but the
\\Ur\ e clock.and/f, U®de ill be on.

e Data Memoty }Dﬁ and registers will maintain

their present ¢ jon.

e The WDT will be cleared and resume counting if the
WDT clock source is selected to come from the fsyg
clock and the WDT is enabled. The WDT will stop if its
clock source originates from the system clock.

The 1/0O 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.

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 the IDLEN bit in SMOD register
equal to "1” and the FSYSON bit in WDTC register equal
to "1”. When this instruction is executed under the with
conditions described above, the following will occur:
¢ The system clock and Time Base clock and fsyg clock
will be on and the application program will stop at the
"HALT" instruction.

The Data Memory contents and registers will maintain
their present condition.

e The WDT will be cleared and resume counting if the
WDT is enabled regardless of the WDT clock source
which originates from the fgyg clock or from the sy/stékp

clock. en@g@g

n flag, PDF, will

In the status register, the P |

be set and the Watchdog, time-out flag, TO, will be
2

cleared. \ o

The 1/O ports will maintain their

AN
¥ es
by\d tConalde q& Q%\\
main reas r\en ing the SLEEP or IDLE

@ \'ént consumption of the device
to as s possible, perhaps only in the order

micro-amps except in the IDLE1 Mode, there

?gii
C% r considerations which must also be taken into

account by the circuit designer if the power consumption
is to be minimised. Special attention must be made to
the I/O pins on the device. All high-impedance input pins
must be connected to either a fixed high or low level as
any floating input pins could create internal oscillations
and result in increased current consumption. This also
applies to devices which have different package types,
as there may be unbonbed pins. These must either be
setup as outputs or if setup as inputs must have
pull-high resistors connected.

Care must also be taken with the loads, which are con-
nected to I/O pins, which are setup as outputs. These
should be placed in a condition in which minimum cur-
rent 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 configuration options have enabled the LXT or
LIRC oscillator.

In the IDLE1 Mode the system oscillator is on, if the sys-
tem oscillator is from the high speed system oscillator,
the additional standby current will also be perhaps in the
order of several hundred micro-amps
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Wake-up

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

¢ An external reset

¢ An external falling edge on Port A

¢ A system interrupt

o A WDT overflow

If the system is woken up by an external reset, the de-
vice 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 ac-
tual source of the wake-up can be determined by exam-
ining the TO and PDF flags. The PDF flag is cleared by a
system power-up or executing the clear Watchdog
Timer instructions and is set when executing the "HALT”
instruction. The TO flag is set if a WDT time-out occurs,
and causes a wake-up that only resets the Program
Counter and Stack Pointer, the other flags remain in their
original status.

the system. When a Port A pin wake-up oc

gram will resume execution at the mﬁ r@: \@
the "HALT" instruction. If the %

interrupt, then two po bfr

Each pin on Port A can be setup using the PAWU regisa
ter to permit a negative transition on the pin to wagﬂ)
br -

owmg

is where the r |s dlsabled”g

enable: ,bt( \e\ég)c fuII in w \/ program
ecutlon a ( ruction following the

will res

’N;())(Dfp‘ instructio on, the interrupt which
woke-up the deviL}n immediately serviced, but
will rather be serviced later when the related interrupt is fi-
nally 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 inter-
rupt 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.

vThe

Programming Considerations

The high speed and low speed oscillators both use the
same SST counter. For example, if the system is woken
up from the SLEEPO Mode and both the HIRC and LXT
oscillators need to start-up from an off state. The LXT
oscillator uses the SST counter after HIRC oscillator has
finished its SST period.

o If the device is woken up from the SLEEPO Mode to
the NORMAL Mode, the high speed system oscillator
needs an SST period. The device will execute first in-
struction after HTO is "1”. At this time, the LXT oscilla-
tor may not be stability if fsyg is from LXT oscillator. The
same situation occurs in the power-on state. The LXT
oscillator is not ready yet when the first instruction is
executed.

If the device is woken up from the SLEEP1
NORMAL Mode, and the system clock
ock can

HXT oscillatorand FSTEN i |s ”1’
be switched to the LIRC o r wake up.

%n such as WDT, TMs

There are pen r
vs IS used If t
rom fy

and Sl
sourc @
ctions mentl

ey A\

ﬂé@@f}u\& fsus and fs depends upon
fthe W

=

beve will change ac-

whet is enabled or disabled as the WDT
@K\s surce is selected from fsus-

Vs en up by aq\ \
NS may occur, '@é\ﬂrs /\}
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Watchdog Timer

The Watchdog Timer is provided to prevent program However, it should be noted that this specified internal
malfunctions or sequences from jumping to unknown lo- clock period can vary with VDD, temperature and pro-
cations, due to certain uncontrollable external events cess variations. The LXT oscillator is supplied by an ex-
such as electrical noise. ternal 32.768kHz crystal. The other Watchdog Timer

clock source option is the fgys/4 clock. The Watchdog
Watchdog Timer Clock Source Timer clock source can originate from its own internal
The Watchdog Timer clock source is provided by the in- LIRC oscillator, the LXT oscillator or fgys/4. It is divided
ternal clock, fs, which is in turn supplied by one of two by a value of 2° to 2", using the WS2~WSO0 bits in the
sources selected by configuration option: fgyg or fgys/4. WDTC register to obtain the required Watchdog Timer
The fsyg clock can be sourced from either the LXT or time-out period.

LIRC oscillators, again chosen via a configuration op-

tion. The Watchdog Timer source clock is then subdi- Watchdog Timer Control Register

vided by a ratio of 2° to 2" to give longer timeouts, the A single register, WDTC, controls the required tlmegut
actual value being chosen using the WS2~WSQ0 bits in period as well as the enable/disable operation. Thlmg
the WDTC register. The LIRC internal oscillator has an ister together with several configuration o con
approximate period of 32kHz at a supply voltage of 5V. the overall operation of the Watc r%?

&@

0 ) A
[ (e L/)
* WDTC Register \(r\ \A® 0\ R\\f @
Bit 7 6 5 3 A% 1 0
Name | FSYSON | ws2 | -wgilY) -Wso | WDTENS) WDTEN2 | WDTEN1 | WDTENO
RIW RIW \j«W\\f _RWD \Rw RIW RIW RIW
POR 0 \” ”/*/ J 1T 0 1 0
Bit 7 fsys COW% @Aéde
\\&\G/Dlsabl \\ﬂu
\ \l 1: Ename/ 0
\\Bﬂ\f‘y g\gﬂl\ : WDT time-out period selection
Er‘éﬁ 512/fs

010: 1024/fg
011: 2048/fg
100: 4096/fg
101: 8192/fg
110: 16384/fs
111: 32768/fs

These three bits determine the division ratio of the Watchdog Timer source clock, which in turn
determines the timeout period.

Bit3~0 WDTEN3, WDTEN2, WDTEN1, WDTENO : WDT Software Control
1010: Disable
Other: Enable
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Watchdog Timer Operation

The Watchdog Timer operates by providing a device re-
set when its timer overflows. This means that in the ap-
plication program and during normal operation the user
has to strategically clear the Watchdog Timer before it
overflows to prevent the Watchdog Timer from execut-
ing a reset. This is done using the clear watchdog in-
structions. If the program malfunctions for whatever
reason, jJumps to an unkown location, or enters an end-
less loop, these clear instructions will not be executed in
the correct manner, in which case the Watchdog Timer
will overflow and reset the device. Some of the Watch-
dog Timer options, such as enable/disable, clock source
selection and clear instruction type are selected using
configuration options. In addition to a configuration op-
tion to enable/disable the Watchdog Timer, there are
also four bits, WDTEN3~WDTENO, in the WDTC regis-
ter to offer an additional enable/disable control of the
Watchdog Timer. To disable the Watchdog Timer, as
well as the configuration option being set to disable, the
WDTEN3~WDTENQO bits must also be set to a specific
value of "1010". Any other values for these bits will keep

the Watchdog Timer enabled, irrespective of the configu- 1 —

@w

ration enable/disable setting. After power on these%
will have the value of 1010. If the Watchdog Ti

it is recommended that they are setto a @Eﬁ
atchd

maximum noise immunity. Ng(
Timer has been disabled instruction reletmg
H%p ation. A
A\ \

its operation %Ilzreﬁ@
WDT
M@m o

la\e‘%/

WO

MWDT Enabr\ 2& \) XXXX Enable
WDT Disable ™~ | Except1010 | Enable
WDT Disable 1010 Disable

Watchdog Timer Enable/Disable Control

Under normal program operation, a Watchdog Timer
time-out will initialise a device reset and set the status

CLRWDT1 Flag — Clear WDT Type

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. Three methods
can be adopted to clear the contents of the Watchdog
Timer. The first is an external hardware reset, which
means a low level on the RES pin, the second is using
the Watchdog Timer software clear instructions and the
third is via a HALT instruction.

There are two methods of using software instructions to
clear the Watchdog Timer, one of which must be chosen
by configuration option. The first option is to use the sin-
gle "CLR WDT" instruction while the second is to use
the two commands "CLR WDT1” and "CLR WDT2". For
the first option, a simple execution of "CLR WDT/-

clear the WDT while for the second opti nﬁ@

WDT1” and "CLR WDT2" must botl eéL\ alter-
nately to successfully clear dog Timer. Note
that for this seco W\;?%f ( WDT1” is used to
clear the Watchd ccessive ex;e/ tmons of this
|nstruct| \A@/?o effe o L@eé:utlon of a
V&} mstructlen wil éi atchdog Timer.

"instruction has been ex-

ecute
cIe

% imum time out period is when the 2' division ra-

ected As an example, with a 32.768kHz LXT
oscnlator 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 7.8ms for the 2° division
ration. If the fgys/4 clock is used as the Watchdog Timer
clock source, it should be noted that when the system
enters the SLEEP or IDLEO Mode, then the instruction
clock is stopped and the Watchdog Timer may lose its
protecting purposes. For systems that operate in noisy
environments, using the fgyg clock source is strongly
recommended.

CLR WDT2 Flag —Configuration Option

1 or 2 Instructions Q

CLR
fs/28

8-stage Divider

WDT Prescaler |

Configuration
Option
Conflguratlon
Option

8-to-1 MUX

S2~WS0
(fsl28 ~ fs/215)

WDT Time-out
(28/fs ~ 25/fs)

Watchdog Timer
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Reset and Initialisation

A reset function is a fundamental part of any
microcontroller ensuring that the device can be set to
some predetermined condition irrespective of outside
parameters. The most important reset condition is after
power is first applied to the microcontroller. In this case,
internal circuitry will ensure that the microcontroller, af-
ter 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 com-
mences. 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 itis necessary to forcefully apply a reset condition
when the microcontrolleris running. One example of this
is where after power has been applied and the
microcontroller is already running, the RES line is force-
fully pulled low. In such a case, known as a normal oper-

unchanged allowing the microcontroller to proceed wi
normal operation after the reset line is allowed to Vémﬂ
high.

ation reset, some of the microcontroller registers remaln jgﬂ

Another type of reset is when th/
flows and resets the micfo or\tr er All types of ese
operations result i eEe t register cegd ngV

setup Ano i}é\ in the forrrto? tage
a fuII rese m RES reset
\lmp ted in sntu he power supply

vo,ltaﬁ;e falls belo reshold

Reset Function

There are five ways in which a microcontroller reset can
occur, through events occurring both internally and ex-
ternally:

* Power-on Reset

The most fundamental and unavoidable reset is the
one that occurs after power is first applied to the
microcontroller. As well as ensuring that the Program
Memory begins execution from the first memory ad-
dress, 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 /
RES /.

0.9 Vbp

P tRSTD + tss1

Internal Reset

Note: trsTp is power-on delay, typical time=100ms

Power-On Reset Timing Chart

@) \Célmer over/\

h Is recommended.
et
g

* RES Pin

As the reset pin is shared with PB.0, the reset function
must be selected using a configuration option. Al-
though the microcontroller has an internal RC reset
function, if the VDD 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 recom-
mended 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 pro d\e
an extra delay time after which the mic r il
begin normal operation. The abgr@\(lat@ n the
figures stands for System S

For most app |cat nnected between

VDD and the R <f’ apacno nected be-
tween S h pin will pr wtable ex-
ternal F et\circuit. Any wirin o the RES

e kept sh g possible to minimise
tray n0|se | nge.
pI| \';éperate within an environment

|s present the Enhanced Reset Cir-

0.01uF**

; VDD
1N4148 l 10kO~

T 100kQ
- AAM\V— PBO/RES
3000*

0.1~1uF 2=

VSS

777

Note: " |t is recommended that this component is
added for added ESD protection
" It is recommended that this component is
added in environments where power line noise
is significant

External RES Circuit

More information regarding external reset circuits is
located in Application Note HAOO75E on the Holtek
website.
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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.

0.9 Voo

RES ™~ 04 Voo 7

tRSTD + tssT

A
A 4

Internal Reset

Note: trsTp is power-on delay, typical time=100ms
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,
which is selected via a configuration option. If the supply
voltage of the device drops to within a range of
0.9V~V|r such as might occur when changing the bat-
tery, the LVR will automatically reset the device inter-
nally. The LVR includes the following specifications: For
a valid LVR signal, a low voltage, i.e., a voltage in the
range between 0.9V~V|ygr must exist for greater than
the value t,yr specified in the A.C. characteristics. If the
low voltage state does not exceed tyr, the LVR will ig-

range of specified voltage values for VLVR canb
lected using configuration options.

PO
(O
ﬁKdélay typlyﬁtlﬁ?%f\ﬁn

Hage

nore it and will not perform a reset function. One Of%i)& ‘ A
1

LVR

Internal Reset

Note: tRs

o
T Wﬂ’ ResC

Wtchdog Tim 1\9 f\ﬁe /Hurlng Normal Operation

The Watchdog| time-out Reset during normal opera-
tion is the same as a hardware RES pin reset except
that the Watchdog time-out flag TO will be set to "1".

WDT Time-out

A

tRSTD + tsST

Internal Reset

Note: trsTp is power-on delay, typical time=100ms

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

WDT Time-out ]
-I'! I¢tSST
Internal Reset _|
WDT Time-out Reset during SLEEP or IDLE
Timing Chart

Program Counter and the Stack Pointer will be
cleared to "0” and the TO flag will be set to "1”. Refer
to the A.C. Characteristics for tsst details.

Note: The tsst is 15~16 clock cycles if the system
clock source is provided by ERC or HIRC. The
tssT is 1024 clock for HXT or LXT. The tsst is

1~2 clock for LIRC.

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 Condltlo%mbw

0 0 |Power-on reset 9\ \/)

u| u |[RES # @ ing NORMAL or
SLO ég{ ion

11 et s g

1 WDT ti \ggremunnngLEorSLEEP
o o

’W \Etaﬁds for unchanged

n@“

ollowing table indicates the way in which the vari-
ous 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

Clear after reset, WDT begins

WDT .
counting

Timer/Event

Timer Counter will be turned off
Counter

1/O ports will be setup as inputs,
and ANO~AN2 as A/D input pins

Stack Pointer will point to the top
of the stack

Input/Output Ports

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

* HT66F03C Register

Register Reset RES or LVR WDT Time-ot{t WDT Time-out
(Power-on) Reset (Normal Operation) (IDLE)

MPO XXXX XXXX XXXX XXXX XXXX XXXX uuuu uuuu
MP1 XXXX XXXX XXXX XXXX XXXX XXXX uuuu uuuu
Bp ] e == o | -—-—- -—- 0o | -—-—— —-—- o | --—-- --- u
ACC XXXX XXXX uuuu uuuu uuuu uuuu uuuu uuuu
PCL 0000 0000 0000 0000 0000 0000 0000 OO/O\OP\O\\
TBLP XXXX XXXX uuuu uuuu uuuu uuuu /\ Uw/\\ll)\,l\—‘v
TBLH —=XX XXXX -—-uu uuuu —-—-uu uuuu_ \J@uu uuuu
TBHP | == - XX | == - uu ———\—@- L@ —————— uu
STATUS -—-00 xxxXx ——uu uuuu %\\—p—1U\ uu ‘{@%\uuu
SMOD 00000011 0000 O/Q{ﬂp DB’OOO O(TVH“ \\ﬁu /uu uuuu
LVDC ~-00-000 ——gQ“dJQ/O/ (25\0\0 ——uu -uuu
INTEG | ———m - 00 «fn\(y_——-oo/\\\,Ur\}———oo —————— uu
INTCO —oq@'m@/‘\\ —0@(@@@&&) -000 0000 ~uuu uuuu
INTC1 ﬂ\il‘QO\b/\Ob/OO @X)OO\/\G&O’OO 0000 0000 uuuu uuuu
INTC2 \\/m\\%\ o0 =T\ ) (22 _0___0 =0 ---0 U ---u
4\/”-&@ (\%\V ng@ndﬁ}b\eﬁ 0000 00O0O 0000 00O0O uuuu uuuu
Wl B\Mﬁ@/)—\bo/——oo ~-00--00 ~-00--00 ——uu--uu
PA L 4111 1111 1111 1111 1111 1111 uuuu uuuu
PAC 1111 1111 1111 1111 17111 1111 uuuu uuuu
PAPU 0000 0000 0000 0000O 00000000 uuuu uuuu
PAWU 0000 00O0O 0000 00O0O 0000 00O0O uuuu uuuu
PRM 0101 0000 0101 0000 0101 0000 uuuu uuuu
WDTC 01111010 01111010 01111010 uuuu uuuu
TBC 00110111 00110111 00110111 uuuu uuuu
EEA ——XX XXXX ——XX XXXX ——XX XXXX ——uu uuuu
EED XXXX XXXX XXXX XXXX XXXX XXXX uuuu uuuu
EEC --—-— 0000 -—-—-—- 0000 -—-—-—- 0000 -——— uuuu
ADRL (ADRFS=0) XXXX ———— XXXX ———— XXXX ———— uuuu ———-—
ADRL (ADRFS=1) XXXX XXXX XXXX XXXX XX XX XXXX uuuu uuuu
ADRH (ADRFS=0) XXXX XXXX XXXX XXXX XXXX XXXX uuuu uuuu
ADRH (ADRFS=1) —— == XXXX ———— XXXX ———— XXXX —-——— uuuu
ADCRO 0110 --00 0110 --00 0110 --00 uuuu —-uu
ADCR1 00-0 -000 00-0 -000 00-0 -000 uu-u —-uuu
ACERL -———= 1111 ————= 1111 ————= 1111 —-——— uuuu
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Register Reset RES or LVR WDT Time-out WDT Time-out
9 (Power-on) Reset (Normal Operation) (IDLE)
CPC 1000 0--1 1000 0--1 1000 0--1 uuuu u—--u
TMOCO 0000 0000 0000 0000 0000 0000 uuuu uuuu
TMOC1 0000 0000 0000 0000 0000 0000 uuuu uuuu
TMODL 0000 00O0O 0000 00O0O 0000 00O0O uuuu uuuu
TMODH | ———— - 00 | -—--—- —- 00 | -—--- —- 00 | -—-——— —- uu
TMOAL 0000 00O0O 0000 00O0O 0000 00O0O uuuu uuuu
TMOAH | ———— —_ 00 | -—--—- —- 00 | -—--- -—- 00 | -—-—-—- —- uu
TM1CO 0000 0000 0000 0000 0000 0000 uuuu uuuu
TM1CA1 0000 0000 0000 0000 0000 0000 uuuu uuuu
TM1DL 0000 00O0O 0000 00O0O 0000 00O0O uuuu u%ﬁ\
TMIDH | o 00 | -—-—- - 00 | ——-- —- 00 gﬁ—@gj\é
TM1AL 0000 00O0O 0000 00O0O 0000 00O0O /, \U\\g/\uu uuuu
o
TMIAH | - = 00 | ———— —= 00 ———(ﬁ@{@ —————— uu
3
Note: "y” stands for unchanged T\\Q f/%x/)
"x" stands for unknown o\ VY
YN
"—" stands for unimplemented - \&\J v & \\
P/\(@\ ’ Q/\\@é
Y AT\
AW (O \I~
o)) N
a (2N \2\o2
S S
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* HT66F04C Register

Register Reset RES or LVR WDT Time-otft WDT Time-out
(Power-on) Reset (Normal Operation) (IDLE)

MPO XXXX XXXX XXXX XXXX XXXX XXXX uuuu uuuu
MP1 XXXX XXXX XXXX XXXX XXXX XXXX uuuu uuuu
BP | e - 0o | —-—-—-= —-—- 0o | --—-— —-——- 0o | ---=- --- u
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 —XXX XXXX —uuu uuuu —uuu uuuu -uuu uuuu
TBHP ———— —XXX -——— -uuu -——— -uuu -———--uuu
STATUS -—-00 xxxx ——uu uuuu -——1u uuuu --11 uuuuf\
SMOD 00000011 00000011 00000011 uuumqu
LVDC ~-00-000 ~-00-000 ~00-000 | A ud ~uuy
INTEG | ———--—- 00 | -—-—---- 00 - ——/—\J«@@%\&\ —————— uu
INTCO ~000 0000 000 0000 |, ~000 0000 —uulr Y uuy
INTC1 0000 0000 0000 0000 \\\\MO 0000, \(@r)\tﬁﬁ uuuu
INTC2 ~—-0 ——-0 B o e e
MFI0 0000 0000 fﬁ\é@»\v\ﬁdoo /xvao/ndﬁoo UUUU UUUU
MFI1 ~000-0000 )\ U_oo/wpm@\:\ 12000 0000 —uuu uuuu
MFI2 C00~ 100 ~00,2-00| --00 --00 | —-uu --uu
PA ()(ﬂ)l\[\l)ilﬁﬂ 11@’%\ \\LQ/JXH 1111 1111 1111 uuuu uuuu
PAC gf(\\\\@ I 1111\@1@\9\ 1111 1111 1111 1111 uuuu uuuu
\\PAI\RQ (\@ﬂ@\\\l@\‘eﬁb}ooo 0000 0000 00000000 uuuu uuuu
PAWU “B \\/\ @(dbo 0000 0000 0000 0000 0000 uuuu uuuu
PRM - 0101 0000 0101 0000 0101 0000 uuuu uuuu
WDTC 0111 1010 0111 1010 0111 1010 uuuu uuuu
TBC 0011 0111 0011 0111 0011 0111 uuuu uuuu
EEA ——XX XXXX ——XX XXXX ——XX XXXX —-—uu uuuu
EED XXXX XXXX XXXX XXXX XXXX XXXX uuuu uuuu
EEC --—-- 0000 --—--0000 --—-- 0000 —-——— uuuu
ADRL (ADRFS=0) XXXX ———— XXXX ———— XXXX ———— uuuu ———-—
ADRL (ADRFS=1) XXXX XXXX XXXX XXXX XXXX XXXX uuuu uuuu
ADRH (ADRFS=0) XXXX XXXX XXXX XXXX XXXX XXXX uuuu uuuu
ADRH (ADRFS=1) ———— XXXX ———— XXXX ———— XXXX —-——— uuuu
ADCRO 0110 --00 0110 --00 0110 --00 uuuu —-uu
ADCR1 00-0 -000 00-0 -000 00-0 -000 uu-u —uuu
ACERL -———= 1111 ———= 1111 -———= 1111 —-——— uuuu
CPC 1000 0--1 1000 0--1 1000 0--1 uuuu u—--u
TMOCO 0000 0000 0000 0000 0000 0000 uuuu uuuu
TMOC1 0000 0000 0000 0000 0000 0000 uuuu uuuu
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Register Reset RES or LVR WDT Time-oqt WDT Time-out
(Power-on) Reset (Normal Operation) (IDLE)

TMODL 0000 0000 0000 0000 0000 0000 uuuu uuuu
TMODH | - - 00 | -———- —- 00 | —--——-— —- 00 | -——--—-— —- uu
TMOAL 0000 0000 0000 0000 0000 0000 uuuu uuuu
TMOAH | ———— - 00 | -—-——-— —- 00 | -—-——- —- 00 | -—-—-—- —- uu
TM1CO 0000 00O0O 0000 00O0O 0000 00O0O uuuu uuuu
TM1C1 0000 00O0O 0000 00O0O 0000 00O0O uuuu uuuu
TM1DL 0000 0000 0000 0000 0000 0000 uuuu uuuu
TMIDH | - - 00 | -———- —- 00 | —--——- —- 00 | ——-— —- uu
TM1AL 0000 0000 0000 0000 0000 0000 uuuu uuuu
TMIAH | = 00 | -—-—-—- —- 00 | —--——— —— 00 | -—-—-—- - Wu\(@\
TM2CO 0000 00O0O 0000 00O00O 0000 0O0O0O MU@N‘)&;
TM2C1 0000 00O0O 0000 00O0O 0000 00O0O /, \u u uuuu
TM2DL 0000 0000 0000 0000 0000@)&&@/ uuuu uuuu
TM2DH | - 00 | -———- —- 00 0200 ‘{eﬂ%\f
TM2AL 0000 00O0O OOOQMO/OQ/C?\ Q(YOOO OG\QO“ \&u\\uuu uuuu
TM2AH | - 00 - g?&kr—%tf —of /lQO —————— uu
TM2BL 0000 0000 “&&60 0000~ /CO}M%A 0000 uuuu uuuu
TM2BH oo(\@l{\/‘ \ oo/ g*ﬂ) 00— ———— Uu-— ————
Note: "u” standis fo han@ed -

L

L

nown

for unlmp}e&%

(Q\/ \\/

?\\@@
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* HT68F03C Register

Register Reset RES or LVR WDT Time-oqt WDT Time-out
(Power-on) Reset (Normal Operation) (IDLE)

MPO XXXX XXXX XXXX XXXX XXXX XXXX uuuu uuuu
MP1 XXXX XXXX XXXX XXXX XXXX XXXX uuuu uuuu
BP | e - o | -—-— —-—- o | --—-— —-——- o | -—-—— —-—- u
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 ——XX XXXX ——-uu uuuu ——uu uuuu —-—-uu uuuu
™BHP | e = XX | === uu | == —= uu | === == uu
STATUS --00 xxxx ——uu uuuu -—1u uuuu --11 uvuuu
SMOD 00000011 00000011 00000011 uuuu uuuuf\
LvDC --00-000 --00-000 --00-000 --uu —m \
INTEG | ———— 00 | —-———-—- 00 | ——--—- 00 %\4\—7@\ u
INTCO -000 0000 -000 0000 -000 oog%\//gﬁ%u uuuu
INTC1 0-00 0-00 0-00 0-00 0—00@%\({& u-uu-u-uu
INTC2 ——0 ——-0 T o e N Ve R
MFI0 0000 0000 00000000 | 10000 0000 M\ \wutu uuuu
MFI2 ~-00 —-00 —-00\ 4200 | --pozt00”] ——uu --uy
PA 1111 1111 A 0094 1111 2 e 1111 UuUU uuuU
PAC R s R DA S EEIREEE UuUU uuuy
PAPU 00000000 | 0000.0000- 00000000 UuuU uuuuy
PAWU /(0000 00002 76000 0000 0000 0000 UuUU uuuU
PRM . \\'"/” 0101 0000 )" 0101 0000 0101 0000 Uuuu uuuuy
woTg [\ )\ 0Afa 1040 0111 1010 0111 1010 Uuuu uuuu
\TBC o0 0111 0011 0111 0011 0111 UuUU uuuU
EEA ‘j 7T xx X xxx ——XX XXXX ——XX XXXX ——uu uuuu
EED XXXX XXXX XXXX XXXX XXXX XXXX uuuu uuuu
EEC --—-- 0000 ---- 0000 --—-- 0000 —-——— uuuu
CPC 1000 0--1 1000 0--1 1000 0--1 uuuu u—--u
TMOCO 0000 0000 0000 0000 0000 0000 uuuu uuuu
TMOC1 0000 0000 0000 0000 0000 0000 uuuu uuuu
TMODL 0000 0000 0000 0000 0000 0000 uuuu uuuu
T™MODH | ———— —— 00 | -—-—-- -- 00 | ---- -- 00 | -———- —-= uu
TMOAL 0000 0000 0000 0000 0000 0000 uuuu uuuu
TMOAH | ———— —— 00 | -—-—-- —-- 00 | ---- —-- 00 | -——-- —- uu
TM1CO 0000 0000 0000 0000 0000 0000 uuuu uuuu
TM1CA1 0000 0000 0000 0000 0000 0000 uuuu uuuu
TM1DL 0000 0000 0000 0000 0000 0000 uuuu uuuu
T™1DH | e = 00 | -——- —- 00 | --—-- -= 00 | -—-—-- -- uu
TM1AL 0000 0000 0000 0000 0000 0000 uuuu uuuu
™1AH | - = 00 | -—-—-- —-- 00 | ---- -- 00 | -—--- —-- uu
Note: "y” stands for unchanged

"x" stands for unknown

"—" stands for unimplemented
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* HT68F04C Register

Register Reset RES or LVR WDT Time-ou.ft WDT Time-out
(Power-on) Reset (Normal Operation) (IDLE)

MPO XXXX XXXX XXXX XXXX XXXX XXXX uuuu uuuu
MP1 XXXX XXXX XXXX XXXX XXXX XXXX uuuu uuuu
BP | e - o | -—-— —-—- o | --—-— —-—- 0o | -—-——- —-—- u
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 —-XXX XXXX —uuu uuuu —uuu uuuu —-uuu uuuu
TBHP ———— —XXX -———-uuu -——— -uuu -———-uuu
STATUS -—-00 xxxx ——uu uuuu -—1u uuuu --11 uvuuu
SMOD 00000011 00000011 00000011 uuuu uuuu C\
LvDC --00-000 --00-000 --00-000 --uu —mg\
INTEG | ———— - 00 | ———— - 00 | ———-—- 00 | oo\
INTCO -000 0000 -000 0000 -000 OOOQ/ /H\—\N/\Ju uuuu
INTC1 0-00 0-00 0-00 0-00 0- 00/c0 @ u—-uu u-uu
INTC2 0 --—-0 I
MFI0 0000 0000 0000 0006, || 10000 0@00\‘ | [Uddu uuuu
MFI2 --00 --00 -0 L Lgo! ——OOVG\—\QOL —-uu --uu
PA 1111 1111 [~ da 111 o 1 il UUUU uuuu
PAC 1111 11170\ U11111A(f“”\\8/1111111 uuuu uuuu
PAPU 0000°0000”7 | 00000000 00000000 UuuU uuuu
PAWU (60000000 (00000000 0000 0000 Uuuu uuuu
PRM (0101 0009 \\ [\ \'0701 0000 0101 0000 UUUU uuuU
AJVI%C(\\)D 01)@1\1@91\@” 0111 1010 0111 1010 uuuu uuuu
\TBC.) ~ \@\1@5111 0011 0111 0011 0111 UuuU uuuu
EEA “B <i)xx XXX X ——XX XXXX ——XX XXXX ——uu uuuu
EED - XXXX XXXX XXXX XXXX XXXX XXXX uuuu uuuu
EEC --—-- 0000 --—--0000 ---- 0000 —-———uuuu
CPC 1000 0--1 1000 0--1 1000 0--1 uuuu u--u
TMOCO 0000 0000 0000 0000 0000 0000 uuuu uuuu
TMOC1 0000 0000 0000 0000 0000 0000 uuuu uuuu
TMODL 0000 0000 0000 0000 0000 0000 uuuu uuuu
T™MODH | ———— —— 00 | -=-—-- -- 00 | ---- -- 00 | -———-- —-= uu
TMOAL 0000 0000 0000 00O0O 0000 00O0O uuuu uuuu
TMOAH | ———— —— 00 | -=-—-- -- 00 | ---- -- 00 | -———-- —- uu
TM1CO 0000 0000 0000 0000 0000 0000 uuuu uuuu
TM1CA1 0000 0000 0000 0000 0000 0000 uuuu uuuu
TM1DL 0000 0000 0000 0000 0000 0000 uuuu uuuu
T™1DH | e —— 00 | -——-- —= 00 | ---- -- 00 | ---- -- uu
TM1AL 0000 0000 0000 0000 0000 0000 uuuu uuuu
™1AH | - = 00 | -=-—-- -- 00 | ---- —-- 00 | ---- -- uu

Note: "y” 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 selections on certain pins, the user is
provided with an I/O structure to meet the needs of a wide range of application possibilities.

The device provides bidirectional input/output lines labeled with port names PA. These 1/O ports are mapped to the
RAM Data Memory with specific addresses as shown in the Special Purpose Data Memory table. All of these 1/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 opera-
tion, all the data is latched and remains unchanged until the output latch is rewritten.

* |/O Register List

Register Bit
Name 7 6 5 4 3 2 1 0
PAWU D7 D6 D5 D4 D3 D2 D1 DO/f\ \
AN
PAPU D7 D6 D5 D4 D3 D2 DY ;\\\
= \ [41e)
PA D7 D6 D5 D4 D3 D2 >®\1 \ DO
PAC D7 D6 D5 D4 /\E\ﬂ?% \\951 DO
\2)v 2,
0
Pull-high Resistors ﬂ E/%x/)
Many product applications require pull-high resistors fi @W @nputs usualy/r qurl ;k se of an external re-
sistor. To eliminate the need for these external resi %I l)@jz/ms when ¢ H/@g&an input have the capability of
being connected to an internal pull-high reg,smj II-high re%tp/@ cted using the register PAPU, and
)
are implemented using weak PMO%a@\ﬁta@ % \\V
| @ \
« PAPU Register D\ \S

it Jf [ @%\Uf 6 (\5\@ 4 3 2 1 0

OName, \\[\\ D7 b6\ D5 D4 D3 D2 D1 DO

A\

o\ \ \( C

| RIW R, | RW RIW RIW RIW RIW RIW RIW

WPor | o) o 0 0 0 0 0 0
—

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.

* PAWU 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 PAWU: Port A bit 7 ~ bit 0 Wake-up Control
0: Disable
1: Enable
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1/0 Port Control Register

The 1/O port has its own control register known as PAC, to control the input/output configuration. With this control regis-
ter, each CMOS output or input can be reconfigured dynamically under software control. Each pin of the 1/O port is di-
rectly mapped to a bit in its associated port control register. For the 1/0 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 in-
structions. When the corresponding bit of the control register is written as a ”0”, the 1/0 pin will be setup as a CMOS out-
put. If the pin is currently setup as an output, instructions can still be used to read the output register. However, it should
be noted that the program will in fact only read the status of the output data latch and not the actual logic status of the
output pin.

* PAC Register

Bit 7 6 5 4 3 2 1 0
Name D7 D6 D5 D4 D3 D2 D1 DO
RIW RIW RIW RIW RIW RIW RIW RIW RIW ()
POR 1 1 1 1 1 1 1 ~N0
Bit 7~0 1/0 Port bit 7 ~ bit 0 Input/Output Control Q(\ % V\
\\ &2

A

0: Output /\@\QQ

1: Input ( 5% \(
DN

\/
Pin-remapping Functions
pping ﬂ /p} ( /»
The flexibility of the microcontroller range is greatly enhanced b V@g‘ \é pins that ha&%ﬁ@ e\thén one function.

Limited numbers of pins can force serious design con gners but b ig) lyi ns with multi-functions,
many of these difficulties can be overcome. The wz?wh e pin fg\ e E/p\i\%s selected is different for each
function and a priority order is establlshed o\ \}Ve han one LFNF K@IO\WV\! selected simultaneously. Additionally
there is a PRM register to est r@m\ unctlogs,ﬁe%/ﬁy s\;e ing, the analog function has higher priority
than the digital function. HQW Qyﬁ m re/than two analo fu \Qﬁﬁ)are enabled and the analog signal input comes
from the same exte@@@,\thaj\nalog inpu )&@mtéﬁ y connected to all of these active analog functional mod-

ules. QC\ K/

oo \\
FKn -fe & Reglsters/\ /o
%@fﬁlted num % pins in a package can impose restrictions on the amount of functions a certain device
can contain. Ho e wmg the same pins to share several different functions and providing a means of function

selection, a W|de range of different functions can be incorporated into even relatively small package sizes.

* Pin-remapping Register List

Register Bit
Name 7 6 5 4 3 2 1 0
PRM PRML3 | PRML2 | PRML1 | PRMLO — PRMS2 | PRMS1 | PRMSO

* PRM Register
+ HT66F03C/HT68F03C/HT68F04C

Bit 7 6 5 4 3 2 1 0
Name PRML3 PRML2 PRML1 PRMLO — PRMS2 PRMS1 PRMSO
R/W R/W R/W R/W R/W — R/W R/W R/W
POR 0 1 0 1 — 0 0 0
Bit 7~4 PRML3~PRMLO: pin-remapping function lock bits (default: 0101)

1010: PRM register write operation is enabled
Others: PRM register write operation is disabled

Bit 3 Unimplemented, read as "0”
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Bit 2 PRMS2: INT/TCK1 pin-remapping function selection bit
1: INT on PA7, TCK1 on PA7
0: INT on PA3, TCK1 on PA3
For these devices PA3 is not bonded to the external pin. Therefore, if the INT or TCK1 function is
necessary to be used for certain applications, this bit should not be set to "0".

Bit 1~0 PRMS1~PRMSO0: pin-remapping function selection bits
0x: TPO on PA3, TP1/TCKO on PA4.
10: TPO on PA5, TP1/TCKO on PA6.
11: TPO on PA2, TP1/TCKO on PA7.
For these devices PA3 and PA4 are not bonded to the external pins. Therefore, if the TPO, TP1
or TCKO functions are necessary to be used for certain applications, these two bits should not be
set to "00” or "01".

* HT66F04C
Bit 7 6 5 4 3 2 1 0
Name PRML3 PRML2 PRML1 PRMLO — PRMS2 PRMS1 PBM$Q\ \
R/W R/W R/W R/W R/W — R/W RW ) F§
POR 0 1 0 1 — ﬂ)\ R
Bit 7~4 PRML3~PRMLO: pin-remapping function lock bits (default: Q’I@j
1010: PRM register write operation is enabled
Others: PRM register write operation is dlsabled /%{9)
Bit 3 Unimplemented, read as "0" [kf

F
Bit 2 PRMS2: INT/TCK1 pin-| remappln ?)Qw/s/blectlon bit
1: INT on PA7, TCK1 on{ﬁ7\ / Q
P ﬁ

0: INT on PA3, TC

For the devytee A@{d ded to t(thaea@%@lw%refore if the INT or TCK1 function is

necess; r certain appl i bit should not be set to "0".
Bit 1~0 \ 0 pin-re Q on selectlon bits
C\& /TCK2 on 1 T 0 on PA4, TP2B on PA5, TP2A on PA6
\ \ 1/TPO/ 1/TCKO on PA4, TP2B on PAO, TP2A on PA1
5, TP1/TCKO on PAB, TP2B on PA2, TP2A on PA7

on PA2 TP1/TCKO on PA7, TP2B on PA5, TP2A on PA6

|ce PA3 and PA4 are not bonded to the external pins. Therefore, if the TPO, TP1,

CO0 or TCK2 functions are necessary to be used for certain applications, these two bits should
not be set to 00" or "01".

I/0 Pin Structures pull-high selections have been chosen. If the port con-
trol register, PAC, is then programmed to setup some
structures of some generic I/O pin types. As the exact pins as outputs, these output pins will have an initial high
logical construction of the I/O pin will differ from these ~ ©utPut value unless the associated port data register,
drawings, they are supplied as a guide only to assist PA, is first programmed. Selecting which pins are inputs
with the functional understanding of the I/O pins. The and which are outputs can be achieved byte-wide by

wide range of pin-shared structures does not permit all loading the correct values into the appropriate port con-
types to be shown. trol register or by programming individual bits in the port

control register using the "SET [m].i” and "CLR [m].i" in-
Programming Considerations structions. Note that when using these bit control in-
structions, a read-modify-write operation takes place.
The microcontroller must first read in the data on the en-
tire port, modify it to the required new bit values and then
rewrite this data back to the output ports.

The accompanying diagrams illustrate the internal

Within the user program, one of the first things to con-
sider is port initialisation. After a reset, all of the I/0 data
and port control register will be set high. This means that
all I/0 pins will default to an input state, the level of which
depends on the other connected circuitry and whether

Rev. 1.10 50 March 16, 2012



HOLTEK i ’

HT66F03C/HT66F04C/HT68F03C/HT68F04C

The power-on reset condition of the A/D converter con-
trol registers ensures that any A/D input pins - which are
always shared with other I/O functions - will be setup as
analog inputs after a reset. Although these pins will be
configured as A/D inputs after a reset, the A/D converter
will not be switched on. It is therefore important to note
that if it is required to use these pins as I/O digital input
pins or as other functions, the A/D converter control reg-
isters must be correctly programmed to remove the A/D
function. Note also that as the A/D channel is enabled,
any internal pull-high resistor connections will be re-
moved.

Port A has the additional capability of providing wake-up
functions. 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
setup to have this function.

Pull-High Voo @
.. Register
Control Bit SeIeCt'Do— Weak
Data Bus D Q Pull-up @% @
Write Control Register CK Q _D)_I E @
. [s 19)
Chip Reset

Read Control Register

Data Bit
D Q

T

<

F1eK)

@ s
Cﬂ‘@ -

Write Data Register

C

<)
Q %
Syﬁemﬁ% G__ Wake-up Select : PA only
(-

Pull-High
Register

o
@(é Generic Input/Output Structure

Control Bit  gglect Weak
Data Bus D Q D__| Pull-up

P

Write Control Register CKS Q
Chip Reset l
.._$|_
Read Control Register
Data Bit
D Q
Write Data Register cK Qa

Analog

Do{%
l M
U
Read Data Register X p

X A/D Input Pins

o
=

Input
Selector

To A/D Converter <

<

ACS3~ACS0

A/D Input/Output Structure
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Timer Modules - TM

One of the most fundamental functions in any
microcontroller device is the ability to control and mea-
sure time. To implement time related functions each de-
vice includes several Timer Modules, abbreviated to the
name TM. The TMs are multi-purpose timing units and
serve to provide operations such as Timer/Counter, In-
put Capture, Compare Match Output and Single Pulse
Output as well as being the functional unit for the gener-
ation of PWM signals. Each of the TMs has either two or
three individual interrupts. The addition of input and out-
put pins for each TM ensures that users are provided
with timing units with a wide and flexible range of fea-
tures.

The common features of the different TM types are de-
scribed here with more detailed information provided in
the individual Compact, Standard and Enhanced TM
sections.

Introduction

The devices contain from two to four TMs depending
upon which device is selected with each TM having a
reference name of TMO, TM1 and TM2. Each individual
TM can be categorised as a certain type, namely Com-
pact Type TM, Standard Type TM or Enhanced Type
TM. Although similar in nature, the different TM types
vary in their feature complexity. The common features to
all of the Compact, Standard and Enhanced TMs will be
described in this section, the detailed operation regard-
ing each of the TM types will be described in separate
sections. The main features and differences between
the three types of TMs are summarised in the accompa-
nying table. /6\

Function CT™M v SM e g%lﬁ
Timer/Counter N \/f\\}\s - g\l N 8 \ “ ‘ ((X% N
I/P Capture [ (I\J\} - a ,\Kf\{/ (9 N
Compare Match Output ) \j \ N (“J \\\ W N N
PWM Channels 0 O)\g — 1 ‘\6 = 1 2
Single Puls%()ogq@@ R A 1 1
PWM WW@“\B - EAanes Edge Edge Edge & Centre
RWM\@\»&stment Pgr}p/dﬁ\é@ﬁ Duty or Period Duty or Period Duty or Period

P

TM Function Summary

Each device in the series contains a specific number of either Compact Type, Standard Type and Enhanced Type TM
units which are shown in the table together with their individual reference name, TMO~TM2.

Device T™MO ™1 TM2
HT66F03C/HT68F03C/HT68F04C 10-bit CTM 10-bit STM —
HT66F04C 10-bit CTM 10-bit STM 10-bit ETM

TM Name/Type Reference

Rev. 1.10
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TM Operation

The three different types of TM offer a diverse range of
functions, from simple timing operations to PWM signal
generation. The key to understanding how the TM oper-
ates is to see it in terms of a free running counter whose
value is then compared with the value of
pre-programmed internal comparators. When the free
running counter has the same value as the
pre-programmed comparator, known as a compare
match situation, a TM interrupt signal will be generated
which can clear the counter and perhaps also change
the condition of the TM output pin. The internal TM
counter is driven by a user selectable clock source,
which can be an internal clock or an external pin.

TM Clock Source

The clock source which drives the main counter in each
TM can originate from various sources. The selection of
the required clock source is implemented using the
TnCK2~TnCKO bits in the TM control registers. The
clock source can be a ratio of either the system clock
fsys or the internal high clock fy, the fg¢ clock source or
the external TCKn pin. Note that setting these bits to t
value 101 will select a reserved clock input, in effe
connecting the TM clock source. The TCKN?\ c@)
source is used to allow an external si M
as an external clock source o( frbé t|

The OW ’r\

8 s)one for each/ofthe\i al comparator
A arator gpr\;a ea TM interrupt when
a‘compare matc & }Qﬂlt /l)ccurs As the Enhanced

TM Interrupt
%N‘q\%fep(dard typeggif%g%dh\@ two in-

\q}

type TM has three internal comparators and comparator
A or comparator B or comparator P compare match
functions, it consequently has three internal interrupts.
When a TM interrupt is generated it can be used to clear
the counter and also to change the state of the TM out-
put pin.

TM External Pins

Each of the TMs, irrespective of what type, has one TM
input pin, with the label TCKn. The TM input pin, is es-
sentially a clock source for the TM and is selected using
the TnCK2~TnCKaO bits in the TMnCO register. This ex-
ternal TM input pin allows an external clock source to
drive the internal TM. This external TM input pin is
shared with other functions but will be connected to\
internal TM if selected using the TnCK2~Tn k@t
The TM input pin can be chosen to hﬁe e@

falling active edge. m\

The TMs each hav ré ut pins with the la-
bel TPn. When th \fF \ @é Compare Match Output
Mode t xﬁ: anbe controII? (b%‘g/yl to switch
vel or to toggl W en-a/’compare match

\Npa ion occurs Th/ui l‘grn | output pin is also the
inwhere the; s the PWM output waveform.
As theQ(M/(Q\N brrfjare pin-shared with other func-
é “KM/output function must first be setup using

s Asingle bitin one of the registers determines if

S a3500|ated pinis to be used as an external TM output
pin or if it is to have another function. The number of out-
put pins for each TM type and device is different, the de-

tails are provided in the accompanying table.

Device CTM STM ETM
HT66F03C/HT68F03C/HT68F04C TPO TP1 —
HT66F04C TPO TP1 TP2A, TP2B

TM Output Pins
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Programming Considerations

The TM Counter Registers and the Capture/Compare CCRA and CCRB registers, being either 10-bit or 16-bit, all have
a low and high byte structure. The high bytes can be directly accessed, but as the low bytes can only be accessed via
an internal 8-bit buffer, reading or writing to these register pairs must be carried out in a specific way. The important
point to note is that data transfer to and from the 8-bit buffer and its related low byte only takes place when a write or
read operation to its corresponding high byte is executed.

]

TM Counter Register (Read only)
TMxDL { TMxDH

|

8-bit |, N
Buffer | Y
é H
TMxAL | TMxAH /ﬁ\
TM CCRA Register (Read/Write) ﬂ@)
1 o &V
TMxBL § TMxBH ¢ - @\ A&
TM CCRB Register (ReadWite) & ) ¢ @
Data \ o \ P
The following steps show the read and write procedureS' \\\ \ if\\
» Writing Data to CCRB or CCRA \@ — ?\
+ Step 1. Write data to Low Byte TMxAL or TM \K/ r@% W
- note that here data is only written to /\ \/ r\\\A
+ Step 2. Write data to High xBH
- here data is wnttendlre tl@t h byte regist (\@\?@ﬂaneously data is latched from the 8-bit buffer

to the Low Byte re@s

. Readlng Dgﬂ{{ @éﬁ@founter Re@é@?&@@cﬁRB or CCRA
« ata from t MxDH, TMxAH or TMxBH
\\ \ ata is rea(gd c\t e ngh Byte registers and simultaneously data is latched from the Low Byte
M%glster int
+ Step 2. Rea %rom the Low Byte TMxDL, TMxAL or TMxBL
- this step reads data from the 8-bit buffer.
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Compact Type TM

Although the simplest form of the three TM types, the Compact TM type still contains three operating modes, which are
Compare Match Output, Timer/Event Counter and PWM Output modes. The Compact TM can also be controlled with
an external input pin and can drive one or two external output pin. These two external output pins can be the same sig-
nal or the inverse signal.

CT™M Name TM No. TM Input Pin TM Output Pin
All devices 10-bit CTM 0 TCKO TPO

Compact TM Operation

Atits core is a 10-bit count-up counter which is driven by a user selectable internal or external clock source. There are
also two internal comparators with the names, Comparator A and Comparator P. These comparators will compare the
value in the counter with CCRP and CCRA registers. The CCRP is three bits wide whose value is compared with the
highest three bits in the counter while the CCRA is the ten bits and therefore compares with all counter bits.

The only way of changing the value of the 10-bit counter using the application program, is to clear the counter
ing the TNON bit from low to high. The counter will also be cleared automatically by a counter querflo

match with one of its associated comparators. When these conditions occur, a TM interrupt si il also usually be
generated. The Compact Type TM can operate in a number of different operational modes driven by different

3 '. setup conditions ag elected us-
e

0 w

1

o @ » TnPF Interrupt

2 ThoC
i
5 — —®  Output Polarity
wasewed — E;\Vﬁ_@_, Counter Clear ? | control ™1 Control TPn

f !

TnM1, TnMO TnPOL
—— b0~b9 Tneetr TnlO1, TnlOO

o]

Comparator A Match

» TnAF Interrupt

TnCK2~TnCKO
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Compact Type TM Register Description

Overall operation of the Compact TM is controlled using six registers. Aread only register pair exists to store the inter-
nal counter 10-bit value, while a read/write register pair exists to store the internal 10-bit CCRA value. The remaining
two registers are control registers which setup the different operating and control modes as well as the three CCRP

bits.

Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
TMOCO TOPAU TOCK2 TOCK1 TOCKO TOON TORP2 TORP1 TORPO
TMOC1 TOMA1 TOMO TOIO1 TOIO0 TOOC TOPOL TODPX TOCCLR
TMODL D7 D6 D5 D4 D3 D2 D1 DO
TMODH = — — — — — D9 D8
TMOAL D7 D6 D5 D4 D3 D2 D1 DO
TMOAH — — — — — — D9 D8

(U
Compact TM Register List \ O N
p g af) @\ S\
* TMODL Register 7IA\}!
=
Bit 7 6 5 4 3 oot 0
Name D7 D6 D5 D4 D3\ |\ “p2 D1 \ DO
RIW R R R R .~ R R [NIRTT R
POR 0 0 0 200 Y 0 0\ 0 0
\(ON
Bit 7~0 TMODL: TMO Counter LowByte @e\g@\e)r bit 7 ~ ti;gcrm \\\ (\f/)
TMO 10-bit Counter}arw/'“b! AW
) ,‘ )\ o) (0
. o To) v ol > (J)
e TMODH Register 0\ \\ AP \
>
st Jry@\O) e Pema(e T e 3 2 1 0
Name |||\ 0= = Ve — — — D9 D8
T et - = = = | s | =
SO =
WPor | [0 ) — _ _ _ 0 0
e
Bit 7~2 Unimplemented, read as "0”
Bit 1~0 TMODH: TMO Counter High Byte Register bit 1 ~ bit 0
TMO 10-bit Counter bit 9 ~ bit 8
* TMOAL 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 TMOAL: TMO CCRA Low Byte Register bit 7 ~ bit 0
TMO 10-bit CCRA bit 7 ~ bit 0
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* TMOAH Register

Bit 7 6 5 4 3 2 1 0
Name — — — — — — D9 D8
R/W — — — — — — R/W R/W
POR — — — — — — 0 0
Bit 7~2 Unimplemented, read as "0”
Bit 1~0 TMOAH: TMO CCRA High Byte Register bit 1 ~ bit 0

TMO 10-bit CCRA bit 9 ~ bit 8

* TMOCO Register

Bit

7 6 5 4 3 2 1 0

Name

TOPAU TOCK2 TOCK1 TOCKO TOON TORP2 TORP1 TORPO

R/W

R/W R/W R/wW R/wW R/wW R/wW R/wW RW |\

POR

0 0 0 0 0 0 0 00,

Bit 7

Bit 6~4

B

Bit 3

Bit 2~0

TOPAU: TMO Counter Pause Control Q O
0: run Q

/

1: pause O @
The counter can be paused by setting this bit high. Clearing h@ ) ero restore ‘rmal
counter operation. When in a Pause condition the VO@ g ue to
consume power. The counter will retain its r &é hen th b|t Iow to high
and resume counting from this val raﬂnke\ i changes to?,lg \val
TOCK2~TOCKO: Select TMO c \\@ o
000: fsys/4
001: fSYs \\ \)% (B C@ \A\
010: fu/1 ) |

@)\ \%@ 2)

011

%
N\(od
eserved ? \/}
: @\\& V

110 TCKO ock
111; @ dge clock
ts are used to select the clock source for the TM. Selecting the Reserved clock
@ﬂw ectively disable the internal counter. The external pin clock source can be chosen to
e

active on the rising or falling edge. The clock source fgys is the system clock, while fy and
frgc are other internal clocks, the details of which can be found in the oscillator section.

TOON: TMO Counter On/Off Control

0: Off

1: On
This bit controls the overall on/off function of the TM. Setting the bit high enables the counter to
run, clearing the bit disables the TM. Clearing this bit to zero will stop the counter from counting
and turn off the TM which will reduce its power consumption. When the bit changes state from
low to high the internal counter value will be reset to zero, however when the bit changes from
high to low, the internal counter will retain its residual value.
If the TM is in the Compare Match Output Mode then the TM output pin will be reset to its initial
condition, as specified by the TOOC bit, when the TOON bit changes from low to high.

TORP2~TORPO: TMO CCRP 3-bit register, compared with the TMO Counter bit 9~bit 7
Comparator P Match Period

000: 1024 TMO clocks

001: 128 TMO clocks

010: 256 TMO clocks

011: 384 TMO clocks

100: 512 TMO clocks

101: 640 TMO clocks

110: 768 TMO clocks

111: 896 TMO clocks
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These three bits are used to setup the value on the internal CCRP 3-bit register, which are then
compared with the internal counter's highest three bits. The result of this comparison can be
selected to clear the internal counter if the TOCCLR bit is set to zero. Setting the TOCCLR bit to
zero ensures that a compare match with the CCRP values will reset the internal counter. As the
CCRP bits are only compared with the highest three counter bits, the compare values exist in 128
clock cycle multiples. Clearing all three bits to zero is in effect allowing the counter to overflow at
its maximum value.

* TMOC1 Register

Bit 7 6 5 4 3 2 1 0
Name TOM1 TOMO TOIO1 TOIOO0 TOOC TOPOL TODPX TOCCLR
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 TOM1~TOMO: Select TMO Operating Mode A
00: Compare Match Output Mode /6\
01: Undefined Mode U
10: PWM Mode Qﬂ @;
11: Timer/Counter Mode
These bits setup the required operating mode for the TM. To ens%g ation the TM
should be switched off before any changes are made to the( i 0 bits. In the
Timer/Counter Mode, the TM output pin control mua bedisa Iéﬁ
Bit 5~4

Bit 3

TOIO1~T0IOO0: Select TPO output function \\\A f@
Compare Match Output Mode o /\\@
00: No change %@K/ 3!

01: Output low f\ \\A
10' Output high
[¢} e \\) o \\ \U
i @@@f
r e i ctlve state

% \
t tat 0
a @mssg“ e

1: Undef

Tnpgrf u«k

‘ %blts are used to determine how the TM output pin changes state when a certain
condition is reached. The function that these bits select depends upon in which mode the TM is
running.

In the Compare Match Output Mode, the TOIO1 and TOIOO bits determine how the TM output
pin changes state when a compare match occurs from the Comparator A. The TM output pin can
be setup to switch high, switch low or to toggle its present state when a compare match occurs
from the Comparator A. When the bits are both zero, then no change will take place on the
output. The initial value of the TM output pin should be setup using the TOOC bit in the TMOC1
register. Note that the output level requested by the TOIO1 and TOIOO bits must be different from
the initial value setup using the TOOC bit otherwise no change will occur on the TM output pin
when a compare match occurs. After the TM output pin changes state it can be reset to its initial
level by changing the level of the TOON bit from low to high.

TOOC: TPO Output control bit

Compare Match Output Mode

0: Initial low

1: Initial high
PWM Mode

0: Active low

1: Active high
This is the output control bit for the TM output pin. Its operation depends upon whether TM is
being used in the Compare Match Output Mode or in the PWM Mode. It has no effect if the TM is
in the Timer/Counter Mode. In the Compare Match Output Mode it determines the logic level of
the TM output pin before a compare match occurs. In the PWM Mode it determines if the PWM
signal is active high or active low.
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Bit 2 TOPOL: TPO Output polarity Control
0: Non-invert
1: Invert
This bit controls the polarity of the TPO output pin. When the bit is set high the TM
output pin will be inverted and not inverted when the bit is zero. It has no effect if the TM is in the
Timer/Counter Mode.

Bit 1 TODPX: TMO PWM period/duty Control
0: CCRP - period; CCRA - duty
1: CCRP - duty; CCRA - period
This bit, determines which of the CCRA and CCRP registers are used for period and duty
control of the PWM waveform.

Bit 0 TOCCLR: Select TMO Counter clear condition

0: TMO Comparatror P match

1: TMO Comparatror A match
This bit is used to select the method which clears the counter. Remember that the Compact TM
contains two comparators, Comparator A and Comparator P, either of which can be selected tm
clear the internal counter. With the TOCCLR bit set high, the counter will be cleared when
compare match occurs from the Comparator A. When the bit is low, the counter WI||
when a compare match occurs from the Comparator P or with a counter ov A ou
overflow clearing method can only be implemented if the CCRP bits are d tozero.

The TOCCLR bit is not used in the PWM Mode. j%
N\
Bk
A e S
NS

A\
@ W ﬁ
Compact Type TM Operating Modes % \K\Aé e name suggests after a comparison
Q;’ is mad@A grﬁe ut pin will change state. The TM

The Compact Type TM can operate in one Qf

ating modes, Compare Matc t bﬁn\coﬁdltlon however only changes state when
Mode or Timer/Counter tmg mode i |nterrupt request flag is generated after a com-
selected usmg the TnM/F MO blts |n the “\} are match occurs from Comparator A. The TnPF inter-
reglster ? rupt request flag, generated from a compare match
&\/ occurs from Comparator P, will have no effect on the TM

cﬁ Output MQ( @U output pin. The way in which the TM output pin changes

St this mode li@ RI\/PP 4d TnMO in the TMnC1 state are determined by the condition of the TnlO1 and

TnlOO bits in the TMnC1 register. The TM output pin can
be selected using the TnlO1 and TnlOO bits to go high,
to go low or to toggle from its present condition when a
compare match occurs from Comparator A. The initial
condition of the TM output pin, which is setup after the
TnON bit changes from low to high, is setup using the
TnOC bit. Note that if the TnlO1 and TnlOO bits are zero
then no pin change will take place.

reglster should b e " respectively. In this mode
once the counter is enabled and running it can be
cleared by three methods. These are a counter over-
flow, a compare match from Comparator A and a com-
pare match from Comparator P. When the TnCCLR bitis
low, there are two ways in which the counter can be
cleared. One is when a compare match occurs from
Comparator P, the other is when the CCRP bits are all
zero which allows the counter to overflow. Here both
TnAF and TnPF interrupt request flags for the Compara-
tor Aand Comparator P respectively, will both be gener-
ated.

Timer/Counter Mode

To select this mode, bits TnM1 and TnMO in the TMnC1
register should be set to 11 respectively. The

Timer/Counter Mode operates in an identical way to the
If the TnCCLR bit in the TMnCA1 register is high then the Compare Match Output Mode generating the same in-

counter will be cleared when a compare match occurs terrupt flags. The exception is that in the Timer/Counter
from Comparator A. However, here only the TnAF inter- Mode the TM output pin is not used. Therefore the
rupt request flag will be generated even if the value of above description and Timing Diagrams for the Com-
the CCRP bits is less than that of the CCRA registers. pare Match Output Mode can be used to understand its
Therefore when TnCCLR is high no TnPF interrupt re- function. As the TM output pin is not used in this mode,
quest flag will be generated. If the CCRA bits are all the pin can be used as a normal 1/O pin or other

zero, the counter will overflow when its reaches its maxi-
mum 10-bit, 3FF Hex, value, however here the TnAF in-
terrupt request flag will not be generated.

pin-shared function.
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GCounter TnCCLR = 0; TnRAM1, TnAMO = 00

Counter Value overflow
CCRP =0

A CCRP=0
Counter cleared by CCRP value

0x3FF

CORP | o e X e X e
Pause Resume Counter
Stop Reset

CCRA [ N N A s v 7

» Time

TRAPOL bit !_'_| [E\”\\
ot N | O O O ' S N PN || =S\

Flag TnAF T 1 ! 1t 1 ; (W ( \ p H
' ! ! ; ! ™ //P (] |
; 1 | i : e O
TPnA O/P Pin @ v \ \
\ / C I~ \\ \ ry (e LQ)
Output Pin set f\c“‘“‘\' "\j afpkieity \ b\umymeﬂs
to Initial Level Output Teggle T Now TR0 1 STHIO \ nAF ffag. Remains High \/ Outj u&m \ | wien TnPOL is high
Low if TnOG =0 with TnAF flag Ame %&’{m\ \ \ il Fese‘ by TnON bit \ | Reset value
oelect \
e / Dltplt confrolie
< A F /(\ Q / \\( o\ \\ k@/ﬁymﬁer pin-shared function
TuggleOu(pu(._\e\ecl \\ [eRIBR=
U
\M AN
= \m;m@are atch om@q@-\tn CLR=0
of >)

Note: 1. With TnCCLI%t 0 ﬂ\e\Coiﬁparator P match W ar the counter

2. TMou gﬁ@r\mtroued omy@;( Ar{ﬂag

) Dfp n reset to initi g t&l;y nON bit rising edge
o
\ Al Q \\/

L ()
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TnCCLR = 1; TnM1, TnMO = 00

Counter
Value CORA =0
A CCRA > 0 Counter cleared by CCRA value Counte; overflows
O 3FF Lo i
CCRA=0
CCRAL W N oo LA
! Counter
CCRP Reset
' » Time
TnON bit| | : | 1
TRPAU bit [ N | P
: ; : ! ! b ! 3 0
; P ; ; - : : =\
TnPOL bit | : : 5 : L ! | | ‘ (O
; P i i P : e // \‘\g\fﬁ ey~
CCRAInt | | : : - ; o : AR don
Flag TnAF || f 1l H [ : P é CORA averflow
: : . ' ! Lo S\ 2B
: : : ! ! : : —~ N2\
ccrRPnt.| P ! ] o (\@)/ ‘
Flag TP [ = = PN 2\
, . ! ! \ ' O _\output d
e - : T N (o
™ O/P Pin| senee %‘””‘“*“‘“‘EWV M\ L
/ femains High & N A
4 \« by TnON bit
Output Pin set \ UQB)E IR /\\ /@ \\/\ .
fo Initial Level Output Toggle : \\ Output inverts
Lowif TROC=0 with TnAF flag /A_E{:g h\é/ipu Qmqu\cdmco \3 by when TnPOL is high
/\\ ,Se‘ic\ ) cu:é/bwéhared function
B R LS \{- ) FEN A /\ / Output Pin
Here TniQi, mo = 1’1 \\\//‘ 52 / R‘ % (J Reset to initial value
T 0 \
c@@{e utp ek\l/\

U Com@ Ma@?woutput Mode - TnCCLR = 1

\//\)\ /Q ( \)) /

Note ymnh\TéeE =1 the ‘para A/match will clear the counter
v\ \@\1’ output pln/cen %y TnAF flag

\ AU

\ - 3.T™M ou@gﬁ%;?\to/mtlal state by TnON rising edge

4. TnPF fl \'fot nerated when TnCCLR =1
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PWM Output Mode

To select this mode, bits TnM1 and TnMO in the TMnCA1
register should be set to 10 respectively. The PWM func-
tion within the TM is useful for applications which require
functions such as motor control, heating control, illumi-
nation control etc. By providing a signal of fixed fre-
quency but of varying duty cycle on the TM output pin, a
square wave AC waveform can be generated with vary-
ing equivalent DC RMS values.

As both the period and duty cycle of the PWM waveform
can be controlled, the choice of generated waveform is
extremely flexible. In the PWM mode, the TnCCLR bit
has no effect on the PWM operation. Both of the CCRA
and CCRP registers are used to generate the PWM

while the other one is used to control the duty cycle.
Which register is used to control either frequency or duty
cycle is determined using the TnDPX bit in the TMnCA1
register. The PWM waveform frequency and duty cycle
can therefore be controlled by the values in the CCRA
and CCRP registers.

An interrupt flag, one for each of the CCRA and CCRP,
will be generated when a compare match occurs from
either Comparator A or Comparator P. The TnOC bit in
the TMnC1 register is used to select the required polar-
ity of the PWM waveform while the two TnlO1 and
TnlOO bits are used to enable the PWM output or to
force the TM output pin to a fixed high or low level. The
TnPOL bit is used to reverse the polarity of the PWM

0\
waveform, one register is used to clear the internal output waveform. AN\
counter and thus control the PWM waveform frequency, ﬂ@)

AN
AN\ 7o
AN
((\ ( \\ (A\A
Ve
Counter Value Counter Cleared =N
4 by CCRP Q@Tnl: 0: TnIVI1,( %%'9‘960 &10 ‘
\ ‘
,,,,,,,,,,,,,,,,,,,,,,,, N e WY @&k\ T
CCRP \ @ R \ |- \C LV Counter reset
/ e Resume \\ ounier'Stop when TnON
- ~ S %JTHON DItlOW  retums high
[ I A N Do AN s A =il R NN S L
CORA 3 SPARN : /\@ ( ) ra g
3 N o v N SR\ = |
: U)W ; oA !
: R&U/ ‘ / /| ‘Qﬂ\ff) ) . : » Time
R B ! i — : ! "
TS PP N AN s I |
TnON bit ‘ : oo : :
g 111G o U B
\ 3 o\ i ; ‘ !
o L a
R\ r\@@ I\t
, MM AN )
TnPOL bit ; nterrupts |
H 1 {5l generatéd
CCRA Int. | ﬁ/ :
Flag TnAF T H ; —| ; ; H
CCRP Int. ‘ ‘ ‘ :
Flag TnPF H H H H
TniO1, TniO0 = 00 ThIO1, TnlOQ = 10
PWM Output |t 3 5 3 S 3 3 o
™ Pin (2 \ [ | 1 L e I I I
TnoC =1 : 3 ; : L 1 : : L
™ Pin [ | \ | L N \ \ RRRRRR
noc=0 i + 4 Ott ut Inverts
:4 > ) Here TnIO1, TniOD = 00 ;Qi:,;:l‘ﬁ?[;fmm PUM fesumes  when oL = 1
(il C WM Period Output Forced o Inactive operation
H | setby CCRP level but PWM function Output controlied by
PWM Duty Cycle keeps running internally other pin-shared function
set by CCRA

Note:

PWM Mode - TnDPX =0

1. Here TnDPX = 0 - Counter cleared by CCRP

2. Counter Clear sets PWM Period

3. Internal PWM function continues even when TnlO1, TnlO0 = 00 or 01
4. TnCCLR bit has no influence on PWM operation
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Counter Cleared
by CCRA

Counter Value
A

\ TnDPX = 1: TnM1,

ThMO = 10 \

2
Counter reset
Counter Stop  when TnON
Pause Resume i TAOMN bitlow  retums high
03 B L s S / —————————— / ———————
) f
1 : T T t T » Time
TnON bit | ; i 1
TnPAU bit 3 3
TnPOL bit 3 ! I—— 3
: 3 ; ! ! still genaratd i A\
| : : ; | : ; [A \
! : 1 ! : ! | \
CCRP Int. i | ﬁ/ : (O
Flag TnPF ﬂ 3 ﬂ : ; D @\\//
‘ [_| : : : A\
CCRA Int.
Flag TnAF 1 ;ﬂ !_|
. H , TnlO1, TniOQO = 00 i
TniQ1, TnlO0 = 10 PWM Output -_1 Output Inactive ' \ TnlO1, TnlOO = 10
PWM Output ; : ;
™ Pin o] \ l {
TnOG =1 ; i ;
T™ Pin @ I | — )
ThOC =0 i | {r\ \ ~\ 0 \(%
- e ThIO1, ThIOD = 10_, ﬁ\\ @ PV FWM recumes  CutpUt Inverts
54 WM Feriod /ﬂ\g ;:/TTILX mlnactulse Resume PWM/@T}(pm\\\ \/ operation When TnPOL =1
| ; SE“’W“\(Q« \) 1evL But PWM function / V Output controlled by
PWM Duty Cycle \ O ) \)éw»runnmglmamam(/ O ‘ \ other pin-shared function
sapyccrr (| \ S\ )
—~ \\ \ \
ars(a (o\ v o P JMo&e TnDPX—1
g
= ) Qﬂ\/) \J/\v\\ﬁ\ AN\~
Note:, 1. Hefe! = 1 - Counter clea by CCRA
\\
\A\ ﬁ\@ &ﬂnter Clear/set{P BErlod

\ A 3. Intern n continues even when TnlO1, TnlO0 = 00 or 01

|
4. Tncc% 72)

influence on PWM operation
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Standard Type TM - STM

The Standard Type TM contains five operating modes, which are Compare Match Output, Timer/Event Counter, Cap-
ture Input, Single Pulse Output and PWM Output modes. The Standard TM can also be controlled with an external in-

put pin and can drive one or two external output pin.

CT™M Name

TM No.

TM Input Pin TM Output Pin

All devices 10-bit STM

1

TCK1 TP1

Standard TM Operation

At the core is a 10-bit count-up counter which is driven
by a user selectable internal or external clock source.
There are also two internal comparators with the names,
Comparator A and Comparator P. These comparators
will compare the value in the counter with CCRP and
CCRA registers. The CCRP comparator is 3-bit wide
whose value is compared the with highest 3 bits in the

also usually be generated. The Standard Type TM can
operate in a number of different operational modes, can
be driven by different clock sources including an input
pin and can also control an output pin. All operating
setup conditions are selected using relevant internal
registers.

Standard Type TM Register

counter while the CCRA is the ten bits and therefore
compares all counter bits.

The only way of changing the value of the 10-bit counter
using the application program, is to clear the counter by
changing the TnON bit from low to high. The counterw@ig

also be cleared automatically by a counter ove
compare match with one of its assoma

When these conditions occur

Overall operation
a series of registe

store th @
ists to

tor

Comparator P Match

D
@ is controlled using

nIy registe ir exists to
‘ @@;read/wnte
are control registers

The remaini i
operatmg and control modes
CRP bits.

| 10-bit CCRA

3-bit Comparator P TnPF Interrupt
S
— b7~b9
fovsi4 — 000 TnOC
fsys — 001
/16 — 010
L_»| .
Output Polarit;
/64 — 011 ) Counter Clear (0 C:n‘t)rlél — Cc;:trrlg; X TPn
frec — 100 > 10-bit Count-up Counter —>
Reserved — 101 T T
110
P E ThON TnCCLR TnM1,TnMO  TnPOL
TCKn 111 —— b0~b9 TnlO1, TnlOO
TnPAU ——— S
-bi Comparator A Match
Com1p(;|PaI:orA P » TnAF Interrupt
< TnlO1, TnlOO
TnCK2~TnCKO
’—>1 CCRA
Edge
Detector

Standard Type TM Block Diagram
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Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
TM1CO T1PAU T1CK2 T1CK1 T1CKO T10N T1RP2 T1RP1 T1RPO
TM1C1 TiM1 T1MO T1101 T1100 T10C T1POL T1DPX T1CCLR
TM1DL D7 D6 D5 D4 D3 D2 D1 DO
TM1DH — — — — — — D9 D8
TM1AL D7 D6 D5 D4 D3 D2 D1 DO
TM1AH — — — — — — D9 D8

Standard TM Register List

* TM1CO Register

Bit 7 6 5 4 S 2 1 0
Name T1PAU T1CK2 T1CK1 T1CKO T10ON T1RP2 T1RP1 T1RPQ
R/W R/wW R/W R/W R/wW R/wW R/wW R/W (Fg\(\? 0
POR 0 0 0 0 0 0 oo
Bit 7 T1PAU: TM1 Counter Pause Control \A&Q
0: run @ 0
1: pause
The counter can be paused by setting this bit high. i@ |t to z o n@n*nal
counter operation. When in a Pause condmon remain énd/contlnue to
consume power. The counter will r i sf@ | value whep/m \b|t es from low to high
and resume counting from this h ﬂzle bit chang Walue again.
Bit 6~4 T1CK2~T1CKO: Select }M(é&\ clock /ﬁ /
000: fsys/4 \\ \
001: fsys @)M& %
010; fHMe %
R e
% 101 Rese
Y\ 110 f@@ edge clock
alling edge clock
e bits are used to select the clock source for the TM. Selecting the Reserved clock
nput will effectlvely disable the internal counter. The external pin clock source can be chosen to
be active on the rising or falling edge. The clock source fgys is the system clock, while fy and
frec are other internal clocks, the details of which can be found in the oscillator section.
Bit 3 T10N: TM1 Counter On/Off Control

0: Off

1: On
This bit controls the overall on/off function of the TM. Setting the bit high enables the counter to
run, clearing the bit disables the TM. Clearing this bit to zero will stop the counter from counting
and turn off the TM which will reduce its power consumption. When the bit changes state from
low to high the internal counter value will be reset to zero, however when the bit changes from
high to low, the internal counter will retain its residual value until the bit returns high again.

If the TM is in the Compare Match Output Mode then the TM output pin will be reset to its initial
condition, as specified by the T10C bit, when the T10ON bit changes from low to high.
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Bit 2~0 T1RP2~T1RP0: TM1 CCRP 3-bit register, compared with the TM1 Counter bit 9~bit 7

Comparator P Match Period

000: 1024 TM1 clocks

001: 128 TM1 clocks

010: 256 TM1 clocks

011: 384 TM1 clocks

100: 512 TM1 clocks

101: 640 TM1 clocks

110: 768 TM1 clocks

111: 896 TM1 clocks
These three bits are used to setup the value on the internal CCRP 3-bit register, which are then
compared with the internal counter's highest three bits. The result of this comparison can be
selected to clear the internal counter if the T1CCLR bit is set to zero. Setting the T1ICCLR bit to
zero ensures that a compare match with the CCRP values will reset the internal counter. As the
CCRP bits are only compared with the highest three counter bits, the compare values exist in 128
clock cycle multiples. Clearing all three bits to zero is in effect allowing the counter to overﬂow%t

.t . I . \\
ItS maximum value ~ \
« TM1C1 Register A o
Bit 7 6 5 4 3 2
Name | TiM1 | TIMO | T101 | T100 | T10C | TIPQL-|\/TIBPX | T1CCLR
RIW RIW RIW RIW RIW RIW %QM T RW 1 RW
POR 0 0 0 rgf 0 o0 o
Bit 7~6 T1M1~T1MO: Select TM1 Operating, \\&B /\\\ Q
00: Compare Match Output M
01: Capture Input Mode ‘ \\A
10: PWM Mode or utput Mod

11: Tlmer/@%
These e e reqwre era:xgggﬁ\o fé/ghe TM. To ensure reliable operation the TM
itched es

o) are made to the T1M1 and T1MO bits. In the

g&» unter Mod” Qﬁt';}ut pin control must be disabled.
\ \ 1I01 ~T1 tput function
\\ \ tput Mode

ange
> th low
10: Output high
11: Toggle output
PWM Mode/Single Pulse Output Mode
00: Force inactive state
01: Force active state
10: PWM output
11: Single pulse output
Capture Input Mode
00: Input capture at rising edge of TP1
01: Input capture at falling edge of TP1
10: Input capture at falling/rising edge of TP1
11: Input capture disabled
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Bit 3

Bit 2

B%W\}\

Bit 0

Timer/counter Mode:
Unused

These two bits are used to determine how the TM output pin changes state when a certain
condition is reached. The function that these bits select depends upon in which mode the TM is
running.

In the Compare Match Output Mode, the T1101 and T1100 bits determine how the TM output
pin changes state when a compare match occurs from the Comparator A. The TM output pin can
be setup to switch high, switch low or to toggle its present state when a compare match occurs
from the Comparator A. When the bits are both zero, then no change will take place on the
output. The initial value of the TM output pin should be setup using the T10C bit in the TM1C1
register. Note that the output level requested by the T1101 and T1100 bits must be different from
the initial value setup using the T10C bit otherwise no change will occur on the TM output pin
when a compare match occurs. After the TM output pin changes state it can be reset to its initial
level by changing the level of the T1ON bit from low to high.

T10C: TP1 Output control bit
Compare Match Output Mode A \
0: initial low @
1: initial high % @
PWM Mode/ Single Pulse Output Mode \ 0
0: Active low \ A&
1: Active high @
su

This is the output control bit for the TM output pin. Its opera

g

pon wh T TM is

being used in the Compare Match Output Mode or ode/ Si ng ut Mode.
It has no effect if the TM is in the Timer/Cou okj e Co t Mode it
determines the logic level of the T @ore a comp In the PWM
Mode it determines if the PWM '%s &y&é%ugh or agj

|

T1POL: TP1 Output pol \/ r\\\Q
0: non-invert “Q 0\\& /\ ~ \ \

1: |nvert

This b onkr polarlty ﬁ When the bit is set high the TM
wi be mve@e mvérted when the bit is zero. It has no effect if the TM is in the
ounter Mo Q \
1DPX. T péﬁdd/duty Control
R T CCRA - duty

uty; CCRA - period
etermines which of the CCRA and CCRP registers are used for period and duty
control of the PWM waveform.

T1CCLR: Select TM1 Counter clear condition

0: TM1 Comparatror P match

1: TM1 Comparatror A match
This bit is used to select the method which clears the counter. Remember that the Standard
TM contains two comparators, Comparator A and Comparator P, either of which can be selected
to clear the internal counter. With the T1CCLR bit set high, the counter will be cleared when a
compare match occurs from the Comparator A. When the bit is low, the counter will be cleared
when a compare match occurs from the Comparator P or with a counter overflow. A counter
overflow clearing method can only be implemented if the CCRP bits are all cleared to zero. The
T1CCLR bit is not used in the PWM, Single Pulse or Input Capture Mode.
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+ TM1DL Register
Bit 7 6 5 4 3 2 1 0
Name D7 D6 D5 D4 D3 D2 D1 DO
R/W R R R R R R R
POR 0 0 0 0 0 0 0 0
Bit 7~0 TM1DL: TM1 Counter Low Byte Register bit 7~bit 0
TM1 10-bit Counter bit 7~bit 0
+ TM1DH Register
Bit 7 6 5 4 3 2 1 0
Name — — — — — — D9 D8
R/W — — — — — — R R
POR — — — — — — 0 0o 0\
(O
Bit 7~2 Unimplemented, read as "0” 73\ R\
. . Q\ \ % \\/\
Bit 1~0 TM1DH: TM1 Counter High Byte Register bit 1~bit 0 )\ﬂ\\ ‘\/)
TM1 10-bit Counter bit 9~bit 8 G\
| R
+ TM1AL Register . \\ o\ _ é\\
Bit 7 6 5 4 B0 2 IY o
Il -
Name D7 D6 D5 | . Cpa |\ D3 D2 | D1 DO
- ST \
R/W R/W R/W R/W \ij RIW ] V/@W R/W R/W
POR 0 o\ AN\@ )\ 0 0 0
\\V
Bit 7~0 TM1AL; Tl\f@:\ﬁ@/&%yta Reg@ %n@
™ 10 0-bit @QF/{A»oM ~bit0
o) \ \U \ \ %0
. TM1JL{§%@&9 0 ”\ @ /)
[EELP " ]y e s T2 [ 1] o
\ [ 'Name 2\0 = — — — — D9 D8
Rw || o — — — — — RIW RIW
POR — — — — — 0 0
Bit 7~2 Unimplemented, read as "0”
Bit 1~0 TM1AH: TM1 CCRA High Byte Register bit 1~bit 0
TM1 10-bit CCRA bit 9~bit 8
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Standard Type TM Operating Modes

The Standard Type TM can operate in one of five oper-
ating modes, Compare Match Output Mode, PWM Out-
put Mode, Single Pulse Output Mode, Capture Input
Mode or Timer/Counter Mode. The operating mode is
selected using the TnM1 and TnMO bits in the TMnCA1
register.

Compare Output Mode

To select this mode, bits TnM1 and TnMO in the TMnCA1
register, should be set to 00 respectively. In this mode
once the counter is enabled and running it can be
cleared by three methods. These are a counter over-
flow, a compare match from Comparator A and a com-
pare match from Comparator P. When the ThnCCLR bit is
low, there are two ways in which the counter can be
cleared. One is when a compare match from Compara-
tor P, the other is when the CCRP bits are all zero which
allows the counter to overflow. Here both TnAF and
TnPF interrupt request flags for Comparator Aand Com-
parator P respectively, will both be generated.

If the TnCCLR bit in the TMnC1 register is high then the

counter will be cleared when a compare match occu \
i Y) \)j V V?\\\\ \
J -
( 0 /Q\/)
\A

~\ N
— (N
Counter \/O\Mt\e{u L
Value \/\ \
\ \ overdlow

?\c

from Comparator A. However, here only the TnAF inter-
rupt request flag will be generated even if the value of
the CCRP bits is less than that of the CCRA registers.
Therefore when TnCCLR is high no TnPF interrupt re-
quest flag will be generated. In the Compare Match Out-
put Mode, the CCRA can not be set to "0".

As the name of the mode suggests, after a comparison
is made, the TM output pin, will change state. The TM
output pin condition however only changes state when
an TnAF interrupt request flag is generated after a com-
pare match occurs from Comparator A. The TnPF inter-
rupt request flag, generated from a compare match
occurs from Comparator P, will have no effect on the TM
output pin. The way in which the TM output pin changes
state are determined by the condition of the TnlO1 aﬁd
TnlOO bits in the TMnC1 register. The TM outpof@ @am
be selected using the TnlO1 and ;Fm@O mvg high,

to go low or to toggle from its er t on when a
compare match occurs Q/ tor A. The initial
condition of the Fﬁ:; ‘\p whlch |s/e1\up after the
TnON qu es\ﬁ’j Tow to high using the

bits are zero

a
Tn bit, Mot hat if the Tn
)\
pfﬁ change will )oakeL

/\}% (jl)TnCCLR 0; TnAM1, TnAMO = 00
A /%/%ZRF':\D/\ % RP\

afhle ‘\’g ,,,,,,,,,,,, \,f\ 2\ Col lercleared by CCRP value
el - \%

»-Time

THON bit J

TnPAU bit

TnAPOL bit

CCRP Int

Flag TnPF N N

CCRA Int. ‘ |_| |_| |'|

Flag TnAF

TPnA O/P Pin E§§; \ /'

Output Pin set
to Initial Level
Lowif TnOC =0

Oufput Toggle
with TnAF flag
Select
Here TnlO1, TnlOD = 11

Toggle Oulput Select

Now TniO1, TniO0 = 10
Active High Output

Output not affected by + i Output inverts
TnAF flag. Remains High when TnPOL is high
until reset by TnON bit

Qutput controlled

by other pin-shared function

Compare Match Output Mode - TnCCLR =0

Note: 1. With TnCCLR = 0 the Comparator P match will clear the counter

2. TM output pin controlled only by TnAF flag

3. Output pin reset to initial state by TnON bit rising edge
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TnCCLR = 1; TnM1, TnMO = 00

Counter
Value CCRA=0D
A CCRA > 0 Counter cleared by CCRA value Counter overflows
LT e P

CCRA=0

CCRA
Counter
Reset

CCRP [ R R Al L e e L e B G

» Time

TnONbit_i : ! !
TnPAU bit |

TPOL bit|__ P i . : [Q

: T : : T : b \4\%2\;»&
CCRA Int. : : : : : Lo ; AR don
Flag TnAF || | 1 E [ : 5 ﬂ/fﬁ CRA overfiow
: : : ! ! Lo N7 A
: : : ; ; ; I AN T
ccrRPnt.| P ! ] o 5@})/
Flag TnPF ' T T oo i
: / : E E m\ \\/g : @ulput does
i TnPF not | ! ! 4 H ( /4 not change
generated k \\ 9
TM O/P Pin | ot affected by~ DN\ L —
= { ~ '—'f ot L \ I
s\ by TnON bit \
Oulp_ul Pin set \ ‘ UQB oy e /\\ /@ \\/\ .
to Initial Level Qutput Toggle ! }\DK Output inverts
Lowif TnOC=0 with TnAF flag /Rty‘% h utou Q@D‘f\ﬁﬂm \dﬁrby . when TnPOL is high
’Sﬁ“ ot | \ ol ared function
R iy q/~ ﬁ \‘ i /% Ny Output Pin
Here TniCi1 100\ = Reset to initial value
Tc@@{e Ou\pm e&l \ \ / o (‘)
ol Ue -
0 e om atch, oatput Mode - TnCCLR =1
a0~ ST f"’\@»
NoteQ Eoﬁ\s fp or above ag(arﬁ
\A\ ﬁ\ TnCCLR /1 dmparator A match will clear the counter

\ “\V 2.TM ou% trofled only by TnAF flag
3.TMou tto initial state by TnON rising edge
4. TnPF flags not generated when TnCCLR = 1
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Timer/Counter Mode

To select this mode, bits TnM1 and TnMO in the TMnCA1
register should be set to 11 respectively. The
Timer/Counter Mode operates in an identical way to the
Compare Match Output Mode generating the same in-
terrupt flags. The exception is that in the Timer/Counter
Mode the TM output pin is not used. Therefore the
above description and Timing Diagrams for the Com-
pare Match Output Mode can be used to understand its
function. As the TM output pin is not used in this mode,
the pin can be used as a normal I/O pin or other
pin-shared function.

PWM Output Mode

To select this mode, bits TnM1 and TnMO in the TMnCA1
register should be set to 10 respectively and also the
TnlO1 and TnlOO bits should be set to 10 respectively.
The PWM function within the TM is useful for applica-
tions which require functions such as motor control,
heating control, illumination control etc. By providing a
signal of fixed frequency but of varying duty cycle on the
TM output pin, a square wave AC waveform can be gen-
erated with varying equivalent DC RMS values.

G

As both the period and duty cycle of the PWM waveform
can be controlled, the choice of generated waveform is
extremely flexible. In the PWM mode, the TnCCLR bit
has no effect as the PWM period. Both of the CCRA and
CCRP registers are used to generate the PWM wave-
form, one register is used to clear the internal counter
and thus control the PWM waveform frequency, while
the other one is used to control the duty cycle. Which
register is used to control either frequency or duty cycle
is determined using the TnDPX bit in the TMnC1 regis-
ter. The PWM waveform frequency and duty cycle can
therefore be controlled by the values in the CCRA and
CCREP registers.

An interrupt flag, one for each of the CCRA and CCRP,
will be generated when a compare match occurs fno

either Comparator A or Comparator P. The Tﬁ
the TMnC1 register is used to selgh@e %r—

ity of the PWM waveform w (ﬁﬁp\% hiO1 and
M output or to

TnlOO0 bits are used\to n;&e/
force the TM out@p ixed high or w level. The

éVerse the

nPO W e
Iutp Lw%gfg; \ rk\ pfaﬁ }th PWM
)

Counter Value Counter Cleared
o i o G/ onolm DPX = 0; TnM1, TnMO = 10 |
- fﬂ/@\*\ U ~ \\
CCRP [T7 7 77mmmmmmmmmmm g Y S 0 [ N e
) O)\EK/ (g (€ \F’\{:e) Resuma s henie e Toon
7SN SR W4 N Y S A A
CCRA [STV75 @)\ \/\i% \ f@ . i l / / ;
ﬁ A ) Q:?\ \ : ; T : :
\ : AL\ : : b i :
«\ \\i&\) :/N \ :‘\/ V : 3 3 1 1 ; » Time
A A0 W L
TnON bit | LB \% (J/ ; 3 3
TnPAU bit E ‘
TnPOL bit i\n(errupls

Es{iH genera(‘éd

CCRA Int. E jﬂ 3 i_|

Flag TnAF ;
CCRP Int. : 3 : ‘ ‘
Flag TnPF T : H T ﬂ ﬂ
i 3 THIOI‘Tr‘:IOD =10 Pwli,‘! Output ;—E;’:J‘SSI ;;r:gg: ‘h‘D 3 TnlQ1, TnlQO0 = 10
PWM Output :
™ Pin [R50 \ \ |
TnOC =1 : | : L
™Pin B2 | | | Rezd 1 |
TnOC =0 : * y
- » ThIO4, ThiOD = 10 ” _ Outputlnverts
H ) Here TnlO1, TnlOD =00 Rnasume HPWM Output PWM"E'“’""“ When TnPOL = 1
[a— PWM Period Qutput Forced to Inactive operation
1 i sstby CCRP level but PWM function Output controlied by
PWM Duty Cycle keeps running internally other pin-shared function
set by CCRA
PWM Mode - TnDPX =0
Note: 1. Here TnDPX = 0 - Counter cleared by CCRP

2. Counter Clear sets PWM Period

3. Internal PWM function continues even when TnlO1, TnlO0 = 00 or 01
4. TnCCLR bit has no influence on PWM operation
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Counter Cleared
by CCRA

Counter Value
A

\ TnDPX = 1: TnM1,

ThMO = 10 \

2
Counter reset
Counter Stop  when TnON
Pause Resume i TAOMN bitlow  retums high
03 B L s S / —————————— / ———————
) f
1 : T T t T » Time
TnON bit | ; i 1
TnPAU bit 3 3
TnPOL bit 3 ! I—— 3
: 3 ; ! ! still genaratd i A\
| : : ; | : ; [A \
! : 1 ! : ! | \
CCRP Int. i | ﬁ/ : (O
Flag TnPF ﬂ 3 ﬂ : ; D @\\//
‘ [_| : : : A\
CCRA Int.
Flag TnAF 1 ;ﬂ !_|
. H , TnlO1, TniOQO = 00 i
TniQ1, TnlO0 = 10 PWM Output -_1 Output Inactive ' \ TnlO1, TnlOO = 10
PWM Output ; : ;
™ Pin o] \ l {
TnOG =1 ; i ;
T™ Pin @ I | — )
ThOC =0 i | {r\ \ ~\ 0 \(%
- e ThIO1, ThIOD = 10_, ﬁ\\ @ PV FWM recumes  CutpUt Inverts
54 WM Feriod /ﬂ\g ;:/TTILX mlnactulse Resume PWM/@T}(pm\\\ \/ operation When TnPOL =1
| ; SE“’W“\(Q« \) 1evL But PWM function / V Output controlled by
PWM Duty Cycle \ O ) \)éw»runnmglmamam(/ O ‘ \ other pin-shared function
sapyccrr (| \ S\ )
—~ \\ \ \
ars(a (o\ v o P JMo&e TnDPX—1
g
= ) Qﬂ\/) \J/\v\\ﬁ\ AN\~
Note:, 1. Hefe! = 1 - Counter clea by CCRA
\\
\A\ ﬁ\@ &ﬂnter Clear/set{P BErlod

\ A 3. Intern n continues even when TnlO1, TnlO0 = 00 or 01

|
4. Tncc% 72)

influence on PWM operation
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Single Pulse Mode

To select this mode, bits TnM1 and TnMO in the TMnCA1
register should be set to 10 respectively and also the
TnlO1 and TnlOO bits should be set to 11 respectively.
The Single Pulse Output Mode, as the name suggests,
will generate a single shot pulse on the TM output pin.

The trigger for the pulse output leading edge is a low to
high transition of the TnON bit, which can be imple-
mented using the application program. However in the
Single Pulse Mode, the TnON bit can also be made to

S/W Command Leading Edge

SET"TNON" —— N bit

or
TCKn Pin Transition — 01

TMn Output Pin ﬂ

automatically change from low to high using the external
TCKn pin, which will in turn initiate the Single Pulse out-
put. When the TnON bit transitions to a high level, the
counter will start running and the pulse leading edge will
be generated. The TnON bit should remain high when
the pulse is in its active state. The generated pulse trail-
ing edge will be generated when the TnON bit is cleared
to zero, which can be implemented using the application
program or when a compare match occurs from Com-
parator A.

Trailing Edge S/W Command
TnoN bit [ C-R "TNON
150 of 0O
- —— CCRA Match Compare (A \
AN
af @

\/\\’/
(@\1\5@)
\ o)V

@/\

N

Pulse Width = CCRA Value Q - % \

Single Pulse Gen loigl\@ A @f(% &
! AN U

Counter Value

Countersm}m{%\[ QO %@M V‘ T@MWMQ@%MM TnlO0 = 11 ‘

A
CCRA e Ba @'ﬁ\) \& 3{' -D'- L-lok-dso o
@ ( \ ) Counter reset
(J Counter Stops  when TnOM
( \} = by software retums high
CoRP |t . [ (o4 w\
200 @ —
i ; T \\ : 1 i !
; _ S : ; ;
L ; : i
i\ \\i&b : f%ﬁ ' R
M ThON bit 1 i i i
Auto. set i .
..\,\ )f | b o e b
C\Eared by | 1 1 ' : : : N ooiware | Software
; | Software | | ! : : : ' T
TCKn pin ngger :CCP-’“”E“’" X | Trigger | : : : : |oclear | Trigger
| TCKn pin : : ; :
| Trigger ! : ! i
TnPAU bit P
TnPOL bit ' ‘ T Do
i No CCRP | : : HE
Vintermupt ! ; H
i ! generated | | :
CCRP Int | y P
Flag TnPF : : : ' —
CCRAIL | | ‘ ; ' a o
Flag TnAF : |_| : n n
TnlQ1, TniQO = 00 i i !
; | 10utput Ingetive ; !
| Tnio1, Tnioa = 11 Swng\‘epulsem}tpm_‘i‘”"' "‘ ! Thio, ThIOD = 11 E 1 : o
T™ Pin Lo i P : I
TnOC =1
™Pin | L | ; I—IJTI_
TnOC=0 | | +
! Pulse Width Here TnlO1, TnIOO = DD _ \%‘;SHU'TI:;BD(:. =1
setby CCRA Output Forced to Inactive T"lOLTﬂl.OD—‘H
level but counter keeps Resume Single Pulse Qutput

running intemnally

Single Pulse Mode

Note: 1. Counter stopped by CCRA match

2. CCRP is not used

3. Pulse triggered by TCKn pin or setting TnON bit high

4. TCKn pin active edge will auto set TnON bit

Rev. 1.10

March 16, 2012



HOLTEK i ’

HT66F03C/HT66F04C/HT68F03C/HT68F04C

However a compare match from Comparator A will also
automatically clear the TnON bit and thus generate the
Single Pulse output trailing edge. In this way the CCRA
value can be used to control the pulse width. A compare
match from Comparator A will also generate a TM inter-
rupt. The counter can only be reset back to zero when
the TnON bit changes from low to high when the counter
restarts. In the Single Pulse Mode CCRP is not used.
The TnCCLR and TnDPX bits are not used in this Mode.

Capture Input Mode

To select this mode bits TnM1 and TnMO in the TMnC1
register should be set to 01 respectively. This mode en-
ables the external signal to capture and store the pres-
ent value of the internal counter and can therefore be
used for applications such as pulse width measure-
ments. The external signal is supplied on the TP1 pin,
whose active edge can be either a rising edge, a falling
edge or both rising and falling edges; the active edge
transition type is selected using the TnlO1 and TnlO0
bits in the TMnC1 register. The counter is started when
the TnON bit changes from low to high which is initiated
using the application program.

When the required edge transition appears on the F
pin, the present value in the counter will be | ‘Sg/

\ *@@
S;ﬁr:er /\ @ - Cou(n” @

oL »

the CCRA registers and a TM interrupt generated. Irre-
spective of what events occur on the TP1 pin the coun-
ter will continue to free run until the TnON bit changes
from high to low. When a CCRP compare match occurs
the counter will reset back to zero; in this way the CCRP
value can be used to control the maximum counter
value. When a CCRP compare match occurs from Com-
parator P, a TM interrupt will also be generated.
Counting the number of overflow interrupt signals from
the CCRP can be a useful method in measuring long
pulse widths. The TnlO1 and TnlOO0 bits can select the
active trigger edge on the TP1 pin to be a rising edge,
falling edge or both edge types. If the TnlO1 and TnlO0
bits are both set high, then no capture operation will take
place irrespective of what happens on the TP1 pin, hc;w-
ever it must be noted that the counter will c(vl&f t
run.

As the TP1 pin is pin shared wi @th rf ons care
must be taken |f the TM |$/\ Capture Mode.
This is because i the éf ¢ p as an output, then any
transﬁlo@ is pir’ y cause an i u}%a ture oper-

ation-to %& uted. The T g PX bits are
n&@%d this Mode

Counter

lop Reset

Q / oegﬂo
T
\ AL i

0
NS

Pause Resume

Time

TnON bit

TnPAU bit

Active

TM Capture Pin ,:gg;e ‘—} 23;? F’ e ——
Flog ToAF I I |
S 1 1 1 1
?f;m XX Yy XX Yy |
Tniot, -I;/::EZ 00 - Rising edge 01 - Falling edge | 10 - Both edges | 11 - Disable Capture |
Capture Input Mode
Note: 1. TnM1, TnMO = 01 and active edge set by TnlO1 and TnlOO bits

2. TM Capture input pin active edge transfers counter value to CCRA

3. TnCCLR bit not used

4. No output function - TnOC and TnPOL bits not used

5. CCRP sets counter maximum value
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Enhanced Type TM - ETM

The Enhanced Type TM contains five operating modes, which are Compare Match Output, Timer/Event Counter, Cap-
ture Input, Single Pulse Output and PWM Output modes. The Enhanced TM can also be controlled with an external in-

put pin and can drive three or two external output pins.

CT™M Name TM No. TM Input Pin TM Output Pin
HT66F03C/HT68F03C/HT68F04C — — — —
HT66F04C 10-bit ETM 2 TCK2 TP2A, TP2B

Enhanced TM Operation

At its core is a 10-bit count-up/count-down counter
which is driven by a user selectable internal or external
clock source. There are three internal comparators with
the names, Comparator A, Comparator B and Com-
parator P. These comparators will compare the value in
the counter with the CCRA, CCRB and CCRP registers.
The CCRP comparator is 3-bits wide whose value is
compared with the highest 3-bits in the counter while
CCRA and CCRB are 10-bits wide and therefore com-
pared with all counter bits.

The only way of changing the value of the 10-bit counter
using the application program, is to clear the counter by

changing the TnON bit from low to high. The count

When these conditions occur, a

also usually be generated.

pin

% @Won

and
electe

2

Q)
Q@@@

ck-sources inc g
put pi @-« pérating setup
sin{}@ nternal registers.

ed Type TM can

rational modes, can

an input

TnPF Interrupt

Q @
@ il @ b7~b9 TnAOC
fsys —
/16 —
Counter —> .
et — - Qa1 2o yoa o
frBC ——| 10-bit Up/Down Counter
Reserved — Q T T
TnON —T TnCCLR TnAM1, TNAMO TnAPOL
TCKn TnPAU —b0o~b9 TnAIOT, ThAIOD
TnCK2~TnCKO 10-bit Comparator A Match TnAF
Comparator A Interrupt
TnAIO1, TnAIOO
Edge
Detector
TnBOC
L»| )
Output Polarity
10-bit Comparator B Match Control [ | Control TPnB
Comparator B
TnBF
Interrupt
TnBM1, TnBMO  TnBPOL

Edge

TnBIO1, TnBIOO

Detector

TnlO1, TnlOO

Enhanced Type TM Block Diagram
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Enhanced Type TM Register Description

Overall operation of the Enhanced TM is controlled using a series of registers. A read only register pair exists to store
the internal counter 10-bit value, while two read/write register pairs exist to store the internal 10-bit CCRA and CCRB
value. The remaining three registers are control registers which setup the different operating and control modes as well
as the three CCRP bits.

Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
TM2CO T2PAU T2CK2 T2CK1 T2CKO T20N T2RP2 T2RP1 T2RPO
TM2C1 T2AM1 T2AMO T2AI01 T2AI00 T2A0C T2APOL T2CDN T2CCLR
TM2C2 T2BM1 T2BMO T2BIO1 T2BIO0 T2BOC T2BPOL | T2PWM1 | T2PWMO

TM2DL D7 D6 D5 D4 D3 D2 D1 DO
TM2DH _ _ _ _ _ _ D9 D8
TM2AL D7 D6 D5 D4 D3 D2 D1 Do,
U
TM2AH — — — — — — D3 %\\ Q@b
TM2BL D7 D6 D5 D4 D3 D2 m \ o DO
TM2BH — — — — ' 70, (o D8
10-bit Enhanced TM Re |st§k'
g \k(& oV S/} 2\
* 10-bit Enhanced TM Register List - HT66F04C o) /\ rk
+ TM2CO Register ] \@ .
Bit 7 6 B ) 4 @) 2 1 0
Name | T2PAU | T2cK2/( () T2eKi /Tzo@f \T20N T2RP2 | T2RP1 | T2RPO
RIW RW \R/W/\ T RW_ |\ A@w RIW RIW RIW RIW
POR i /0 O 7o) o 0 0 0 0
B@z \\\ﬁl‘szu TW @Q&a\@e Control
i&\) 0: ru

u (ﬁa\@/e \/

%oﬁé‘ér can be paused by setting this bit high. Clearing the bit to zero restores normal
counter operation. When in a Pause condition the TM will remain powered up and continue to
consume power. The counter will retain its residual value when this bit changes from low to high
and resume counting from this value when the bit changes to a low value again.

Bit 6~4 T2CK2~T2CKO: Select TM2 Counter clock
000: fsys/4
001: fsys
010: fu/16
011: fu/64
100: fTBC
101: Reserved
110: TCK2 rising edge clock
111: TCK2 falling edge clock

These three bits are used to select the clock source for the TM. Selecting the Reserved clock
input will effectively disable the internal counter. The external pin clock source can be chosen to
be active on the rising or falling edge. The clock source fgys is the system clock, while fy and
frgc are other internal clocks, the details of which can be found in the oscillator section.

Bit 3 T20ON: TM2 Counter On/Off Control

0: Off

1: On
This bit controls the overall on/off function of the TM. Setting the bit high enables the counter to
run, clearing the bit disables the TM. Clearing this bit to zero will stop the counter from counting
and turn off the TM which will reduce its power consumption. When the bit changes state from
low to high the internal counter value will be reset to zero, however when the bit changes from
high to low, the internal counter will retain its residual value until the bit returns high again.
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If the TM is in the Compare Match Output Mode then the TM output pin will be reset to its initial
condition, as specified by the T2AOC or T2BOC bit, when the T20N bit changes from low to high.

Bit 2~0 T2RP2~T2RP0: TM2 CCRP 3-bit register, compared with the TM2 Counter bit 9~bit 7

Comparator P Match Period

000: 1024 TM2 clocks

001: 128 TM2 clocks

010: 256 TM2 clocks

011: 384 TM2 clocks

100: 512 TM2 clocks

101: 640 TM2 clocks

110: 768 TM2 clocks

111: 896 TM2 clocks
These three bits are used to setup the value on the internal CCRP 3-bit register, which are then
compared with the internal counter’s highest three bits. The result of this comparison can be
selected to clear the internal counter if the T2CCLR bit is set to zero. Setting the T2CCLR bit to
zero ensures that a compare match with the CCRP values will reset the internal counter. As tl
CCRRP bits are only compared with the highest three counter bits, the compare values em&(&%ﬁ
clock cycle multiples. Clearing all three bits to zero is in effect allowing the c%lﬁ'\ert t
its maximum value.

+ TM2C1 Register ) f@% @ 7
Bit 7 6 5 4 o [\2 2 0

Name | T2AM1 | T2AMO | T2AI01 | T2AIOQ TZA\Q@) T2APOL| | izfc&tflﬂL T2CCLR

RIW RIW RIW RIW %R( \ _RIW RIW
POR 0 0 0/ \(¢-b 0 0
Bit 7~6 T2AM1~T2AMO: \\\1\@@ RA Oper: @&&U
00: Cgmp re put Mode
01: Pa ture tnp Mode

% ode or Sin, w%/;pufﬁut Mode
N er/CounteQMzgci@

2 iﬁ\f\\l\ hese blts/sg \J:ed)wred operating mode for the TM. To ensure reliable operation the TM

2
Y\M\A hg,,ﬂd”e\i d off before any changes are made to the T2AM1 and T2AMO bits. In the
- v r ter Mode, the TM output pin control must be disabled.
Bit 5~4 101~T2AIlO0: Select TP2A output function

Compare Match Output Mode
00: No change
01: Output low
10: Output high
11: Toggle output

PWM Mode/ Single Pulse Output Mode
00: Force inactive state
01: Force active state
10: PWM output
11: Single pulse output

Capture Input Mode

00: Input capture at rising edge of TP2A

01: Input capture at falling edge of TP2A

10: Input capture at falling/rising edge of TP2A

11: Input capture disabled
Timer/counter Mode

Unused
These two bits are used to determine how the TM output pin changes state when a certain
condition is reached. The function that these bits select depends upon in which mode the TM is
running.
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Bit 3

Bit 2

Bit 1

In the Compare Match Output Mode, the T2AIO01 and T2AIOO0 bits determine how the TM
output pin changes state when a compare match occurs from the Comparator A. The TM output
pin can be setup to switch high, switch low or to toggle its present state when a compare match
occurs from the Comparator A. When the bits are both zero, then no change will take place on
the output. The initial value of the TM output pin should be setup using the T2AOC bit in the
TM2CH1 register. Note that the output level requested by the T2AI01 and T2AIOO0 bits must be
different from the initial value setup using the T2AOC bit otherwise no change will occur on the
TM output pin when a compare match occurs. After the TM output pin changes state, it can be
reset to its initial level by changing the level of the T20N bit from low to high.

T2AO0C: TP2A Output control bit
Compare Match Output Mode

0: Initial low

1: Initial high
PWM Mode/ Single Pulse Output Mode

0: Active low

1: Active high (ﬁ\
This is the output control bit for the TM output pin. Its operation depends upon whet 0
being used in the Compare Match Output Mode or in the PWM Mode/ Slngled%ﬂ\\se e.
It has no effect if the TM is in the Timer/Counter Mode. In the Compare M Q\rg ode it
determines the logic level of the TM output pin before a compare m the PWM
Mode it determines if the PWM signal is active high or actlve{l/ 0
T2APOL: TP2A Output polarity Control Q @ @%

0: Non-invert
1: Invert
This bit controls the polarity of t p|n When t\ et igh the TM output pin
will be inverted and not inv 5 nthe blt is zepo[i‘[ ct if the TM is in the
Timer/Counter Mode

T2CDN: T tup or n\@
0: Co ﬁ%\ )
: o@n d
Selec%l??&@?ﬂﬁar condition
tch

or A match

%b sed to select the method which clears the counter. Remember that the Enhanced

s two comparators, Comparator A and Comparator P, either of which can be selected
to clear the internal counter. With the T2CCLR bit set high, the counter will be cleared when a
compare match occurs from the Comparator A. When the bit is low, the counter will be cleared
when a compare match occurs from the Comparator P or with a counter overflow. A counter
overflow clearing method can only be implemented if the CCRP bits are all cleared to zero. The
T2CCLR bit is not used in the PWM, Single Pulse or Input Capture Mode.
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+ TM2C2 Register

Bit 7 6 5 4 3 2 1 0
Name T2BM1 T2BMO T2BIO1 T2BIOO T2BOC T2BPOL | T2PWM1 | T2PWMO
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 T2BM1~T2BMO: Select TM2 CCRB Operating Mode

00: Compare Match Output Mode

01: Capture Input Mode

10: PWM Mode or Single Pulse Output Mode
11: Timer/Counter mode

These bits setup the required operating mode for the TM. To ensure reliable operation the TM
should be switched off before any changes are made to the T2BM1 and T2BMO bits. In the
Timer/Counter Mode, the TM output pin control must be disabled.

Bit 5~4 T2BIO1~T2BIOO0: Select TP2B output function O\
Compare Match Output Mode A CQ/\)
00: No change 0 @\ \
01: Output low %\ \ ‘\g)V
10: Output high /\? \AQ
11: Toggle output o) V @
PWM Mode/Single Pulse Output Mode o \ O é\\
00: Force inactive state ”\\ ( s / Q% €
01: Force active state K@ \V\/ U
10: PWM output YN P
. Qi — \K\) - L\ \)
11: Single pulse output ( ~ - v é)
~\0) 2
Capture Input Mode r % /ﬁ\\v/}

00: Input ¢ ge of TP2B,— (1) |\
01 In,aut apt r\@ |ng edge OE%%@\Q)
t captur atfalllng/nﬁg
Qm\%\ Smé capture (;hsé\b (o)
/f\ r/counter E LU
%\V UnusecL /

\ 0 are used to determine how the TM output pin changes state when a certain
Eso % reached. The function that these bits select depends upon in which mode the
is running.

In the Compare Match Output Mode, the T2BIO1 and T2BIOO bits determine how the TM
output pin changes state when a compare match occurs from the Comparator A. The TM output
pin can be setup to switch high, switch low or to toggle its present state when a compare match
occurs from the Comparator A. When the bits are both zero, then no change will take place on
the output. The initial value of the TM output pin should be setup using the T2BOC bit in the
TM2C2 register. Note that the output level requested by the T2BIO1 and T2BIOO bits must be
different from the initial value setup using the T2BOC bit otherwise no change will occur on the
TM output pin when a compare match occurs. After the TM output pin changes state it can be
reset to its initial level by changing the level of the T20N bit from low to high.

Bit 3 T2BOC: TP2B Output control bit

Compare Match Output Mode
0: Initial low
1: Initial high
PWM Mode/ Single Pulse Output Mode
0: Active low
1: Active high

This is the output control bit for the TM output pin. Its operation depends upon whether TM is
being used in the Compare Match Output Mode or in the PWM Mode/ Single Pulse Output Mode.
It has no effect if the TM is in the Timer/Counter Mode. In the Compare Match Output Mode it
determines the logic level of the TM output pin before a compare match occurs. In the PWM
Mode it determines if the PWM signal is active high or active low.
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Bit 2

Bit 1~0

T2BPOL: TP2B Output polarity Control
0: Non-invert
1: Invert

This bit controls the polarity of the TP2B output pin. When the bit is set

high the TM output pin will be inverted and not inverted when the bit is zero. It has no effect if the

TMis in the Timer/Counter Mode.

T2PWM1~T2PWMO: Select PWM Mode
00: Edge aligned
01: Centre aligned, compare match on count up
10: Centre aligned, compare match on count down
11: Centre aligned, compare match on count up or down

+ TM2DL Register

Bit 7 6 5 4 3 2 1 0
Name D7 D6 D5 D4 D3 D2 D1 DO \
RIW R R R R R R R R0\
POR 0 0 0 0 0 0 o & o)
Bit 7~0 TM2DL: TM2 Counter Low Byte Register bit 7~bit 0 P K \Q\A
TM2 10-bit Counter bit 7~bit 0 ) @f
(o u)
. a \ © V\ /\
+ TM2DH Register A0\ ~ (e u»
Bit 7 6 5 40\ \3 2 [P\ 0
Name — — — \wkéj v /ﬁlv\ D9 b8
(@) )\ \
RIW — — | O m\lq WP R
POR — /’%{Wx A9 o ( \\VL — 0 0
AR N
H "oy \ ( -
Bit 7~2 . Umm,pp@rper\ted read as "0 /\ \
Bit1~0 O M2 Counfeﬁ-@ yie Register bit 1~bit 0
\\\\ 10-bit Counterbit 9rbit 8
7 “l& G
L Register \\/
\ A 9 P"s (0
| by 6 5 4 3 2 1 0
Name D7 D6 D5 D4 D3 D2 D1 DO
RIW RIW RIW RIW RIW RW RIW RIW RIW
POR 0 0 0 0 0 0 0 0
Bit 7~0 TM2AL: TM2 CCRA Low Byte Register bit 7~bit 0
TM2 10-bit CCRA bit 7~bit 0
+ TM2AH Register
Bit 7 6 5 4 3 2 1 0
Name — — — — — — D9 D8
RIW — — — — — — RIW RIW
POR — — — — — — 0 0
Bit 7~2 Unimplemented, read as "0”
Bit 1~0 TM2AH: TM2 CCRA High Byte Register bit 1~bit 0

TM210-bit CCRA bit 9~bit 8
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+ TM2BL 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/wW R/wW R/wW R/W R/wW R/wW
POR 0 0 0 0 0 0 0 0
Bit7~0 TM2BL: TM2 CCRB Low Byte Register bit 7~bit 0

TM2 10-bit CCRB bit 7~bit 0

+ TM2BH Register

Bit 7 6 5 4 3 2 1 0
Name — — — — — — D9 D8
R/W — — — — — — R/W R/W
POR — — — — — — 0 0o 0\
(O
Bit 7~2 Unimplemented, read as "0" @\\ ( e
/
Bit 1~0 TM2BH: TM2 CCRB High Byte Register bit 1~bit 0 )\Vm\\\\ \ (o
TM2 10-bit CCRB bit 9 ~ bit 8 G\
O
\ o)W o)\
i 2o\ 0.
Enhanced Type TM Operating Modes \ﬁ\ 0 CQ%K

Mode, Single Pulse Output Mode, Capture Input Mod
the TnAM1 and TnAMO bits in the TMnC1, a/ngl/tn @n

The Enhanced Type TM can operate in one of five f%:

W\ﬁ%s %ompare Matbh Dipy Mode, PWM Output
T@e//ébunter Modgﬁ%@ra ing mode is selected using

and TnBMO/l;{ts\l nC2 register.

N .
e g e @ ’ e s 0 R | i | S
_ = a \ Output Moqe/% ode Mode
CCRB Corgp%‘q%%@éﬁtp{n Mode | [\ T@ AL N N _ .
%B T@%{&bﬁnter Mode /Q ( \/V\/ ~ _ _
\(ﬁB)PWM omq/\ggwéb \\/ N N _ _
CCRB Single Pu|slf/«‘)|}tput Mode — _ _ N _
CCRB Input Capture Mode \/ N N —_ N

Note: "\" allowed to be used. "—": not allowed to b e used

Compare Output Mode

To select this mode, bits TnAM1, TnAMO and TnBM1,
TnBMO in the TMnC1/TMnC2 registers should be all
cleared to zero. In this mode once the counter is en-
abled and running it can be cleared by three methods.
These are a counter overflow, a compare match from
Comparator A and a compare match from Comparator
P. When the TnCCLR bit is low, there are two ways in
which the counter can be cleared. One is when a com-
pare match occurs from Comparator P, the other is when
the CCRP bits are all zero which allows the counter to
overflow. Here both the TnAF and TnPF interrupt re-
quest flags for Comparator A and Comparator P respec-
tively, will both be generated.

If the TnCCLR bit in the TMnC1 register is high then the
counter will be cleared when a compare match occurs
from Comparator A. However, here only the TnAF inter-
rupt request flag will be generated even if the value of
the CCRP bits is less than that of the CCRA registers.
Therefore when TnCCLR is high no TnPF interrupt re-
quest flag will be generated.
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As the name of the mode suggests, after a comparison
is made, the TM output pin, will change state. The TM
output pin condition however only changes state when
an TnAF or TnBF interrupt request flag is generated af-
ter a compare match occurs from Comparator A or Com-
parator B. The TnPF interrupt request flag, generated
from a compare match from Comparator P, will have no
effect on the TM output pin. The way in which the TM
output pin changes state is determined by the condition
of the TnAIO1 and TnAIOO bits in the TMnC1 register for
ETM CCRA, and the TnBIO1 and TnBIOO bits in the
TMnC2 register for ETM CCRB. The TM output pin can

be selected using the TnAIO1, TnAIOO bits (for the
TPnA pin) and TnBIO1, TnBIOO bits (for the TPnB pins)
to go high, to go low or to toggle from its present condi-
tion when a compare match occurs from Comparator A
or a compare match occurs from Comparator B. The ini-
tial condition of the TM output pin, which is setup after
the TnON bit changes from low to high, is setup using
the TnAOC or TnBOC bit for TPnA or TPnB output pin.
Note that if the TnAIO1,TnAIO0 and TnBIO1, TnBIOO
bits are zero then no pin change will take place.

T\
\
Counter TnCCLR = 0; TnAM1, TnAMO =00 |, |
Counter Value corp o overflow corP oo /\ (/ - (\\\ \ >
A = CRP > Aty o\
Counter cleared by CCRP value M)\V \\\ ‘\9)
0X3FF 7\
CCRP N
\
CCRA A o\
: - i : v : #» Time
: : : ' i\ (O :
| p/xu/ Q\Nﬁ ool ”/C/) ‘
| Ch QN St GV i
TnON bit ‘ o 2“\ Q W‘V\ » (/i/\ /p L:b \\\M:) ; l 1 !
: A\ O ; "o e : ! ! :
: RN 3 \ :/\} / : ! : :
) AN AL Ao\ : : ‘ ;
TnPAU bit ~[( Q0 V2 ‘ L2\ \» : : ; :
o \ : : : :
¢\ i : E 1 |_,_|:
. L ) [
i < 1 s s | s BEE
CCRAIt| L ‘ : | Mmoo
Flag TnAF l_l l_l |_| ﬂ i ! l_l T
TPnA O/P Pin m T Em;‘;,—]?'_‘_
\ Qutput Toggle / E

Qutput Pin set
to Initial Level
Lowif TnAOC =0

Output not affected by :
» TnAF flag. Remains High
until reset by TRON bit

Output inverts
Output Pin when TnAPOL is high

Reset to initial value

with TnAF flag
Now TnAIO1, TnAIOD = 10
Active High Output Select
Output controlled
by other pin-shared function

<
<

Here TnAIO1, TnAIOD = 11
Toggle Output Select

ETM CCRA Compare Match Output Mode - TnCCLR =0

Note: 1. With TnCCLR = 0 the Comparator P match will clear the counter
2. TPnA output pin controlled only by TnAF flag

3. Output pin reset to initial state by TnON bit rising edge
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Counter TnCCLR = 0; TnBM1, ThnBMO = 00

Counter Value overflow
A CCRP =0 CCRP=0
Counter cleared by CCRP value

0x3FF

CCRP

Pause Resume Counter
Stop Reset

- | 4 A N

» Time

TnON bit

TnPAU bit

TNBPOL bit | ;

CCRP Int.
Flag TnPF

CCRB Int. |‘| |‘| |‘|

-
—

Flag TnBAF

P D IS/
TPnB O/P Pin —~\ 0
@4 ~ I—l; oA \D \

\ ‘
H _ T\ AN : Qutput not a A\ Qutput inverts
Output Pin set H \\\ |\ \\,, A\ o
Output Toggle Jeasssinees WL
 Inttial Level w‘manEF%gag : V]/ \QT@}&B'OU W BIFf eTnm&rLb i Ouputpin  When TNBPOL s high
Low if TnBOC =D /f.”/(ga\“{ g Output Select p] reget by\ Ty Reset to initial value
'y (e ALV\WU W
A /‘ \\ \L( \J | O \\ \\\,// Output controlled
< = t - \ \ -
< Viere TnBﬁ}Ir}ﬁ\\OWi 1\@/\ g ' \///‘\‘ /9\\/ \\2 by other pin-shared function
Tm;?\e Oipi Selact| N~ - \ © A‘\%/ = )
\ /\\) - —

A /*\: 0 \ET\M CCRBC a;é\wateh Output Mode — TnCCLR =0
2L DEARLE,

j/—\WNh\\ NCELR = 0 the Qﬁmh@aﬁlr Pmatch will clear the counter
(}) ! )
AN \\ \2! 3\ TPNB output p/ln cg@kﬂle&only by TnBF flag
\\\ / - 3. Outque{S@%ﬁ initial state by TnON bit rising edge
St

P
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Counte
y

0x3FF

CCRA

CCRP

TnON bit

TnPAU bit

TnAPOL bit

CCRA Int.
Flag TnAF

CCRP Int.
Flag TnPF

TPnA O/P Pin

Note:

\

4. TnPF

TnCCLR = 1; TnAM1, TRAMO = 00

r Value
h CCRA = 0 Counter cleared by CCRA value

CCRA=0
Counter overflows

CCRA=0

Counter
Reset

Pause Resume

» Time

i
B S N i o)

: ‘ i : I i /\ \ ge emfe on
|-| l-l !-l |-| E : H %\\ @ CRonderﬂow

P ; : Do “/\
- a BRSO
Pl Q(f*\ ) D /}4% Output does

THPF not ' ' : O\ \ o

: e ' nol change
generate:
e U L Ry B
AR flag\remains High \ \/
/ f{\/ \t @jr :\t‘n/y‘-Tl'nON bit Y > \\

Output Pin set

3 Qutput inverts
to Initial Level OutputToggle - - A\ 0 M= when TnAPOL is high
= ith TnAF fi N TRAIDE= 10 VA |
Low if TRAOC =0 with Tn. ag (gﬂ\e(kk pmmecl /\%\ /@wg%ﬁ“m
< e TSR T L\ \ X v (B \\V\ Output Pin
Togg/qoutp\n Sole 1\ (‘ ( O %\\/ Reset to initial value
) K(\ ETM CCRA Co/pa?\Mat\)n utput Mode TnCCLR =1
/\ \ (

tﬁ\T ﬂ? = 1 the C ar‘a\gr/\Ar\ﬁa/t:h will clear the counter

0\ Q ﬂeméé output pin conf Iéd/o\ﬂ’fy by TnAF flag
w\u TPnA /ng)re%eft/to initial state by TnON rising edge
|

t<ge1)1erated when TnCCLR =1
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Counter Value

TnCCLR = 1; TnBM1, TRBMO = 00

CCRA=0
4 CCRA = 0 Counter cleared by CCRA value Counter overflows
O0x3FF
CCRA
st Counter
op
CCRB , , e f",eieil
. : : - i : Ky Time
TnON bit [ | ' : i
TnPAU bit || P .
P | 5 P | 0
TnBPOL bit | ‘ : ; L |. : #‘/N \
' i | | ' Vo . 0 AR Gag’,
CCRAME | | : : P \fﬁ'ﬁa\tﬂoﬁ/
Flag TnAF |_| |_| Q\/\ ;@&Q\ verfiow
: : 3 : : o
: i ‘ : NCARYS
CCRBInt | | N N i f —ino ff
Flag TnBF 1 ; 1 : SR ;
' ' ! ' A M Lo Y
: : | : e ) AR P A
P Pi Ao .
TPnB O/P Pin | _l\ Output no| tedk&w\/\‘ ! 7
a IEBF& ysneé‘mSH W\ N \ -
Output Pin set (\ %“\V\TJDN bit N\ \//\ A
1o Initial Level Output Toggle USRS - - /N \ fput invel
Low if TRBOC =0 with TnBF flag R& 1 L e@ 2 when TnBPOL is high
Q ﬂoﬁ-‘{f& H\—éh uncuon
< /V (\\ \) \U/‘ o Output Pin
Here TnBIO1, TnBI! 1(1\ \\ \ X ks O \ \ Reset to initial value
Togg\e@ﬂ@?‘?‘\/gﬁ U/\ 7\ /Q\‘

N ET CC}RB Compa):e\Ma*toh@ut/ﬁufJN{ode TnCCLR =1

(\
Note: 1. Wlﬂi’ @;&\;’f the Compa%t rﬂe\ mg/tc‘n WI|| clear the counter

A 2, TﬁnB ut pin cont
\

\\\ \/)\ TPnB tp;,ltp/@rek

“ 4. TnPFl L \no@jerated when TnCCLR = 1

F\ d\jy/by TnBF flag

|n|t|a| state by TnON rising edge
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Timer/Counter Mode

To select this mode, bits TnAM1, TnAMO and TnBM1,
TnBMO in the TMnC1 and TMnC2 register should all be
set high. The Timer/Counter Mode operates in an identi-
cal way to the Compare Match Output Mode generating
the same interrupt flags. The exception is that in the
Timer/Counter Mode the TM output pin is not used.
Therefore the above description and Timing Diagrams
for the Compare Match Output Mode can be used to un-
derstand its function. As the TM output pin is not used in
this mode, the pin can be used as a normal 1/O pin or
other pin-shared function.

PWM Output Mode

To select this mode, the required bit pairs, ThAM1,
TnAMO and TnBM1, TnBMO should be set to 10 respec-
tively and also the TnAlO1, TnAIOO and TnBIO1,
TnBIOO bits should be set to 10 respectively. The PWM
function within the TM is useful for applications which re-
quire functions such as motor control, heating control, il-
lumination control etc. By providing a signal of fixed
frequency but of varying duty cycle on the TM output pin,

a square wave AC waveform can be generated with O /fP

rw

varying equivalent DC RMS values.

As both the period and duty cycle of the PWM'f}e\/m
can be controlled, the choice o Ize?J\\ orm is

used to determine in wh(@h ay; the PWM perloqﬁmon-\

trolled. With @:«@ Rbit set h.gh(u%%

rf A\ W\ %\ P

extremely flexible. In the P\(VM\rﬁédé,\tlﬁe/TnCCLR bit |s/@

can be finely controlled using the CCRA registers. In this
case the CCRB registers are used to set the PWM duty
value (for TPnB output pin). The CCRP bits are not used
and TPnA output pin is not used. The PWM output can
only be generated on the TPnB output pin. With the
TnCCLR bit cleared to zero, the PWM period is set using
one of the eight values of the three CCRP bits, in multi-
ples of 128. Now both CCRA and CCRB registers can be
used to setup different duty cycle values to provide dual
PWM outputs on their relative TPnA and TPnB pins.

The TnPWM1 and TnPWMO bits determine the PWM
alignment type, which can be either edge or centre type.
In edge alignment, the leading edge of the PWM signals
will all be generated concurrently when the counter is re-
set to zero. With all power currents switching on a[Lthe
same time, this may give rise to problems(uzl er
power applications. In centre allgn;nefmt Li

PWM active signals will occur JUential us reduc-
ing the level of smultap?q(b(\)@b\s itching currents.

Interrupt flags, or\e%) \eg of the CCBA\CCRB and
éd when a < rﬁpa /;atch oceurs

CCRP, Will b,
Qm’g}then\@ﬁ Compa;@tor AC mparator B or Com-
ra P. The TnAQQ@nq Tr11/ its in the TMnC1 and
nC2 reglst @: select the required polarity of
the P! ﬁ@ (3 while the two TnAlO1, TnAIOO and
@1 OO bits pairs are used to enable the PWM
bgﬂ/(ir to force the TM output pin to a fixed high or low
level. The TNAPOL and TnBPOL bit are used to reverse
the polarity of the PWM output waveform.

\ ET@% Mode, ygﬁ-a@%&d\ :::TnCCLR=0

ccrp | [lootb =1/ o100 011b 100b 101b 110b 111b 000b
Period LV 128 256 384 640 768 896 1024
A Duty CCRA
B Duty CCRB

e ETM, PWM Mode, Edge-aligned Mode, TnCCLR=1
CCRA 1 2 83 512 1021 1022 1023
Period 1 2 3 512 1021 1022 1023
B Duty CCRB

* ETM, PWM Mode, Center-aligned Mode, TnCCLR=0
CCRP 001b 010b 011b 100b 101b 110b 111b 000b
Period 256 512 768 1024 1280 1536 1792 2046
A Duty (CCRA%2)-1
B Duty (CCRBx2)-1

* ETM, PWM Mode, Center-aligned Mode, TnCCLR=1
CCRA 1 2 B 511 512 1021 1022 1023
Period 2 4 6 1022 1024 2042 2044 2046
B Duty (CCRBx2)-1
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TnCCLR =0;
Counter Mode Bits TnA(B)M1, TnA(B)MO = 10

Value # Counter Cleared by CCRP
TnPWM1/TnPWMO = 00
L s [ el K - Counter reset when
ﬁ?‘gﬁ;ﬁg& TRON retums high
CORA bow el P B WS N SR AN IS A
[ole:1=1| N IS N N .
™oNbt) [T ] oo P
ToPAUBIL| § P L
TRAPOL bit |—f——— R
i i : i i H ! Interrupt
H ! ! ' E H | still geterated |
CCRA Int : | ‘ : , : | : :
Flag TnAF ' ; [-l ! : |-| i ;
CCRBIt| | 4= | oL P
Flag TnBF ; |-| ; : rl ; ; |-|
CCRP Int : ; 3 ; i ' ‘ :
Flag TPF ] | — I-l :
; ; ; oo i 1 7haiot, Tasiod <o
; : ThAIO, ThAIOD =0 own Output Lo rbmm‘na"mve el
: : i : : : o
TPnA Pin — ' i
TnAOC =1 3 |—|
i R ] !
; {Duty Cycle :
: iselby CCRA '
TPnB Pin
TBOC = 1 @ ‘
TPnB Pin %
TnBOC =0
va A T AN L\ VW Here TnAIOH, PWM
B L P A ez
A\ \\ o \ﬂ Retiod” P e Output controlied by
)\ ; (\/,\\{ 0 \i\\)g ceRp PUM runs intemalty other pin-shared function
(
M) :
L PO PWM Mode - Edge Aligned
g

Note: 1. Here TnCCLR =0 therefore CCRP clears counter and determines PWM period
2. Internal PWM function continues even when TnAIO1, TnAIOO ( or TnBIO1, TnBIOO) = 00 or 01
3. CCRA controls TPnA PWM duty and CCRB controls TPnB PWM duty
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TnCCLR =1
Counter & Mode Bits TnA(B)M1, TnA(B)MO = 10
Villis Counter Cleared by CCRA TnPWM1/TnPWMO = 00

CCRA

Counter reset when
Pause Resume TnON retumns high

Counter Stops
if TNON bit low

CCRB

P Time

TnON bit

TnPAUBR ||

TnBPOL bit i 1 . !

ccRAIt | | | N
Flag TnAF ; \

CCRBINt | 1 ] |‘|

Flag TnBF "

TPNB Pin | 3 |—| :
Tpoe ) oA .
TPnE Pin @_l |_|;

™mBOC=0| I ;

B Duty Cycle \/Vr\ \ AT WV
| ' H — ( \ — \ PWM resumes
I set by CCRB ' \ \\\ \\ \ X \J - ‘/\ \\ \ \\\,// operation Qutput Inverts
PR N\ ‘C\ A Y\ \ When ThBPOL = 1
‘ ; o\ (L Toll2e2\D Output controlled by
' PWM Period - AR N— \ VAN (‘) other pin-shared function
i setby CCRA\ \ |\ 7\ \ '~ > —_ < p
~ \ /\ \J {

A
)\ \ \
2 ‘/\/ \J V\ \\@Mﬂnode Edge Aligned

Iﬁ@ré/%;CCLR = 1/@ réfora@éRA clears counter and determines PWM period
ntern WM pri:‘tL n’contlnues even when TnBIO1, TnBIOO = 00 or 01
CCRAI&B Tpls{fPJnB PWM period and CCRB controls TPnB PWM duty
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TnCCLR =0;
Gounter Mode Bits TnA(B)M1, TnAB)MO = 10
Value 4 TnPWMA/TnPWMO = 11
CCRP - - - = TTTTTTTTTT TS Counter reset when
Counter S —
] ause Resume FTnON bitlw 17O retums high
CCRA A DU S U Z «
CCRB 4 T - 74 AR S N NS / (S S
: : ' 3 v v i
: - : ]. L » Time
TRON bit 1 ; : : I T ‘ T
TNPAU bit ;
TRAPOL bit :
CCRA Int. i ; i 3 o
Flag TnAF n I-l : 1 3 |_| . :
CCRB Int. no i : 3 i
Flag TnBF |_| : ‘ ' ‘ : |_| :
CCRP Int. I N L
Flag TnPF - 3
i i ! i + TnAIO1, TnAIOO = 10
B {TRAIOT, TnAIOD = 1D PWM Output ; P Output
TPDA Pin — ‘ —
ThAOC = 1 : : ! \
i H S Duty Cyele
H H ! | setbyCyCEREA H utput Inverts.
H H ! H When TnAPOL = 1
TPNB Pin 1 l—
TnBOC =1 § : ]
TPNB Pin :
TnBOC =0 ! A\
: Dm(eyc\e\) 0\ /6\ \ PWM resumes
; — \e’ﬁ RYZ\ \\ operation
:‘\"\(ﬁ 3\ "\” - (= ) Output controlled by
;\ \\ \\ /Mpen/mhwcmp ! ;\;\%/ /f) umermﬁ?;'\ar;d function
~ \ ¢ —
: 0 Vv w\\v( 2
an (2D k// P ;@!dde Centre Aligned

\ 7\ \ \\ \ WM1/TnP)NM6%}]\1 \therefore PWM is centre aligned

\ / 3 Intern
4. CCR

@l(vl

ére\‘lLﬁK}CfR 0 the;ef‘oh; QOR\P clears counter and determines PWM period

7/
\I%Qtlon continues even when TnAlO1, TnAIOO ( or TnBIO1, TnBIOO) = 00 or 01
nA PWM duty and CCRB controls TPnB PWM duty

5. CCRP will generate an interrupt request when the counter decrements to its zero value.
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TnCCLR = 1
Mode Bits TnA(B)M1, TRA(B)MO = 10
TRPWMA1/TnPWMO = 11

Counter
Value 4
Counter reset when
' ' ' Counter Stops 10 retums high
i : Resume ' it TNON bit low
Pause
e T T e L R S e
Time
TnON bit ; ! T ; T T !
ToPAUBIL] | | i R | el
TnBPOL bit
CCRBIt| | : Lo : oo ;
Flag TnBF ' [-l : |_| ; n M n : ;
ccRAML| || ; bR P 5 ‘ AN
Flag TRAF ——— n ] ; I : il : >\\A\
! : : : | : ! E\=
TPnB Pin 1 1 : -
TnBOC =1 ; Y (& \\.
| | | I H \ { '
! | : [GANAA V\[ 2 ( '
TPnB Pin : ; \ \\\\ | \ e AN
ThBOC =D w A [
™ A2 (O W LA e
| setbyCCRB | pumperod 10 O\ \\ V) ‘// \W\ peration | Output Inverts
< selwct}iﬁr;\\& \ N /C\\\ %) S When TnBPGL = 1
s \ —\ N\ Cutput conirolled by
\‘ Ul ) Q \\\ \\ \\‘// other pin-shared function
/ . \5‘/‘ U
N (\ m \MMode?Qo,rm\e Ali ﬁe

Note: 1. Here TnCCL 1 ih@'r/efefe CCRA c/ea{s cblm@\‘ aﬁd(c;jtermlnes PWM period

2. TnPW 1/@ MO =11 ther%xef\ﬁﬁm is centre aligned
h function tmes \/en when TnBIO1, TnBIOO = 00 or 01

!
\/\\ \/&4\ \C A cont/r})lﬁhe/ i PWM period and CCRB controls the TPnB PWM duty
\
) 5. CCRP(VQ/&;Q@@(; an interrupt request when the counter decrements to its zero value.

\ \
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Single Pulse Output Mode

To select this mode, the required bit pairs, ThAM1,
TnAMO and TnBM1, TnBMO should be set to 10 respec-
tively and also the corresponding TnAlO1, TnAIOO and
TnBIO1, TnBIOO bits should be set to 11 respectively.
The Single Pulse Output Mode, as the name suggests,
will generate a single shot pulse on the TM output pin.

The trigger for the pulse TPnA output leading edge is a
low to high transition of the TnON bit, which can be im-
plemented using the application program. The trigger
for the pulse TPnB output leading edge is a compare
match from Comparator B, which can be implemented
using the application program. However in the Single
Pulse Mode, the TnON bit can also be made to automat-
ically change from low to high using the external TCKn
pin, which will in turn initiate the Single Pulse output of
TPnA. When the TnON bit transitions to a high level, the
counter will start running and the pulse leading edge of

S/W Command Leading Edge

SET T"O';‘r_ ThON bit

. - 0
TCKn Pin Transition — x
2 0

i

@Qomput Pin

,@@®

@%

Q@llmg Edge

TPnA will be generated. The TnON bit should remain
high when the pulse is in its active state. The generated
pulse trailing edge of TPnA and TPnB will be generated
when the TnON bit is cleared to zero, which can be im-
plemented using the application program or when a
compare match occurs from Comparator A.

However a compare match from Comparator A will also
automatically clear the TnON bit and thus generate the
Single Pulse output trailing edge of TPnA and TPnB. In
this way the CCRA value can be used to control the
pulse width of TPnA. The CCRA-CCRB value can be
used to control the pulse width of TPnB. A compare
match from Comparator A and Comparator B will also
generate TM interrupts. The counter can only be reset
back to zero when the TnON bit changes from I

high when the counter restarts. In the Sl
Mode CCRP is not used. The T
used.

T 6@ m@&

and

TnON"

i @IK or
@ @ —— CCRA Match Compare

Pulse Width = CCRA Value

—

EXTPnB Output Pin

e

Pulse Width = CCRA-CCRB Value

Single Pulse Generation
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TnAM1, TnAMO and TnBM1, TnBMO = 10;

Counter —
o Counter Stopped TnAIO1, TnAIOO and TnBIO1, TnBIOO = 11
‘/ by CCRA \
CCRA
Counter reset
Counter Stops when TnON
| Pause Resume by software returns high
CCRB
4
\ A
» Time
TnON bit —
Auto. set
K f by TCKn pin K K
Software Cleared by Softwart Software Software
TCKn pin Trigger CCRA match R Trigger Clear Trigger
TCKn pin
Trigger
TnPAU bit
TnAPOL, (V E \
TnBPOL bit
CCRB Int 2
Flag TnBF 1 1 1
CCRA It. @W C
Flag TnAF i,
TnAIO1, TnAIOO and TrBIO1, TnBIC] 2 (e 0
TnAIO1, TnAIDO and TrBIDT, TBIOS -0 Gutput Inactive g\ ? ]
=11 Single Hulse Output ] > TaAGT Q0am Toeikreion .y
TPnA Pin S \
ThAOC = 1 \VJ (%
L (in - \
TPnA Pin M 2 (\D
TnAOC=0 — f
» 1 0 o U Output fnvertss
Pulse Width AL, TAAIOO and ThADA, FoAIaTapd TAEIOH, TrBIOO0 = 11 When ThAPOJ. E 1
setby dCl TnBIOO =00 ResureSi {lse Output
0 fovel b oupag kenpe-
TPnB Pin /o evel @Wfs\ 0
_ = = running | T
TnBOC = 1 { 0\ B
Rulse Width
K\ et by CCRAZ CCRE K
[ ]
(s 7

ETM - Single Pulse Mode

Output Inverts
WhenTnBPOL =1
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Capture Input Mode

To select this mode bits ThAM1, ThAMO and TnBM1,
TnBMO in the TMnC1 and TMnC2 registers should be
set to 01 respectively. This mode enables external sig-
nals to capture and store the present value of the inter-
nal counter and can therefore be used for applications
such as pulse width measurements. The external signal
is supplied on the TPnA and TPnB pins, whose active
edge can be either a rising edge, a falling edge or both
rising and falling edges; the active edge transition type
is selected using the TnAIO1, TnAIOO and TnBIO1,
TnBIOO bits in the TMnC1 and TMnC2 registers. The
counter is started when the TnON bit changes from low
to high which is initiated using the application program.

When the required edge transition appears on the TPnA
and TPnB pins the present value in the counter will be
latched into the CCRA and CCRB registers and a TM in-
terrupt generated. Irrespective of what events occur on
the TPnAand TPnB pins the counter will continue to free
run until the TnON bit changes from high to low. When a
CCRP compare match occurs the counter will reset

Counter
C
Value T

ik

i

. P/\( @\%

back to zero; in this way the CCRP value can be used to
control the maximum counter value. When a CCRP
compare match occurs from Comparator P, a TM inter-
rupt will also be generated. Counting the number of
overflow interrupt signals from the CCRP can be a use-
ful method in measuring long pulse widths. The TnAIO1,
TnAIOO and TnBIO1, TnBIOO bits can select the active
trigger edge on the TPnA and TPnB pins to be a rising
edge, falling edge or both edge types. If the TnAIO1,
TnAIOO and TnBIO1, TnBIOO bits are both set high,
then no capture operation will take place irrespective of
what happens on the TPnA and TPnB pins, however it
must be noted that the counter will continue to run.

As the TPnA and TPnB pins are pin shared with other
functions, care must be taken if the TM is in the Cap
Input Mode. This is because if the pin is setup

put, then any transitions on this pi m@y

capture operation to be ex
TnAOC, TnBOC, TnAdQ \n
used in this mod O 0
%
| TnAM1, ThRAMO = 01 |

o '\@ cs
A /@/‘\A

|nput
nCCLR
OL bits are not

~
' ﬁ"‘*( ~ /% 0\
y overflow ) [
cowe] o SO NN g
w .4\ AW ,
ovnh(o . A N\ (9
g A4 \ \\ Fausa Resums
! \
ABANE i P —
\ S\ / V) \\ = Time
)
TnON bit
TnPAU bit B
Active ! Active :gg;e T
TM Capture Pin | edge 1) edge F’
Fiog ToAF I I I
St l g g g
‘\:,Caﬁ’; XX Yy XX Yy |
TnAIO1, Tr{;:gg 00 - Rising edge 01 - Falling edge | 10 - Both edges | 11 - Disable Capture |
ETM CCRA Capture Input Mode
Note: 1. TnAM1, TnAMO = 01 and active edge set by TnAIO1 and TnAIOO bits

2. TM Capture input pin active edge transfers counter value to CCRA

3. TnCCLR bit not used

4. No output function - TNAOC and TnAPOL bits not used

5. CCRP sets counter maximum value
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| TnBM1, TnBMO = 01 |

Counter Counter

Value A overflow
CCRP Counter
P Reset

Yy

XX

» Time

TnON bit

TnPAU bit

Active
Active Active edgesmal

TM Capture Pin | edge ] edge F’

CCRB Int.
Flag TnBF

—a
1l
CCRP Int. j j j j

Flag TnPF O
QY
2

—
—

g

—

Ld -

CCRB

Value XX YY XX YY

TnBIO1, TnBIOO

;
7
Value 00- Rising edge 01 - Falling edge | 10 - Both edges | (ﬂ/\u}lﬁﬁ(é %ué |

~a
ETM CCRB Capture tméﬂ Q [Sf(%&)

Note: 1. TnBM1, TnBMO = 01 and active edge set m and TnBIOO
2. TM Capture input pin active edge/tnén f@s‘ ter value@; p@Ré
3. TnCCLR bit not used \

U
4. No output function ﬁﬁbQCKaP/d TnBPOL b&%@%@

5. CCRP sg 06 ermlaxmumd/alm %
DGR

\S&V Ek@
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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 con-
version 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 Overview

The devices contains a multi-channel analog to digital
converter which can directly interface to external analog
signals, such as that from sensors or other control sig-

Input A/D Channel Input
GCLELL Channels | Select Bits Pins
HT66F03C ACS4,
HT66F04C 4 Acs1~Acso | ANO-AN2

The accompanying block diagram shows the overall in-
ternal structure of the A/D converter, together with its as-
sociated registers.

A/D Converter Register Description

Overall operation of the A/D converter is controlled us-

ing six registers. A read only register pair exists to stere

the ADC data 12-bit value. The remaining three o(\ ﬁ}\r
\

nals and convert these SignaIS directly into either a registers are control registers which Setup/tahg\o Ququ
12-bit digital value. and control function of the A/D cdé&(\/\e\n@er.@)\v
JANRN
N7 LMW
) W@‘ =
(o A\ ( (9 PN
A \ O) — ZA
St
Register Bi{\ & @v&&ﬁw
Name 7 6 5 ok N \% [P 1 0
ADRL(ADRFS=0) D3 D2 p1h U\ -Bo e\ — —
ADRL(ADRFS=1) | D7 D6 | 0\ b5’ D4~ \( (D3 D2 D1 DO
ADRH(ADRFS=0) | D11 \@3\1(6 " pg @8\~ D7 D6 D5 D4
ADRH(ADRFS=1) | AL |\ "V ~ \ D11 D10 D9 D8
ADCRO 0 %(2 START | EOCB(( ADOFF | ADRFS | — | Acst | ACsO
ADCRY 0\ | ACS4 W _ VREFS _ ADCK2 | ADCK1 | ADCKO
[ C
ACERL- | — — ACE3 | ACE2 | ACE1 | ACEO
\

(
Lﬁ/&b\ =) HT66FO3C/HT66F04C A/D Converter Register List

A/D Converter Data Registers - ADRL, ADRH

As the devices contain an internal 12-bit A/D converter, they require two data registers to store the converted value.
These are a high byte register, known as ADRH, and a low byte register, known as ADRL. After the conversion process
takes place, these registers can be directly read by the microcontroller to obtain the digitised conversion value. As only
12 bits of the 16-bit register space is utilised, the format in which the data is stored is controlled by the ADRFS bit in the
ADCRO register as shown in the accompanying table. DO~D11 are the A/D conversion result data bits. Any unused bits

will be read as zero.

ADRH ADRL
ADRFS
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
0 D11 |D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO 0 0
1 0 0 0 0 D11 |D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
A/D Data Registers
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A/D Converter Control Registers —
ADCRO, ADCR1, ACERL

To control the function and operation of the A/D con-
verter, three control registers known as ADCRO,
ADCR1, and ACERL are provided. These 8-bit registers
define functions such as the selection of which analog
channel 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 con-
verter end of conversion status. The ACS1~ACSO0 bits in
the ADCRO register and ACS4 bit is the ADCR1 register
define the ADC input channel number. As the device
contains only one actual analog to digital converter
hardware circuit, each of the individual 4 analog inputs
must be routed to the converter. It is the function of the
ACS4, ACS1 and ACSO bits to determine which analog
channel input pins or internal 1.25V reference is actually
connected to the internal A/D converter.

The ACERL control register contains the ACE2~ACEQ
bits which determine which pins on Port A 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. Setting
the corresponding bit high will select the A/D input func-
tion, clearing the bit to zero will select either the 1/0 or
other pin-shared function. When the pin is selected to be
an A/D input, its original function whether it is an 1/0O or
other pin-shared function will be removed. In addition,
any internal pull-high resistors connected to these pins
will be automatically removed if the pin is selected to be
an A/D input. Note also that the AN3 pin-shared with
PA3 is not bonded to the external pin and therefore can
not be used as the analog input for A/D conversion.

ACS4,

V125EN ACS1~ACS0

A/D Reference Voltage

j

ADRL
ADRH

A/D Data

A/D Converter h
Registers

Vss ADRFS

bit

START EOCB ADOFF
A/D Converter Structure
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* ADCRO Register
+ HT66F03C/HT66F04C

Bit 7 6 D) 4 3 2 1 0
Name START EOCB ADOFF ADRFS — — ACS1 ACSO0
R/W R/W R R/W R/wW — — R/wW R/wW
POR 0 1 1 0 — — 0 0
Bit 7 START: Start the A/D conversion
0—»1-0 :start
01 : reset the A/D converter and set EOCB to 1"
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. When the bit is set
high the A/D converter will be reset.
Bit 6 EOCB: End of A/D conversion flag
0: A/D conversion ended /N \
1: A/D conversion in progress ﬂ
This read only flag is used to indicate when an A/D conversion process has %(Eletz en
the conversion process is running the bit will be high.
Bit 5

ﬂ\ 0 &\\JﬁFs ADC

Bit 3~2
Bit 1~0

0: ADC module power on

ADOFF : ADC module power on/off control bit ) j@

1: ADC module power off

G

This bit controls the power to the A/D tlsnﬂ W\hls bit s % red to zero to
enable the A/D converter. If the bit s e the A/D con)\/% be switched off reducing
the device power consumptlon@ conveﬁeW@ limited amount of power,
even when not executlngff ion, this mry\bé\ n)i ant consideration in power sensitive

battery powe @\ g
Note: 1Aiti fe ra/\rm’;‘n ded to set Al?@@:}//)be{fﬁ% entering IDLE/SLEEP Mode for saving
\/ADOFF 1, @ﬁ@w the ADC module.

Control
is ADRH bit 7, LSB is ADRL bit 4
MSB is ADRH bit 3, LSB is ADRL bit 0
ntrols the format of the 12-bit converted A/D value in the two A/D data registers.
Detalls are provided in the A/D data register section.

unimplemented, read as "0”

ACS1, ACSO0: Select A/D channel (when ACS4 is "0")
00: ANO
01: AN1
10: AN2
11: can not be used.

These are the A/D channel select control bits. As there is only one internal hardware A/D
converter each of the three A/D inputs must be routed to the internal converter using these bits.
If bit ACS4 in the ADCR1 register is set high, then the internal 1.25V reference will be routed to
the A/D Converter. Note that AN3 is not bonded out to the external pin and can not be used for
A/D conversion.
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* ADCR1 Register
+ HT66F03C/HT66F04C

Bit 7 6 D) 4 3 2 1 0
Name ACS4 V125EN — VREFS — ADCK2 ADCK1 ADCKO
R/wW R/W R/W — R/wW — R/W R/wW R/wW
POR 0 0 — 0 — 0 0 0
Bit 7 ACS4: Selecte Internal 1.25V as ADC input Control
0: Disable
1: Enable
This bit enables 1.25V to be connected to the A/D converter. The V125EN bit must first have
been set to enable the bandgap circuit 1.25V voltage to be used by the A/D converter. When the
ACS4 bit is set high, the bandgap 1.25V voltage will be routed to the A/D converter and the other
A/D input channels disconnected. A
Bit 6 V125EN: Internal 1.25V Control /6\
0: Disable ﬂw
1: Enable /\\A
This bit controls the internal Bandgap circuit on/off function to the A/D/o hen the bit
is set high the bandgap voltage 1.25V can be used by the A V is not used by
the A/D converter and the LVR/LVD function is disabled the tﬁe a p referenceet(cunt will be
automatically switched off to conserve power. When? is s itched on for
converter, a time tgg should be allowed forthe n éb uit to stabll b?af ementmg
an A/D conversion. s /\
i ng \K / & \\
Bit 5 unimplemented, read as "0 )
Bit 4 VREFS: Selecte ADC r g o \\( @\\g
0: Internal ADC po@ \ O N
1: VREF gino )| ( QA /\ %\é)
This \ i% used to select the en\(s Q;Itage for the A/D converter. If the bit is high, then the
Q § rter referen supplled on the external VREF pin. If the pin is low, then the
a /f T\ al referen e ch is taken from the power supply pin VDD. When the A/D converter
A mw reference y@ Supplled on the external VREF pin which is pin-shared with other functions,
\\M\A Ilgfm ed functions except VREF on this pin are disabled.
it 3 }@J nted read as "0"
Bit 2~0 ADCK2, ADCK1, ADCKO: Select ADC clock source
000: fsys
001: fgys/2
010: fgyg/4
011: fsys/8
100: fgys/16
101: fsys/32
110: fsys/64
111: Undefined
These three bits are used to select the clock source for the A/D converter.
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* ACERL Register
+ HT66F03C/HT66F04C

Bit 7 6 D) 3 2 1 0
Name — — — ACE3 ACE2 ACE1 ACEO
R/W — — — R/W R/wW R/wW R/wW
POR — — — 1 1 1 1
Bit 7~4 unimplemented, read as "0”

Bit 3 ACES3: Define PA3 is A/D input or not

0: Not A/D input
1: A/D input, AN3

ANS pin-shared with PA3 is not bonded out to the external pin and can not be used for A/D
conversion. Under the considerations of power consumption, this bit should not be set to "0".

Bit 2 ACE2: Define PA2 is A/D input or not

0: Not A/D input
1: A/D input, AN2

Bit 1 ACE1: Define PA1 is A/D input or not

0: Not A/D input
1: A/D input, AN1

Bit 0 ACEQO: Define PAO is A/D input or not

0: Not A/D input
1: A/D input, ANO

A/D Operation Q

The START @%\&ERO registen {e@
and verter. Wi ontroller
ts\Fj; r‘ﬁlow to hi d>t d Wagam an ana-
Ik) ital conve be initiated. When the
ART bit is bro 9 )Z to high but not low again,
the EOCB bit in thé ADCRO register will be set high and
the analog to digital converter will be reset. It is the
START bit that is used to control the overall start opera-
tion of the internal analog to digital converter.

The EOCB bit in the ADCRO register is used to indicate
when the analog to digital conversion process is com-
plete. This bit will be automatically set to "0” by the
microcontroller after a conversion cycle has ended. In
addition, the corresponding A/D interrupt request flag
will be set in the interrupt control register, and if the inter-
rupts are enabled, an appropriate internal interrupt sig-
nal will be generated. This A/D internal interrupt signal
will direct the program flow to the associated A/D inter-
nal interrupt address for processing. If the A/D internal
interrupt is disabled, the microcontroller can be used to
poll the EOCB bit in the ADCRO register to check
whether it has been cleared as an alternative method of
detecting the end of an A/D conversion cycle.

ne e

g

(O
A

2l @
aw &}@N

\% \f a

%\
\\ NC
ORI PG

m@ff

%e cl ock source for the A/D converter, which originates

from the system clock fgys, can be chosen to be either
fsys or a subdivided version of fgys. The division ratio
value is determined by the ADCK2~ADCKO bits in the
ADCR1 register.

Although the A/D clock source is determined by the sys-
tem clock fsys, and by bits ADCK2~ADCKO, there are
some limitations on the maximum A/D clock source
speed that can be selected. As the minimum value of per-
missible A/D clock period, tapck, is 0.5us, care must be
taken for system clock frequencies equal to or greater
than 4MHz. For example, if the system clock operates at
a frequency of 4MHz, the ADCK2~ADCKO bits should
not be set to "000”. Doing so will give A/D clock periods
that are less than the minimum 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, depending upon the de-
vice, special care must be taken, as the values may be
less than the specified minimum A/D Clock Period.
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A/D Clock Period (tapck)
ADCK2, ADCK2, ADCK2, ADCK2, ADCK2, ADCK2, ADCK2, ADCK2,
5 ADCK1, ADCK1, ADCK1, ADCK1, ADCK1, ADCK1, ADCK1, ADCK1,
ADCKO ADCKO ADCKO ADCKO ADCKO ADCKO ADCKO ADCKO
=000 =001 =010 =011 =100 =101 =110 =111
(fsys) (fsys/2) (fsys/4) (fsys/8) (fsys/16) | (fsys/32) | (fsys/64)
1MHz Tus 2us 4us 8us 16us 32us 64us Undefined
2MHz 500ns 1us 2us 4us 8us 16us 32us Undefined
4MHz 250ns* 500ns 1us 2us 4us 8us 16ps Undefined
8MHz 125ns* 250ns* 500ns 1us 2us 4us 8us Undefined
12MHz 83ns* 167ns* 333ns* 667ns 1.33us 2.67ps 5.33us Undefined
AID Clock Period Examples
0\

Controlling the power on/off function of the A/D con-
verter circuitry is implemented using the ADOFF bit in

\

[«\
The A/D converter has its own referenc?w‘@qgﬂ%
VREF, however the reference vol e sup-

the ADCRO register. This bit must be zero to power on plied from the power supply |ch is made
the A/D converter. When the ADOFF bit is cleared to through the VREE trmf @ 1 reglster The ana-
zero to power on the A/D converter internal circuitry a log mputvalues my n Vb llowed to e Ed the value
certain delay, as indicated in the timing diagram, must of VRE m
be allowed before an A/D conversion is initiated. Even |f /s P@/AN&\QA\mez
no pins are selected for use as A/D inputs by cleari \\ / ___________ 125V
the ACE2~ACEOQ bits in the ACERH reglsters ﬁw%x AC% %/
ADOFF bit is zero then some power W|II | rb @h ?(C
sumed. In power conscious a s\| | e)refore/\ P ( Q ) Input Voltage Buffer V125EN
recommended that the A«&O F9| se h@h to reduce O/\}\ \{J)
power consumptlon converter fuM |s
not being us@« 0\ ﬁ F\ 12-bitADC | VREFS F{Beigff:fe
The W% ge supply aneﬂer can VDD Voltage
rom eithe power supply pin, VREF PA1/VREF

\QI} or from an ﬁl@ ence sources supplied on

pin VREF. The e1jct|on is made using the A/D Input Structure

VREFS bit. As the VREF pin is pin-shared with other
functions, when the VREFS bit is set high, the VREF pin
function will be selected and the other pin functions will
be disabled automatically.

A/D Input Pins

All of the A/D analog input pins are pin-shared with the
I/O pins on Port A as well as other functions. The ACE2~
ACEQO bits in the ACERL register, determine whether the
input pins are setup as A/D converter analog inputs or
whether they have other functions. If the ACE2~ACEQ
bits for its corresponding pin is set high then the pin will
be setup to be an A/D converter input and the original
pin functions 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 setup through register programming, will be
automatically disconnected if the pins are setup as A/D
inputs. Note that it is not necessary to first setup the A/D
pin as an input in the PAC port control register to enable
the A/D input as when the ACE2~ACEQO bits enable an
A/D input, the status of the port control register will be
overridden.

Summary of A/D Conversion Steps

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

e Step 1
Select the required A/D conversion clock by correctly
programming bits ADCK2~ADCKO in the ADCR1 reg-

ister.

Step 2
Enable the A/D by clearing the ADOFF bit in the
ADCRO register to zero.

Step 3

Select which channel is to be connected to the internal
A/D converter by correctly programming the ACS4,
ACS1 and ACSO bits which are also contained in the
ADCR1 and ADCRO register.

Step 4

Select which pins are to be used as A/D inputs and
configure them by correctly programming the
ACE2~ACEDQO bits in the ACERH register.
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e Step 5
If the interrupts are to be used, the interrupt control
registers must be correctly configured to ensure the
A/D converter interrupt function is active. The master
interrupt control bit, EMI, and the A/D converter inter-
rupt bit, EADI, must both be set high to do this.

e Step 6
The analog to digital conversion process can now be
initialised by setting the START bit in the ADCR regis-
ter from low to high and then low again. Note that this
bit should have been originally cleared to zero.

e Step 7

To check when the analog to digital conversion pro-
cess is complete, the EOCB bit in the ADCRO register
can be polled. The conversion process is complete
when this bit goes low. When this occurs the A/D data
registers ADRL and ADRH can be read to obtain the
conversion value. As an alternative method, if the in-
terrupts are enabled and the stack is not full, the pro-
gram can wait for an A/D interrupt to occur.

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

The accompanying diagram shows graphically the va% \K%/

ous stages involved in an analog to dlgltal
process and its associated timing. Afte
sion process has been |n|t|atgd’

gram, the mlcrocontroller\ rha ar,élware will b
carry out the %)nver sion, |ng hich tw@

29
can continu {h\vi tfu ctlons The@ rthe
sbck\ax@“

tanck whe):e %@%I to the A/D

\M/E)
Programmlng ngﬂér%gns

During microcontroller operations where the A/D con-
verter is not being used, the A/D internal circuitry can be
switched off to reduce power consumption, by setting bit
ADOFF high in the ADCRO 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.

m\/

The power-on reset condition of the A/D converter con-
trol registers will ensure that the shared function pins
are setup as A/D converter inputs. If any of the A/D con-
verter input pins are to be used for other functions, then
the A/D converter control register bits must be properly
setup to disable the A/D input configuration. Note that
A/D input, AN3, which is pin-shared with PA3, and al-
though not visibly present on the package, actually ex-
ists but is not bonded out to an external pin. The pin
must however still be properly managed. As AN3 is not
bonded to as external pin, it therefore can not be used
as an A/D converter input.

A/D Transfer Function

As the devices contain a 12-bit A/D converter,{its
full-scale converted digitised value is equal

Since the full-scale analog input value | ?
Vpp or Vger Voltage, this gives a og input
value of VDD or VREF d|V|de

:ﬁpﬁ % REF) 40%
pu
ng the fqﬂownfééi

input volta
A/@q&p @ value x (Vpp or VRer) = 4096

The A/D

ation prQ/\ gﬁam shows the ideal transfer function between

Iog 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 off-
set, and the last full scale digitised value will change ata
point 1.5 LSB below the Vpp or Vggr level.

A/D Programming Example

The following two programming examples illustrate how
to setup and implement an A/D conversion. In the first
example, the method of polling the EOCB bit in the
ADCRO 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.
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ADOFF |
tonzsT
» * v
ADC Module if off
el on A/D sampling time A/D sampling time on
k_tADs "' k_tADs "'
START
EOCB
ACS4, ACST1,
vt 0118 X 0108 X 0008 X 0018
EOWGF'O" Start of AID Start of AID Start of AID
eset conversion conversion conversion
Reset AID Reset A/ID Reset A/D
converter converter converter
End of AID End of AID
1: Define port configuration conversion conversion
2: Select analog channel
le— taoc —] le— taoc —»]

A/D conversion time A/D conversion time

A/D Conversion Timing

@?@@;

@

B
| e

Vop or VREF

'
T T T D)

0 1 2 3
Analog Input Voltage
Ideal A/D Transfer Function

4093 4094 4095 4096

4096 )
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Example: using an EOCB polling method to detect the end of conversion
; disable ADC interrupt

clr ADE

mov a,03H
mov ADCR1,a
clr ADOFF
mov a,0Fh
mov ACERL, a
mov a,00h
mov ADCRO, a

start conversion:

clr START

set START

clr START
polling EOC:

sz EOCB

jmp polling EOC

mov a,ADRL

mov ADRL buffer,a
mov a,ADRH

mov ADRH buffer,a
jmp start conversion

Example: using the interrupt method to detect the end

clr ADE
mov a,03H
mov ADCR1, a
Clr ADOFF
mov a,O0Fh
mov ACERL, a

%

ADCRO a @
converg n@
STAR

set STAR
clr START
clr ADF
set ADE
set EMI

o

select fsys/8 as A/D clock and switch off 1.25V

setup ACERL to configure pins ANO~AN3
enable and connect ANO channel to A/D converter

high pulse on start bit to initiate conversion
reset A/D
start A/D

poll the ADCRO register EOCB bit to detect end
of A/D conversion

continue polling

read low byte conversion result value
save result to user defined register
read high byte conversion result value
save result to user defined register

Al
@@
start next a/d convera.on%@ ‘ @@@

; disable A

n@ tch off 1.25V

as A/D c
t o ¥e/pins ANO~AN3

up ACERL
only for HT66F60

i

;"enable and connect ANO channel to A/D converter

high pulse on START bit to initiate conversion
reset A/D

start A/D

clear ADC interrupt request flag

enable ADC interrupt

enable global interrupt

; ADC interrupt service routine

ADC_ISR:
mov acc_stack,a
mov a, STATUS
mov status_ stack,a
mov a,ADRL
mov adrl buffer,a
mov a,ADRH
mov adrh buffer,a

EXIT INT ISR:
mov a,status_stack

mov STATUS, a
mov a,acc_stack
reti

save ACC to user defined memory

save STATUS to user defined memory

read low byte conversion result value
save result to user defined register
read high byte conversion result value
save result to user defined register

restore STATUS from user defined memory
restore ACC from user defined memory
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Comparators

An analog comparator is contained within these de- Comparator Interrupt
vices. These functions offer flexibility via their register
controlled features such as power-down, polarity select,
hysteresis etc. In sharing their pins with normal 1/O pins
the comparators do not waste precious I/O pins if there
functions are otherwise unused.

The comparator possesses its own interrupt function.
When the comparator output changes state, its relevant
interrupt flag will be set, and if the corresponding inter-
rupt enable bit is set, then a jump to its relevant interrupt
vector will be executed. Note that it is the changing state

CPOL  COUT of the COUT bit and not the output pin which generates
an interrupt. If the microcontroller is in the SLEEP or
c* CX IDLE Mode and the Comparator is enabled, then if the
C- CSEL external input lines cause the Comparator output to
change state, the resulting generated interrupt flag will
Comparator Y ) )
also generate a wake-up. If it is required to disable a
wake-up from occurring, then the interrupt flag should
Comparator Operation be first set high before entering the SLEEP JI%JJ_\E
The device contains a comparator function which is Mode. \A
used to compare two analog voltages and provide an Q
output based on their difference. Full control over the in- Programming Conmderatlo%
ternal comparators is provided via the control register If the comparatom'%e %ﬂ | remain active when
CPC assigned to the comparator. The comparator out- the m|cr CcO oII ren the SLE DLE Mode,
put is recorded via a bit in the control register, but can howeve |II nsume @ @mﬂ of power,
also be transferred out onto a shared 1/O pin. Additional er WISh to@ons& abling it before the
comparator functions include, output polarity, hysteresis' Q or IDLE M |\s nte
functions and power down control. /f (ﬂ As co r e shared with normal I/O pins the
Any pull-high resistors connected to u’r W com- 91$Mrthese pins will be read as zero (port con-
parator input pins will be aut/ connect ster is "1") or read as port data register value
when the comparator is ﬁbl d As%e compar in “\} port control register is "0") if the comparator function is
puts approac@t g level, so/mélw ut-""  enabled.
puts@n%@ rated on th output
gue the s rising or falll \)\}5 ‘the input sig-
r@@\ an be mini '§€6j\\ ctlng the hysteresis

lemft)on will appl la'sma ount of positive feedback
to the comparator. tdeally the comparator should switch
at the point where the positive and negative inputs sig-
nals are at the same voltage level, however, unavoid-
able input offsets introduce some uncertainties here.
The hysteresis function, if enabled, also increases the
switching offset value.
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* CPC Register

Bit 7 6 5 4 3 2 1 0
Name CSEL CEN CPOL COouT COs — — CHYEN
R/W R/W R/W R/W R R/W — — R/W
POR 1 0 0 0 0 — — 1
Bit 7 CSEL: Select Comparator pins or I/O pins
0: 1/0 pin select
1: Comparator pin select
This is the Comparator pin or I/O pin select bit. If the bit is high the comparator will be selected
and the two comparator input pins will be enabled. As a result, these two pins will lose their 1/0O
pin functions. Any pull-high configuration options associated with the comparator shared pins will
also be automatically disconnected.
Bit 6 CEN: Comparator On/Off control
0: Off 4\
1: On
This is the Comparator on/off control bit. If the bit is zero the comparator wﬂl@ﬁm@
and no power consumed even if analog voltages are applied to its inputs Yb itive
applications this bit should be cleared to zero if the comparator |s V%Ts &Xre the device
enters the SLEEP or IDLE mode 0
Bit 5 CPOL: Comparator output polarity )
0: output not inverted \\ﬂ
1: output inverted
This is the comparator polarity blt f b\/é zé:‘ro then th bt reflect the
non-inverted output condflgn arator. I@th b\i e comparator COUT bit will
be inverted. \
Bit 4 COUT: Compar tor@uwt 9\9
CPOL= O

\ \\W@

s&%1 ¢ \?@?\@&

AV
2l

n the comparator inputs and by the condition of the CPOL bit.

Bit 3 COS: Output path select
0: CX pin
1: Internal use
This is the comparator output path select control bit. If the bit is set to "0” and the CSEL bit is
"1" the comparator output is connected to an external CX pin. If the bit is set to ”1” or the
CSEL bit is "0” the comparator output signal is only used internally by the device allowing the
shared comparator output pin to retain its normal I/O operation.
Bit 2~1 unimplemented, read as "0”
Bit 0 CHYEN: Hysteresis Control
0: Off
1: On
This is the hysteresis control bit and if set high will apply a limited amount of hysteresis to the
comparator, as specified in the Comparator Electrical Characteristics table. The positive feedback
induced by hysteresis reduces the effect of spurious switching near the comparator threshold.
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Interrupts
Interrupts are an important part of any microcontroller ing convention of these follows a specific pattern. Firstis
system. When an external event or an internal function listed an abbreviated interrupt type, then the (optional)
such as a Timer Module or an A/D converter requires number of that interrupt followed by either an "E” for en-
microcontroller attention, their corresponding interrupt able/disable bit or "F” for request flag.
will enforce a temporary suspension of the main pro-
gram allowing the microcontroller to direct attention to Function Enable | Request | . . o
their respective needs. The device contains several ex- — Flag
ternal interrupt and internal interrupts functions. The ex- Global EMI — —
ternal interrupt is generated by the action of the external )

INT P INTE INTF —
INT pin, while the internal interrupts are generated by n
various internal functions such as the TMs, Comparator, Comparator CPE CPF —
Time Base, LVD, EEPROM, SIM and the A/D converter. A/D Converter ADE ADF .
Interrupt Registers Multi-function MFnE MFnF | n=0~2 ﬁ
Overall interrupt control, which basically means the set- Time Base TBnE TBnF ﬂ\ﬁ@
ting of request flags when certain microcontroller condi- % }t
) ) . . LVD \<
tions occur and the setting of interrupt enable bits by the ) \
application program, is controlled by a series of regis- EEPROM \DEAEQ \/Lﬁ%F —
ters, located in the Special Purpose Data Memory, as

, pec P . & a ojRPE TAPFE (4 \

shown in the accompanying table. The number of regis- mﬂ = /Ké‘&pé:0~2
ters depends upon the device chosen but fall into three TMQ& \A\V\ TnAE N %N\,/
categories. The first is the INTCO~INTC2 registe 2 )\ \ WBE L TnBF n=2

which setup the primary interrupts, the second i /8
MFI0~MFI2 registers which setup the Mulpz;fuﬁ:\\

In(erfgpt\ﬁé\é{s%e)r Bit Naming Conventions

terrupts. Finally there is an INT s’ce\\td) tﬁp the \\\/

external interrupt trigger edge % </J

Each register co;xtal r@mbe%fenabl&bl /Ebl

or disable ind }E}(\‘ r)s aswell as sto

|ndlcét§j\€§%\e e of an |né@ he nam-

o
\\ \ b 7
2)
¢ Interrupt Regl ontents
+ HT66F03C
Bit
Name
7 6 5 4 3 2 1 0

INTEG — — — — INTS1 INTSO
INTCO — MFOF CPF INTF MFOE CPE INTE EMI
INTCA1 TBOF ADF MF2F — TBOE ADE MF2E —
INTC2 — — — TB1F — — — TB1E
MFI0 T1AF T1PF TOAF TOPF T1AE T1PE TOAE TOPE
MFI1* Reserved
MFI2 — ‘ — ‘ DEF ‘ LVF ‘ — ‘ — ‘ DEE ‘ LVE

* MFI1 register is reserved for advanced expansion. It is recommended that do not access the MFI1 register and
keep its initial setting to avoid malfunction.

Rev. 1.10 106 March 16, 2012



HOLTEK i ’

HT66F03C/HT66F04C/HT68F03C/HT68F04C

+ HT66F04C
Bit
Name
7 6 5 4 3 2 1 0
INTEG — — — — INTST | INTSO
INTCO — MFOF CPF INTF MFOE CPE INTE EMI
INTC1 TBOF ADF MF2F MF1F TBOE ADE MF2E MF1E
INTC2 — — — TBIF _ _ _ TBIE
MFIO T1AF T1PF TOAF TOPF T1AE T1PE TOAE TOPE
MFI1 T2BF T2AF T2PF — T2BE T2AE T2PE
MFI2 - — DEF LVF - - DEE LVE
0\
+ HT68F03C/HT68F04C (0
Bit o\ %
Name
7 6 5 4 3 2 " 0
INTEG — — — — o\ (P INTs /1 INTSO
\ O
INTCO — MFOF CPF INTF Mﬁﬁ\ “CPE (P EMI
TN L1 A
INTC1 TBOF — MF2F | o=\ (\ | TBOE - ‘ANVFFZE —
{ E \}\ ‘U‘/‘\ a7 \\ -
INTC2 _ _ — (ab BtF _ \(& ) - TBIE
v \ P TV VAR
MFI0 T1AF T1PF \Tm@ﬁ\f TOPF 7\\T1AE/' | T1PE TOAE TOPE
TSTU T - \
MFI1* o o\ (W (ol d
MRz | =(0) “— | pef2\| “ive | — | — | DEE | L

{ \kegp ial setting t favp/ud alfunction
JN’I’EG Reglst&\\ 2\/

@tm&%\re/erved fcgiﬁxmoe@\expansmn It is recommended that do not access the MFI1 register and

Bit 6 5 4 3 2 1 0
Name — — — — — — INTS1 INTSO
R/W _ — — — — — R/W R/W
POR — — — — — — 1 1
Bit 7~2 unimplemented, read as "0"
Bit 1~0 INTS1, INTSO: interrupt edge control for INT pin
00: disable
01: rising edge
10: falling edge
11: rising and falling edges
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* INTCO Register

Bit 7 6 5 4 3 2 1 0
Name — MFOF CPF INTF MFOE CPE INTE 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 MFOF: Multi-function Interrupt 0 Request Flag
0: no request
1: interrupt request
Bit 5 CPF: Comparator interrupt request flag
0: no request
1: interrupt request
Bit 4 INTF: INT pin interrupt request flag A
0: no request /6\
1: interrupt request A )
, Mt o 2\ \
Bit 3 MFOE: Multi-function Interrupt 0 Control (SN &V
O N
0: disable K\ \ Q
1: enable ) N %\\ \AQ
Bit 2 CPE: Comparator interrupt control \% \ u> é\\
0: disable %\p . (p Lg)
1: enable N R\ \ (S
. . O N @ 5 0\ N
Bit 1 INTE: INT interrupt control \ 0 \V\ /\\\
0: disable ﬂ?\%@ : , (@@y
1: enable /f\ \J ) /Q (@\
Bit 0 EMI: Globa Hl ;@@:\\ukﬂ O\
O dlsable \%\O \é)
N\
. |NTC1 P)eg\ﬁeék / ? \@k/)
e %
Bit | 7] e 5 4 3 2 1 0
%
Name U’B})F ADF MF2F — TBOE ADE MF2E —
R/W R/W R/W R/W — R/W R/W R/W —
POR 0 (0] 0 — 0 0 0 —
Bit 7 TBOF: Time Base 0 Interrupt Request Flag
0: no request
1: interrupt request
Bit 6 ADF: A/D Converter Interrupt Request Flag
0: no request
1: interrupt request
Bit 5 MF2F: Multi-function Interrupt 2 Request Flag
0: no request
1: interrupt request
Bit 4 reserved and can not be used, read as "0”
Bit 3 TBOE: Time Base 0 Interrupt Control
0: disable
1: enable
Bit 2 ADE: A/D converter interrupt control
0: disable
1: enable
Bit 1 MF2E: Multi-function Interrupt 2 Control
0: disable
1: enable
Bit 0 reserved and can not be used, read as "0”
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¢+ HT66F04C
Bit 7 6 5 4 3 2 1 0
Name TBOF ADF MF2F MF1F TBOE ADE MF2E MF1E
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 TBOF: Time Base 0 Interrupt Request Flag
0: no request
1: interrupt request
Bit 6 ADF: A/D Converter Interrupt Request Flag
0: no request
1: interrupt request
Bit 5 MF2F: Multi-function Interrupt 2 Request Flag
0: no request
1: interrupt request 0\
Bit 4 MF1F: Multi-function Interrupt 1 Request Flag @\
0: 0 b)
: no request Z2\8
1: interrupt request AN w\g)y
Bit 3 TBOE: Time Base 0 Interrupt Control /\K \Q\)
0: disable )Y @)
1: enable a \o \ é\\
Bit 2 ADE: A/D converter interrupt control ﬁ\\ ( A /9% LO
0: disable (@ W A
1: enable YN /\\\
Bit 1 MF2E: Multi-function Interru ;@b@@ . (@@)\Q
- - (
0: disable /)9 AL /\9 (¢ @\
1: enable \\ \) /N
Bit 0 MF1E A&ul@}d@ Maferrupt Con@\}@
oase
? \
¢« BT géis 04C
(\ =3
\ A nEs 5 4 3 2 1 0
Name | B’R\QE — MF2F — TBOE — MF2E —
R/W — R/W — R/W — R/W —
POR 0 — 0 — 0 — 0 —
Bit 7 TBOF: Time Base 0 Interrupt Request Flag
0: no request
1: interrupt request
Bit 6 unimplemented, read as "0"
Bit 5 MF2F: Multi-function Interrupt 2 Request Flag
0: no request
1: interrupt request
Bit 4 reserved and can not be used, read as "0”
Bit 3 TBOE: Time Base 0 Interrupt Control
0: disable
1: enable
Bit 2 unimplemented, read as "0”
Bit 1 MF2E: Multi-function Interrupt 2 Control
0: disable
1: enable
Bit 0 reserved and can not be used, read as "0”
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* INTC2 Register

Bit 7 6 5 4 3 2 1 0
Name — — — TB1F — — — TB1E
R/W — — — R/W — — — R/W
POR — — — 0 — — — 0
Bit 7~5 unimplemented, read as "0”
Bit 4 TBA1F: Time Base 1 Interrupt Request Flag
0: no request
1: interrupt request
Bit 3~1 unimplemented, read as "0"
Bit 0 TB1E: Time Base 1 Interrupt Control
0: disable
1: enable 0\
(O
* MFIO Register o W
Bit 7 6 5 4 3 2 20\ (9 o
Name T1AF T1PF TOAF TOPF T1AE TIPE S/ fl';bA% TOPE
RIW RIW RIW RIW RIW R/W orRW (O Rw RIW
POR 0 0 0 0 0 A0 (D) 0
\C
Bit 7 T1AF: TM1 Comparator A match interrupt Te tflad ﬁ\ \§
0: no request &vj ¥ V?\\\Q
19}
1: interrupt request f O) \@u)
Bit 6 T1PF: TM1 Compargb( (ép\l’n/terrupt reque/s\t\fha@y
OnoreqL\( gu /\o\)
1: |nt@$pt\ &
Bit 5 Q 0 é/omparatgr é,t@)nterfupt request flag
‘ oTequest
\\\ k1 |nterr8 & ?\\
p
\@\4\“} T0 (ﬁ ;ﬁ%arator P match interrupt request flag
;S \%g est
te t request
Bit 3 T1AE: TM1 Comparator A match interrupt control
0: disable
1: enable
Bit 2 T1PE: TM1 Comparator P match interrupt control
0: disable
1: enable
Bit 1 TOAE: TMO Comparator A match interrupt control
0: disable
1: enable
Bit 0 TOPE: TMO Comparator P match interrupt control
0: disable
1: enable
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* MFI1 Register

o
\

¢+ HT66F04C
Bit 7 6 5 4 3 2 1 0
Name — T2BF T2AF T2PF — T2BE T2AE T2PE
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 T2BF: TM2 Comparator B match interrupt request flag
0: no request
1: interrupt request
Bit 5 T2AF: TM2 Comparator A match interrupt request flag
0: no request
1: interrupt request A
Bit 4 T2PF: TM2 Comparator B match interrupt request flag /6\
0: no request 0 .
1: interrupt request an @\ \ o
: \ LB
. | o an ¢
Bit 3 unimplemented, read as "0 /\{ \)Q
Bit 2 T2BE: TM2 Comparator P match interrupt control ) N7\
o o\ (%
0: disable \ o o
1: enable (@ B /p%{d \
Bit 1 T2AE: TM2 Comparator A match |nterrupt cqwf@ \\\\/\ A N \f\
0: disable /\\\
1: enable @\v @@)\Q
Bit 0 T2PE: TM2 Comparator \{hﬁ upt controlm / A
0: disable A\) Q \
1: enable () f&/ @\
. /N { \
MFI2 Register /| O | O fo
., Bit O\ |97 6 4 3 2 1 0
r\i\@&e — (22D DEF LVF — DEE LVE
v ( \
rRW [ — RIW RIW — — RIW RIW
POR | | = _ 0 0 _ — 0 0
Bit 7~6 unimplemented, read as "0"
Bit 5 DEF: Data EEPROM interrupt request flag
0: No request
1: Interrupt request
Bit 4 LVF: LVD interrupt request flag
0: No request
1: Interrupt request
Bit 3~2 unimplemented, read as "0"
Bit 1 DEE: Data EEPROM Interrupt Control
0: Disable
1: Enable
Bit 0 LVE: LVD Interrupt Control
0: Disable
1: Enable
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Interrupt Operation The various interrupt enable bits, together with their as-
sociated request flags, are shown in the accompanying
diagrams with their order of priority. Some interrupt
sources have their own individual vector while others

When the conditions for an interrupt event occur, such
as a TM Comparator P, Comparator A or Comparator B
match or A/D conversion completion etc, the relevant in-

terrupt request flag will be set. Whether the request flag §hare the same r.nultf-functi‘on interrupt vector.. Once an
actually generates a program jump to the relevant inter- interrupt subroutine is serviced, all the other interrupts
rupt vector is determined by the condition of the interrupt will be blocked, as the global interrupt enable bit, EMI bit

will be cleared automatically. This will prevent any fur-
ther interrupt nesting from occurring. However, if other
interrupt requests occur during this interval, although

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 the interrupt will not be immediately serviced, the re-
jump to the relevant interrupt vector. The global interrupt quest flag will still be recorded.
enable bit, if cleared to zero, will disable all interrupts. If an interrupt requires immediate servicing while the
When an interrupt is generated, the Program Counter, program is already in another interrupt service routine
which stores the address of the next instruction to be ex- the EMI bit should be set after entering the routine,
ecuted, will be transferred onto the stack. The Program low interrupt nesting. If the stack is full, the In @e)
Counter will then be loaded with a new address which quest will not be acknowledged ated
will be the value of the corresponding interrupt vector. interrupt is enabled, unt|I the O'M'S decre-
The microcontroller will then fetch its next instruction mented. If immediate SENY the stack must
from this interrupt vector. The instruction at this vector be prevented fro Cb ”4 uII In ca/e\of simulta-
will usually be a "JMP” which will jump to another sec- neous r % \ \shows the
\ﬁ plied. All o i H/)quest flags

routine. Here is located the code to control the appropri et will wake-u if it is in SLEEP or

/
ate interrupt. The interrupt service routine must ﬁ Qk/m‘ thMode ho tﬂ re I—?ntlz \t/)vaketubp :romtgccdur-
e ring ag should be set before the de-
vicy %\ or IDLE Mode.
] the

tion of program which is known as the interrupt serwce pric@t a\

minated with a "RETI”, which retrleves(th{o
Program Counter address from ixé \
microcontroller to contlnuawn irn I'execution at th 9 g

point where the mterru @
i k/ ?
\\& A}
Y\ﬁ ij\)ﬂ /“ \ %@U

[;\a
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Legend
Request Flag [/no auto reset in ISR EMI auto disabled in ISR ...,
Request Flag [ 1auto reset in ISR -
) Interrupt Request Enable Master Vector o
Enable Bt Name  Flags Bits Enable P:?grgy
|
| INTPin [INTF [~ INTE T—| EMI T %4H
fodie REE;ZSt e |comparator[ cPF — cPE T— E;MIW—— 08H
___________________________________ .
[m1p [ Tipr | T1Pe Y| M. Funct o] MFoF |—{ mFoE T EMI 1— oCH
[TM1al T1aF [ T1AE T .
1
[tmop [ TopF | ToPE 1 ! @
1
[TMoA [ ToAF |— ToAE ! @
|
1
1
1
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1
i
1
1
i
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Y
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Legend EMI auto disabled in ISR =-sesrs
Request Flag ['no auto reset in ISR H
Request Flag ~ auto reset in ISR nomupt RE&ZiSt Enable  Master Veotor _ priority
. High
Enable Bit [ NTPin [ INTF = INTE T EMq—

04
In'\izrrrnugt leg;:t E?;iltzle |Comparatorr CPF |—| CPEH EMIW—
14
1
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[TmM2A [ T2AF

[ Tm2B [ T2BF

7 B el

|eeprom[ DEF

W Fama 2 | B H{ e |
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Legend

Request Flag ['no aut
Enable Bit

oresetin ISR

Interrupt  Request
Name Flags

| INTPin [ INTF ] INTE T EMI 1—

[tmip [ TiPF ||

04H
L |comparator[ cPF ] cPE T— Egrvﬂ——
T1PE 1——o—|M Funct. 0[ MFOF | MFOE —| EMI 1—

| T™1 A[ TIAF |—|

[tmop [ ToPF ||

| TMOA[ TOAF |—|

|EEPROM[ DEF |—|

&

1
|
H
TOAE 1— i
1
H
DEE 1——'—| M. Funct. 2 [ MF2F |

[ o [ Lvr |

Interrupts contained within

Lve T— Time Base(Qr/'[QQF/\{ L}WBOE | W

EMI auto disabled in ISR =sxasra
Request Flag ["auto reset in ISR '
Interrupt Request Enable Master Vector o
Name  Flags Bits Enable Priority
High

A

Multi-Function Interrupts i @%é@\lﬁ'r TB1F —{ 20H Low
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External Interrupt A Multi-function interrupt request will take place when
any of the Multi-function interrupt request flags, MFnF
are set. The Multi-function interrupt flags will be set
when any of their included functions generate an inter-
rupt request flag. To allow the program to branch to its
respective interrupt vector address, when the
Multi-function interrupt is enabled and the stack is not
full, and either one of the interrupts contained within

The external interrupt is controlled by signal transitions
on the INT pin. An external interrupt request will take
place when the external interrupt request flag, INTF, 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 re-
spective interrupt vector address, the global interrupt
enable bit, EMI, and respective external interrupt enable each of Multi-function interrupt occurs, a subroutine call
bit, INTE, must first be set. Additionally the correct inter- to one of the Multi-function interrupt vectors will take
rupt edge type must be selected using the INTEG regis- place. When the interrupt is serviced, the related
ter to enable the external interrupt function and to Multi-Function request flag, will be automatically reset
choose the trigger edge type. As the external interrupt and the EMI bit will be automatically cleared to disable
pin is pin-shared with /O pin, it can only be configured other interrupts.

as external interrupt pin if the external interrupt enable However, it must be noted that, although

bit in the corresponding interrupt register has been set. Multi-function Interrupt flags will be automat|

The pin must also be setup as an input by setting the when the interrupt is serviced, the

corresponding bit in the port control register. When the original source of the Multi-fun \| te namely
interrupt is enabled, the stack is not full and the correct the TM Interrupts, LVD | igﬁ%PROM Interrupt
transition type appears on the external interrupt pin, a will not be autom t|ca d must be manually re-

subroutine call to the external interrupt vector, will take set by “@ ica ofr? gram. %
place. When the interrupt is serviced, the external inter- @

rupt request flag, INTF, will be automatically reset and o / er Interr

nvé
the EMI bit will be automatically cleared to disable oth r \Kksj)r%e dewces converter which has its
interrupts. Note that any pull-high resistor se/ﬁt @ own |n Véﬂ rupt The A/D Converter Interrupt
the external interrupt pin will remain va/vdﬁ\Y ﬁp\}e/by the termination of an A/D conversion
is used as an external Intefruﬁf@ % An A/D Converter Interrupt request will take
t|vg\ /\} ac

The INTEG register is use o's Ieétjthe type o when the A/D Converter Interrupt request flag,
edge that wH@rr t @ rnal |ntem@{. ADF, is set, which occurs when the A/D conversion pro-

eltheérls/mg’ falli of both edg &a chosen cess finishes. To allow the program to branch to its re-

%Saﬁ térnal |nterru,p Hﬁe INTEG reg- spective interrupt vector address, the global interrupt

also be ad/; @.5@\ e external interrupt enable bit, EMI, and A/D Interrupt enable bit, ADE, must

cton N ) first be set. When the interrupt is enabled, the stack is

not full and the A/D conversion process has ended, a

Comparator Interrupt subroutine call to the A/D Converter Interrupt vector, will

The comparator interrupt is controlled by the internal take place. When the interrupt is serviced, the A/D Con-

comparator. A comparator interrupt request will take verter Interrupt flag, ADF, will be automatically cleared.

place when the comparator interrupt request flag, CPF, The EMI bit will also be automatically cleared to disable
is set, a situation that will occur when the comparator other interrupts.

output changes state. To allow the program to branch to

its respective interrupt vector address, the global inter- Time Base Interrupts

rupt enable bit, EMI, and comparator interrupt enable The function of the Time Base Interrupts is to provide reg-
bit, CPE, must first be set. When the interrupt is en- ular time signal in the form of an internal interrupt. They
abled, the stack is not full and the comparator inputs are controlled by the overflow signals from their respec-
generate a comparator output transition, a subroutine tive timer functions. When these happens their respec-
call to the comparator interrupt vector, will take place. tive interrupt request flags, TBOF or TB1F will be set. To
When the interrupt is serviced, the comparator interrupt allow the program to branch to their respective interrupt
request flag, will be automatically reset and the EMI bit vector addresses, the global interrupt enable bit, EMI and
will be automatically cleared to disable other interrupts. Time Base enable bits, TBOE or TB1E, must first be set.

When the interrupt is enabled, the stack is not full and the

Multi-function Interrupt Time Base overflows, a subroutine call to their respective

Within these devices there are up to three Multi-function vector locations will take place. When the interrupt is ser-
interrupts. Unlike the other independent interrupts, viced, the respective interrupt request flag, TBOF or
these interrupts have no independent source, but rather TB1F, will be automatically reset and the EMI bit will be
are formed from other existing interrupt sources, namely cleared to disable other interrupts.

the TM Interrupts, SIM Interrupt, External Peripheral In-
terrupt, LVD interrupt and EEPROM Interrupt.
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The purpose of the Time Base Interrupt is to provide an interrupt signal at fixed time periods. Their clock sources origi-
nate from the internal clock source frg. This frg input clock passes through a divider, the division ratio of which is se-
lected by programming the appropriate bits in the TBC register to obtain longer interrupt periods whose value ranges.
The clock source that generates fg, which in turn controls the Time Base interrupt period, can originate from several
different sources, as shown in the System Operating Mode section.

* TBC Register

Bit 7 6 5 4 3 2 1 0
Name TBON TBCK TB11 TB10 LXTLP TBO2 TBO1 TBOO
RIW RIW RIW RIW RIW R/W RIW RIW R/W
POR 0 0 1 1 0 1 1 1
Bit 7 TBON: TBO and TB1 Control
0: Disable
1: Enable /N\A\
Bit 6 TBCK: Select fr5 Clock ﬂ@
0: froc A
1: foyold ! 5
Bit 5~4 TB11~TB10: Select Time Base 1 Time-out Period ~ ) (> @A
. 5 0
00: 4096/ 5 oL\ —~
01: 8192/frg a \o 2\
10: 16384/fg T\® o @J
11: 32768/frg o /\i@ 3! ﬁ\ M\
Bit 3 LXTLP: LXT Low Power Control \ @@ / A é\\\Q
0: Disable KW o [\iﬂ&)
1: Enable /\\\ 0\
Bit 2~0 TB02~TBOO: S @@&se 0 TM@\
ooo 6/f
g;f i) %
B
\\&\01/ 2048/f @\ g\
\ \ \ 100 i)
8@9
N %@Xrgé 4/f s
1: 32768/ 5
TB02~TB0O
LXT fsys/4
=28 215 —»Time Base 0 Interrupt
l'\J/I M frB 272 i
X frec u
LIRC X
| +2'2~ 2'5 —»Time Base 1 Interrupt

Configuration TBCK Bit
Option TB11~TB10

Time Base Interrupt
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EEPROM Interrupt

The EEPROM Interrupt, is contained within the
Multi-function Interrupt. An EEPROM Interrupt request
will take place when the EEPROM Interrupt request
flag, DEF, is set, which occurs when an EEPROM Write
or Read cycle ends. To allow the program to branch to
its respective interrupt vector address, the global inter-
rupt enable bit, EMI, EEPROM Interrupt enable bit,
DEE, and associated Multi-function interrupt enable bit,
must first be set. When the interrupt is enabled, the
stack is not full and an EEPROM Write or Read cycle
ends, a subroutine call to the respective Multi-function
Interrupt vector, will take place. When the EEPROM In-
terrupt is serviced, the EMI bit will be automatically
cleared to disable other interrupts, however only the
Multi-function interrupt request flag will be also automat-
ically cleared. As the DEF flag will not be automatically
cleared, it has to be cleared by the application program.

LVD Interrupt

The Low Voltage Detector Interrupt is contained within
the Multi-function Interrupt. An LVD Interrupt request will

set, which occurs when the Low Voltage Detector f
tion detects a low power supply voltage. Tt
program to branch to its respective i tmu&% r ad-
dress, the global |nterrupt enaﬁg I\%S w Vo
Interrupt enable b|t LV & ociated Multi-funetio
interrupt ena first be set. Vyhéh ﬁl%j’r pt
is enabl% a \Kj/not full and \/t\}t condi-
yo m broutine call/tg Wnctlon Inter-
\py\/ f, will take Kaée\,\ the Low Voltage
Inteﬁupt is servicec \the-EMI bit will be automatically
cleared to disable, er interrupts, however only the
Multi-function interrupt request flag will be also automat-
ically cleared. As the LVF flag will not be automatically
cleared, it has to be cleared by the application program.

take place when the LVD Interrupt request flag, LVF, {E

TM Interrupts

The Compact and Standard Type TMs have two inter-
rupts each, while the Enhanced Type TM has three in-
terrupts. All of the TM interrupts are contained within the
Multi-function Interrupts. For each of the Compact and
Standard Type TMs there are two interrupt request flags
TnPF and TnAF and two enable bits TnPE and TnAE.
For the Enhanced Type TM there are three interrupt re-
quest flags TnPF, TnAF and TnBF and three enable bits
TnPE, TnAE and TnBE. A TM interrupt request will take
place when any of the TM request flags are set, a situa-
tion which occurs when a TM comparator P, A or B
match situation happens.

ltage - )

To allow the program to branch to its respective interrupt
vector address, the global interrupt enable bit, EMI, re-
spective TM Interrupt enable bit, and relevant
Multi-function Interrupt enable bit, MFnE, must first be
set. When the interrupt is enabled, the stack is not full
and a TM comparator match situation occurs, a subrou-
tine call to the relevant Multi-function Interrupt vector lo-
cations, will take place. When the TM interrupt is
serviced, the EMI bit will be automatically cleared to dis-
able other interrupts, however only the related MFnF
flag will be automatically cleared. As the TM interrupt re-
quest flags will not be automatically cleared, they have
to be cleared by the application program.

Interrupt Wake-up Function

Each of the interrupt functions has the capabll IX

ing up the microcontroller when in
Mode. A wake-up is generated rﬁ)ﬂ{%rrupt re-
is independent

quest flag changes from IO)M
ed or not. Therefore,

of whether the |m/\
even th M@ in the SL &Y\RDLE Mode
and |ts s S\Q\a scillator sto (

such as ex-
ransmon nal interrupt pins, a

)w)power supp o comparator input change

may C@s (\ % tlve interrupt flag to be set high
ly generate an interrupt. Care must

%&% efbe taken if spurious wake-up situations are to

ded. If an interrupt wake-up function is to be dis-
abled 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 re-
quested interrupt can be prevented from being serviced,
however, once an interrupt request flag is set, it will re-
main in this condition in the interrupt register until the
corresponding interrupt is serviced or until the request
flag is cleared by the application program.

Where a certain interrupt is contained within a
Multi-function interrupt, then when the interrupt service
routine is executed, as only the Multi-function interrupt
request flags, MFnF, will be automatically cleared, the
individual request flag for the function needs to be
cleared by the application program.

Itis recommended that programs do not use the "CALL"
instruction within the interrupt service subroutine. Inter-
rupts 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 se-
guence will be damaged once a CALL subroutine is exe-
cuted in the interrupt subroutine.

DO
L

=

0 @@%

Every interrupt has the capability of waking up the
microcontroller when it is in 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 al-
tered 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 Cor
RETI instruction may be executed. The RETI lnstrupﬁoh
in addition to executing a return to the i

also automatically sets the EMI bit'high to7all urther
interrupts. The RET instructionho @'on executes a
return to the mai ing the EMI bit in its
present zero state\ re dlsablln execution

of furthe &@@

J

=

A

/”\\\

HI
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Power Down Mode and Wake-up

Entering the IDLE or SLEEP Mode Wake-up

There is only one way for the device to enter the SLEEP After the system enters the SLEEP or IDLE Mode, it can
or IDLE Mode and that is to execute the "HALT"” instruc- be woken up from one of various sources listed as follows:
tion in the application program. When this instruction is e An external reset

executed, the following will occur: « An external falling edge on Port A

¢ The system clock will be stopped and the application
program will stop at the "HALT" instruction.

¢ A system interrupt
e AWDT overflow

If the system is woken up by an external reset, the de-
vice 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;\c-
tual source of the wake-up can be determined by exarﬁ
ining the TO and PDF flags. The PDF flag i

The Data Memory contents and registers will maintain
their present condition.

e The WDT will be cleared and resume counting if the
WDT clock source is selected to come from the fgyg
clock source and the WDT is enabled. The WDT will
stop if its clock source originates from the system clock.

The 1/0O ports will maintain their present condition.

In the status register, the Power Down flag, PDF, will be

) > system power-up or executing @h an dog

set and the Watchdog time-out flag, TO, will be cleared. Timer instructions and is set tmg the "HALT"

Standby Current Considerations instruction. The T T time-out occurs,

and causes aw k@ onIy rese e Program

As the main reason for entering the SLEEP or IDLE Counter omte e remam in
Mode is to keep the current consumption of the device the rig ELQ atus

to as low a value as possible, perhaps only in the order % \}]
of several micro-amps, there are other consider?l \K pin on Po P usmg the PAWU regis-
which must also be taken into account by the-circdi itd terto Rgr ransmon on the pin to wake-up

signer if the power consumption |s g‘j\
Special attention must be mad/@t tkf ins
device. All high- |mped c inp t s must b

imised n a Port A pin wake-up occurs, the pro-
on th o @f;‘f |H)resume execution at the instruction following
/\} ALT” instruction.

nected to elth@r/ Q/h)or ow level Qﬁt ng~ If the system is woken up by an interrupt, then two possi-
mput Inf\ﬁ nternal OSC ﬁgﬁ esultin ble situations may occur. The first is where the related
cur tconsump/go/rg so'applies to de- interrupt is disabled or the interrupt is enabled but the

have ﬁ?‘e t@a@,\ ypes, as there may stack is full, in which case the program will resume exe-
b%bonbed pins| b St either be setup as out- cution at the instruction following the "HALT” instruction.

puts or if setup as uts must have pull-high resistors
connected. Care must also be taken with the loads,
which are connected to I/O pins, which are setup as out-
puts. 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

In this situation, the interrupt which woke-up the device
will not be immediately serviced, but will rather be ser-
viced 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
be required if the configuration options have enabled entering the SLEEP or IDLE Mode, the wake-up func-
the LIRC oscillator. tion of the related interrupt will be disabled.

Rev. 1.10 120 March 16, 2012



HOLTEK i ’

HT66F03C/HT66F04C/HT68F03C/HT68F04C

Low Voltage Detector — LVD

Each device has a Low Voltage Detector function, also
known as LVD. This enabled the device to monitor the
power supply voltage, Vpp, and provide a warning signal
should it fall below a certain level. This function may be
especially useful in battery applications where the sup-
ply voltage will gradually reduce as the battery ages, as
it allows an early warning battery low signal to be gener-
ated. The Low Voltage Detector also has the capability
of generating an interrupt signal.

LVD Register

The Low Voltage Detector function is controlled using a
single register with the name LVDC. Three bits in this
register, VLVD2~VLVDO, are used to select one of eight

* LVDC Register

fixed voltages below which a low voltage condition will
be detemined. A low voltage condition is indicated when
the LVDO bit is set. If the LVDO bit is low, this indicates
that the Vpp voltage is above the preset low voltage
value. The LVDEN bit is used to control the overall
on/off function of the low voltage detector. Setting the bit
high will enable the low voltage detector. Clearing the bit
to zero will switch off the internal low voltage detector
circuits. As the low voltage detector will consume a cer-
tain amount of power, it may be desirable to switch off
the circuit when not in use, an important consideration in
power sensitive battery powered applications.

g

\
AN

~

Bit 7 6 5 4 (\{V 1\ 2 (Q@VC (]
- b
Name — — LVDO IQIDE\N = VL@QZ | VD1 VLVDO
\Y)
RIW — — R /] \@\N — [ RW RIW RIW
O T
POR — T\ \\icv) 0 0 0
Bit 7~6 unlmpl er\te ba}/ "o \ /\}\é 2)
Bit 5 put Fl 0 v
& ow VoIta ¢ b?%@
1: Low Vol
\@\ \ij\) Vi WENN Ld& age Detector Control
Mo
Bit 3 unimplemented, read as "0"
Bit 2~0 VLVD2 ~ VLVDO: Select LVD Voltage
000: 2.0V
001: 2.2V
010: 2.4V
011: 2.7V
100: 3.0V
101: 3.3V
110: 3.6V
111: 4.4V
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LVD Operation

The Low Voltage Detector function operates by compar-
ing the power supply voltage, Vpp, with a pre-specified
voltage level stored in the LVDC register. This has a
range of between 2.0V and 4.4V. When the power sup-
ply voltage, Vpp, falls below this pre-determined value,
the LVDO bit will be set high indicating a low power sup-
ply voltage condition. The Low Voltage Detector func-
tion is supplied by a reference voltage which will be
automatically enabled. When the device is powered
down the low voltage detector will remain active if the
LVDEN bit is high. After enabling the Low Voltage De-
tector, a time delay t,,ps should be allowed for the cir-
cuitry to stabilise before reading the LVDO bit. Note also
that as the Vp voltage may rise and fall rather slowly, at
the voltage nears that of V5, there may be multiple bit
LVDO transitions.
/_

VDD

Vivp

LVDEN J

LVDO il
’I Id»tLVDs

LVD Operation

@@M@

e i@iﬁ@
gl N 3@

@@@“

The Low Voltage Detector also has its own interrupt
which is contained within one of the Multi-function inter-
rupts, providing an alternative means of low voltage de-
tection, in addition to polling the LVDO bit. The interrupt
will only be generated after a delay of t,, 5 after the LVDO
bit has been set high by a low voltage condition. When
the device is powered down the Low Voltage Detector
will remain active if the LVDEN bit is high. In this case,
the LVF interrupt request flag will be set, causing an in-
terrupt to be generated if Vpp falls below the preset LVD
voltage. This will cause the device to wake-up from the
SLEEP or IDLE Mode, however if the Low Voltage De-
tector wake up function is not required then the LVF flag
should be first set high before the device enters the
SLEEP or IDLE Mode.

%@
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Configuration Options

Configuration options refer to certain options within the MCU that are programmed into the device during the program-
ming 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

Oscillator Options

High Speed/Low Speed System Oscillator Selection - fogc:
1. HXT + LIRC

1 2.ERC + LIRC

3. HIRC + LIRC

4. HIRC + LXT

WDT Clock Selection - fs:

1. fsus
2. foys/d

o\

A\

(o

s

o
©p

(\\
NT LD

HIRC Frequency Selection:
1. 4MHz

2. 8MHz

3. 12MHz

N ()
i 2

0

N

Note: The fgyg and the frg¢ clock source are LXT or}l@&@l@@f@w b\fthe fosc cohfigu ELQ}»w;ptibn.

Reset Pin Options [h - IRe / J\®
PA7/RES Pin Optlons \ \) ﬁ\/\@/
4 1. RES pin ‘ /\ /% \2
2.1/0pin
4 ) )
Watchdog W?V‘/)\O a 204 f@
o //Wé}‘gh}wg Timer Fu '\“:M\u
\ ﬁ \\Jﬁﬁnable /\ \/Q% { -
\ AT 2, D@gb&eﬂ\ 0\
Jn?ténfctlons Selection:
6 1. 1 instructions
2. 2 instructions
LVR Options
LVR Function:
7 1. Enable
2. Disable
LVR Voltage Selection:
1.2.10V
8 2.2.55V
3.3.15V
4.4.20V
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Application Circuits

HT66F03C/HT66F04C
Vob
0.01uF**
* ? VDD
0.1uF_—
ANO~AN2 K—>
PAO~PA2 K—>
osc 0SCt @@
Circuit 0SC2 % @
See Oscillator / @
Section
O
Note: "*" Recommended component for added ESD protection.
"**" Recommended component in environments where er |se is signifi

HT68F03C/HT68F04C

@@Q

@i@@@

Reset
Circuit

PAO~PA2

Note:

0SsC
Circuit

OSC1
0SC2

See Oscillator
Section

"*" Recommended component for added ESD protection.

e

"**" Recommended component in environments where power line noise is significant.
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Instruction Set
Introduction

Central to the successful operation of any
microcontroller is its instruction set, which is a set of pro-
gram 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 pro-
gramming overheads.

For easier understanding of the various instruction
codes, they have been subdivided into several func-
tional groupings.

Instruction Timing

Most instructions are implemented within one instruc-
tion cycle. The exceptions to this are branch, call, or ta-
ble 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 i |m
plemented within 1us. Although instructions wh|

quire one more cycle to implement are geneyaﬂ” Q‘@

to the JMP, CALL, RET, RETI and b’ﬁ ruc-
tions, it is important to rea);e ﬂ@ f

struct|o
which involve manipulatj f t ram Coun
register or P@ il als take one mo/e |m Ie-
,Whlch chan of the
I @ dlrect Jum/p/t’g address one
re es of such instruc-

/dr "MOV PCL, A". For the
| ns, it must be noted that if the re-

case of skip instr
sult 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 imme-
diate 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 en-

sure correct handling of carry and borrow data when re-
sults exceed 255 for addition and less than 0 for sub-
traction. 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.

Logical and Rotate Operations

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 operatlonsﬂh(e
zero flag may be set if the result of the operati

Another form of logical data manipul t|on€9 @from
the rotate instructions such a C and RLC
which provide a si lgtlng one bit right or
left. Different rota e s exist degendmg on pro-

gram re@: otate instr aye useful for
seg: \'ﬁ mmlng\appll L:%
t

ere data can be
from an |nt/m\a\ keg s o the Carry bit from
ere it can

p«%fplhed and the necessary serial bit
set h/q@«(p/d\})v er application where rotate data

éétid e used is to implement multiplication and
/\}@ )ﬁcalculatlons

Branches and Control Transfer

Program branching takes the form of either jumps to
specified locations using the JMP instruction or to a sub-
routine 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 sub-
routine 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 re-
garding the condition of a certain data memory or indi-
vidual 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 pro-
gram perhaps determined by the condition of certain in-
put switches or by the condition of internal data bits.
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Bit Operations

The ability to provide single bit operations on Data Mem-
ory 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 fea-
ture 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 pro-
cess is taken care of automatically when these bit oper-
ation instructions are used.

Table Read Operations

Data storage is normally implemented by using regis-
ters. However, when working with large amounts of
fixed data, the volume involved often makes it inconve-
nient to store the fixed data in the Data Memory. To over-
come this problem, Holtek microcontrollers allow an
area of Program Memory to be setup as a table where
data can be directly stored. A set of easy to use instruc-

referenced and retrieved from the Program Mem

tions provides the means by which this fixed data can %i'g

\§
Ol W

\)/w

Other Operations

In addition to the above functional instructions, a range
of other instructions also exist such as the "HALT” in-
struction for Power-down operations and instructions to
control the operation of the Watchdog Timer for reliable
program operations under extreme electric or electro-
magnetic environments. For their relevant operations,
refer to the functional related sections.

Instruction Set Summary

The following table depicts a summary of the instruction
set categorised according to function and can be con-
sulted as a basic instruction reference using the follow-
ing listed conventions.

Table conventions:

J
x: Bits immediate data (\ /\ﬂb
@ 2\
m: Data Memory address Q
A: Accumulator

i number o %J
at?drYPr@:) f@/;dd:ess f/%%/\)\
/\\ &
@ G

Mnemonic ‘ O)TC U Descrn@(%\(a) ‘ Cycles ‘ Flag Affected
Arithmetic s (o\ W
ADD A, [} \\ dd Data Memor Q%Q\ 1 | z,C,AC OV
D@t&ﬁ(\)\} dd ACC to iﬁ?@m&y iNete | 7 C, AC, OV
Add tato ACC 1 Z,C,AC, OV
W [m] emory to ACC with Carry 1 Z,C,AC, OV
ADCM A,[m] o Data memory with Carry qNote Z,C,AC, oV
SUB A,x ubtract immediate data from the ACC 1 Z,C,AC, OV
SUB A,[m] Subtract Data Memory from ACC 1 Z,C,AC, OV
SUBM A,[m] Subtract Data Memory from ACC with result in Data Memory 1 Note Z,C,AC, OV
SBC A,[m] Subtract Data Memory from ACC with Carry 1 Z,C,AC, OV
SBCM A,[m] | Subtract Data Memory from ACC with Carry, result in Data Memory Note Z,C,AC, OV
DAA [m] Decimal adjust ACC for Addition with result in Data Memory qNote C
Logic Operation
AND A,[m] Logical AND Data Memory to ACC 1 VA
OR A,[m] Logical OR Data Memory to ACC 1 4
XOR A,[m] Logical XOR Data Memory to ACC 1 4
ANDM A,[m] | Logical AND ACC to Data Memory A Note V4
ORM A,[m] Logical OR ACC to Data Memory Note z
XORM Aj[m] | Logical XOR ACC to Data Memory qNote 4
AND A,x Logical AND immediate Data to ACC 1 Z
OR Ax Logical OR immediate Data to ACC 1 4
XOR A,x Logical XOR immediate Data to ACC 1 4
CPL [m] Complement Data Memory qNote z
CPLA [m] Complement Data Memory with result in ACC 1 Z
Increment & Decrement
INCA [m] Increment Data Memory with result in ACC 1 Z
INC [m] Increment Data Memory qNote z
DECA [m] Decrement Data Memory with result in ACC 1 Z
DEC [m] Decrement Data Memory 1 Note z
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Mnemonic ‘ Description ‘ Cycles ‘ Flag Affected
Rotate
RRA [m] Rotate Data Memory right with result in ACC 1 None
RR [m] Rotate Data Memory right Note None
RRCA [m] Rotate Data Memory right through Carry with result in ACC 1 C
RRC [m] Rotate Data Memory right through Carry Note 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 Note C
Data Move
MOV A[m] Move Data Memory to ACC 1 None
MOV [m],A Move ACC to Data Memory Note None
MOV A,x Move immediate data to ACC 1 None
Bit Operation (Q
CLR [m].i Clear bit of Data Memory ANete \ \Ng
SET [m].i Set bit of Data Memory Notet™\} | one
Branch 3 WQ% \(
JMP addr Jump unconditionally \y J 2 None
SZ [m] Skip if Data Memory is zero ﬂ Mot x “None
SZA [m] Skip if Data Memory is zero with data O/ELQ//@ Aée e M l? None
SZ [ml].i Skip if bit i of Data Memory is zero K\)/ V/\\\\ L ° None
SNZ [m].i Skip if bit i of Data Memory is n?ﬁm Q \ﬁ@&)ﬁ 1Note None
SIZ [m] Skip if increment Data s\;é \ \ Note None
SDZ [m] Skip if decre |s zero \ o/ Note None
SIZA [m] Skip if incre eh jvemory is ze\/ z "ACC {Note None
SDZA [m] Sklp if, e\cre nt Bata Memom esultin ACC Note None
CALL addr Q { Iy u@m ca | /} 9) 2 None
RET { n from subr \i/ 2 None
\) eturn from/s h/ahd load immediate data to ACC 2 None
RE'(I\ Retyﬂyfrom % 2 None
Table Read \ = )
TABRD [m] LRead table to TBLH and Data Memory 2ot None
TABRDL [m] | Read table (last page) to TBLH and Data Memory oNote None
Miscellaneous
NOP No operation 1 None
CLR [m] Clear Data Memory qNote None
SET [m] Set Data Memory Note None
CLR WDT Clear Watchdog Timer 1 TO, PDF
CLR WDT1 Pre-clear Watchdog Timer 1 TO, PDF
CLR WDT2 Pre-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.
3. For the "CLR WDT1” and "CLR WDTZ2" instructions the TO and PDF flags may be affected by
the execution status. The TO and PDF flags are cleared after both "CLR WDT1” and

"CLR WDTZ2" instructions are consecutively executed. Otherwise the TO and PDF flags

remain unchanged.
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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 (L\A\

ADD A,[m] Add Data Memory to ACC af\ é\@

Description The contents of the specified Data Memory and the Accumulat \@iedbfﬁ result is
stored in the Accumulator.

Operation ACC «~ ACC +[m] ) Q\\

(95
Affected flag(s) oV, Z, AC, C @ m w
ADD A,x Add immediate data to A /O \\\

Description The contents [¢) tor and the @ ediate data are added. The resultis
stor ator
Operation Aq(? +X /\}@v

Affected flag(s) s &©® V.Z, AC,, @

o z;@ oo
D Eﬁ ontents of the specified Data Memory and the Accumulator are added. The result is

ored 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 op-
eration. 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 bitwise logical AND
operation. The result is stored in the Accumulator.

Operation ACC «~ ACC "AND" x

Affected flag(s) 4

ANDM A,[m] Logical AND ACC to Data Memory

Description Data in the specified Data Memory and the Accumulator perform a bitwise logical AND op-
eration. The result is stored in the Data Memory.

Operation [m] «~ ACC "AND" [m]

Affected flag(s) z
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CALL addr

Description

Operation

Affected flag(s)

CLR [m]
Description
Operation

Affected flag(s)

CLR [m].i
Description
Operation

Affected flag(s)

CLRWDT
Description

Operation

Affected flag( &

s

Operation

Affected flag(s)

CLR WDT2

Description

Operation

Affected flag(s)

Subroutine call

Unconditionally calls a subroutine at the specified address. The Program Counter then in-
crements 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 instruc-
tion.

Stack < Program Counter + 1
Program Counter < addr

None

Clear Data Memory

Each bit of the specified Data Memory is cleared to 0.

[m] « 00H

/

None

Clear bit of Data Memory K\Q @

Bit i of the specified Data Memory is cleared to 0. @
[MLi<0 )@@
None @@ @@
Clear Watchdog Timer @ /\\\ [&
The TO, PDF fIa Jg@&r e allae %@ (o2
WDT clea

To/gk

\

y@; @é%

0, PDF ', @u)

\%ﬁ chdog Timer
j PDF flags and the WDT are all cleared. Note that this instruction works in conjunc-
jon with CLR WDT2 and must be executed alternately with CLR WDT2 to have effect. Re-
petitively executing this instruction without alternately executing CLR WDT2 will have no
effect.

WDT cleared
TO <« 0
PDF « 0

TO, PDF

Pre-clear Watchdog Timer

The TO, PDF flags and the WDT are all cleared. Note that this instruction works in conjunc-
tion with CLR WDT1 and must be executed alternately with CLR WDT1 to have effect. Re-
petitively executing this instruction without alternately executing CLR WDT1 will have no
effect.

WDT cleared
TO <« 0
PDF < 0

TO, PDF
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CPL [m]

Description

Operation

Affected flag(s)

CPLA [m]

Description

Operation

Affected flag(s)

DAA [m]

Description

Operation

Complement Data Memory

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.

[m] « [m]

z

Complement Data Memory with result in ACC

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.

ACC « [m]
Z

Decimal-Adjust ACC for addition with result in Data Memory

Convert the contents of the Accumulator value to a BCD ( Binary Code @\eﬁg
sulting from the previous addition of two BCD variables. If the low ni an9or
if AC flag is set, then a value of 6 will be added to the low nib e the low nibble

remains unchanged. If the high nibble is greaterthan@ g is set, then a value of
6 will be added to the high nibble. Essenth@/ n@a nversion is Pned by add-

ing 00H, 06H, 60H or 66H dependlng on t mulator an nly the C
flag may be affected by th| |nd|cate hat |ﬁt riginal BCD sum is
greater than 100, it aIIow% l&/p ision demma

[m]<—ACC+O)’+/

[m] H o @ @@)

Affected j@g&%&% /%@ XQ‘?%@@

rlptlon
Operation

Affected flag(s)
DECA [m]

Description

Operation

Affected flag(s)

HALT

Description

Operation

Affected flag(s)

Data Memory
ata in the specified Data Memory is decremented by 1.
[m] « [m] -1

z

Decrement Data Memory with result in ACC

Data in the specified Data Memory is decremented by 1. The result is stored in the Accu-
mulator. The contents of the Data Memory remain unchanged.

ACC <« [m] - 1
z

Enter power down mode

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.

TO« 0
PDF « 1

TO, PDF
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INC [m]
Description
Operation

Affected flag(s)

INCA [m]

Description

Operation

Affected flag(s)

JMP addr

Description

Operation

Affected flag(s)

MOV A,[m]
Description
Operation

Affected flag(s)

MOV A,x
Description

Operation

Description
Operation
Affected flag(s)
NOP
Description

Operation

Affected flag(s)
OR A,[m]

Description

Operation

Affected flag(s)

Increment Data Memory

Data in the specified Data Memory is incremented by 1.
[m] « [m] +1

z

Increment Data Memory with result in ACC

Data in the specified Data Memory is incremented by 1. The result is stored in the Accumu-
lator. The contents of the Data Memory remain unchanged.

ACC « [m] + 1
z

Jump unconditionally

The contents of the Program Counter are replaced with the specified address. Progl@m
execution then continues from this new address. As this requires the insertion of a uﬁ&m
instruction while the new address is loaded, it is a two cycle mstructlo é\

None

@@@
Move Data Memory to ACC )

The contents of the speC|f|ed Da @or@a copied tp\the E%&g@g
ACC < [m] %@K ) /O\\
NS ol

Program Counter « addr

None

ngldata to %\ @v)
Q Th dl%e cifi Ioaded into the Accumulator.

\/ ACC « g?@
M@% -

k(//Move ACC to Data Memory

The contents of the Accumulator are copied to the specified Data Memory.
[m] <~ ACC

None

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

None

Logical OR Data Memory to ACC

Data in the Accumulator and the specified Data Memory perform a bitwise logical OR oper-
ation. The result is stored in the Accumulator.

ACC <« ACC "OR" [m]
z
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OR Ax

Description
Operation
Affected flag(s)
ORM A,[m]
Description
Operation
Affected flag(s)
RET
Description
Operation
Affected flag(s)
RET A,x
Description

Operation

Affected flag(s)

Desgm
Operation

Affected flag(s)

RL [m]

Description

Operation

Affected flag(s)

RLA [m]

Description

Operation

Affected flag(s)

RETI % &/%\é&etum frqm

Logical OR immediate data to ACC

Data in the Accumulator and the specified immediate data perform a bitwise logical OR op-
eration. The result is stored in the Accumulator.

ACC «- ACC "OR" x
Zz

Logical OR ACC to Data Memory

Data in the specified Data Memory and the Accumulator perform a bitwise logical OR oper-
ation. The result is stored in the Data Memory.

[m] «- ACC "OR" [m]
z

Return from subroutine A

The Program Counter is restored from the stack. Program execution continuesiaf&@@ré—

stored address. é\ w
1)

Program Counter « Stack

None @@@@

Return from subroutine and load |mmed|

The Program Counter is reséore k and the Ag)@ oaded with the
specified immediate data. %@& utlon contln \gﬁ\th tored address.

i L A
Q@@ 7 @;@\JX
S

@A nter is restored from the stack and the interrupts are re-enabled by set-
I bit. EMI is the master interrupt global enable bit. If an interrupt was pending

the RETI instruction is executed, the pending Interrupt routine will be processed be-
re returning to the main program.

Program Counter « Stack
EMI « 1

None

Rotate Data Memory left

The contents of the specified Data Memory are rotated left by 1 bit with bit 7 rotated into bit
0.

[m].(i+1) < [m].i; (i = 0~6)
[m].0 « [m].7

None

Rotate Data Memory left with result in ACC

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 re-
main unchanged.

ACC.(i+1) « [m].i; (i = 0~6)

ACC.0 « [m].7

None
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RLC [m]

Description

Operation

Affected flag(s)

RLCA [m]

Description

Operation

Affected flag(s)

RR [m]

Description
Operation

Affected flag(s)

RRA [m]

Description /\

g&l&

Affected flag(s)

RRC [m]

Description

Operation

Affected flag(s)

RRCA [m]

Description

Operation

Affected flag(s)

&k/
Rics e

Rotate Data Memory left through Carry

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.

[m].(i+1) < [m].i; (i = 0~6)
[m].0«C
C « [m].7

C

Rotate Data Memory left through Carry with result in ACC

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.

ACC.(i+1) « [ml.i; (i = 0~6)
ACC.0 < C

C« [m.7 @
O

C
Rotate Data Memory right ( A @@
The contents of the specified Data Memor@a \) t by 1 bit wi w rotated into

bit 7. @
[m.i < [m].(i+1); (i = %v@ \® \ Ek

/)

(o)

[mL.7 « [m].O

Q@
s oL

n the s@e mory and the carry flag are rotated right by 1 bit with bit O ro-
tated in @l? ted result is stored in the Accumulator and the contents of the Data
r r m\é unchanged.

None

Rotate Data Memory right through Carry

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.

[m].i « [m].(i+1); (i = 0~6)

[ml.7«C

C « [m].0

C

Rotate Data Memory right through Carry with result in ACC

Data in the specified Data Memory and the carry flag are rotated right by 1 bit. Bit O re-
places 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.

ACC.i < [m].(i+1); (i = 0~6)
ACC.7 « C
C « [m].0

C
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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 sub-
tracted 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] -

Affected flag(s) oV, Z,AC, C

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 sub-

tracted from the Accumulator. The result is stored in the Data Memory. Note that if the re-
sult 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 (ﬁ\
Affected flag(s) 0V, Z AC, C @%@@
SDZ [m] Skip if decrement Data Memory is 0

Description The contents of the specified Data Memory are flrst e{ﬁ@ 1 Ifthe resultis 0 the
following instruction is skipped. As this rqu;%_éhe nge dum tlon while
the next instruction is fetched, it is a two ¢ n. If th e program
proceeds with the following i instr /ug@ W

Operation [m] < [m] - %@K/ /\\\

Skip if [m] =0 /f Q Q@

Affected flag(s)
SDZA [m] S@Qrement D%&M g@@ero with result in ACC

Descrlptlon @\/ he cont m ied Data Memory are first decremented by 1. If the resultis 0, the
% follo n is skipped. The result is stored in the Accumulator but the specified
it%i@ory contents remain unchanged. As this requires the insertion of a dummy in-

\ Ek@v@j tion while the next instruction is fetched, it is a two cycle instruction. If the result is not

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
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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] =
Affected flag(s) None
SIZA [m] Skip if increment Data Memory is zero with result in ACC
Description The contents of the specified Data Memory are firstincremented 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 in-
struction while the next instruction is fetched, it is a two cycle instruction. If the result is;\r\ot

0 the program proceeds with the following instruction. @
Operation ACC « [m] + 1 Q(\ @@
0
Skip if ACC =0 u)
Affected flag(s) None @@@
SNZ [m].i Skip if bit i of Data Memory is not 0 @ )
Description If biti of the specified Data M& OKBQ IIowmg\/mstr:‘Eij}\ﬁ ped As this re-
quires the msertlon of a d |® n while the tl struction is fetched, it is a two
cycle |nstruct|on e pr

O@r@ ith the following instruction.

Operation Skip if [m

Affected flag(s) Q@ C @

SUB A,[m] of @\é&ubtract Da %{@h@m ACC
%\Vg The m

Desgl Memory is subtracted from the contents of the Accumulator. The result
he Accumulator. Note that if the result of subtraction is negative, the C flag will

\ @ eared to 0, otherwise if the result is positive or zero, the C flag will be set to 1.

Operatlon 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 Accumu-
lator. The result is stored in the Accumulator. Note that if the result of subtraction is nega-
tive, the C flag will be cleared to 0, otherwise if the result is positive or zero, the C flag will
be setto 1.

Operation ACC « ACC - x

Affected flag(s) oV, Z,AC, C
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SWAP [m]
Description
Operation

Affected flag(s)

SWAPA [m]

Description

Operation

Affected flag(s)

Sz [m]

Description

Operation

Affected flag(s)

SZA [m]

Description

Description

Operation

Affected flag(s)

TABRD [m]

Description

Operation

Affected flag(s)

TABRDL [m]

Description

Operation

Affected flag(s)

Swap nibbles of Data Memory
The low-order and high-order nibbles of the specified Data Memory are interchanged.
[M].3~[m].0 <> [m].7 ~ [m].4

None

Swap nibbles of Data Memory with result in ACC

The low-order and high-order nibbles of the specified Data Memory are interchanged. The
resultis stored in the Accumulator. The contents of the Data Memory remain unchanged.

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

None
Skip if Data Memory is 0

this requires the insertion of a dummy instruction while the next instruction i
two cycle instruction. If the result is not 0 the program proceeds W|t

tslT(Tp if [m] = 0 )@ @@

None @@
it @@ment to AC Ek
Mem g/m\tﬁe Accumulator. If the value is

ion is sklpp ires the insertion of a dummy instruc-
atwo cycle instruction. If the result is not 0 the
uct|on

If the contents of the specified Data Memory is 0, the following instruction is ski
Elnstruc-

Skip if Data Memory is 0

The contents of the S[P/QQI i
zero, the followirg ins LY

prg&
cC [n;l @ @

Sklp |f
k)

%)klp if bit i of Data Memory is 0

If bit i of the specified Data Memory is 0, the following instruction is skipped. As this re-
quires 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.

Skip if [m].i= 0

None

Read table to TBLH and Data Memory

The program code addressed by the table pointer (TBHP and TBLP) is moved to the speci-
fied Data Memory and the high byte moved to TBLH.

[m] « program code (low byte)
TBLH « program code (high byte)

None

Read table (last page) to TBLH and Data Memory

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.

[m] « program code (low byte)
TBLH <« program code (high byte)

None
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XOR A,[m] Logical XOR Data Memory to ACC

Description Data in the Accumulator and the specified Data Memory perform a bitwise logical XOR op-
eration. The result is stored in the Accumulator.

Operation ACC «~ ACC "XOR" [m]

Affected flag(s) z

XORM A,[m] Logical XOR ACC to Data Memory

Description Data in the specified Data Memory and the Accumulator perform a bitwise logical XOR op-

eration. The result is stored in the Data Memory.

Operation [m] <~ ACC "XOR" [m]
Affected flag(s) Zz
XOR A)x Logical XOR immediate data to ACC

Description Data in the Accumulator and the specified immediate data perform a bitwise @@
operation. The result is stored in the Accumulator. % g
Operation ACC «~ ACC "XOR" x @KX

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 regu-
lar intervals users are reminded to consult the Holtek website (http://www.holtek.com.tw/english/literature/package.pdf) for
the latest version of the package information.

8-pin DIP (300mil) Outline Dimensions

A
0000
8 5
I
1 4
TOO0
0
,,,,, i - k
q ‘ | | 0 Qﬂﬁg
(LR, 2 B
o ] | A
’E* ﬂG¢ f | : \M% \ /
> . 4—(\.5\ \f& N\
F - \
Qﬁﬁ& r(égéP
AT S
Svmbol R \(U/Iﬁ\irﬁensions iﬂl@\\ L
ymbo - \ — o
M)pf(\\( 0) CNom Max.
A /(Cﬁﬁﬁé ] ﬁéhﬁz' 0.375
B o [V 0240 \PATE _ 0.260
m@‘c>§0l - _ 0.425\75 — 0.135
Ch N 7 R?VHQS _ 0.145
T\ Ve A[22\\\ 0016 — 0.020
g\ O
D F (E\\j\*ﬁ 0.050 _ 0.070
G|~ — 0.100 —
H 0.295 _ 0.315
[ — 0.375 0
Svmbol Dimensions in mm
mbo!
y Min. Nom. Max.
A 9.02 _ 9.53
B 6.10 — 6.60
c 3.18 _ 3.43
D 3.18 — 3.68
E 0.41 _ 0.51
F 1.27 _ 1.78
G — 2.54 _
H 7.49 — 8.00
[ — 9.53 _
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8-pin SOP (150mil) Outline Dimensions

)
-]

(o)
» &)

:
1

o iy
TS
¢ MS-012 C />\\ \U
Symbol Dimensions in m/@ﬂl\\dﬁy/@ L
Min. Nom., | =/ MK, |
0.228 A APV 0 (Lo2aa
B 0.150 ALY — AW L oas7
c 0.012— (9P ~ O\ 0.020
c B I U e
D a [\ (D e 0.069
E. ~(n\|\ — o)\ VP 0.050 —
B W\ 7 0lda - _ 0.010
e _ o D)\ —o01e — 0.050
AT A (0 W 0.007 _ 0.010
o ‘\ P S 0° — 8°
Symbol Dimensions in mm
Min. Nom. Max.
5.79 — 6.20
B 3.81 — 3.99
0.30 — 0.51
c 478 — 5.00
D — — 1.75
E — 1.27 —
F 0.10 — 0.25
G 0.41 — 1.27
H 0.18 — 0.25
o 0° — 8°
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Reel Dimensions
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-
e
S —
v
A B (o}
an
o\ 7
. i)
. A N
—>§ »1—
2
SOP 8N
Symbol @L D%@R@\ 0 Dimensions in mm
oA @éeﬂ/Outer Diar@é{g?\ 330.0+1.0
o
B Reel infer Q@Qer 100.0+1.5
c ‘Eﬁp\j@le\ﬁﬁe Diameter 13.0 *0-5-02
D Key Slit Width 2.0£0.5
T Space Between Flange 12.8 *03/02
T2 Reel Thickness 18.240.2
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Carrier Tape Dimensions

PO P1
D | ) t
) N e
E \%9
® b D DDDDD
F y — S
w
ol|o||o]|o]|lo of &0
/ Y L A f
D1/ P "ko"
5w
|:\\: ; :F .
(O
r - N OO @w
,. OOOOOOOQ@LV{\ReelHole O
, - ~~Ic package pin 1 an %%é;
\ E '..\ are locate
SOP 8N " (0) @ = \ Ekﬁ
Symbol Descrip;ioﬁ{\ /QD ! ﬁ\\ %en5|ons in mm
w CarrierTape)NigiW (ﬂ \) (ﬂ \ - 12,0 *0-3/01
P Cavity F’/\\ch\ / O\ \ L/ 8.0+0.1
E § ?@a\/@; Position 2 @) 1.75+0.1
0 m @awty to Pe}:fo\r\éﬂ @ug\t% Direction) 5.5+0.1
R rpgrfafj{fgn\Dﬁneter 1.55+0.1

D1 ‘(%q&b} Holé Diameter 1.50 *025-0.00
=
PO Perforation Pitch 4.0+0.1
P1 Cavity to Perforation (Length Direction) 2.0+0.1
A0 Cavity Length 6.4+0.1
BO Cavity Width 5.240.1
KO Cavity Depth 2.140.1
t Carrier Tape Thickness 0.30+0.05
C Cover Tape Width 9.3+0.1
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