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MC80F0504/0604

CMOS SINGLE-CHIP 8-BIT MICROCONTROLLER
WITH 10-BIT A/D CONVERTER

1. OVERVIEW

1.1 Description

The MC80F0504/0604 is advanced CMOS 8-bit microcontroller with 4K bytes of FLASH. This is a powerful microcontrol-
ler which provides a highly flexible and cost effective solution to many embedded control applications. This provides the
following features : 4K bytes of FLASH (MTP), 256 bytes of RAM, 8/16-bit timer/counter, watchdog timer, on-chip POR,
10-bit A/D converter, buzzer driving port, 10-bit PWM output and on-chip oscillator and clock circuitry. It also has ONP,
noise filter, PFD for improving noise immunity. In addition, the MC80F0504/0604 supports power saving modes to reduce

power consumption.

This document explains the base MC80F0604, the other’s eliminated functions are same as below table.

Device Name FLASSFi'Z(eROM) RAM /0 PORT Package

MC80F0604 10 channel 18 port 20 PDIP, 20SOP, 20 SSOP
4KB 2568 16 PDIP, 16 SOP,

MC80F0504 14 port 16 SOP(153 mil), 16 TSSOP

1.2 Features

4K Bytes On-chip FLASH (MTP)
- Endurance : 100 times
- Retention time : 10 years

256 Bytes On-chip Data RAM
(Included stack memory)

Minimum Instruction Execution Time:
- 333ns at 12MHz (NOP instruction)

Programmable I/O pins

(LED direct driving can be a source and sink)
- MC80F0604 : 18(17)

- MC80F0504 : 14(13)

One 8-bit Basic Interval Timer

Two 8-bit Timer/counters
(or one 16-bit Timer/counter)

One Watchdog timer
One 10-bit High Speed PWM Outputs

10-bit A/D converter
- MC80F0604 : 10 channels
- MC80F0504 : 8 channels

One Buzzer Driving port
- 488Hz ~ 250kHz@4MHz

MAY.2008 Ver 1.46

Note : The DAA, DAS decimal adjust instructions are not provided in these devices.

Two External Interrupt input ports
On-chip POR (Power on Reset)

Seven Interrupt sources
- External input : 2

- Timer : 4

- A/D Conversion : 1

Built in Noise Immunity Circuit

- Noise Canceller

- PFD (Power fail detector)

- ONP (Oscillation Noise Protector)

Operating Voltage & Frequency
-2.2V ~5.5V (at 1 ~ 4MHz)
-2.7V ~55V (at 1 ~ 8MHz)
-4.5V ~55V (at 1 ~ 12MHz)

Operating Temperature : -40°C ~ 85°C

Power Saving Modes
- STOP mode

- SLEEP mode

- RC-WDT mode

Oscillator Type
- Crystal
- Ceramic resonator
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- External RC Oscillator (C can be omitted)
- Internal Oscillator (4AMHz/2MHZz)

« Package

1.3 Development Tools

The MC80F0504/0604 is supported by a full-featured macro as-
sembler, an in-circuit emulator CHOICE-Dr.™ and FLASH pro-
grammers. There are two different type of programmers such as
single type and gang type. For mode detail, Macro assembler op-
erates under the MS-Windows 95 and upversioned Windows OS.
Please contact sales part of abov semiconductor.

- 20 PDIP, SOP or SSOP
- 16 PDIP, SOP, SOP(153 mil) or TSSOP
- Available Pb free package

- MS-Windows based assembler
Software - MS-Windows based Debugger
- HMS800 C compiler

Hardware - CHOICE-Dr.
(Emulator) - CHOICE-Dr. EVA80COx B/D

- CHPODS80CO01D-16PD

PodName | 1p0pgoco2D-20PD

- CHOICE - SIGMA /1l (Single writer)
FLASH Writer | - PGM Plus Il (Single writer)

- Standalone GANG4 I/ll (Gang writer)

Choice-Dr. (Emulator)

PGMplus 11 ( Single Writer )

_STAND ALONE GANGA I [Py

|
R |
- AT -
iy == - o - =
o

Standalone Gang4 11 ( Gang Writer )

MAY.2008 Ver 1.46
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1.4 Ordering Information

Device name ROM Size RAM size Package
MCB80F0604B 20PDIP
MC80F0604D 20SOP
MCB80F0604S 20SSOP
MCB80F0504B 4K bytes FLASH 256 bytes 16PDIP
MCB80F0504D 16SOP
MCB80F0504M 16SOP(153 mil)
MCB80F0504R 16TSSOP

Pb free package :

The “P” suffix will be added at the original part number.

For example; MC80F0604B (Normal package), MC80F0604B P (Pb free package)

MAY.2008 Ver 1.46



MC80F0504/0604 NBO\-

2. BLOCK DIAGRAM

‘ It . I Il 1l

Data
—
/| Memory

Program
RESET——| System controller Memory
System 8-bit Basic
Clock Controller |—»| Interval Interrupt Controller Data Table
Timing generator Timer I;
Clock Generator ‘ [
Instruction
Decoder
10-bit 8-bit High Buzzer
Watch-dog A/ID Timer/ Speed Dri
Timer Converter Counter PWM rver
Voo |- ~ il 1
1 = 5o
Vss K -
Power _
1 il iy
R31/AN14 R0OO R10/ ANO / AVRer / PWM10O
R32/AN15 R0O1/AN1 R11/INTO
XIN / R33 R02 / AN2 R12/INT1/BUZO
XOUT /R34 RO3 / AN3 R13
R04 / AN4 / ECO R14
RO5/ AN5/ TOO
R06 / AN6
RO7 / AN7
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3. PIN ASSIGNMENT

MC80F0604B/0604D

20 PDIP
20 SOP
RO4/AN4/ECO =— [ | 1 ~ 20 ] <—> RO3/AN3
RO5/AN5/T00 =<—> [ | 2 19 ] =— RO2 / AN2
RO6/AN6 <[ |3 = 18| ] =—>= RO1/AN1
RO7/AN7 <[ | 4 g 17 [ ] =—>  RoO
Voo —>L[]5 & 16[] = vss
R10/ANO / AVrer/ PWM10 <> [] 6 E 15[ ] «<—— RESET/R35
RIL/INTO <—>[17 9 14]] <—>  XOUT/R34
R12/INT1/BUZO <[ | 8 13[ ] =—>  XIN/R33
RI3 <> [ |9 12[] <=—> R32/ANI5
R14 <—>[| 10 11| | =—> R31/AN14
MC80F0504B/0504D/0504R
16 PDIP
16 SOP
16 TSSOP
RO4/AN4/ECO < [ | 1 - 16| | =—  RO03/AN3
RO5/AN5/TOO <— [ | 2 15| | =— RO2 / AN2
RO6/AN6 <—> [ | 3 E 14[] =—>  RO1/AN1
ROT/AN7 <—>[] 4 § 13[] <—> R0
Voo —=[]5 3 12[] <— vss
R10/ANO/ AVrgr/ PWM10O <> [ | 6 S 11| ] <—— RESET/R35
RIL/INTO <17 © 10]] <—>= XOUT/R34
R12/INT1/BUZO <[ | 8 9] <=—> XIN/R33
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4. PACKAGE DRAWING
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20 SSOP
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16 PDIP unit: inch
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16 SOP (153 mil)
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5. PIN FUNCTION
Vpp: Supply voltage.
Vss: Circuit ground.
RESET: Reset the MCU.

Xin: Input to the inverting oscillator amplifier and input to
the internal main clock operating circuit.

XouT: Output from the inverting oscillator amplifier.

R00~RO07: RO is an 8-bit, CMQS, bidirectional 1/0O port.
RA pins can be used as outputs or inputs according to “1”
or “0” written the their Port Direction Register(ROIO).

Port pin Alternate function
R0OO
RO1 AN1 ( Analog Input Port 1)
R0O2 AN2 ( Analog Input Port 2 )
R0O3 AN3 ( Analog Input Port 3)
RO4 AN4 ( Analog Input Port 4 )
ECO ( Event Counter Input Source 0)
RO5 ANS5 (‘Analog Input Port 5)
TOO (Timer0 Clock Output )
R0O6 ANG ( Analog Input Port 6 )
RO7 AN7 ( Analog Input Port 7))

Table 5-1 RO Port

In addition, RO serves the functions of the various special
features in Table 5-1.

R10~R14: R1 is a 5-bit, CMOS, bidirectional 1/0 port. R1
pins can be used as outputs or inputs according to “1” or
“0” written the their Port Direction Register (R110).

10

R1 serves the functions of the various following special
features in Table 5-2

Port pin Alternate function

R10 ANO ( Analog Input Port 0 )
AVref ( External Analog Reference Pin)
PWM10O ( PWM1 Output )

R11 INTO ( External Interrupt Input Port 0 )

R12 INT1 ( External Interrupt Input Port 1)
BUZ ( Buzzer Driving Output Port )

R13

R14

Table 5-2 R1 Port

R31~R35: R3 is an 5-bit, CMOS, bidirectional 1/0 port.
R3 pins can be used as outputs or inputs according to “1”
or “0” written the their Port Direction Register (R310). In
R3 pins, R35 pin can be used as input port only.

R3 serves the functions of the following special features in
Table 5-3 .

Port pin Alternate function
R31 AN14 ( Analog Input Port 14 )
R32 AN15 ( Analog Input Port 15)
R33 XN ( Oscillation Input )

R34 XouT ( Oscillation Output )
R35 RESET ( Reset input port )

Table 5-3 R3 Port

MAY.2008 Ver 1.46
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Pin No.

PIN NAME (20PDIP) In/Out Function
Vbp 5 Supply voltage
Vss 16 Circuit ground
RESET (R35) 15 (1) Reset signal input | Input only port
Xin (R33) 13 I (1/0) Oscillation Input Normal 1/0 Port
Xout (R34) 14 O (1/0) Oscillation Output | Normal I/O Port
R0OO 17 110 -
RO1 (AN1) 18 1/O (Input) Analog Input Port 1
R0O2 (AN2) 19 1/O (Input) Analog Input Port 2
R0O3 (AN3) 20 1/0 (Input) Analog Input Port 3
R04 (AN4 / ECO) 1 1/0 (Input/Input/Input) Analog Input Port 4 / Event Counter Input O
RO5 (AN5/ TOO) 2 I/0 (Input/Output) Analog Input Port 5 / Timer0 Output
R06 (ANG) 3 1/O (Input) Analog Input Port 6
RO7 (AN7) 4 1/0 (Input) Normal /O Ports Analog Input Port 7
E\:;E)N(Iﬁg)o | AVRer / 6 O (Input/input/Output) QS?pIS? Input Port 0 / Analog Reference / PWM 1
R11 (INTO) 7 1/O (Input) External Interrupt Input O
R12 (INT1/BUZO) 8 I/0 (Input/Output) External Interrupt Input 1 / Buzzer Driving Output
R13 9 110 -
R14 10 110 -
R31 (AN14) 11 1/O (Input) Analog Input Port 14
R32 (AN15) 12 1/0 (Input) Analog Input Port 15

MAY.2008 Ver 1.46
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6. PORT STRUCTURES

R00, R13, R14 RO4 (AN4 / ECO)
VoD
Vbp
Pull-up Pull Pu-|||—-up
- ull-up T,
Pull-up i ) °| . Reg. —D
Reg.
Open Drain v
Open Drain v Reg. CL N VAN
Reg. DD Voo
Data Reg. D4
Direction I: .——DD_I Pin
Direction D . sup Pin Reg.
Reg.
9 Data Bus |_ Vss
<l MUX <] Vss |
Vv Vss
ss RD T
Data Bus q
A [ v _ '
<d MUX [\
AN[1] ITI
RD

RO1(AN1)~RO3(AN3), RO6(AN6), RO7(ANT),
R31 (AN14), R32 (AN15))

ADEN & ADS[3:0]
(ADCM)

Pull-up

Vbb

Pull-up

Reg.

Open Drain|

Reg.

D Tr.

Vbbp

Data Reg.

Direction
Reg.

Data Bus

T

<1
~N

AN[15:14]
AN[7:6]

=g
] >

Vss

AN[3:1]

&
o]

ADEN & ADS[3:0] (ADCM)

Pin

INTOE (PSRO0)

Noise
ECO Filter
ECOE (PSR0) |
R11 (INTO)
Vbp
Pull-up
Pull-up D g| .
Reg.
Open Drain| v
Reg. DD Voo
Data Reg. D4
Direction - Pin
Reg. j:} _D°—|
Data Bus Y,
<|| |_MUX <] Vss | ss
RD I:
Noise
INTO Filter

12
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R12 (INT1/BUZO) RO5 (AN5 / TOO)
Vbp
Vpbp |:‘|'Pull up
Pull-up
Pull- )>—<1
Pull-up D I:T o Reg.
Reg.
Open Drain|
Open Drain| Reg. Vpp
Data Reg.
Data Reg. ﬂ )o—<1 3:)_4
MUX
oo ] =] > Pin TOOE(PSRL.0) — > Pin
BUZOE(PSR1.2)
Vss
V \Y%
— Vss ss Direction 3 ss
Direction 4 b Reg.
Reg. 3
Data B Data Bus P MUX
ata Bus
< [viux | ~
RD E T
RD l::
Noise ANI5] J<]
INT1 Filter .:‘ [
ADEN & ADSJ[3:0]
INT1E(PSRO.1) (ADCM)
RESET(R35)
R10 (ANO / AVRer / PWM10)
Vbb
Vop |:‘|'Pull—up
PuII up Pull-up Tr.
Pull-up — ——J »—
Open Drain RD
Reg. Vob ' E Mask only%
- = oata s 4 0
PWMlO Pin Internal Reset - Pin
PWM1OE(PSR0.6)]
Vss Reset Disable Dc Vss
(Configuration option bit)
Direction
Reg.
Data Bus
<l MUX <l‘
—I_\ T

ANI[O]
ADEN & ADS[3:0
(ADCM) 3] _D—._|>oj<]

Vbp
ADC Reference
Voltage Input
MUX
AVREFS(PSR1.3)

MAY.2008 Ver 1.46
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XN, XouT (Crystal or Ceramic Resonator)

R33 (X|n), R34

(XouT)

Vbp
I:T Vbp
% d
X
STOP ' "
wa—z}
Vbp
Vbp
MAIN A %
CLOCK ~N D
XouT
Vss
XiN» XouT (External RC or R oscillation)
Vbp
Vbb
% d
XN
STOP —{>o———1p- '
Vss
MAIN T «
CLOCK ot ~ Vob
fxin + 16 '|> % D
Xout
Vss

14

Pull-up

Vbp
Pull-up

Reg.

Open Drain|

—_D_{T T

Reg.

Data Reg. !

Vbp
Vbp

Direction

Reg.

X
O R

Vss

Data Bus <—<}

INAMCLK

IN2MCLK
INAMCLKXO
IN2MCLKXO
CLOCK option
(Configuration
option bit)

Main Clock |

Pull-up

INAMCLK ‘_X
IN2MCLK J—
EXRC
(to ONP Block) )
D

|y

Reg.

Open Drain|

Reg.

Vbbp

Data Reg. !

Direction
Reg.

—j:)c ’_—D°—| Xout

/R34

Vss

Vss

[ mux

Data Bus <—<}

System Clock + 4

INAMCLKXO

L =\/

IN2MCLKCO
EXRCXO J
CLOCK option

(Configuration option bit)
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7. ELECTRICAL CHARACTERISTICS

7.1 Absolute Maximum Ratings

Supply voltage .......cceveevevciecn e S0.3T0HB.5V e 10 mA

Storage Temperature ..........ccocevevververviennens -65 to +150 °C Maximum current (ZIoL) «oeoeverevernenserseeenns 160 mA

Voltage on any pin with respect to Ground (Vss) Maximum current (ZIoH) .. cooeverererereieeieesennens 80 mA

............................................................... -0.3to Vpp+0.3V

Maximum current out of Vsg pin __________________________ 200 mA Note: Stresses above those listed under “Absolute Maximum
Ratings” may cause permanent damage to the device. This is a

Maximum current into Vpp pin ......cccceevvveiennnne, 100 mA stress rating only and functional operation of the device at any oth-

Maximum current sunk by (Ior per 1/0 Pin)

.......... 20 mA

Maximum output current sourced by (lon per I/0 Pin)

7.2 Recommended Operating Conditions

er conditions above those indicated in the operational sections of
this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

Parameter Symbol Condition Min. Max. Unit
fxin=1~12MHz 4.5 55
Supply Voltage Vop | fxin=1~8MHz 2.7 5.5 \
fxin=1~8MHz 2.2 55
Vpp=4.5~5.5V 1 12
Operating Frequency fxIN Vpp=2.7~5.5V 1 8 MHz
Vpp=2.2~5.5V 1 4
Operating Temperature Topr | VDD=2.2~5.5V -40 85 °C
7.3 A/D Converter Characteristics
(Ta=-40~85°C, Vss=0V, Vpp=2.7~5.5V @fxNn=8MHZ)

Parameter Symbol Conditions Min. Typ. Max. Unit
Resolution - - 10 - BIT
Overall Accuracy CAIN - - - +3 LSB
Non Linearity Error NLE - - +3 LSB
Differential Non Linearity Error DLE VDD = AVRgF = 5V - - +3 LSB

CPU Clock = 4MHz
Zero Offset Error NZOE Vss = OV - *1 +3 LSB
Full Scale Error NFSE - +0.5 +3 LSB
Conversion Time Tconv - 13 - - uS
Analog Input Voltage Range Van - Vss - VDD(AVREF) \
Analog Reference Voltage AVREF - 2.7 - Vbbp Y,
Analog Input Impedance RAIN Vpp = AVRer = 5V 5 100 - MQ
Vpp = AVREF = 5V - 1 3 mA
Vpp = AVREp = 3V - 0.5 1.5
Analog Block Current IAvDD
Vo = AVREF = 5V - 100 500 nA
power down mode
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7.4 DC Electrical Characteristics
(Ta=-40~85°C, Vpp=5.0V, Vss=0V),

Specifications
Parameter Symbol Pin Condition - Unit
Min. Typ. Max.
ViH1 | Xin, RESET 0.8 Vpp - VbD
Input High Voltage ViH2 | Hysteresis Input! 0.8 Vpp - Vbbp \
Vinz | Normal Input 0.7 Vbp - Vbb
ViLi | Xin, RESET 0 - 0.2 Vpp
Input Low Voltage Vil | Hysteresis Input! 0 - 02Vpp | V
ViL3 Normal Input 0 - 0.3 Vpp
Output High Voltage VoH All Output Port Vpp=5V, loH=-5mA Vpp -1 - - \%
Output Low Voltage VoL All Output Port Vpp=5V, loL.=10mA - 1 \%
Input Pull-up Current Ip Normal Input Vpp=5V -60 - -150 LA
Input High lH1 All Pins (except X|n) | Vpbp=5V - - 5 pA
Leakage Current b2 XN Vpp=5V - 12 20 nA
Input Low L1 All Pins (except X|n) | Vpbp=5V -5 - - pA
Leakage Current IL2 XN Vpp=5V -20 12 . nA
Hysteresis [VT| | Hysteresis Input! Vpp=5V 0.5 - - \Y
PFD Voltage Vepep | VDD 2.0 - 3.0 \Y
POR Voltage Vpor | VDD 2.1 2.6 3.0 \%
POR Start Voltage? | VsTArRT | VDD 0 1.9 \%
POR Rising Time? Tpor | VDD 40 ms/V
Vpp Rising Time? Tvop | VoD - - 40 ms/V
miemal REWPT | Trowor | Xour Vpp=5.5V 36 . 90 us
Operating Current Ipp VpD Vpp=5.5V, fxin=12MHz - 7 15 mA
Sleep Mode Current Isteep | VbD Vpp=5.5V, fxin=12MHz - 2 45 mA
iﬁﬁ?gﬁgg?\ﬂigg IRewdT | VoD Vpp=5.5V, fxin=12MHz ; 20 55 HA
Stop Mode Current Istop | VDD Vpp=5.5V, fxin=12MHz - 1 5 pA
'F“rt;::g'ngj("i'mozn) fin_cLk | XouT Vbp=5V, Temp=25°C 3.75 4.25 465 | MHz
EESCEJT'TS‘? NOISe | rost no | RESET Vpp=5V 15 1.8 us
gﬁﬂgﬂ rRFcrequenCy frc-osc | fxout = frc-osc + 4 \ézgoig,vC:lopF 0.5 1.5 25 MHz
fr-osc | fxout =fr-0sc + 4 Vpp=5.5V, R=30kQ 1 2 3 MHz

1. Hysteresis Input: INTO(R11),INT1(R12), ECO(R04)
2. These parameters are presented for design guidance only and not tested or guaranteed.
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7.5 AC Characteristics
(Ta=-40~85°C, Vpp=5V+10%, Vss=0V)

) Specifications ]
Parameter Symbol Pins Vi T v Unit
in. yp. ax.
Operating Frequency fxiNn XIN 1 - 12 MHz
System Clock Cycle
h t - -
Time SYs 166 5000 ns
Oscillation Stabilizing
Time (4MHz) tst Xin, Xout ; ; 20 msS
External Clock Pulse
Width tcpw XiN 35 - - nsS
External Clock Transi-
. . t t X - -
tion Time RCP,'FCP IN 20 ns
Interrupt Pulse Width tiw INTO, INT1 2 - - tsys
RESET Input Width trRsT RESET 8 - - tsys
Event Counter Input
Pulse Width tecw ECO 2 ) ) tsvs
Event Counter Transi-
tion Time tREC,IFEC ECO - - 20 nS
tsys = 1/fxin tcpw tcPw
\ Vpp-0.5V
XIN 0.5V
trep ip;

fe— tw tw
0.8Vpp
INTO, INT1 / 0.2Vpp
tRsT >
RESET
0.2Vpp

ECO

tREC treC

Figure 7-1 Timing Chart
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7.6 Typical Characteristics

These graphs and tables provided in this section are for design The data presented in this section is a statistical summary of data
guidance only and are not tested or guaranteed. collected on units from different lots over a period of time. “Typ-
ical” represents the mean of the distribution while “max” or
“min” represents (mean + 3c) and (mean — 3c) respectively
where o is standard deviation

In some graphs or tables the data presented are out-
side specified operating range (e.g. outside specified
Vpp range). This is for information only and devices
are guaranteed to operate properly only within the
specified range.

Operating Area

fxin Normal Operation
(MHZ)| Ta=25°C
16 Ipp-VbD
/ Ibp

14 I (mA) | Ta=25°C

1 12

10 I 10

8 8 /

fxin=12MHz ///

6 6 /

/ /4MHZ

4 4 / //

2 2 /

0 Voo 0 Vbp
2 3 4 5 6 v) 2 3 4 5 6(V)
STOP Mode SLEEP Mode
IsToP-VDD IsLeer—VDD

Ipp T Ibp T
(uA) | Ta=25°C (mA) | Ta=25°C /

2 2.0

fx|N=lZMH/

15 15

1 1.0

0.5 0.5

—-—"’_/
0 Vpp 0 Vbp
2 3 4 5 (V) 2 3 4 5 6(V)

RC-WDT in Stop Mode

IRcwpT-VDD
oo T T
(uA) Ta=25°C
20

15
TrcwpT = 50US

2 3 4 5 6 (V)
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lo.-VoL, Vbp=5V loH—VoH, Vpbp=5V
loL loH
(mA) I‘/ 25°C (mA) -25°C
A . — 25C
20 , / ——  25°C 20 \ o
' ——  85°C N \ ——
A N\
15 . / -15 N
o \
10 |t -10 S\ 1
,// \\
y 5 \
*1/ \
/ 0 VoH
0 VoL
0.5 1 15 2 v) 35 45 5 V)

Voo-ViHL Vbp-ViH2 . Vbp—-ViH3 _

XN, RESET Hysteresis input Normal input
ViHL ViH2 ViH3

v) fxin=4MHz ) fxin=4kHz ™) fxin=4kHz

. Ta=25°C , |[re=25c , [Ta=25c

3 / 3 7 3

? T - 2 -~ / 2 e

1 1 / L /

0 Vbbp 0 Vbbp 0 Vbp
1 2 3 4 5 6(V 2 3 4 5 6(V) 2 3 4 5 6(V)
Vpp—-ViL1 __ Vpp-ViL2 . Vpp—ViL3 .

XiNn, RESET Hysteresis input Normal input
Vil ViLz ViLs

) fxin=4MHz V) fxin=4kHz W) fxin=4kHz

Y Ta=25°C , |Te=2seC , |Te=25c

3 3 3

2 e 2 > 2
1 / 1 1 /

/

0 Vbp 0 Vbbb 0 VoD

1 2 3 4 5 6 (V) 2 3 4 5 6 (V) 2 3 4 5 6 (V)
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Typical RC Oscillator
Frequency vs Vpp

Fosc
I 1
(MHz) No Cap "
10 [ Ta=25°C
9 /
R=4.7
8
7 4
R = 10K T
6 T
- - T
5 =
-~
g
4
R=20K _ | _
L —x=-T"
3 - \
- R=30K___ ..
2 e
1
0 Vbp
25 30 35 40 45 50 55 (V)
Typical RC Oscillator
Frequency vs Vpp
Fosc
I 1
(MHz) Cexr = 20pF
7 | Ta=25°C
/
6
R=4.7K
5 //
4 -
R=10K — ~ ]
3 =
-
R = 20K
1 [ - ""TR=30K
0 Vop

25 30 35 40 45 50 55 (V)

Note: The external RC oscillation frequencies shown in
above are provided for design guidance only and not tested
or guaranteed. The user needs to take into account that the
external RC oscillation frequencies generated by the same
circuit design may be not the same. Because there are vari-
ations in the resistance and capacitance due to the toler-
ance of external R and C components. The parasitic
capacitance difference due to the different wiring length
and layout may change the external RC oscillation frequen-
cies.

20

Typical RC Oscillator
Frequency vs Vpp

Fosc ‘ ‘
(MHz) Cexr = 10pF
10 |- Ta=25°C
9
8 ]
R= 4.7K/
7 |~
6
5 R = 10K
4 ~
o - T
~ - g
3
R = 20K
2 T T N —Ii
1 R =30
0 Vbp
25 30 35 40 45 50 55(V)
Typical RC Oscillator
Frequency vs Vpp
Fosc
1 1
(MHz) Cext = 30pF
7 | Ta=25C
6 —]
R = 4.7K /
5 //
//
4 /
3 B=16 =
2 - R = 20K
1 L=1-"T _' _I. -t ]
T R = 30K
0 | Vob

25 30 35 40 45 50 55 (V)

Note: There may be the difference between package
types(PDIP, SOP, TSSOP). The user should modify the
value of R and C components to get the proper frequency
in exchanging MC80F0104/0204 to MC80F0504/0604 or
one package type to another package type.
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8. MEMORY ORGANIZATION

The MC80F0504/0604 has separate address spaces for
Program memory and Data Memory. 4K bytes program
memory can only be read, not written to.

8.1 Registers

This device has six registers that are the Program Counter
(PC), a Accumulator (A), two index registers (X, Y), the
Stack Pointer (SP), and the Program Status Word (PSW).
The Program Counter consists of 16-bit register.

ACCUMULATOR
X REGISTER
Y REGISTER
STACK POINTER
[ PCH | PCL ] PROGRAM COUNTER
PSW PROGRAM STATUS WORD

Figure 8-1 Configuration of Registers

Accumulator: The Accumulator is the 8-bit general pur-
pose register, used for data operation such as transfer, tem-
porary saving, and conditional judgement, etc.

The Accumulator can be used as a 16-bit register with Y
Register as shown below.

Two 8-bit Registers can be used as a “YA” 16-bit Register|

Figure 8-2 Configuration of YA 16-bit Register

X, Y Registers: In the addressing mode which uses these
index registers, the register contents are added to the spec-
ified address, which becomes the actual address. These
modes are extremely effective for referencing subroutine
tables and memory tables. The index registers also have in-
crement, decrement, comparison and data transfer func-
tions, and they can be used as simple accumulators.

Stack Pointer: The Stack Pointer is an 8-bit register used
for occurrence interrupts and calling out subroutines. Stack
Pointer identifies the location in the stack to be accessed
(save or restore).

Generally, SP is automatically updated when a subroutine

MAY.2008 Ver 1.46

Data memory can be read and written to up to 256 bytes in-
cluding the stack area.

call is executed or an interrupt is accepted. However, if it
is used in excess of the stack area permitted by the data
memory allocating configuration, the user-processed data
may be lost.

The stack can be located at any position within 1C0Oy to
1FFy of the internal data memory. The SP is not initialized
by hardware, requiring to write the initial value (the loca-
tion with which the use of the stack starts) by using the ini-
tialization routine. Normally, the initial value of “FFy” is
used.

Stack Address (1COH ~ 1FFp)
Bit 15 87 Bit 0

I 01y | SP |
f L. COx~FFH

Hardware fixed

Note: The Stack Pointer must be initialized by software because
its value is undefined after Reset.

Example: To initialize the SP
LDX #OFFH
TXSP ; SP « FFH

Program Counter: The Program Counter is a 16-bit wide
which consists of two 8-bit registers, PCH and PCL. This
counter indicates the address of the next instruction to be
executed. In reset state, the program counter has reset rou-
tine address (PCH:0FFn, PCL:0FER).

Program Status Word: The Program Status Word (PSW)
contains several bits that reflect the current state of the
CPU. The PSW is described in Figure 8-3 . It contains the
Negative flag, the Overflow flag, the Break flag the Half
Carry (for BCD operation), the Interrupt enable flag, the
Zero flag, and the Carry flag.

[Carry flag C]

This flag stores any carry or borrow from the ALU of CPU
after an arithmetic operation and is also changed by the
Shift Instruction or Rotate Instruction.

[Zero flag Z]

This flag is set when the result of an arithmetic operation
or data transfer is “0” and is cleared by any other result.
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MSB

LSB

psw [N]v]c]elH]1]2z]c]reseTvaLuE: 0oy

NEGATIVE FLAG

OVERFLOW FLAG ——

SELECT DIRECT PAGE
when G=1, page is selected to “page 1”

BRK FLAG

CARRY FLAG RECEIVES
CARRY OUT

ZERO FLAG

INTERRUPT ENABLE FLAG
HALF CARRY FLAG RECEIVES

CARRY OUT FROM BIT 1 OF
ADDITION OPERLANDS

Figure 8-3 PSW (Program Status Word) Register

[Interrupt disable flag I]

This flag enables/disables all interrupts except interrupt
caused by Reset or software BRK instruction. All inter-
rupts are disabled when cleared to “0”. This flag immedi-
ately becomes “0” when an interrupt is served. It is set by
the El instruction and cleared by the DI instruction.

[Half carry flag H]

After operation, this is set when there is a carry from bit 3
of ALU or there is no borrow from bit 4 of ALU. This bit
can not be set or cleared except CLRV instruction with
Overflow flag (V).

[Break flag B]

This flag is set by software BRK instruction to distinguish
BRK from TCALL instruction with the same vector ad-
dress.

[Direct page flag G]

22

This flag assigns RAM page for direct addressing mode. In
the direct addressing mode, addressing area is from zero
page 00y to OFFy when this flag is "0". If it is set to "1",
addressing area is assigned 1004 to 1FFy. It is set by
SETG instruction and cleared by CLRG.

[Overflow flag V]

This flag is set to “1” when an overflow occurs as the result
of an arithmetic operation involving signs. An overflow
occurs when the result of an addition or subtraction ex-
ceeds +127(7Fy) or -128(80). The CLRYV instruction
clears the overflow flag. There is no set instruction. When
the BIT instruction is executed, bit 6 of memory is copied
to this flag.

[Negative flag N]

This flag is set to match the sign bit (bit 7) status of the re-
sult of a data or arithmetic operation. When the BIT in-
struction is executed, bit 7 of memory is copied to this flag.
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At execution of At acceptance At execution
a CALL/TCALL/PCALL of interrupt of RET instruction
01FF|  pcH *—S“Sh 01FF| PCH < 01FF PCH <T—
BEL own | _Push Pop
01FE ~— 01FE| PCL down OLFE| PCL =t—p
01FD 01FD PSW <— 01FD
01FC 01FC 01FC
SP before
execution O1FF O1FF 01FD
SP after
execution 01FD 01FC O1FF
At execution At execution
of PUSH instruction of POP instruction
PUSH A (X,Y,PSW) POP A (X,Y,PSW)
01FF A <Push 01FF A <lPop
down up
01FE 01FE
01FD 01FD
01FC 01FC
SP before
execution O1FF O1FE
SP after + +
execution 01FE 01FF

At execution
of RET instruction

01FF | PCH <—
2| Pop

0IFE| PCL up

0IFD| PSW =—

01FC
01FC
O1FF
01COH
i Stack
depth
| {7
01FFH

MAY.2008 Ver 1.46

Figure 8-4 Stack Operation
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8.2 Program Memory

A 16-bit program counter is capable of addressing up to
64K bytes, but this device has 4K bytes program memory
space only physically implemented. Accessing a location
above FFFFH will cause a wrap-around to 00004.

Figure 8-5, shows a map of Program Memory. After reset,
the CPU begins execution from reset vector which is stored
in address FFFEH and FFFFy as shown in Figure 8-6 .

As shown in Figure 8-5, each area is assigned a fixed lo-
cation in Program Memory. Program Memory area con-
tains the user program

FO00H

FEFFy
FFOOH

FFCOy
FFDF TCALL area

FFEOH Interrupt
FFFFH Vector Area

PCALL area

L MCB80F0504/0604, 4K FLASH —

Figure 8-5 Program Memory Map

Page Call (PCALL) area contains subroutine program to
reduce program byte length by using 2 bytes PCALL in-
stead of 3 bytes CALL instruction. If it is frequently called,
it is more useful to save program byte length.

Table Call (TCALL) causes the CPU to jump to each
TCALL address, where it commences the execution of the
service routine. The Table Call service area spaces 2-byte
for every TCALL: OFFCOy for TCALL15, OFFC2y for
TCALL14, etc., as shown in Figure 8-7 .

24

Example: Usage of TCALL

LDA #5 —
TCALL OFH ;1BYTE INSTRUCTION
: ;INSTEAD OF 3 BYTES

> NORMAL CALL
;TABLE CALL ROUTINE

FUNC_A: LDA  LRGO
RET

FUNC B: LDA  LRG1
- RET @ @

;TABLE CALL ADD. AREA

ORG OFFCOH _ | ;TCALL ADDRESS AREA

DW FUNC_A
DW FUNC_B

The interrupt causes the CPU to jump to specific location,
where it commences the execution of the service routine.
The External interrupt 0, for example, is assigned to loca-
tion OFFFCH. The interrupt service locations spaces 2-byte
interval: OFFFAH and OFFFBy for External Interrupt 1,
OFFFCH and OFFFDy for External Interrupt 0, etc.

Any area from OFF00y to OFFFFy, if it is not going to be
used, its service location is available as general purpose
Program Memory.

Address Vector Area Memory
OFFEOH Basic Interval Timer
E2 Watchdog Timer Interrupt
E4 A/D Converter
E6
E8
EA
EC Timer/Counter 1 Interrupt
EE Timer/Counter O Interrupt
FO
F2
F4
F6
F8
FA External Interrupt 1
FC External Interrupt O
FE RESET

Figure 8-6 Interrupt Vector Area
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Address

PCALL Area Memory Address Program Memory

OFFO0OH

OFFFFy

OFFCOH| o TEAIT 1B e
C1 TCALL 15

C2 | TOAT AL o,
Ca TCALL 14

Ca | TEAT 12 e
Cs TCALL 13

TCALL 12 -eeeeessmssneess

TCALL 11 weoeeeessssensensss

TCALL 10 -eeeessreneeees

B (o7 V I T

TCALL 8

PCALL Area
(256 Bytes)

(o7 W SR

TCALL 6 -ororerrreeeeeeenes

TCALLS  wooeeeessmneeeess

TCALL 4

TCALL 3 woeeeessmsseeess

TCALL2  woeeeesssnnsennss

TCALL L  eooeeeeesssenseenss

TCALL 0/ BRK #®--eeeeeees

NOTE:
* means that the BRK software interrupt is using
same address with TCALLO.

Figure 8-7 PCALL and TCALL Memory Area

PCALL— rel TCALL—n
4F35 PCALL 35H 4A TCALL 4
/\/
/\/—
4F A ——[01001010
35 L I—;Eﬂirse
= T 0D1254 NEXT PC: 11111111 110M0170
FH FH DH 6H
OFFOO ;'_1
OFFT35|-| NEXT OFFOOH L L1
| OFFD6 25 HQ
OFFD7y D1
OFFFFy OFFFFy
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Example: The usage software example of Vector address for MC80F0604.

;Interrupt Vector Table
ORG OFFEOH

DW BIT_TIMER BIT
DW WDT WDT
DW ADC AD Converter

DW Noticed
DW Noticed
DW Noticed

DW TIMER1 ; Timer-1
DW TIMERO ; Timer-0
DW Noticed ;
DW Noticed ;
DW Noticed ;
DW Noticed ;
DW Noticed ;
DW INT1 ; Ext. Int.1
DW INTO ; Ext. Int.0
DW RESET ; Reset
ORG OFOOOH ; 4K bytes ROM Start address
; AEAAAEAAAAAAAAXAAAAXAAAAXAAXAAAAAAAXAAAAXAAAA X hdh
; MAIN PROGRAM *
; AEAAAEAAAAAAAAAAAAXAAAAXAAXAAAAAAAXAAAAXAAAA X ddh
RESET: DI ;Disable All Interrupt
;RAM Clear Routine
LDX #0
RAM_ClearO:
LDA #0 ;Page0 RAM Clear(0000h ~ 0O0BFh)
STA X3+
CMPX #0COh
BNE RAM_Clear0
LDM RPR,#1 ;Page Select
SETG
LDX #0COh
RAM_Clear1l:
LDA #0
STA X3+
CMPX #00h
BNE RAM_Clearl
RAM_Clear_Finish:
CLRG ;Page0 Select
LDX #OFFh ;Initial Stack Pointer
TXSP
;Initialize 10
LDM RO, #0 ;:Normal Port RO
LDM RO10,#0FFH ;Normal Port RO Direction
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8.3 Data Memory

Figure 8-8 shows the internal Data Memory space availa-
ble. Data Memory is divided into three groups, a user
RAM, control registers, and Stack memory.

00004

User Memory

(192Bytes)
00BFH PAGEO
00COH| (When “G—f[ag:O",
Control this page0 is selected)

00FFH Registers
0100y

Not Available
01BFy PAGE1
01COH

User Memory

or Stack Area
01FFy (64Bytes)

Figure 8-8 Data Memory Map

User Memory

The MC80F0504/0604 has 256 x 8 bits for the user mem-
ory (RAM). RAM pages are selected by RPR (See Figure
8-9).

Note: After setting RPR(RAM Page Select Register), be sure to
execute SETG instruction. When executing CLRG instruction, be
selected PAGEO regardless of RPR.

Control Registers

The control registers are used by the CPU and Peripheral
function blocks for controlling the desired operation of the
device. Therefore these registers contain control and status

bits for the interrupt system, the timer/ counters, analog to
digital converters and I/O ports. The control registers are in
address range of 0COn to OFF.

Note that unoccupied addresses may not be implemented
on the chip. Read accesses to these addresses will in gen-
eral return random data, and write accesses will have an in-
determinate effect.

More detailed informations of each register are explained
in each peripheral section.

Note: Write only registers can not be accessed by bit manipula-
tion instruction. Do not use read-modify-write instruction. Use byte
manipulation instruction, for example “LDM".

Example; To write at CKCTLR
LDM  CKCTLR,#OAH ;Divide ratio(=32)

Stack Area

The stack provides the area where the return address is
saved before a jJump is performed during the processing
routine at the execution of a subroutine call instruction or
the acceptance of an interrupt.

When returning from the processing routine, executing the
subroutine return instruction [RET] restores the contents of
the program counter from the stack; executing the interrupt
return instruction [RETI] restores the contents of the pro-
gram counter and flags.

The save/restore locations in the stack are determined by
the stack pointed (SP). The SP is automatically decreased
after the saving, and increased before the restoring. This
means the value of the SP indicates the stack location
number for the next save. Refer to Figure 8-4 .

7 6 5 4 3 2

R/W R/W R/W

0

RPR

{RPR2{ RPR1{ RPRO|

ADDRESS: OE1H
INITIAL VALUE: ---- -000g

ESyStem clock source select

000 : PAGEO

001 : PAGE1

010 : Not used

011 : Not used

100 : Not used

others : Setting prohibited

Figure 8-9 RPR(RAM Page Select Register)
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Address Register Name Symbol | R/W initial Value Aderce)Zgng
716|/5(4(3|2|1|0
00CO RO port data register RO R/W |0|0(0|0|0|0|0O]|O byte, bit!
ooc1 RO port I/O direction register ROIO W |0(0|0|0|0|0O|0O|O byte2
00C2 R1 port data register R1 RW |-|-[-]0|0|0|0]|O byte, bit
00C3 R1 port I/O direction register R110 W -|/-]-]0|0f0|0]|0 byte
00C6 R3 port data register R3 RW |-|-/0|0|0|0]|O]- byte, bit
00C7 R3 port I/O direction register R310 W |0|0|0/0|0|0]|O0O]- byte
00Cs8 Port 0 Open Drain Selection Register ROOD W |0|0|0|0|0O|0O|O]|O byte
00C9 Port 1 Open Drain Selection Register R10D w -|-]-]10(0(0|0]|0 byte
00CB Port 3 Open Drain Selection Register R30D W -/-]-10|0|0]|0]|- byte
00DO0 Timer 0 mode control register TMO RW |-|-{0|0]|0|0|0]|O byte, bit
Timer O register TO R o|0j0|0|0Of0O|0O]|O
ooD1 Timer 0 data register TDRO W 1(1(1/1)1|12|1|1 byte
Timer 0 capture data register CDRO R o|0j0|0|0O(0O|0O]|O
00D2 Timer 1 mode control register ™1 R/W |0(0|0|0|0|0|0O|O byte, bit
Timer 1 data register TDR1 \W 1(1(1j1j1|1|1|1 byte
00D3 Timer 1 PWM period register T1PPR w |1|1|1/1|1(1|1|1 byte
Timer 1 register T1 R o|0j0|0|0Of0O|0O]|O
00D4 Timer 1 capture data register CDR1 o|0j0|0|0Of0O|0O]|O by
Timer 1 PWM duty register T1PDR R/W |0|0(0|0|0|0|0O]|O byte
00D5 Timer 1 PWM high register T1PWHR w -|-]-1-10(0]|0]|0 byte
00EO Buzzer driver register BUZR w 1/1/1{1|1|1|1|1 byte
00E1 RAM page selection register RPR RW |-]-]-]-]-/0/0|0 byte, bit
00OEA Interrupt enable register high IENH RW |0[0|-]|-]- -10 byte, bit
OOEB Interrupt enable register low IENL RW [0]|-|-]-]0|0|-|0 byte, bit
00EC Interrupt request register high IRQH RW |[0|0f-|-]-]-]-]0 byte, bit
00ED Interrupt request register low IRQL RW |0|-|-|-|/0|0|-1|0 byte, bit
00EE Interrupt edge selection register IEDS RW |-|-|-]-]0/0[0|0 byte, bit
OOEF A/D converter mode control register ADCM R/W |0|0(0|0|0|0|0]|1 byte, bit
00FO0 A/D converter result high register ADCRH | R(W) |0|1|0| Undefined byte
00F1 A/D converter result low register ADCRL R Undefined byte
Basic interval timer register BITR R Undefined
00F2 byte
Clock control register CKCTLR | W |o ’ - ‘o ‘ 1 ’ 0 ‘ 1 ‘ 1 ’ 1

Table 8-1 Control Registers
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Address Register Name Symbol | R/W initial Value Ad(livrlgzzing
7/6/5[4|3|2|1|0
Watch dog timer register WDTR w |0j1|1/1|1(1]1|1
00F4 byte
Watch dog timer data register WDTDR R Undefined
00F5 Stop & sleep mode control register SSCR W |0|0|0|0|0O|0O|0O]|O byte
00F7 PFD control register PFDR RW |-]-]|-]-]-/0|0|0 byte, bit
00F8 Port selection register 0 PSRO W |0|0|0|0|0O|0O|O]|O byte
00F9 Port selection register 1 PSR1 w -1-]-1-10(0]|0]|0 byte
00FC Pull-up selection register 0 PUO W |0|0|0|0|0O|0O|O]|O byte
00FD Pull-up selection register 1 PU1 w -|-]1-]10(0(0|0]|0 byte
O00FF Pull-up selection register 3 PU3 w -/-10|/0|0|0|0O]- byte
Table 8-1 Control Registers
1. The ‘byte, bit’ means registers are controlled by both bit and byte manipulation instruction.

Caution) The R/W registers except TLPDR are both can be byte and bit manipulated.

2. The ‘byte’ means registers are controlled by only byte manipulation instruction. Do not use bit manipulation
instruction such as SET1, CLR1 etc. If bit manipulation instruction is used on these registers,
content of other seven bits are may varied to unwanted value.

*The mark of ‘-’ means this bit location is reserved.
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Address Name Bit 7 ‘ Bit 6 ‘ Bit 5 ‘ Bit 4 ‘ Bit 3 ‘ Bit 2 ‘ Bit 1 ‘ Bit O

0COH | RO RO Port Data Register
0C1H |ROIO RO Port Direction Register
0C2H |R1 R1 Port Data Register
OC3H R1I0 R1 Port Direction Register
0C6H | R3 R3 Port Data Register
0C7H | RS3IO R3 Port Direction Register
0C8H | ROOD RO Open Drain Selection Register
0C9H | R10D R1 Open Drain Selection Register
0CBH | R30D R3 Open Drain Selection Register
ODOH | TMO - ‘ - ‘ CAPO ‘ TOCK2 ‘ TOCK1 ‘ TOCKO ‘ TOCN ‘ TOST
OD1H 'I(;%/;ISRO/ Timer0O Register / TimerO Data Register / Timer0 Capture Data Register
OD2H | TM1 POL ‘ 16BIT ‘ PWM1E ‘ CAP1 ‘ T1CK1 ‘ T1CKO ‘ T1CN ‘ T1ST
OD3H VIR Timerl Data Register / Timerl PWM Period Register

T1PPR
0D4H E/F?DDRRU Timerl Register / Timerl Capture Data Register /Timerl PWM Duty Register
OD5H PWM1HR - - - - Timerl PWM High Register
OEOH BUZR BUCK1 BUCKO BURS BUR4 BUR3 BUR2 BUR1 BURO
OE1H RPR - - - - - RPR2 RPR1 RPRO
OEAH IENH INTOE INT1E - - - - - TOE
OEBH IENL T1E - - - ADCE WDTE - BITE
OECH | IRQH INTOIF INT1IF - - - - - TOIF
OEDH | IRQL T1IF - - - ADCIF WDTIF - BITIF
OEEH IEDS - - - - IED1H IED1L IEDOH IEDOL
OEFH | ADCM ADEN ADCK ADS3 ADS2 ADS1 ADSO ADST ADSF
OFOH ADCRH PSSEL1 PSSELO ADCS8 - - - ADC Result Reg. High
OF1H | ADCRL ADC Result Register Low

BITR! Basic Interval Timer Data Register
orzn CKCTLR! | ADRST = ’ RCWDT ‘ WDTON ‘ BTCL ’ BTS2 ‘ BTS1 ‘ BTSO

WDTR WDTCL | 7-bit Watchdog Timer Register
OFaH WDTDR | Watchdog Timer Data Register (Counter Register)
OF5H | SSCR Stop & Sleep Mode Control Register
OF7H PFDR - - - - - PFDEN PFDM PFDS
OF8H PSRO - PWM1O0E - ECOE - - INT1E INTOE
OF9H PSR1 - - - - AVREFS BUZO - TOO
OFCH | PUO RO Pull-up Selection Register

Table 8-2 Control Register Function Description
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Address Name Bit 7 ‘ Bit 6 ‘ Bit 5 ‘ Bit 4 ‘ Bit 3 ‘ Bit 2 ‘ Bit 1 ‘ Bit 0
OFDH | PU1 R1 Pull-up Selection Register
OFFH | PU3 R3 Pull-up Selection Register

Table 8-2 Control Register Function Description
1. The register BITR and CKCTLR are located at same address. Address ECH is read as BITR, written to CKCTLR.

Caution) The registers of dark-shaded area can not be accessed by bit manipulation instruction such as "SET1, CLR1", but should be
accessed by register operation instruction such as "LDM dp,#mm".
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8.4 Addressing Mode

The MC80 series MCU uses six addressing modes;
» Register addressing

* Immediate addressing

» Direct page addressing

* Absolute addressing

* Indexed addressing

« Register-indirect addressing

8.4.1 Register Addressing
Register addressing accesses the A, X, Y, C and PSW.

8.4.2 Immediate Addressing — #imm

In this mode, second byte (operand) is accessed as a data
immediately.

Example:
0435 ADC #35H

MEMORY
/\/

04
35

} A+35H+C - A

L 1

When G-flag is 1, then RAM address is defined by 16-bit
address which is composed of 8-bit RAM paging register
(RPR) and 8-bit immediate data.

Example: G=1
E45535 LDM 35H,#55H
/\/
0135H data data <— 55H
E'ZI | -
OF100H E4
OF101H 55
OF102H 35
/\/
32

8.4.3 Direct Page Addressing— dp
In this mode, a address is specified within direct page.
Example; G=0

535 LDA  35H 1A < RAM[35H]

35H data

\‘:u

= x I:Idata ->A
OE550H C5
OE551H 35

/\/

8.4.4 Absolute Addressing — labs

Absolute addressing sets corresponding memory data to
Data, i.e. second byte (Operand I) of command becomes
lower level address and third byte (Operand 1) becomes
upper level address.

With 3 bytes command, it is possible to access to whole
memory area.

ADC, AND, CMP, CMPX, CMPY, EOR, LDA, LDX,
LDY, OR, SBC, STA, STX, STY

Example;
0735F0 ADC 10FO35H ;A «<ROM[OFO35H]
/_\’—
= * ‘ N
Ij+data+c —>A
O0F100H 07
OF101H 35 address: 0F035
OF102H FO
/\’—

The operation within data memory (RAM)
ASL, BIT, DEC, INC, LSR, ROL, ROR

Example; Addressing accesses the address 01354 regard-
less of G-flag.
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983501 INC 10135H ;A «ROM[135H]
/\_/
/\_’—
35H data 1
135H data —1 4 4 data > A
| [ B6H > X
[ data+1 — data DB
OF100H 98 1
/\_,—
OF101H 35 address: 0135
OF102H 01
/\/

8.4.5 Indexed Addressing

Xindexed direct page (no offset) — {X}

In this mode, a address is specified by the X register.
ADC, AND, CMP, EOR, LDA, OR, SBC, STA, XMA
Example; X=154, G=1

D4 LDA  {X} s ACC<RAM[X] -
/\—’—
115H data Y\ 1l
A A 1 data —»> A
L1
OE550H D4
/_\’—

X indexed direct page, auto increment— {X}+

In this mode, a address is specified within direct page by
the X register and the content of X is increased by 1.

LDA, STA
Example; G=0, X=35y
DB LDA  {X}+

MAY.2008 Ver 1.46

X indexed direct page (8 bit offset) » dp+X

This address value is the second byte (Operand) of com-
mand plus the data of X-register. And it assigns the mem-
ory in Direct page.

ADC, AND, CMP, EOR, LDA, LDY, OR, SBC, STA
STY, XMA, ASL, DEC, INC, LSR, ROL, ROR

Example; G=0, X=0F5y
C645 LDA 45H+X

3AH data

| S

By =+ [ data>A

0E550H Ccé L1 \
OE551H 45
45H+0F5H=13AH
/\/

Y indexed direct page (8 bit offset) —» dp+Y

This address value is the second byte (Operand) of com-
mand plus the data of Y-register, which assigns Memory in
Direct page.

This is same with above (2). Use Y register instead of X.

Y indexed absolute — labs+Y

Sets the value of 16-bit absolute address plus Y-register
data as Memory.This addressing mode can specify memo-
ry in whole area.

Example; Y=55y
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D500FA LDA T0FAQQOH+Y 1625 ADC [25H+X]
/_\/
/\_/
35H 05 -
OF100H D5
OF101H 00 L1 on =
- 1 [oEdosH
OF102H FA OFAQOH+55H=0FA55H 3 3 |
1 1 / OEO05H data J [ 25k x(10) = 35H
OFA55H data » data—> A
OFAQOH 16
/\/
25 -
— [addata+Cc A

8.4.6 Indirect Addressing

Direct page indirect — [dp]

Assigns data address to use for accomplishing command
which sets memory data (or pair memory) by Operand.
Also index can be used with Index register X,Y.

JMP, CALL
Example; G=0
3F35 JMP  [35H]

/\’,
35H 0A -
36H E3
Y -
1
OE30AH NEXT jump to
address OE30AH
OFAQOH 3F —_
35
/\_/

X indexed indirect — [dp+X]

Processes memory data as Data, assigned by 16-bit pair
memory which is determined by pair data
[dp+X+1][dp+X] Operand plus X-register data in Direct
page.

ADC, AND, CMP, EOR, LDA, OR, SBC, STA

Example; G=0, X=10y

34

Y indexed indirect — [dp]+Y

Processes memory data as Data, assigned by the data
[dp+1][dp] of 16-bit pair memory paired by Operand in Di-
rect page plus Y-register data.

ADC, AND, CMP, EOR, LDA, OR, SBC, STA
Example; G=0, Y=10n

1725 ADC  [25H]+Y
/X”
25H 05
26H EO
1
OE015H data OEOO5H + Y(10)
—.  =0EO15H
1 I
OFAOQOH 17
4
i 1
] A+data+C - A

Absolute indirect — [!abs]

The program jumps to address specified by 16-bit absolute
address.

JMP
Example; G=0
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1F25E0 JMP

—»0E025H
0EO026H

de725H

OFAOOH

PROGRAM MEMORY
/\’4

[10C025H]

25

E7

NEXT

1F

—

MAY.2008
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9.1/0 PORTS

The MC80F0504/0604 has three ports (RO, R1 and R3).
These ports pins may be multiplexed with an alternate
function for the peripheral features on the device. All port
can drive maximum 20mA of high current in output low
state, so it can directly drive LED device.

All pins have data direction registers which can define
these ports as output or input. A “1” in the port direction
register configure the corresponding port pin as output.
Conversely, write “0” to the corresponding bit to specify it
as input pin. For example, to use the even numbered bit of
RO as output ports and the odd numbered bits as input
ports, write “554” to address 0C1y (RO port direction reg-
ister) during initial setting as shown in Figure 9-1 .

All the port direction registers in the MC80F0504/0604
have 0 written to them by reset function. On the other hand,

9.1 RO and ROIO register

RO is an 8-bit CMOS bidirectional 1/0 port (address
0CO0R). Each 1/0 pin can independently used as an input or
an output through the ROIO register (address 0C1H). When
ROO0 through RO7 pins are used as input ports, an on-chip
pull-up resistor can be connected to them in 1-bit units

its initial status is input.

WRITE “554” TO PORT RO DIRECTION REGISTER
—_

0COH RO data r|0| [o[ifo[1Jo]1] BIT
5 3 1

0C1H | RO direction
0C24 R1 data *
0C3H R1 direction

—

Figure 9-1 Example of port I/O assignment

with a pull-up selection register 0 (PUO). Each 1/O pin of
RO port can be used to open drain output port by setting the
corresponding bit of the open drain selection register 0
(ROOD).

ADDRESS: 0COH
RESET VALUE: 004

RO [Ro7:R06:RO5:R04iR03 RO2{ RO1{ ROO

| C

RO Data Register

Input / Output data

ADDRESS: 0C1H

RO Direction Register RESET VALUE: 00n

ROIO P
L
L Port Direction

0: Input

1: Output
RO Pull-up ADDRESS: OFCh
Selection Register RESET VALUE: 00y
puo | i i P

[

Pull-up Resister Selection

0: Disable
1: Enable

RO Open Drain
Selection Register

ROOD |

ADDRESS: 0C8H
RESET VALUE: 004

L |

Open Drain Resister Selection

0: Disable
1: Enable

ADDRESS: 0F84
RESET VALUE: -0-0 --00g

- 1INTLE! INTOE

1

Port / INT Selection
0: R11, R12
1:INTO, INT1

PSRO | - jwiod - lecoe} - |

Port / EC Selection
0: RO4
1: ECO

Port / PWM Selection

0: R10
1: PWM1O
ADDRESS: 0F94
RESET VALUE: ---- 0000
PSR1 | - - - - EAVREFSEBUZOE; - éTOOEl

Port / TO Selection
0: RO5
1: TimerO output

R12/BUZO Selection
0: R12 port (Turn off buzzer)
1: BUZO port (Turn on buzzer)

R10 / AVRgr Selection
0: R10 port
1: AVREFr port

36
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Figure 9-2 RO Port Register

In addition, Port RO is multiplexed with various alternate
functions. The port selection register PSRO (address OF8)
and PSR1 (address 0F9y) control the selection of alternate
functions such as event counter input 0 (ECO0) and timer 0
output (T0O). When the alternate function is selected by
writing “1” in the corresponding bit of PSRO or PSR1, port
pin can be used as a corresponding alternate features re-
gardless of the direction register ROIO.

The ADC input channel 1~7 (AN1~AN7) can be selected
by setting ADCM(00EF) register to enable the corre-
sponding peripheral operation and select operation mode.

9.2 R1 and R1IO register

R1 is a 5-bit CMOS bidirectional 1/0 port (address 0C2y).
Each 1/O pin can independently used as an input or an out-
put through the R110O register (address 0C3). When R10
through R14 pins are used as input ports, an on-chip pull-
up resistor can be connected to them in 1-bit units with a
pull-up selection register 1 (PU1). Each 1/0 pin of RO port
can be used to open drain output port by setting the corre-
sponding bit of the open drain selection register 1 (R1OD).

In addition, Port R1 is multiplexed with various alternate
functions. The port selection register PSRO (address 0F8)
and PSR1 (address 0F9R) control the selection of alternate
functions such as Analog reference voltage input (AVRgr),
external interrupt 0 (INTO), external interrupt 1 (INT1),
PWM 1 output (PWM10) and buzzer output (BUZO).
When the alternate function is selected by writing “1” in
the corresponding bit of PSRO or PSR1, port pin can be
used as a corresponding alternate features regardless of the
direction register R110.

MAY.2008 Ver 1.46

Port Pin Alternate Function

R0OO

RO1 ANZ1(ADC Input channel 1)

R0O2 AN2 (ADC Input channel 2)

R0O3 AN3 (ADC Input channel 3)

RO4 AN4 (ADC Input channel 4)
ECO (Event counter input 0)

RO5 AN5 (ADC Input channel 5)
TOO (Timer output 0)

R0O6 ANG6 (ADC Input channel 6)

RO7 AN7 (ADC Input channel 7)

The ADC input channel 0 (ANO) can be selected by setting
ADCM(00EF) register to enable ADC and select channel
0.

Port Pin Alternate Function
R10 ANO (ADC input channel 0)
AVRer (Analog reference voltage)
PWM10O (PWM 1 output)
R11 INTO (External Interrupt 0)
R12 INT1 (External Interrupt 1)
BUZO (Buzzer output)
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R1 Data Register

ADDRESS: 0C24
RESET VALUE: ---0 0000g

R1 |- -

- {R14iR13{R12{R11{R10

ADDRESS: OF8H
RESET VALUE: -0-0 --00g

PSRO

PECOE! - i - !INTLE!INTOE

R1 Direction Register

[

Input / Output data

ADDRESS: 0C3y4

RESET VALUE: ---0 0000g

Ruo [ - |
\— Port Direction
0: Input
1: Output 0: R10
R1 Pull-up ADDRESS: OFDy

Selection Register

1: PWM10O

RESET VALUE: ---0 0000g

PUL | - @ - -

1

Port / INT Selection
0: R11, R12
1: INTO, INT1

Port / EC Selection
0: RO4
1: ECO

Port / PWM Selection

ADDRESS: OF9H
RESET VALUE: ---- 0000

R1 Open Drain
Selection Register

AVREFSIBUZOE} - | TOOE |

—— PSR1
|

Pull-up Resister Selection

0: Disable
1: Enable

ADDRESS: 0C94

Riop [ —

RESET VALUE: ---0 0000g

T

Open Drain Resister Selection

0: Disable
1: Enable

Port / TO Selection
0: RO5
1: TimerO output

R12/BUZO Selection
0: R12 port (Turn off buzzer)
1: BUZO port (Turn on buzzer)

R10 / AVRer Selection
0: R10 port
1: AVREgr port

38

Figure 9-3 R1 Port Register
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9.3 R3 and R3IO register

R3 is a 5-bit CMOS bidirectional 1/0 port (address 0C6R).
Each 1/0 pin (except R35) can independently used as an in-
put or an output through the R310 register (address 0C7py).
R35 is an input only port. When R31 through R35 pins are
used as input ports, an on-chip pull-up resistor can be con-
nected to them in 1-bit units with a pull-up selection regis-
ter 3 (PU3). R31 through R34 pins can be used to open
drain output port by setting the corresponding bit of the
open drain selection register 3 (R30D).

In addition, Port R3 is multiplexed with alternate func-
tions. R31 and R32 can be used as ADC input channel 14
and 15 by setting ADCM to enable ADC and select chan-
nel 14 and 15.

Port Pin Alternate Function

R31 AN14 (ADC input channel 14)

R32 AN15 (ADC input channel 15)

R33, R34 and R35 is multiplexed with XN, XouT, and
RESET pin. These pins can be used as general 1/0 pins by
setting writing option described in "21. Device Configura-
tion Area" .
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R3 Data Register

ADDRESS: 0C6H
RESET VALUE: --00 000-g

R3 | -]

- {R35iR34iR33iR32{R31{ - |

[

nput / Output data
Input data

ADDRESS: 0C7H

R3 Direction Register

RESET VALUE: ---0 000-g

R3O | -1 -f-1 b -]
I: Port Direction
0: Input
1: Output
R3 Pull-up ADDRESS: OFF

Selection Register

RESET VALUE: --00 000-g

PU3 | - -

R3 Open Drain

Selection Register

L Pull-up Resister Selection

0: Disable
1: Enable

ADDRESS: 0CBH
RESET VALUE: ---0 000-g

R30D |

L A

Open Drain Resister Selection

0: Disable
1: Enable
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10. CLOCK GENERATOR

As shown in Figure 10-1, the clock generator produces the
basic clock pulses which provide the system clock to be
supplied to the CPU and the peripheral hardware. It con-
tains main-frequency clock oscillator. The system clock
operation can be easily obtained by attaching a crystal or a
ceramic resonator between the XN and XouT pin, respec-
tively. The system clock can also be obtained from the ex-
ternal oscillator. In this case, it is necessary to input a
external clock signal to the Xy pin and open the XouyT pin.
There are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuit-

ry is through a divide-by-two flip-flop, but minimum and
maximum high and low times specified on the data sheet
must be observed.

To the peripheral block, the clock among the not-divided
original clock, clocks divided by 1, 2, 4,..., up to 4096 can
be provided. Peripheral clock is enabled or disabled by
STOP instruction. The peripheral clock is controlled by
clock control register (CKCTLR). See "11. BASIC IN-
TERVAL TIMER" on page 43 for details.

STOP
INOSC
Main OSC
Stop Y
xn o [ 0sc ONP fxin
Circuit | Circuit ; C(|300k Pulse Internal
Xout [J— _—DL enerator
MUX 2) system clock
Int OSC INCLK
Circuit
INOSC
PRESCALER
INOSC (IN4AMCLK/IN2MCLK/ PSO PS1 PS2 PS3 PS4 PS5 PS6 PS7 PS8 PS9 PS10 | PS11 | PS12
INAMCLKXO/IN2MCLKXO)
+1 +2 +4 +8 +16 +32 +64 +128 256 +512 <1024 2048 -+4096
7~3 2~0
Configuration Option Register (20FFy) Peripheral clock
fex (Hz) PSO PS1 PS2 PS3 PS4 PS5 PS6 PS7 PS8 PS9 PS10 | PS11 | PS12
Frequency | 4M 2M 1M 500K 250K 125K 62.5K | 31.25K | 15.63K | 7.183K | 3.906K | 1.953K| 976
4M
period 250n 500n 1u 2u 4u 8u 16u 32u 64u 128u 256u 512u | 1.024m

Figure 10-1 Block Diagram of Clock Generator

10.1 Oscillation Circuit

Xin and XouT are the input and output, respectively, a in-
verting amplifier which can be set for use as an on-chip os-
cillator, as shown in Figure 10-2 .

=l I _T_ Xout
c2
1>—| —l_ Xin

Vss

Figure 10-2 Oscillator Connections

40

Note: When using a system clock oscillator, carry out wiring in
the broken line area in Figure 10-2 to prevent any effects from wir-
ing capacities.

- Minimize the wiring length.

- Do not allow wiring to intersect with other signal conductors.

- Do not allow wiring to come near changing high current.

- Set the potential of the grounding position of the oscillator capac-
itor to that of Vss. Do not ground to any ground pattern where high
current is present.

- Do not fetch signals from the oscillator.
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n addition, see Figure 10-3 for the layout of the crystal.

Xout

XiN

o

Figure 10-3 Layout of Oscillator PCB circuit

To drive the device from an external clock source, Xout
should be left unconnected while Xin is driven as shown in
Figure 10-4 . There are no requirements on the duty cycle
of the external clock signal, since the input to the internal
clocking circuitry is through a divide-by-two flip-flop, but
minimum and maximum high and low times specified on
the data sheet must be observed.

Oscillation circuit is designed to be used either with a ce-
ramic resonator or crystal oscillator. Since each crystal and
ceramic resonator have their own characteristics, the user
should consult the crystal manufacturer for appropriate
values of external components.

OPEN Xout
External .
Clock Xin
Source
CLE

Figure 10-4 External Clock Connections

In addition, the MC80F0504/0604 has an ability for the ex-
ternal RC oscillated operation. It offers additional cost sav-
ings for timing insensitive applications. The RC
oscillator frequency is a function of the supply voltage, the
external resistor (RexT) and capacitor (Cext) values, and
the operating temperature.

The user needs to take into account variation due to toler-
ance of external R and C components used.

Figure 10-5 shows how the RC combination is connected
to the MC80F0504/0604. External capacitor (CexT) can be
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omitted for more cost saving. However, the characteristics
of external R only oscillation are more variable than exter-
nal RC oscillation.

Vvdd

RexT

Cext

]

XN
f Cint ~ 6pF

funtd 4 Xout

Figure 10-5 RC Oscillator Connections
Vbb
Rext ¥

fxin+4 < Xout

XIN
J_I CinT ~ 6pF

Figure 10-6 R Oscillator Connections

To use the RC oscillation, the CLK option of the configu-
ration bits (20FFR) should be set to “EXRC or EXRCXO”.

The oscillator frequency, divided by 4, is output from the
Xout pin, and can be used for test purpose or to synchro-
nize other logic.

In addition to external crystal/resonator and external RC/R
oscillation, the MC80F0504/0604 provides the internal
4MHz or 2MHz oscillation. The internal 4AMHz/2MHz os-
cillation needs no external parts.

To use the internal 4MHz/2MHz oscillation, the CLK op-
tion of the configuration bits should be set to “INAMCLK?”,
“IN2MCLK”, “INAMCLKXO” or “IN2MCLKXOQO”. For
detail description on the configuration bits, refer to "21.
Device Configuration Area"
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11. BASIC INTERVAL TIMER

The MC80F0504/0604 has one 8-bit Basic Interval Timer
that is free-run and can not stop. Block diagram is shown
in Figure 11-1 . In addition, the Basic Interval Timer gen-
erates the time base for watchdog timer counting. It also
provides a Basic interval timer interrupt (BITIF).

The 8-bit Basic interval timer register (BITR) is increased
every internal count pulse which is divided by prescaler.
Since prescaler has divided ratio by 8 to 1024, the count
rate is 1/8 to 1/1024 of the oscillator frequency. As the
count overflow from FFH to O0H, this overflow causes the
interrupt to be generated.

The Basic Interval Timer is controlled by the clock control
register (CKCTLR) shown in Figure 11-2. If the RCWDT
bit is set to “1”, the clock source of the BITR is changed to
the internal RC oscillation.

When write "1" to bit BTCL of CKCTLR, BITR register is
cleared to "0" and restart to count-up. The bit BTCL be-
comes "0" after one machine cycle by hardware.

If the STOP instruction executed after writing "1" to bit
RCWDT of CKCTLR, it goes into the internal RC oscillat-
ed watchdog timer mode. In this mode, all of the block is
halted except the internal RC oscillator, Basic Interval
Timer and Watchdog Timer. More detail informations are
explained in Power Saving Function. The bit WDTON de-
cides Watchdog Timer or the normal 7-bit timer.

Source clock can be selected by lower 3 bits of CKCTLR.

BITR and CKCTLR are located at same address, and ad-
dress OF2y is read as a BITR, and written to CKCTLR.

Note: All control bits of Basic interval timer are in CKCTLR reg-
ister which is located at same address of BITR (address ECR). Ad-
dress ECH is read as BITR, written to CKCTLR. Therefore, the
CKCTLR can not be accessed by bit manipulation instruction.

Internal RC OSC
RCWDT
+8 [ 8-bit up-counter i
T source T )
+32 clock overflow
. '24 0 BITR |BITIF]
Xin PIN | |7 g 128 | MUx 0 OFE]
>
&) +256 To Watchdog timer (WDTCK)
2512 clear
+1024
/
Select Input clock ), 3
BCK[2:0] RCWDT BTCL
[0F2] CKCTLR
Basic Interval Timer Read
clock control register
2 Internal bus line 8

Figure 11-1 Block Diagram of Basic Interval Timer
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CKCTLR Interrupt (overflow) Period (ms)
[2:0] Source clock @ fxn = 8MHZ
000 fxin+8 0.256
001 fxin+16 0.512
010 fxin+32 1.024
011 fxin+64 2.048
100 fxin+128 4.096
101 fxinN+256 8.192
110 fxn+512 16.384
111 fxin+1024 32.768

Table 11-1 Basic Interval Timer Interrupt Period
7 6 5 4 3 2 1 0

ADDRESS: OF2H

CKCTLR [avrsTi -

ROWDTIWDTON BTCLIBTS2} BTSLIBTSO|  INITIAL VALUE: 0-01 01115

Caution:

Both register are in same address,
when write, to be a CKCTLR,
when read, to be a BITR.

[ Basic Interval Timer source clock select

. fXIN +8

. fXIN +16

. fXIN +32

. fXIN + 64

. fXIN +128

. fXIN + 256

. fXIN +512

. fXIN +1024

Clear bit

0: Normal operation (free-run)

1: Clear 8-bit counter (BITR) to “0”. This bit becomes 0 automatically
after one machine cycle, and starts counting.

Watchdog timer Enable bit

0: Operate as 7-bit Timer

1: Enable Watchdog Timer operation
See the section “Watchdog Timer”.

RC Watchdog Selection bit
0: Disable Internal RC Watchdog Timer
1: Enable Internal RC Watchdog Timer

Address Trap Reset Selection

7

0: Enable Address Fail Reset
1: Disable Address Fail Reset

6 5 4 3 2 1

BITR |

ADDRESS: 0F2y
INITIAL VALUE: Undefined

8

-BIT FREE-RUN BINARY COUNTER

Example 1:

Interrupt request flag is generated

Figure 11-2 BITR: Basic Interval Timer Mode Register
Example 2:

every 8.192ms at 4AMHz. Interrupt request flag is generated every 8.192ms at 8MHz.

LDM  CKCTLR,#1BH LDM  CKCTLR,#1CH
SET1 BITE SET1 BITE

El

MAY.2008 Ver 1.46
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12. WATCHDOG TIMER

The watchdog timer rapidly detects the CPU malfunction
such as endless looping caused by noise or the like, and re-
sumes the CPU to the normal state. The watchdog timer
signal for detecting malfunction can be selected either a re-
set CPU or a interrupt request.

When the watchdog timer is not being used for malfunc-
tion detection, it can be used as a timer to generate an in-
terrupt at fixed intervals.

The watchdog timer has two types of clock source. The
first type is an on-chip RC oscillator which does not re-
quire any external components. This RC oscillator is sepa-
rate from the external oscillator of the Xy pin. It means
that the watchdog timer will run, even if the clock on the
Xin pin of the device has been stopped, for example, by en-
tering the STOP mode. The other type is a prescaled sys-
tem clock.

The watchdog timer consists of 7-bit binary counter and
the watchdog timer data register. When the value of 7-bit
binary counter is equal to the lower 7 bits of WDTR, the
interrupt request flag is generated. This can be used as
Watchdog timer interrupt or reset the CPU in accordance
with the bit WDTON.

Note: Because the watchdog timer counter is enabled after clear-
ing Basic Interval Timer, after the bit WDTON set to "1", maximum
error of timer is depend on prescaler ratio of Basic Interval Timer.
The 7-bit binary counter is cleared by setting WDTCL(bit7 of
WDTR) and the WDTCL is cleared automatically after 1 machine
cycle.

The RC oscillated watchdog timer is activated by setting
the bit RCWDT as shown below.

LDM CKCTLR,#3FH; enable the RC-0SC WDT
LDM WDTR,#OFFH ; set the WDT period
LDM SSCR, #5AH ;ready for STOP mode
STOP ; enter the STOP mode

NOP

NOP ; RC-0SC WDT running

The RC-WDT oscillation period is vary with temperature,
Vpp and process variations from part to part (approxi-
mately, 33~100uS). The following equation shows the
RCWDT oscillated watchdog timer time-out.

TrRewpT=CLKrcwDTX2XWDTR + (CLKrcWDT X282
where, CLKrcwpT = 33~100US

In addition, this watchdog timer can be used as a simple 7-
bit timer by interrupt WDTIF. The interval of watchdog
timer interrupt is decided by Basic Interval Timer. Interval
equation is as below.

TwpTt = (WDTR+1) x Interval of BIT

clear

clear

0"

comparator

Watchdog
BASIC INTERVAL TIMER .
OVERFLOW Count Counter (7-bit)
source
WDTCL 7-bit compare data

R
[ —

WDTR

|[0F4H] T T

ofo ——» toresetCPU
e

ienable
WDTON in CKCTLR [0F24]

Il WDTIF Il

Watchdog Timer interrupt

Watchdog Timer
Register

S Internal bus line

Figure 12-1 Block Diagram of Watchdog Timer

44

MAY.2008 Ver 1.46



NABON

MC80F0504/0604

Watchdog Timer Control

Figure 12-2 shows the watchdog timer control register.
The watchdog timer is automatically disabled after reset.

The CPU malfunction is detected during setting of the de-
tection time, selecting of output, and clearing of the binary

er output will become active at the rising overflow from
the binary counters unless the binary counter is cleared. At
this time, when WDTON=1, a reset is generated, which
drives the RESET pin to low to reset the internal hardware.
When WDTON=0, a watchdog timer interrupt (WDTIF) is

generated. The WDTON bit is in register CLKCTLR.

counter. Clearing the binary counter is repeated within the

detection time.

If the malfunction occurs for any cause, the watchdog tim-

The watchdog timer temporarily stops counting in the
STOP mode, and when the STOP maode is released, it au-

tomatically restarts (continues counting).

w
7

w
6

W ww
4 3

w W W
2 1

WDTR |worct

ADDRESS: 0F4y
INITIAL VALUE: 0111 1111

—— Clear count flag
0: Free-run count

1: When the WDTCL is set

is cleared to “0”. And the

after one machine cycle.

L

7-bit compare data

to “1”, binary counter
WDTCL becomes “0” automatically
Counter count up again.

Figure 12-2 WDTR: Watchdog Timer Control Register

Example: Sets the watchdog timer detection time to 1 sec.

LDM CKCTLR, #3FH
LDM WDTR, #08FH
__LDM WDTR, #08FH
Within WDT :
detection time -
DM WDTR, #08FH
Within WDT
detection time :
Y WDTR, #08FH

Enable and Disable Watchdog

Watchdog timer is enabled by setting WDTON (bit 4 in
CKCTLR) to “1”. WDTON is initialized to “0” during re-
set and it should be set to “1” to operate after reset is re-
leased.

Example: Enables watchdog timer for Reset

LDM CKCTLR, #xXX1_XXXXB;WDTON « 1

The watchdog timer is disabled by clearing bit 4 (WD-
TON) of CKCTLR. The watchdog timer is halted in STOP
mode and restarts automatically after STOP mode is re-
leased.

MAY.2008 Ver 1.46

at 4.194304MHz

;Select 1/1024 clock source, WDTON <« 1, Clear Counter

; Clear counter

; Clear counter

; Clear counter

Watchdog Timer Interrupt

The watchdog timer can be also used as a simple 7-bit tim-
er by clearing bit4 of CKCTLR to “0”. The interval of
watchdog timer interrupt is decided by Basic Interval Tim-

er. Interval equation is shown as below.
TwpTt = (WDTR+1) x Interval of BIT

The stack pointer (SP) should be initialized before using

the watchdog timer output as an interrupt source.
Example: 7-bit timer interrupt set up.

LDM

LDM WDTR , #8FH SWDTCL <1

CKCTLR, #xXX0_XXXXB;WDTON <0
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oroverion | L L[ L[ LI

Binary-counter 1 X 2 X 3 )@( 1 X 2

Counter
Clear

WDTR n 3

WDTIF interrupt

{
el

WDTR « “1000_0011p"

Detect

WDT reset

reset

Figure 12-3 Watchdog timer Timing

If the watchdog timer output becomes active, a reset is gen-
erated, which drives the RESET pin low to reset the inter-
nal hardware.

46

The main clock oscillator also turns on when a watchdog
timer reset is generated in sub clock mode.
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13. TIMER/EVENT COUNTER

The MC80F0504/0604 has two Timer/Counter. Each mod-
ule can generate an interrupt to indicate that an event has
occurred (i.e. timer match).

Timer 0 and Timer 1 are can be used either two 8-bit Tim-
er/Counter or one 16-bit Timer/Counter with combine
them. Also Timer 2 and Timer 3 are same.

In the “timer” function, the register is increased every in-
ternal clock input. Thus, one can think of it as counting in-
ternal clock input. Since a least clock consists of 2 and
most clock consists of 2048 oscillator periods, the count
rate is 1/2 to 1/2048 of the oscillator frequency.

In the “counter” function, the register is increased in re-
sponse to a 0-to-1 (rising edge) transition at its correspond-

ing external input pin, ECO.

In addition the “capture” function, the register is increased
in response external or internal clock sources same with
timer or counter function. When external clock edge input,
the count register is captured into Timer data register cor-
respondingly. When external clock edge input, the count
register is captured into capture data register CDRX.

Timer 0 and Timer 1 is shared with "PWM" function and
"Compare output™ function. It has six operating modes: "8-
bit timer/counter”, "16-bit timer/counter”, "8-bit capture”,
"16-bit capture™, "8-bit compare output”, and "10-bit
PWM" which are selected by bit in Timer mode register
TMO and TM1 as shown in Table 13-1, Figure 13-1 .

16BIT | CAPO | CAP1 | PWM1E T[g%lf T[-i%}f PWM10 TIMER O TIMER 1
0 0 0 0 XXX XX 0 8-bit Timer 8-bit Timer
0 0 1 0 111 XX 0 8-bit Event counter 8-bit Capture
0 1 0 0 XXX XX 1 8-bit Capture (internal clock) | 8-bit Compare Output
0 X 0 1 XXX XX 1 8-bit Timer/Counter 10-bit PWM
1 0 0 0 XXX 11 0 16-bit Timer
1 0 0 0 111 11 0 16-bit Event counter
1 1 1 0 XXX 11 0 16-bit Capture (internal clock)

Table 13-1 Operation Modes of Timer 0, 1

1. X means the value of “0” or “1” corresponds to user operation.
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RW RW RW RW RW R/W
5 4 3 2 L 0 ADDRESS: 0D0H
T™O [ - | - [capo|tocka|Tocka|Tocko|TocN [T0ST | nimiAL vALUE: ~00 0000
Bit Name  Bit Position Description
CAPO TMO0.5 0: Timer/Counter mode
1: Capture mode selection flag
TOCK2 TMO0.4 000: 8-bit Timer, Clock source is fxy + 2
TOCK1 TMO0.3 001: 8-bit Timer, Clock source is fxy + 4
TOCKO TMO0.2 010: 8-bit Timer, Clock source is fxn + 8
011: 8-bit Timer, Clock source is fxn + 32
100: 8-bit Timer, Clock source is fxn + 128
101: 8-bit Timer, Clock source is fxn + 512
110: 8-hit Timer, Clock source is fxn + 2048
111: ECO (External clock)
TOCN T™MO.1 0: Timer count pause
1: Timer count start
TOST TMO0.0 0: When cleared, stop the counting.
1: When set, Timer 0 Count Register is cleared and start again.
R/W R/W RW R/W R/W R/W RW R/W
™1 r 6 5 4 3 2 1 0 ADDRESS: 0D24
[ POL |16BIT [PwmiE] CAPL [T1CK1| TICKO| TICN| TIST | |NITIAL VALUE: 004
Bit Name  Bit Position Description
POL T™M1.7 0: PWM Duty Active Low
1: PWM Duty Active High
16BIT TM1.6 0: 8-bit Mode
1: 16-bit Mode
PWM1E TM1.5 0: Disable PWM
1: Enable PWM
CAP1 T™M1.4 0: Timer/Counter mode
1: Capture mode selection flag
T1CK1 TM1.3 00: 8-bit Timer, Clock source is fyn
T1CKO T™M1.2 01: 8-bit Timer, Clock source is fyn + 2
10: 8-hit Timer, Clock source is fxn + 8
11: 8-bit Timer, Clock source is Using the Timer O Clock
T1CN T™1.1 0: Timer count pause
1: Timer count start
TI1ST TM1.0 0: When cleared, stop the counting.
1: When set, Timer 0 Count Register is cleared and start again.
R/W R/W R/W R/W R/W R/W R/W R/W
r 6 S5 4 3 2 1 0 ADDRESS: 0D1y
TDRO[ | | | [ ] | | INITIAL VALUE: OFFy
R/W R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0 ADDRESS: 0D3y
TDR1| | | | [ ] | | INITIAL VALUE: OFF4

Read: Count value read

Write: Compare data write

48

Figure 13-1 TMO, TM1 Registers
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13.1 8-bit Timer / Counter Mode

The MC80F0504/0604 has two 8-bit Timer/Counters,
Timer 0 and Timer 1, which are shown in Figure 13-2 .

The “timer” or “counter” function is selected by control
registers TMO, TM1 as shown in Figure 13-1 . To use as an
8-bit timer/counter mode, bit CAPO or CAP1 of TMx
should be cleared to “0” and 16BIT and PWM1E of TM1
should be cleared to "0" (Figure 13-2 ). These timers have

each 8-bit count register and data register. The count reg-
ister is increased by every internal or external clock input.
The internal clock has a prescaler divide ratio option of 1,
2,4, 8,16, 32, 64, 128, 256, 512, 1024, 2048 or external
clock (selected by control bits TXxCKO, TXCK1, TXxCK2 of
register TMx).

! 6 > 4 3 2 1 0 ADDRESS: 0D0y
T™MO | | - |capolrockzrocka|tocko| TocN| TosT | INITIAL VALUE: --00 0000g
0 X X X X X
X means don’t care
7 4 2 1
6 5 3 0 ADDRESS: 0D2y
T™1 [ POL |16BIT [Pwuiig CAP1 [TICKLTICKO| TICN| TIST|  |\imjAL VALUE: 004
X 0 0 0 X X X X
X means don't care
TOCK([2:0]
EDGE
DETECTOR
ECO PIN %
5 TOST
4 000 0: Stop
- 001 1: Clear and start
+8
& 010 oTo TO (8-bit)
8 =32 Jon :
XNPIN [} g +128 | oo
& : TIMER 0
=512 o ToeN INTERRUPT
+ 2048 Comparator
X TIMER 0 TDRO (8-bit)
RO5/T0OO
T1CK[1:0]
T1ST
11 0: Stop
=1 1: Clear and start
———]00
+2 oT o T1 (8-bit)
—— 01 ! clear
+8
1 T1CN > TIMER 1
MUX Comparator INTERRUPT
TIMER 1 TDR1 (8-bit)

Figure 13-2 8-bit Timer/Counter 0, 1
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Example 1:

Timer0 = 2ms 8-bit timer mode at 4MHz
Timerl = 0.5ms 8-bit timer mode at 4AMHz

LDM TDRO,#249
LDM TDR1,#249
LDM TMO,#0000_1111B
LDM TM1,#0000_1011B

SET1 TOE

SET1 TI1E

El
Example 2:

Timer0 = 8-bit event counter mode
Timer1 = 0.5ms 8-bit timer mode at 4MHz

LDM TDRO,#249
LDM TDR1,#249
LDM TMO,#0001_1111B
LDM TM1,#0000_1011B

SET1 TOE
SET1 TI1E
El

These timers have each 8-bit count register and data regis-
ter. The count register is increased by every internal or ex-
ternal clock input. The internal clock has a prescaler divide

ratio option of 2, 4, 8, 32, 128, 512, 2048 selected by con-
trol bits TOCK[2:0] of register TMO or 1, 2, 8 selected by
control bits TLICK]1:0] of register TM1. In the Timer O,
timer register TO increases from 00y until it matches
TDRO and then reset to 00y. The match output of Timer 0
generates Timer 0 interrupt (latched in TOIF bit).

In counter function, the counter is increased every 0-to-1
(rising edge) transition of ECO pin. In order to use counter
function, the bit ECO of the Port Selection Register
(PSR0.4) issetto "1". The Timer 0 can be used as a counter
by pin ECO input, but Timer 1 can not.

13.1.1 8-bit Timer Mode

In the timer mode, the internal clock is used for counting
up. Thus, you can think of it as counting internal clock in-
put. The contents of TDRn are compared with the contents
of up-counter, Tn. If match is found, a timer n interrupt
(TnlIF) is generated and the up-counter is cleared to 0.
Counting up is resumed after the up-counter is cleared.

As the value of TDRn is changeable by software, time in-
terval is set as you want.

Start count

i

Source clock

Uyt youyya

Up-counter 0

2 X2 X X N2 X oo Yo X 2 X2\

TDR1 x n

T1IF interrupt

Match| _/Counter
Detec ”CIear

Figure 13-3 Timer Mode Timing Chart
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Example: Make 1ms interrupt using by Timer0 at 4AMHz
LDM TMO,#0FH ; divide by 32
LDM TDRO,#124 ; 8us x (124+1)= 1ms
SET1 TOE ; Enable Timer O Interrupt
El ; Enable Master Interrupt
When [T TMO = 0000 1111 (8-bit Timer mode, Prescaler divide ratio = 32)
[ TDRO = 124p = 7Cq
fxin = 4 MHz
INTERRUPT PERIOD = —————— x32x (124+1)=1ms
4 x 108 Hz
TDRO MATCH c oul
TDRO = TO ount Pulse
( ) ~ Period
7C 7C
7B
é'\\ 7A 8 V/
QS us
& T r
6
5
4
3
2
1
0 0 > TIME
‘ Interrupt period ‘
=8 us x (124+1)
Timer 0 (TOIF) ﬂ ﬂ ﬂ
Interrupt Occur interrupt Occur interrupt Occur interrupt

Figure 13-4 Timer Count Example

13.1.2 8-bit Event Counter Mode

In this mode, counting up is started by an external trigger.
This trigger means rising edge of the ECO pin input. Source
clock is used as an internal clock selected with timer mode
register TMO. The contents of timer data register TDRO are
compared with the contents of the up-counter T1. If a
match is found, an timer interrupt request flag TOIF is gen-
erated, and the counter is cleared to “0”. The counter is re-
start and count up continuously by every rising edge of the
ECO pin input. The maximum frequency applied to the
ECO pin is fxn/2 [Hz].

In order to use event counter function, the bit 4 of the Port
Selection Register PSRO(address OF8y) is required to be
set to “1”.

After reset, the value of timer data register TDRn is initial-
ized to "0", The interval period of Timer is calculated as
below equation.

1
fX]N

Period (sec) = x 2 x Divide Ratio x (TDRn+ 1)

Start count

X 1 X o>

Up-counter 0

i

!
ECOpininputlll ||| || || ||| || |

TDRO

:X n

TOIF interrupt

Figure 13-5 Event Counter Mode Timing Chart
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TDR1

Timer 1 (T1IF)
Interrupt

T1ST
Start & Stop

T1CN
Control count

TIME

disable ~ enable
clear & start
stop
Occur interrupt Occur interrupt
| I TiST=1
T1ST=0
TICN=1
TICN=0

52

Figure 13-6 Count Operation of Timer / Event counter
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13.2 16-bit Timer / Counter Mode

The Timer register is being run with all 16 bits. A 16-bit
timer/counter register TO, T1 increments from 0000y until
it matches TDRO, TDR1 and then resets to 00004. The
match output generates Timer O interrupt.

The clock source of the Timer 0 is selected either internal
or external clock by bit TOCK[2:0]. In 16-bit mode, the bits
T1CK]J1:0] and 16BIT of TM1 should be set to "1" respec-
tively as shown in Figure 13-7 .

7 6 5 4 3

2 L 0 ADDRESS: 0D0OH

T™MO | | - | CAPO 'TOCK2|TOCK1|TOCKO| TOCN | TOST | INITIAL VALUE: --00 0000g
0 X X X X X
X means don't care
7 6 5 4 3 2 1 0
ADDRESS: 0D24
T™M1 [ POL |16BIT [pwmiE| CAP1|T1CK1ITICKO| TICN| TIST|  |\iTiAL VALUE: 001
X 1 0 0 1 1 X X
X means don’t care
TOCK[2:0]
EDGE
DETECTOR
ECO PIN %
TOST
+2 000 0: Stop
I:l +4 1: Clear and start
. 010 | o7 T1+T0
R ; (16-bit)
§ = 32 011 ‘ clear
£ oo TOCN TIMER 0
+ 512
' 101 ’ -TOIF ™ INTERRUPT
+ 2048 % Comparator (Not Timer 1 interrupt)
MUX TDRL + TDRO
(16-bit)

TIMER 0 + TIMER 1 — TIMER 0 (16-bit)

Higher byte Lower byte

COMPARE DATA

Figure 13-7 16-bit Timer/Counter for Timer 0, 1

13.3 8-bit (16-bit) Compare Output
TheMC80F0504/0604 has Timer Compare Output func-
tion. To pulse out, the timer match can goes to port pin (
TOO) as shown in Figure 13-2 . Thus, pulse out is generat-
ed by the timer match. These operation is implemented to
pin, RO5/AN5//T0O.

In this mode, the bit TOOE bit of Port Selection registerl
(PSR1.0) should be set to "1". This pin output the signal

MAY.2008 Ver 1.46

having a 50 : 50 duty square wave, and output frequency is
same as below equation.

Oscillation Frequency
2 x Prescaler Value x (7DR+ 1)

feomp =
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13.4 8-bit Capture Mode

The Timer 0 capture mode is set by bit CAPO of timer
mode register TMO (bit CAP1 of timer mode register TM1
for Timer 1) as shown in Figure 13-8 .

The Timer/Counter register is increased in response inter-
nal or external input. This counting function is same with
normal timer mode, and Timer interrupt is generated when
timer register TO (T1) increases and matches TDRO
(TDR1).

This timer interrupt in capture mode is very useful when
the pulse width of captured signal is more wider than the
maximum period of Timer.

For example, in Figure 13-10, the pulse width of captured
signal is wider than the timer data value (FFy) over 2
times. When external interrupt is occurred, the captured
value (13n) is more little than wanted value. It can be ob-

54

tained correct value by counting the number of timer over-
flow occurrence.

Timer/Counter still does the above, but with the added fea-
ture that a edge transition at external input INTX pin causes
the current value in the Timer X register (T0,T1), to be cap-
tured into registers CDRx (CDRO, CDR1), respectively.
After captured, Timer x register is cleared and restarts by
hardware. It has three transition modes: "falling edge",
"rising edge", "both edge" which are selected by interrupt
edge selection register IEDS. Refer to “16.4 External Inter-
rupt” on page 73. In addition, the transition at INTn pin
generate an interrupt.

Note: The CDRn and TDRn are in same address.In the capture
mode, reading operation is read the CDRn, not TDRn because
path is opened to the CDRn.
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! 6 > 4 3 2 L 0 ADDRESS: 0DOy
T™MO [ - | - |capo|tockaltockaltocko| TocN]| TosT| INITIAL VALUE: ~00 00008

- - 1 X X X X X

X means don’t care

7 6 5 4 3 2 1
T™M1 | POL |lGBIT |PWM1E| CAPL |TlCK1|TchO| TICN | TlSTl

ADDRESS: 0D2y
INITIAL VALUE: 004

X 0 0 1 X X X X

X means don't care

TOCK[2:0]
Edge
Detector
ECO PIN m
TOST
=2 _.foo0 l 0: Stop
XN PIN Dﬁ w4 001 1: Clear and start
5 722 010 oTo TO (8-bit)
® + :
§ +128 oLt clear
i 100
+512 TOCN
B —~101 Capture
+ 2048 &
CDRO (8-bit)
MUX
IEDS[1:0]
ITI 01"
“10”  p— INTO
INTO PIN 10 INTOIF
D T1CK[1:0] = | Il INTERRUPT
] e
T1ST
111 0: Stop
21 1: Clear and start
—>{00
+2 ot o T1 (8-bit)
—— o1 :
LN 10 clear
TICN
MUX Capture
CDR1 (8-bit)
IEDS[3:2]

Bk ]
INTLPIN [] i g INTLIE INT1

I/l | | INTERRUPT
A

Figure 13-8 8-bit Capture Mode for Timer 0, 1
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n —® This value is loaded to CDRO

{J_

TO

: TIME

Ext. INTO Pin

Interrupt Request

(INTOIF) \
Interrupt Interval Period

L

Ext. INTO Pin

Interrupt Request

INTOIF
( ) o 20nS—>: 5nS'=— Delay
Capture Clear & Start
( Timer Stop )
Figure 13-9 Input Capture Operation of Timer 0 Capture mode
Ext. INTO Pin
Interrupt Request |-
(INTOIF ) B |
Interrupt Interval Period=01p+FFy +01y+FFy +014+131=214y !
Interrupt Request f|_| 4|_| :
(TOIF) I
T0 |

Figure 13-10 Excess Timer Overflow in Capture Mode
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13.5 16-bit Capture Mode

16-bit capture mode is the same as 8-bit capture, except
that the Timer register is being run will 16 bits. The clock
source of the Timer 0 is selected either internal or external

clock by bit TOCK][2:0]. In 16-bit mode, the bits TICK1,
T1CKO, CAP1 and 16BIT of TM1 should be set to "1" re-
spectively as shown in Figure 13-11 .

! 6 > 4 3 2 1 0 ADDRESS: 0DOy
TMO | | - |capo|tock2lTocK1[TOCKO| TOCN| TOST|  |NTIAL VALUE: ~00 00008
- 1 X X X X X
X means don't care
™ML ! 6 > 4 3 2 = 0 ADDRESS: 0D2y4
[ POL |168IT [PwmiE CAPL[TICKITICKO| TICN| TIST|  |\\iTiAL VALUE: 004
X 1 0 1 1 1 X X
X means don't care
TOCK([2:0]
Edge l
Detector
ECO PIN n%
TOST
*2 1000 0: Stop
XN PIN | I— 4 1: Clear and start
N cs | o TDR1 + TDRO
5 > 010 PO (16-bit)
g : 128 ou clear
£ P TOCN
- 101 Capture
= 2048|, 10
| CDR1 + CDRO
MUX (16-bit)
IEDS[1:0] Higher byte Lower byte
| CAPTURE DATA
R -
g INTO
INTOPIN [] v [INTOIF ] INTERRUPT
IR T
Figure 13-11 16-bit Capture Mode of Timer 0, 1
Example 1: LDM  TDR1,#>0FFH ;
) o SET1 TOE
Timer0 = 16-bit timer mode, 0.5s at 4MHz El
LDM TMO,#0000_1111B;8uS
LDM TM1,#0100_1100B;16bit Mode
LDM TDRO,#<62499 ;8uS X 62500 Example 3:
LDM TDR1,#>62499 ;=0.5s . .
SET1 TOE Timer0 = 16-bit capture mode
EI LDM PSRO,#0000_0001B; INTO set
N LDM TMO,#0010_1111B;Capture Mode
) LDM TM1,#0100_1100B;16bit Mode
Example 2: LDM TDRO, #<OFFH ;
. . LDM TDR1,#>0FFH ;
Timer0 = 16-bit event counter mode LDM 1EDS,#01H;Falling Edge
SET1 TOE
LDM PSRO,#0001_0000B;ECO Set El
LDM TMO,#0001_1111B;Counter Mode -
LDM TM1,#0100_1100B;16bit Mode -
LDM TDRO, #<OFFH ;
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13.6 PWM Mode

The MC80F0504/0604 has high speed PWM (Pulse Width
Modulation) functions which shared with Timer1.

In PWM mode, R10 / PWM10O pin output up to a 10-bit
resolution PWM output. This pin should be configured as
a PWM output by setting "1" bit PWM1OE in PSRO regis-
ter.

The period of the PWM1 output is determined by the
T1PPR (T1 PWM Period Register) and TIPWHR[3:2]
(bit3,2 of T1 PWM High Register) and the duty of the
PWM output is determined by the TLPDR (T1 PWM Duty
Register) and T3PWHR[1:0] (bit1,0 of T1 PWM High
Reqgister).

The user writes the lower 8-bit period value to the TIPPR
and the higher 2-bit period value to the TIPWHR[3:2].

And writes duty value to the TIPDR and the
T1PWHRJ[1:0] same way.

The T1PDR is configured as a double buffering for glitch-

less PWM output. In Figure 13-13 , the duty data is trans-

ferred from the master to the slave when the period data

matched to the counted value. (i.e. at the beginning of next

duty cycle)

PWM1 Period = [PWM1HR[3:2]T1PPR + 1] X
Source Clock

= [PWM1HR[1:0]T1PDR + 1] X
Source Clock

PWM1 Duty

The relation of frequency and resolution is in inverse pro-
portion. Table 13-2 shows the relation of PWM frequency
vs. resolution.

If it needed more higher frequency of PWM, it should be

58

reduced resolution.

Frequency
Resolution | T1CK[1:0] | T1CK[1:0] | T1CK[1:0]
=00(250nS) | = 01(500nS) | =10(2uS)
10-bit 3.9kHz 0.98kHz 0.49kHz
9-bit 7.8kHz 1.95kHz 0.97kHz
8-bit 15.6kHz 3.90kHz 1.95kHz
7-bit 31.2kHz 7.81kHz 3.90kHz

Table 13-2 PWM Frequency vs. Resolution at 4MHz

The bit POL of TM1 decides the polarity of duty cycle.

If the duty value is set same to the period value, the PWM
output is determined by the bit POL (1: High, 0: Low). And
if the duty value is set to "00y", the PWM output is deter-
mined by the bit POL (1: Low, 0: High).

It can be changed duty value when the PWM output. How-
ever the changed duty value is output after the current pe-
riod is over. And it can be maintained the duty value at
present output when changed only period value shown as
Figure 13-14 . As it were, the absolute duty time is not
changed in varying frequency. But the changed period val-
ue must greater than the duty value.

Note: If changing the Timerl to PWM function, it should be stop
the timer clock firstly, and then set period and duty register value.
If user writes register values while timer is in operation, these reg-
ister could be set with certain values.

Ex) Sample Program @4MHz 2uS

LDM TM1,#1010_1000b ; Set Clock & PWM1E

LDM T1PPR,#199 ; Period :400uS=2uSX(199+1)
LDM T1PDR,#99 ; Duty:200uS=2uSX(99+1)
LDM PWM1HR,00H

LDM TM1,#1010_1011b ; Starttimerl
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RW RW RW RW R/W R/W RW RW

7 4 2 1
6 S 3 0 ADDRESS: 0D2j
T™M1 | POL |16BIT [Pwuiie] CAP1[TICKITICKO| TICN | TIST|  |\imiAL VALUE: 004
X 0 1 0 X X X X X: The value "0" or "1" corresponding your operation.
- - - - w W w w
7 6 5 4 3 2 1 0
ADDRESS: 0D5H
TlPWHR | - | - | | - |TlPWHR3|TlPWHR2|T1PWHR1|T1PWHRO| INITIAL VALUE: ---- OOOOB
- - - - X X X X Bit Manipulation Not Available
' ! ' X:The value "0" or "1" corresponding your operation.
Period High  Duty High
w w w w w w w w
7 6 5 4 3 2 1 0
ADDRESS: 0D3H
T1PPR | | | | | | | | | INITIAL VALUE: OFFH
RW RW RW RW RW RW RW RW
7 6 5 4 3 2 1 0
T1PDR ADDRESS: 0D4y
| | | | | | | | | INITIAL VALUE: 004
T1IPWHR[3:2]
TO clock source T1CK[1:0] | | T1PPR(8-bit PWM1OE
[TOCK] TisT (8-bit) [PSRO0.6]
0 : Stop
1: Clear and Start
1 Comparator S Q
+1 Clear
= : 00
2 ) oo 7 R R10/ PWM10 PIN
] 01 ! |2-bit§ T1(8-bit]
XnPIN [} N | g Gl o) [
& 10 ‘ POL
T1CN
MUX Comparator
Slave | T1PDR(8-bit) |
T1PWHR[1:0]
Master | | TLPDR(8-bit) |

Figure 13-12 PWM1 Mode
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Source
clock

T1 IX00X01X02X03X04X_::

X7EX7FX80X::: X3FFIXOOX01X02X:

PWM1E |

T1ST

_

T1CN I

PWM10 '
[POL=1]

PWM10
[POL=0]

1)
TC

Duty Cycle [ (1+7Fh) x 250nS = 32uS |

Period Cycle [ (3FFh+1) x 250nS = 256uS, 3.9KHz ]

T1CK[1:0] = 00 ( XIN ) Period |TIPWHR3 | TLPWHR?2 T1PPR (8-bit)

TIPWHR = OCH - - —

T1PPR = FFH

T1PDR = 7FH Duty |TIPWHRIL | TIPWHRO T1PDR (8-bit)
0 0 7FH

Figure 13-13 Example of PWML1 at 4MHz

T1CK[1:0] = 10 ( 1us)

[ (04h+1) x 2uS = 10uS ]

PWM1HR = O0H B
T1PPR = ODH e T

" Write TLPPR to 09H K
T1PDR = 04H L,,,\iﬁ /77/7,,

, ) ///A - . . .
clock ; . | . : |
T1 l oolmlozloslmi%loelmloalo9lOAlosloclODl oolmlozloalmlosloelmloalog ool 01l ozloalo4
PWM10 : ] | | | !
POL=1 | | [

— ; : l :

. Duty Cycle "~ Duty Cycle " Duty Cycle

/[ (04h+1) x 2uS = 10uS |

[ (04h+1) x 2uS = 10uS ]

Period Cycle [ (1+0Dh) x 2uS = 28uS, 35.5KHz ] Period Cycle [ (1+09h) x 2uS = 20uS, 50KHz ]

60

Figure 13-14 Example of Changing the PWM1 Period in Absolute Duty Cycle (@4MHz)
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14. ANALOG TO DIGITAL CONVERTER

The analog-to-digital converter (A/D) allows conversion
of an analog input signal to a corresponding 10-bit digital
value. The A/D module has ten (eight for MC80F0504) an-
alog inputs, which are multiplexed into one sample and
hold. The output of the sample and hold is the input into the
converter, which generates the result via successive ap-
proximation.

The analog reference voltage is selected to Vpp or AVref
by setting of the bit AVREFS in PSR1 register. If external
analog reference AVref is selected, the analog input chan-
nel 0 (ANO) should not be selected to use. Because this pin
is used to an analog reference of A/D converter.

The A/D module has three registers which are the control
register ADCM and A/D result register ADCRH and AD-
CRL. The ADCRHI[7:6] is used as ADC clock source se-
lection bits too. The register ADCM, shown in Figure 14-
4, controls the operation of the A/D converter module. The
port pins can be configured as analog inputs or digital 1/0.

Itis selected for the corresponding channel to be converted
by setting ADS[3:0]. The A/D port is set to analog input
port by ADEN and ADSJ3:0] regardless of port 1/O direc-
tion register. The port unselected by ADS[3:0] operates as
normal port.

‘ Enable A/D Converter

‘ A/D Input Channel Select

‘ Conversion Source Clock Select |

‘ A/D Start (ADST = 1) ‘

| NoP |

ADSF =1
NO

YES

‘ Read ADCR ‘

How to Use A/D Converter

The processing of conversion is start when the start bit
ADST is set to “1”. After one cycle, it is cleared by hard-
ware. The register ADCRH and ADCRL contains the re-
sults of the A/D conversion. When the conversion is
completed, the result is loaded into the ADCRH and AD-
CRL, the A/D conversion status bit ADSF is set to “1”, and
the A/D interrupt flag ADCIF is set. See Figure 14-1 for
operation flow.

The block diagram of the A/D module is shown in Figure
14-3 . The A/D status bit ADSF is set automatically when
A/D conversion is completed, cleared when A/D conver-
sion is in process. The conversion time takes 13 times of
conversion source clock. The conversion source clock
should selected for the conversion time being 