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MC80FK0504/0604

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 FLA%
ler which provides a highly flexible and cost effective solution to many embedded co
following features : 4K bytes of FLASH (MTP), 256 bytes of RAM, 8/16-bit fi
10-bit A/D converter, buzzer driv ing port, 10-bit PWM output and on-chip

as/This provides the
hdog/timer, on-chip POR,
ircuitry. It also has ONP,

noise filter, PFD for improving noise immunity. In addition, the MC80F0504/060 wer saving modes to reduce
power consumption.
This document explains the base MC80F0604, the other’s elimina@are sam¢ as below table.

A\

FLASH (ROM)

RN
Size RAM AP/G\\ MT ((\\X%\ackage
MC80F0604 St@chander” 18 port (< \ 2D)PDIP, 20SOP, 20 SSOP

4KB 2568 N 16 PDIP, 16 SOP,

MC80F0504 \Q’\@% L) Qm SOP(153 mil), 16 TSSOP
@ N
Note : The DAA, DAS decimal adjust instruct'o@e ided i@e ices.

1.2 Features %
* 4K Bytes On-chip FLASH\(MTP) % o External Interrupt input ports
- Endurance : 100 times On-chip POR (Power on Reset)

- Retention time :

Device Name

¢ Seven Interrupt sources

* < - External input : 2
- Timer : 4

cution T - A/D Conversion : 1

¢ Built in Noise Immunity Circuit
s - Noise Canceller
direct/driving can be a source and sink) - PFD (Power fail detector)
- MC80EQE04 : 18(17) - ONP (Oscillation Noise Protector)

- MC80FDQ04 - 14(13)  Operating Voltage & Frequency
* One 8-bit Basic Interval Timer -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

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

* One Watchdog timer

. _hit Wi * Power Saving Modes
One 10-bit High Speed PWM Outputs - STOP mode
¢ 10-bit A/D converter - SLEEP mode
- MC80F0604 : 10 channels - RC-WDT mode
- MC80F0504 : 8 channels .
¢ Oscillator Type
* One Buzzer Driving port - Crystal
- 488Hz ~ 250kHz@4MHz - Ceramic resonator

November 8, 2011 Ver 1.47 1
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- External RC Oscillator (C can be omitted)
- Internal Oscillator (4MHz/2MHz)

* 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. EVA80CO0x B/D

Pod Name - CHPOD80C01D-16PD

- CHPOD80C02D-20PD

FLASH Writer

- CHOICE - SIGMA I/l (Single writer)
- PGM Plus Il (Single writer)

- Standalone GANG4 I/l (Gang writer)

Choice-Dr. (Emulator)

STAND ALONE GANGA Il MONE [-‘ANM n

w

Standalone Gang4 II ( Gang Writer )

November 8, 2011 Ver 1.47
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1.4 Ordering Information

Device name ROM Size RAM size Package
MCB80F0604B 20PDIP
MC80F0604D 20SOP
MCB80F0604S 20SSOP
MC80F0504B 4K bytes FLASH 256 bytes 16PDIP
MCB80F0504D 16SOP
MCB80F0504M 16SOP(153 m
MCB80F0504R 16TS@P

Pb free package :

The “P” suffix will be added at the original part number.
For example; MC80F0604B (Normal package), MC80F0604B P (Pb free package)

@C“@»

November 8, 2011 Ver 1.47
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2. BLOCK DIAGRAM

\ i .
PSW “ ‘ Accumulator ‘ ’ Stack Pointer ‘ m \KC ‘
‘ a
%
= Program
RESET——| System controller Memory
System 8-bit Basic
CIock%ontroIler | Interval Intertist Controller Data Table
- Timer A
Timing generator \) L\
Clock Generator ‘ [
(—j x Instruction
Decoder
8-bit High &zer
Watch-dog imer/ Sp .
Timer ngnter p 7/ Driver
Vop —}—
Vss |~
Power
Supply

R10/ ANO / AVRer / PWM10

‘ R11/INTO
R R12/INT1/BUZO
RQS R13
04 / AN4 / ECO R14
05 / AN5 / TOO
R06 / AN6
RO7 / AN7

November 8, 2011 Ver 1.47
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3. PIN ASSIGNMENT

MC80F0604B/0604D

20 PDIP
20 SOP
RO4 / AN4 /ECO <—> [ | 1 -/ 20[] = RO3/AN3
R05/AN5/T00 <—» [ | 2 19 ] =—>  RO02/AN
RO6/AN6 =—>[ |3 = 18]
ROT/AN7 <—>[]4 & 17[]
Voo —> L] 5 § 16 ]
R10/ANO/ AVRer/ PWM10 <> [| 6 é 15 ]
RI1/INTO <—[17 © 14
R12/INT1/BUZO <—>[| 8 1<
R13 =[] 9
R14 <—>=[| 10 1 ]

12 R32/AN15
31 /AN@
MC80F0504B/0504D/0504R % Q@

0@@

We ] =—> RO03/AN3
R05/ 2 15 | ] =—> R02/AN2
Q 14 ] =—= RO1/AN1
o
I 18] ] <—> RO0O
a
e 12| ] =— vss
@ R
0/ ANO / AVRE S 11|] =—— RESET/R35
X
10| ] <—>  XOUT/R34
R12/INT1 9 [ ] =—> XIN/R33

November 8, 2011 Ver 1.47 5
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4. PACKAGE DRAWING

20 PDIP unit; inch
MAX
MIN
(1 i1 11 r1 11 rr1ri
O &
 EE [ N N N N S I I | &\
1.043
1.010 TYP 0.300

o § N\ 0.270
S 0.245
(2 @ —

MAX 0.180
—

Wﬁ ' ek \z@@ % — Lo
%

HHoHH NN
\Q\\
[e) M Ne>] — |
NN %@
(] oo
0.5118
0.4961 O
— | O
<t o ) oo
981 33
co Y
0.020 . mi %
0.013 AR 0.042 L
TYP 0.050 S-Tg 0.016
o O
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20 SSOP

HHHHHHHHHOH *
100000868808 ,
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16 PDIP unit: inch
MAX
MIN

e T e e Y e e e e B
@)
a <

LT L7 O L7 O 1 L1

P 0.300

}

0.765
0.745

0.260
0.240

MAX 0.180
C
0.140‘ T\L/
20 MIN 0.015
T )

o 04
0.022 @ e e 008
0.015 L | |_o0es Tvp o 100 %s 0~15° °
0.050 % @
16 SOP @
1HHHA ot
g2 38
o |o oo
ol T s
0.412
0.402 Qs
31 =
°° 0.019 || -t mi 4»} %mso
0.014 TYP 0.050 g% 8:8?’2
o O
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16 SOP (153 mil)
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® O < | ©
<m<r <N
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o | o oo

10000000 ,

0.394

0.385

i

0.069
0.053

0.019

0.014

&

TYP 0.05

%o

/4

<<;?HHHH

0.047MAX

i1

~ o | ©
(r\co 0| <
vl NN
o |o oo

JHHEHBHEE
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0.007 0.026BSC
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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.

RO0~RO07: RO is an 8-bit , CMOS, bidirectional I/O port.
RA pins can be used as outputs or inputs according to “1”
or “0” written the their Port Direction Register(ROIO).

Table 5-1 RO Port

In addition, RO serves the functjo;
features in Table 5-1 .

10

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

Port pin Alternate function
R10 ANO ( Analog Yqput Port 0 )
AVref ( External Apalog Reference Pin )
AWM 1Ot
R11

Port pin Alternate function

R0OO

RO1 AN1 ( Analog Input Port 1) R @

R02 AN2 ( Analog Input Port 2 ) R3 ping¢ AN

R0O3 AN3 ( Analog Input Port 3 ) s . : NN :

RO4 AN4 ( Analog Input Port 4 ) or 0 4 cction Register (R310). In
ECO ( Event Counter Input Source 0 ins, R35pin ca as’input port only.

R05 ANS5 ( Analog Input Port 5 ) <§ 3 sdryes the fundtionsofthe following special features in
TOO (Timer0 Clock Output ) 3.

RO6 ANG ( Analog Input Port 6 ) @

RO7 AN7 ( Analog Input Port 7 ) _

Po ) Alternate function

> O

AN14 ( Analog Input Port 14 )
AN15 ( Analog Input Port 15)
XN ( Oscillation Input )

XouT ( Oscillation Output )
RESET ( Reset input port )

Table 5-3 R3 Port

November 8, 2011 Ver 1.47
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PIN NAME (2P(i)'|1>gﬁ=') In/Out Function
Vbp 5 - Supply voltage
Vss 16 - Circuit ground
RESET (R35) 15 (1) Reset signal input | Input only port
XN (R33) 13 1 (/0) Oscillation Input Normal I/O Port
Xout (R34) 14 0 (110) Osscillation Output | Normal4o Po(to
ROO 17 110 o> < < -\p
RO1 (AN1) 18 1/0 (Input) /Krgﬁ)g R&\Po}\(
RO2 (AN2) 19 1/0 (Input) Analog Input Rort 2
RO3 (AN3) 20 1/0 (Input) Analo}kﬁwyt Po}%
R04 (AN4 / ECO0) 1 1/0 (Input/Input/Input) @ Analog In?)\ub:’ort 4 | Event Counter Input 0
R05 (AN5 / TOO) 2 I/0 (Input/Output) \AQang Input PoWTimerO Output
R06 (AN6) 3 1/0 (Input) < P}uélog Inpu@\\@\
RO7 (AN7) 4 1/0 (Input) ‘.; Ports —A{alog |
EJ\;)M(,:\(ISI;) | AVReg / 6 O (Inpuinput/Outpu QStap n g\ 0/ Analog Reference / PWM 1
R11 (INTO) 7 o anputf (7 N "Exernal Interrupt Input 0
R12 (INT1/BUZO) 8 110 (InyﬂtTOthut)(( > rhal Interrupt Input 1 / Buzzer Driving Output
R139 ~ U@ > -
N\ S) Q :
R31 (AN14) 11( ( \Ifo\\sgput) %ﬁ Analog Input Port 14
R32 (AN15) 12\\ Vq Mt) N x Analog Input Port 15

M Ta m\;cription
<

November 8, 2011 Ver 1.47
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6. PORT STRUCTURES

R00, R13, R14 R04 (AN4 / ECO0)
Voo VDDP Il
ull-up
Pull-up Pull-up Tr.
Pull- Tr.
;e ;p _D_c| Reg. —D_"|
Open Drain| v
O Drai Reg. DD

Di'r:{ecgy/ & Pin
- e
Direction D @ Pin

Reg.

Data Bé/\ Y
<1 M Vss | ss

\%s)s) Vo
Data Reg. !
Data Reg. &é Ij /A
Vss

Data Bus M I_MUX [_} (‘
) i ST '
B2 <: DEN & ABS{3:0] Q &
DCM) Q >
eoo ~— (N J e JL
OE (PSRO) @
RO01(AN1)~R03(AN3), RO6(AN6), RO7(AN7), ﬁ QQ ﬂg
R31 (AN14), R32 (AN15)) R N
\ R4 im
fb _ \ Vbp
Pull-up b O Pull-up
Reg. \ P}gll—up Tr.
eg. —D
Open Drain| { -
Reg. Y | vy < Oper:eg'ram Voo -
Data Reg.
ata keg \_\ P—D‘% Data Reg. ’_D_c{
Di'rggi\f . in Di';e;:éi.on D Smpy B
Vss
Q Data Bus <|‘ I_MUX l: Vs Vss
R | s
_,é:)—T INTO 'I‘:‘ﬁt'Zf
mgse; K ;4 INTOE (PSRO)
AN[3:1] Doj]
ADEN & ADS[3:0] (ADCM)

12 November 8, 2011 Ver 1.47
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R12 (INT1/ BUZO) RO5 (AN5 / T0O)

Vbp
Vbb Pull-up

Pull-up PFL;II-up _D_q Tr.
Pull-up D Tr. 9.
Reg.

Open Drain

Reg. Vbp v
2 Data Reg. [* MUX
Data Reg.

X =g 00 '
BUZO e o TOOE(PSR1.0) ‘%—@_ Pin

BUZOE(PSR1.2)

\%
— Vss ss Directio
Direction 4 ] Reg’
Reg.

Data Bus
|VUX | @
= O

Noise ANI5]
INT Filter -:‘ <: /ib\\ [
EN & ADS[3 N
INT1E(PSR0.1) M)
<

e

“& RESER RS
)
\ \ |:‘|'Pull-up
Il-up Pull-up Tr.

Pull-up ——d »—d
Reg. Tr ( Reg. Vbbp
Open Drain| RD
Reg. L Vbp :D—l Mask only§

Data%e@ I Iy

Open Drain|
Reg.

Vbp

Vbb

Vss

Data Bus

JAN

1
~N

N Data Bus <} D
PW’@'Q\\ ; Pi Internal Reset Pin
N in =y
= E(PSR0.6)
Vss Reset Disable Dc Vss
> Vss (Configuration option bit)
Directin
Data Bus
<l MUX 1
~ L =<
RD
—T T
——d )

ANIO]
ADEN & ADS[3:0]

(ADCM) _D—»—[>o—l>ﬁ Vop

ADC Reference
Voltage Input

AVREFS(PSR1.3)

November 8, 2011 Ver 1.47 13
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XiN, XouT (Crystal or Ceramic Resonator)

R33 (Xin), R34 (XouT)

Vbp

—{T %D

STOP ’
Vbb
|:‘l|' Vbp
MAIN M

CLOCK ~

Xin, XouT (External RC or R oscillation)

/<©)v Open Drain

14

Pull-up

\%s)s)
Pull-up

Open Drain

Reg. ——D—ﬂ:T s

Reg.

Data Reg. !

Vbb
Vob

Vss

Direction @i— XN
Reg. (Q \) / R33

Q ull-up
eg.

Reg.

Data Reg. !

Vob

Direction | |
Reg. j:) /R34

Xout

;

Vss

Vss

Data Bus —< }

System Clock + 4

INAMCLKXO
IN2MCLKCO

EXRCXO J
CLOCK option
(Configuration option bit)

November 8, 2011 Ver 1.47
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7. ELECTRICAL CHARACTERISTICS
7.1 Absolute Maximum Ratings
Supply vOltage .......ccoveveerienieiiiieecee, S0.310 F0.5 V e e 10 mA
Storage Temperature ...........ccecceevveerueeneeenns -65 to +150 °C Maximum current (ZI0L) ..eeevereevveneeieereerienenenens 160 mA

Voltage on any pin with respect to Ground (Vgs)

Maximum current (ZIpp).....

............................................................... -0.3toVpp+0.3V
Maximum current out of Vgg pin.......cccecveveeenennen. 200 mA
Maximum current into Vpp pifl .....oceeeevereeenennnen. 100 mA

Maximum current sunk by (Ior, per I/O Pin)

Maximum output current sourced by (Iog per I/O Pin)

7.2 Recommended Operating Conditions

Ratings” may cause pexmnane ft(damrage

ération s
N K o)
9 Z

“Absolute Maximum
de vice. This is a
g device at any oth-

Parameter Symbol Condition \\Min. 4%& Unit
fxin=1~12MHz \-/4.5 5.5
Supply Voltage Vbbp fxin=1~8MH Q Q) 5.5 \Y
fxin=1~8MHz 7) { 5.5
S
= 1\j 12
Operating Frequency fXIN < 8 MHz
57225, (\j\ 4
Operating Temperature TopPr @B{\Q/?//SQ\( i N -40 85 °C
7.3 A/ID Converter Characteristics @@
(T,=-40~85°C, Vss:%mfz. 5V @ N=8MH@

Parameté\ Symbol Q(\&Qd@%ns Min. Typ. Max. Unit
Resolution N - - 10 - BIT
Overall Acciacy CAIRRN . . . +3 LSB
Nonpeariy ey )] | B\ S N N N
Differential Nop Lineatffy Error | DLEY | VDD = AVReF = 5V - -+ 3L SB

CPU Clock = 4MHz
Zero Of%e{ rror NZOE Vss = 0OV - *1 +3L SB
Full Scale Eﬁ@ NFSE - +0.5 +3L SB
Conversion Time Tconv -1 3 - - uS
Analog Input Voltage Range VAN - Vss - VoD (AVREF) \
Analog Reference Voltage AVREF -2 7 - Vpp \Y,
Analog Input Impedance RAIN Vpp = AVRer = 5V 51 00 - MQ
Vpop = AVREfF = 5V - 1 3 mA
Vpp = AVRef = 3V - 0.5 1.5
Analog Block Current |avDD
VoD = AVReF = 5V - 100 500 nA
power down mode

November 8, 2011 Ver 1.47
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7.4 DC Electrical Characteristics

(Ta=-40~85°C, Vpp=5.0V, Vgs=0V),

Specifications

Parameter Symbol Pin Condition Unit
Min. Typ. Max.
VIiH1 XIN, RESET 0.8 Vpp - Vbbp
Input High Voltage ViH2 | Hysteresis Input! 0.8 Vpp - Vbb \%
VIH3 Normal Input 0.§>VDD §>- Vbb
Vi1 XIN, RESET ©> &Q >¥>0.2 VbD
Input Low Voltage ViL2 Hysteresis Input! \é\ - 0.2 Vpp \%

VL3 Normal Input - 0.3 Vbp

0
Output High Voltage VoH All Output Port Vpp=5V, | p=<0 A \BN -- \%
Output Low Voltage VoL All Output Port Vpp=5V, I&\QQMA\

Input Pull-up Current Ip Normal Input Vpp=5V \K& \\ —60<\((4\®\ -150 pA

Input High 1 | All Pins (except Xin)V|  DGEBV0\ (AN 5 HA
Leakage Current b2 | XN V@D\-\\\;)/ 0 f(b\\\{\) 2 20 iy
Input Low liL1 All Pins (except)grg)y \DE\SQM \-@ - - pA
Leakage Current liLo XIN \§ XQ\Dz\« Q\\/ n 20 12 . uA
Hysteresis | VT | Hysteresis(@ \VD%)>5/V (f\\\j\ 0.5 - - \
PFD Voltage Verp | Voo, Qﬁ( 7] /\\ 2.0 - 3.0 Vv
POR Voltage Veor [ (Voo (O 2.1 26 3.0 v

1 (\\D\P 01 9 v

POR Rising Time2 /| /Teor | Vbo-—"/ 40 | msv

Vpp Rising Time?2 T/VD§> V N S - 40 ms/V

DD
DD
Internal RC _
o @\W Xout % Vpp=5.5V 36 . 9 | uS

POR Start Voltage? | VSTART

Operafingurrent. | )Ibo | Voo N\ Vpp=5.5V, fxun=12MHz | -7 15 mA
Slee| d(E/é)llrreh\ SLEep | VDD Vpp=5.5V, fxiN=12MHz -2 4.5 mA

RCWDT e Cur-

rent at STOR Mode | 'RCWDT | VoD Vpp=5.5V, fxiN=12MHz 2 0 55 LA

Stop Mode Current Istor | VDD Vpp=5.5V, fxin=12MHz -1 5 pA

Internal Oscillation

Frequency( 4MHz ) fin_cLk | Xout Vpp=5V, Temp=25°C 3.75 4.25 4.65 MHz
RESET Input Noise = _
Cancel Time TrsT NC | RESET Vpp=5V 1.5 1.8 us
Vpp=5.5V
External RC frc-osc | fxout = frc-osc + 4 RZEOkQ C=10pF 0.5 1.5 25 MHz
Oscillator Frequency
fr-osc | fxouT = fr-0sc + 4V pp=5.5V, R=30kQ 12 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 Unit
Min. Typ. Max.

Operating Frequency fxIN XIN 1- 12 MHz
System Clock Cycle )
Time tsys 166 - 5000 nS
Oscillation Stabilizing |
Time (4MHz) tsT XiN, Xout N Z @0 msS
External Clock Pulse
Width tcpw XN <€ \ . - nS
External Clock Transi-
tion Time tRee trep XiN - 20 ns
Interrupt Pulse Width tw into,NT1 - (V) 2 ] . tsys
RESET Input Width tRST RESET (e AN ] tsvs
Event Counter Input N
Pulse Width teow ECO @ s @ \\ ] tsys
Event Counter Transi- @_)
tion Time tREC tFEC <)) Q - 20 nS

Vpp-0.5V

0.5V

tRsT

RESET i/
0.2Vpp
ECO
treC
Figure 7-1 Timing Chart
November 8, 2011 Ver 1.47 17
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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 t he me an of t he distri bution while “max” or
“min” represents (mean + 3c)and (mean — 30) respect ively
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.
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Typical RC Oscillator
Frequency vs Vpp
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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 notthe 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.
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Note: There may be the differe nce 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 MC80F050 4/0604 has separate address spaces for
Program memory and Data Memor y. 4K by tes 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 gener

The Accumulator can be used a:
Register as shown below.

v ]

Two 8-bit é@%\\% “YA" 16- b@\

Co \gu/ ion of YWeglster

X, Y Registers: In the addressmg mode which uses these
index registerSythe register contents are added to the spec-
ified address , which be comes the actual addres s. These
modes are extremely effective for referencing subroutine
tables and memory tables. The index registers also have in-
crement, de crement, 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 andcalling out subroutines. Stack
Pointer identifies the location in the stack to be accessed
(save or restore).

Generally, SP is automatically updated when a subroutine

November 8, 2011 Ver 1.47

\@> smm@%w#m
it45 Bit 0
C i NN 7 sp |

LDX #0FFH
TXSP

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

call is executed or an interrupt ccepted. However, if it

memory allocating configuf
may be lost.

. The SP is not initialized
ite the initial value (the loca-

ti ﬁﬂ% routine. No Qg Ily, the initial value of “FFy” is
us

Note: ointer must be initialized by software because
fined after Reset.

. To initialize the SP

; 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 n ext instruction to be
executed. In reset state, the program counter has reset rou-
tine address (PCy:0FFy, PCL:0FEp).

Program Status Word: The Program Status Word (PSW)
contains several bits that reflect the curre nt 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 arithm etic 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]Vv]c]B]|H]1]z]c]|reseTvALUE: 004
CARRY FLAG RECEIVES
NEGATIVE FLAG GARRY OUT
OVERFLOW FLAG ZERO FLAG
SELECT DIRECTPAGE | . A
when G=1, page is selected to “page 1” INTER§UPT EN
BRK FLAG HALF CARRY

CARRY
DIT|

Figure 8-3 PSW (Program Status-Word) Regis

[Interrupt disable flag I] T

This flag enables/di sables all interrupts except in terrupt
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

the EI instruction and cleared by the DI instruction.

[Half carry flag H]

After operation, this is set when there is a ca
of ALU or there is no borrow from bit 4 ofA

can not be set or cleared except \\
Overflow flag (V). CPER
v w flag (V) l' instruction is executed, bit 6 of memory is copied
[Break flag B] his flag.
This flag is set by soft BRK i distingu egative flag N]
BRK f TCALL ti ith t d-
dress rom TUCHOR W N S This flag is set to match the sign bit (bit 7) status of the re-
. ' sult of a data or arithmetic op eration. When the BIT in-
[Direct page fl struction is executed, bit 7 of memory is copied to this flag.
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At execution

At acceptance
of RET instruction

of interrupt

At execution of
a CALL/TCALL/PCALL

01FF | pcH <t—Fush O1FF| PCH =— 01FF| PCH =<
o own z|_Push Pop
01FE - 01FE| PCL down 01FE| PCL <i—p
01FD 01FD PSW <— 01FD
01FC 01FC 01FC
SP before
execution 01FF O1FF 01FD
SP after <
execution 01FD 01FC
At execution
of PUSH instruction
PUSH A (X,Y,PSW)
01FF A =Fush
down
01FE
01FD
01FC
SP before
execution 01FF
SP after 5 '
execution

g
N\

At execution
of RET instruction

01FFA. PCH =—
01FE [\\PCL *—Egp
01FD W4_

0
’ Stack
i depth

T

01FFH

eration

Ix
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8.2 Program Memory

A 16-bit program counter is capab le of add ressing up to
64K bytes, but this device has 4K bytes program memory
space only physically implemented. Accessing a location
above FFFFy will cause a wrap-around to 0000y.

Figure 8-5, shows a map of Program Memory. After reset,
the CPU begins execution from reset vector which is stored
in address FFFEy 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

FOO0O0H

FEFF
FF0OH

FFCOH

FFDF
FFEOH

FFFFH

MC80F0504/0604, 4K FLASH |

TCALL area

Interrupt
Vector Area

PCALL area

24

Example: Usage of TCALL

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

; TABLE CALL ROUTINE

£3xGo <E;;\

FUNC A: LDA
RET

FUNC B: L

; TABLE CALL . AR

— | ;TCALL ADDRESS AREA

interrup causesto jump to specific location,
erg\it comme the.exgcuti on of the service rout ine.

e Fxternal int%; for example, is assigned to loca-
tjom FFF ein pt servicelocations spaces 2-byte

i j %\d OFFFB y for External Interrupt I,
PFDy for External Interrupt 0, etc.

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 0
FE RESET

Figure 8-6 Interrupt Vector Area
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Address PCALL Area Memory Address Program Memory
OFFO0O0H OFF%:?H ................... TCALL 15 ---eeseememesneens
g Lo VRV ——
gg ------------------- RO R IR —
gg ------------------- TCALL 12 --eeveererr N
gg ------------------- TCALL 11 -eeervrres
8@ ------------------- TCALLYG KS ----- -
e e )
PCALL Area e TOALL B\ NN
(256 Bytes) i — AT\
e LT YRIN-\—
Bg LU L R —
8673 \1(\ ALL 4 (F{f\ -
------------- UCALL /3/\\
------------------- TCf}LEg\ Y
B T —
ofFFFral UL O NGB (\ )CA%O T BRK #xreeeeees

noTee Y )
b thaf\the BRK software interrupt is using
@K with TCALLO.

Figure 8-7 ML an \é mory Area
PCALL—> rel ALL—> n
4A

4F35 PCALL 3 TCALL 4
&
/_\_/
/94: 4A —» [01001010
35 1 Reverse
E 0D1254 NEXT PC: 11111111 110f0110

FH FH DH 6H

OFFO0H \ ;ﬁ

OFF 354 NEXT OFFOO0 3 2
OFFD6H 25 HQ
OFFD7y D1
| |
OFFFFy OFFFFy
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Example: The usage soft ware 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 TIMERL ; Timer-1
DW TIMERO ; Timer-0
DW Noticed ; O
DW Noticed ;
DW Noticed ;
DW Noticed ;
DW Noticed ;
DW INT1 ; Ext. Int.l
DW INTO ; Ext. Int.O0
DW RESET ; Reset
ORG  OFO000H ; 4K bytes ROM Start ad
,-*******************************************
; MAIN PROGRAM *
,-*******************************************
RESET: DI ;Disable All Interru
;RAM Clear Routine
LDX
RAM ClearO:
- LDA 00BFh)
STA
CMPX
BNE
LDM
SETG
LDX
RAM Clearl:
RAM Clear
Initial Stack Pointer
RO, #0 ;Normal Port RO
ROIO, #0FFH ;Normal Port RO Direction

26 November 8, 2011 Ver 1.47
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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.

0000

User Memory

(192Bytes)
00BFy PAGEO
00COH| (When “G-flag=0",
Control this page0 is selected)

00FFy Registers
0100

Not Available
01BFy PAGE1
01COH

User Memory

or Stack Area
01FFH (64Bytes)

Figure 8-8 Data Memory Map

User Memory
The MC80F0504/0604 has 256 x 8 bits f

bits for the interrupt system, the timer/ counters, analog to
digital converters and 1/O ports. The control registers are in
address range of 0COy to OFFy.

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

More detailed inforn@tions
in each peripheral section.

Note: Write
tion instructi

ecessed by bit manipula-
ify-write instruction. Use byte

CKCTL OAH ;Divide ratio (+32)

thy h éa where the return a ddress is

is/performed during the processing
fition of a subroutine call instruction or
an interrupt.

g from the processing routine, executing the

n
in®’return instruction [RET] restores the contents of
t ram counter from the stack; executing the interrupt

instruction [RETTI] restores the contents of the pro-
am 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 .

RW R/W R/W

7 654 3210

RPR

- {RPR2{ RPR1{RPRO|

ADDRESS: 0OE1H
INITIAL VALUE: ---- -000g

E System 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)

November 8, 2011 Ver 1.47
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Address Register Name Symbol | R/W Initial Value Ad%:(e)zzing
765 4321 0
00CO RO port data register RO R/W |0 |000 0000 byte, bit'
0oC1 RO port I/O direction register ROIO W 10]0Q0 O@)Q byte?
00C2 R1 port data register R1 RW |-|-|-]0 QC 0 byte, bit
00C3 R1 port I/O direction register R110 w -1-Mw 1|0 @@ byte
00C6 R3 port data register R3 R/W S| @\Q 0 @\(_)/} byte, bit
00C7 | R3 port I/O direction register R3I0 \y/ 0| oo | ovelor- byte
00C8 Port 0 Open Drain Selection Register ROOD wW \Ox\QQO @COO byte
00C9 Port 1 Open Drain Selection Register R10 o w - | - N\\L0 | 0000 byte
00CB Port 3 Open Drain Selection Register R30b\ ) -1-1-10 0(0]- byte
00DO0 Timer 0 mode control register TMO Q&/W} - | - Og\f b{&} byte, bit
Timer 0 register @\ R—0 Og@ \O\C\&)
00D1 | Timer O data register \\ﬂ:gsd) 0w A 1111 byte
Timer 0 capture data register \Dﬁl// 0 %::@ 0| 0000
00D2 Timer 1 mode control register @ \\\EFM% KKBK&/R % &0 0000 byte, bit
sops | TMer 1 data register R <(> ) TDRY \wj> 70111 | [ 1111 byte
Timer 1 PWM period/pegs;e@( @ T A EIRE R byte
Timer 1 register < T<©)\ R 0000 0000 bt
00D4 | Timer 1 capture daté\@ister 1) A \c\bp R |0|o|o|o]|odoo ye
Timer 1 y@m duty register—"/ “MPDR | RW |0|000 | |0000 byte
00D5 | Timer 1 pjg@register \ SITIPWHR | w |- |-|-]-]0000 byte
00EO }ngér\d\n\rg}\!\&i\ster N BUZR | W |1]111] [1111 byte
00E1 F{Q\Qage é@gct\@} register NN RPR | RW |-|-|-|-|-]0l0]0 byte, bit
ogé( \erﬁ@g@@lé register Righa\ IENH | RW |0|0|-|-k 0 byte, bit
OOE\B\ /ﬂerruptéﬁéme register low ENL | RW |o|-[-|-lolo|-]0 byte, bit
00EC \Qgrrupt request register high IRQH RW |0[0]-] -1 0 byte, bit
00ED Interrupt request register low IRQL RW |0|-|-|-|/0]|0|-10 byte, bit
00EE Interrupt edge selection register IEDS RW |-|-|-]-|0000 byte, bit
00EF A/D converter mode control register ADCM R/W |0 |000 0001 byte, bit
00F0 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 |0]- M ‘0111‘ ‘
Table 8-1 Control Registers
28 November 8, 2011 Ver 1.47
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Initial Value ;
Address Register Name Symbol | R/IW Ad?v:'ezsmg
765 4321 0 ode
Watch dog timer register WDTR w |0 111 1111
00F4 byte
Watch dog timer data register WDTDR R Undefined
O00F5 Stop & sleep mode control register SSCR W | 0|000 O} 00 byte
00F7 PFD control register PFDR RW |-|-|-|-]|- \0\ 0|0 byte, bit
00F8 Port selection register 0 PSRO w | 0]0Q0 @ byte
00F9 Port selection register 1 PSR1 w SR IEY N 9(; N byte
00FC | Pull-up selection register 0 PUO w 0@&1{ {0000\ byte
00FD | Pull-up selection register 1 PU1 W\ - | N, 00@@ byte
O0OFF Pull-up selection register 3 PU3 w -N\O0|0 \b 0/0]- byte

Caution) The R/W registers except T1PDR are both aq?

2. The ‘byte’ means registers are controlled by on

ipulafign instructiop Do bit manipulation
instruction such as SET1, CLR1 etc. If bit manipul b

ionl is used on tNese Tegisters,

@@

<

@as,

November 8, 2011 Ver 1.47 29




\BO\

MC80F0504/0604 SEMICONDUCTOR
Address | Name Bit 7 ‘ Bit 6 ‘ Bit 5 Bit 4 ‘ Bit 3 ‘ Bit 2 ‘ Bit 1 ‘ Bit 0

0COH |RO RO Port Data Register
0C1H | ROIO RO Port Direction Register
0C2H |R1 R1 Port Data Register
0C3H | R1IO R1 Port Direction Register
0C6H | R3 R3 Port Data Register (N
0C7H | R3IO R3 Port Direction Register N % / A\\\\y
0C8H | ROOD RO Open Drain Selection Register §< M
0C9H | R10D R1 Open Drain Selection Register
0CBH | R30D R3 Open Drain Selection Register
ODOH | TMO - ‘ - ‘ CAPO ‘ TOM TOCK1 \%CKO ‘ TOCN ‘ TOST
OD1H LTOATDIR) Timer0 Register / Timer0 Data Register / Tin%{(é:ﬁrg\a\Data Regisie

CDRO A?}{Q\
OD2H | TM1 POL ‘ 16BIT PWM1E %&1 O T1CN T1ST
0D3H P1DFF’{F]I/:{ Timer1 Data Register / Timer1 %&\F‘i@mer @\)
0D4H g{DCDDFs 1 Timer1 Register / Timer1 C@ ta\Régjister /Tl@DWM Duty Register
OD5H | PWM1HR - - - \/ - f\ Timer1 PWM High Register
OEOH |BUZR BUCK1 \QL@P{O BU%’) ﬁ;@x BUR3 BUR2 BUR1 BURO
OE1H | RPR - ( - < U({\\\o - RPR2 RPR1 RPRO
OEAH | IENH INTO INT1 - N\ - - - TOE
OEBH | IENL T1 Eé\ \Jﬂ] -‘\ D> ADCE WDTE - BITE
OECH |IRQH INTOH INT1IF \ - - - - TOIF
OEDH | IR@QL_\| P{F - N - ADCIF WDTIF - BITIF
OEEH {Qf)\s \ RN - - IED1H IED1L IEDOH IEDOL
OEEH/\%Q}SQ}\ }ADEN D ADS3 ADS2 ADS1 ADSO ADST ADSF
Olg@\ﬁ\ A)D):Rh\ }’/SSEL1 b&t& ADCS8 - - - ADC Result Reg. High
OF1H @CRL ADC Result Register Low

%1 Basic Interval Timer Data Register
oran CKCTLR' | ADRST - RCWDT | WDTON BTCL BTS2 BTS1 BTSO
O WDTR WDTCL | 7-bit Watchdog Timer Register

WDTDR | Watchdog Timer Data Register (Counter Register)
OF5H | SSCR Stop & Sleep Mode Control Register
OF7H | PFDR - - - - - PFDEN PFDM PFDS
OF8H | PSRO - PWM10E - ECOE - - INT1E INTOE
OF9H | PSR1 - - - - AVREFS BUzZO - 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 ‘ Bit0
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<{o CKCTLR.

Caution) The registers of dark-shaded area can not be accessed by bit manipulation instruction such as " 1, CLR1", but should be

accessed by register operation instruction such as "LDM dp,#imm". €<
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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 (o perand) is accessed as a data

immediately.
Example:
0435 ADC #35H
MEMORY
/\/
04
35
/\/

OF100H E4

OF101H 55

OF102H 35
/—\/

32

data

)

address is

data < 55H

8.4.3 Direct Page Addressing— dp

In this mode, a address is specified within direct page.

Example

C535

35H

OE550H
OES51H

; G=0

LDA 35H ;A <RAM[35H]

R

$ data > A
S
35 7 |
bsolut @ng — labs
€SSt s corresponding memory data to

0735F0
defin

OF035H

OF100H
OF101H
OF102H

’AND, CMP, CMPX, CMPY, EOR, LDA

@Y, OR, SBC, STA, STX, STY

byye (Operand I) of command becomes
s and thir d byte (Operand II) becom es

,LDX,

ADC '0F035H ;A <ROM[OFO035H]
/\_/—
data < .2
fi ‘TI A+data+C - A
07
35 address: OF035
FO
/_\_/

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

Example; Addressing accesses the address 0135y regard-
-flag.

less of G
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983501 INC 10135H ;A <ROM[135H]
/\_/
/\_’—
35H data 2
135H data 3 | data - A
2 1 36H-X
data+1 — data DB
OF100H 98 1
OF101H 35 address: 0135 Q
OF102H 01
— O
pag\bloffset) — dp+X
8.4.5 Indexed Addressing he se¢ond byte (Operand) of com-

egister. And it assigns the mem-

X indexed direct page (no offset) — {X}

LDY, OR, SBC, STA
~ESR, ROL, ROR

In this mode, a address is specified by the X register.
ADC, AND, CMP, EOR, LDA, OR, SBC, STA, XMA
Example; X=15y, G=1

D4 LDA {X} ;ACC<—RAM[X] .

/_\’,
115H data Y\ 2 % Q data \
- 3
k. data - A %ﬁ 3 2 data A
1
0E550H c6 1 \
0E551H 45 \
45H+0F5H=13AH

OE550H D4

specified within\direct page by 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.

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

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

Y indexed absolute — !abs+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=55¢
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D500FA  LDA 10FAOOH+Y 1625 ADC [25H+X]
/_\_/_
/\_/
35H 05
OF100H D5 1 36H EO
OF101H 00
2 0E005H
OF102H FA OFAQOH+55H=0FA55H N
/ 0E005H data 25+ X(10) = 35H
7 2
OFA55H data ‘—/, data > A
OFAQOH (>
/_\_/

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

Yxantple; Y
Example; G=0 ple; &
25 25H]+Y
3F35 JMP [35H] % [ ]
/_\/
35H 0A @ 5
36H E3 26H EO
” ’ @ 2
OE30AH NEX'IQ ju1np to 0E015H data OEOOSH + Y(10)
address OE30AH < —. = OE015H
0FA00 NF N OFAQOH 17
) 25 ‘3
] A+data+C - A

X indexed indjrect — [dp+X]

Absolute indirect — [labs]

Processes memory data as Data, assigned by 16-bit pair
memory which is determ ined by pair data

The program jumps to address specified by 16-bit absolute

[dp+X+1][dp+X] Operand p lus X-register data in Direct address.
page. IMP
ADC, AND, CMP, EOR, LDA, OR, SBC, STA Example; G=0

Example; G=0, X=10yg

34
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1F25E0 JMP [10CO025H]

PROGRAM MEMORY

g
— =0E025H 25
0E026H E7
2
jump to
1 O0E725H NEXT address 0E30AH S
OFAO0QH 1F &\
L 25
EO
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9.1/0 PORTS

The MC80F0504/0604 has three ports (RO, R1 and R3). its initial status is input.
These ports pins may be multip lexed 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 directi on regist ers which can define 0C0K RO data
. 19s : . . 0C1H | RO direction
these ports as output or input. A “1” in the port direction
. . . 0C24 R1 data
register configure the co rresponding port pin as ou tput. .
sy . . o s 0C3H | R1 direction
Conversely, write “0” to the corresponding bit to specify it
as input pin. For example, to use the even numbered bit of
RO as out put port s and the odd numbered bits as inp ut
ports, write “55y” to address 0C1y (RO port direction reg-

ister) during initial setting as shown in Figure 9-1 . Figure 9_1\%&\& port /O assignment

All the port direction registers in t he MC80F050 4/0604
have 0 written to them by reset function. On the other hand,

WRITE “554” TO PORT RO DIRECTION REGISTER
-

[0]1]of1] BIT
10

‘<
EEIE
7 %

A ‘
| Mok 1o] | TON |Oo]PORT
9 0

[}

NPUT PORT
O:OYTPUT PORT

9.1 RO and ROIO register

RO is an 8-bit CMOS bid irectional I/O port (addre
0COy). Each I/O pin can independently used as an input
an output through the ROIO register (address 0C1y).

ROO through RO7 pins are used as i nput ports, an olntch

pull-up resistor can be con nected to them il?/lﬁ-bit\un t@ @
>

h a pull-up sel t1 r 0 (PUO). Each I/O pin of
can be uséd to® i@’ drain oufput port by setting the

ponding bi e open drain selection register 0

ADDRE Co, \/ N ADDRESS: OF8
i * H : H
RO Data Register /ﬁ/%%v - 00 RESET VALUE: -0-0 --00g
RO  |R07i{R06;R05:R04;RY3(R02;R01iR p°| - bwwod - fecoef - | - iwriiwrog
L \_ \—'7
W Port / INT Selection
0: R11,R12
: ; ADDRESS: 0C1y 1: INTO, INT1
RO Direction R ter RESET VALUE: S
ROIO | N \ : EON P.ort/EC Selection
¢ 0: R04
t ; 1: ECO
Port Difggti
: Port / PWM Selection
0: R10
1: PWM10
RO Pul-up ADDRESS: 0FCH
Selec Register RESET VALUE: 004
ST = T T ADDRESS: 0F9y
PUO | N RESET VALUE: - 0000g
L . . " " " . v
[ PSR1 [ - |- | - | - heerslouzog] - frooe|
Pull-up Resister Selection
0: Disable )
1: Enable Port / TO Selection
0: R05
. 1: TimerO output
RO Open Drain ADDRESS: 0C8y
Selection Register RESET VALUE: 00y R12/BUZO Selection
T T T T T T T 0: R12 port (Turn off buzzer)
ROOD | : : : ; ; H ; 1: BUZO port (Turn on buzzer)
L
| o _ R10 / AVRer Selection
Open Drain Resister Selection 0: R10 port
0: Disable 1: AVRgF port
1: Enable
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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 0F8y)
and PSR1 (address 0F9y) control the selection of alternate

functions such as event counter input 0 (EC0) and timer 0 Port Pin Alternate Function
output (T0O). When the alternate function is sel ected by ROO
writing “1” in the corresponding bit of PSRO or PSR1, port RO1
pin can be used as a correspo nding alternate feat ures re- RO2
gardless of the direction register ROIO. RO3
The ADC input channel 1~7 (AN1~AN7) can be selected R04
by setting ADCM(00EF i) re gister to enable the corre-
sponding peripheral operation and select operation mode. RO5
R06

9.2 R1 and R1I0 register

R1 is a 5-bit CMOS bidirectional I/O port (address 0C2p).
Each I/O pin can independently used as an input or an out-
put through the R110 register (address 0C3y). When
through R14 pins are used as input ports, an on-chip pu

A
up resistor can be co.nnected to them in 1-bit.units kpgrt PITS - Alternate Function
pull-up selection register 1 (PU1). Each I/O pin of RG:p :
can be used to open drain output port by setti 0 % %NO (ADC input channel 0)
i D)

sponding bitof the open drain selection re AVREF (Analog reference voltage)
PWM10 (PWM 1 output)

te!
iousalternage 11 INTO (External Interrupt 0)
ess H) O 2 INT1 (External Interrupt 1)

In addition, Port R1 is multiplexe
functions. The port selection reg
and PSR1 (address 0F9yy) control t

functions such as Anabgreference¥altage input (AVRER),
external interrupt 0 ), exter nakiiite t1( 1)y
PWM 1 output (PW M1 0) and,buzzer output (B
When the alte rpate \

BUZO (Buzzer output)
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H ADDRESS: 0C24 ADDRESS: OF8H
R1 Data RegISter RESET VALUE: ---0 0000 RESET VALUE: -0-0 --00g
R1 | - - §R14§R13§R12§R11§R10 PSRO | . Epwmoaf . EECOEE . . EINTWEEINTOE
L
L Input / Output data

Port / INT Selection

ADDRESS: 0C3H

R1 Direction Register RESET VALUE: -0 00005

RO [ - 1 G
L Port Direction
0: Input
1: Output
§1|Putl_l-upR ist ADDRESS: OFDy
election Register
: g ; : : RI:ESET;VALl;JE 0 00008 ADDRESS: 0F9y
PU1 | - - - | RESET VALUE: ---- 00005
L L ‘ /\(Qﬁr fDUZOEE - ETOOEl
Pull-up Resister Selection ‘
0: Disable Port / TO Selection
1: Enable 0: RO5
1: TimerO output
R1 Open Drain ADDRESS: 0C9y R12/BUZO Selection
Selectlon Reglster RESET VALUE: ---0 00004 0: R12 port (Turn off buzzer)
T H T T 1: BUZO port (Turn on buzzer
R10D [ - T port (Tur on buzzen)
R10 / AVRgf Selection
0: R10 port
1: AVRgF port

hﬁure 9 \k@\Reglster
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9.3 R3 and R3IO register
R3 is a 5-bit CMOS bidirectional I/O port (address 0C6p).
Each I/0O pin (except R35) canindependently used as an n-
t tput through the R3I0 register (address 0C7y).
put or an output through the register (address H) R3 Data Register ADDRESS: 0C61

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 corresp onding bit of the
open drain selection register 3 (R30D).

In ad dition, Port R3 is multi plexed 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,
RESET pin. These pins can be used as general I/O pins
setting writing option described in "21. DEVICE
FIGURATION AREA" .

RESET VALUE: --00 000-g

RS [ -

- {R35!R34!R33:R32|R31

R3 Direction Reg

Input / Output data

70C7H
ALUE: ---0 000-g

R3O0 |~

r<

Port Direction
0: Input
1: Output

ADDRESS: OFFH
/NSET VALUE: --00 000-g

PuII-up Resister Selection

0: Disable
1: Enable

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

L A

Open Drain Resister Selection

0: Disable
1: Enable

November 8, 2011 Ver 1.47
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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-fr equency clock oscillator. The system clo ck
operation can be easily obtained by attaching a crystal or a
ceramic resonator between the Xy and Xouyt 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 XN pin and open the XoyT pin.
There are no requirements on the duty cycle of the external
clock signal, since the input tothe 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 dividel, 2, 4,..., up to 4096 can
be provided. Perip heral clocki$\gnabled or disabled by
STOP instruction. Th e peri ]
clock control regist €5(CKC/
TERVAL TIMER" on :

STOP 1
INOSC

INOSC
Main OSC
Stop

XN [F— osc | owe | fxin
Circuit Circuit
Xout [}——

MUX

Int OSC INCLK
Circuit

Internal
system clock

f
INOSC /\C

\\BRESCALER

INOSC (INAMCLK/IN2MCLK/
INAMCLKXO/IN2MCLKXO)

_@y FFFT T

128 256 512 +1024 <2048 4096

Peripheral clock

fg)/ng—z)\ \§< PS1 PS2 \{s\ﬁ\ PS4

PS6 PS7 PS8 PS9 PS10 PS11 PS12

%Kequency \\M 2M @% 250K

125K 62.5K | 31.25K | 15.63K | 7.183K | 3.906K | 1.953K 976

T e | et | soon [N\ | 4w

16u 32u 64u 128u 256u 512u | 1.024m

AN / N

\/

10.1 Oscilation Circuit

Xv and Xoyr 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 .

1 H _T_ Xout
Cc2
.»—H —l— Xin

Vss

Figure 10-2 Oscillator Connections

40

Fig\ul‘é 10-1 Block Diagram of Clock Generator

Note: When using a system clock o scillator, 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 groundng 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.

o

[

Xout

XiN

!

Figure 10-3 Layout of Oscillator PCB circuit

To drive the device from an external clock source, X out
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,

minimum and maximum high and low times specified 0
the data sheet must be observed.

<

Oscillation circuit is designed to be used eithe WA

ceramic resonator have their own charac T, t
should consult the crystal man
values of external components

OP

External
Clock
Source

0-4 \{ nal Clock Con tions

In addition, MC80F(0504/0604 has an ability for the ex-
ternal RC oscilteted operation. It offers additional cost sav-
ings for timing insensitive applicat ions . T he RC
oscillator frequency is a function of the supply voltage, the
external resistor (RgxT) and capacitor (CgxT) 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 MC80F(0504/0604. External capacitor (CgxT) can be

November 8, 2011 Ver 1.47

omitted for more cost saving. However, the characteristics
of external R only oscillation are more variable than exter-
nal RC oscillation.

Rext %

Cext

XIN

Cint ~ 6pF

(P

ouT

fxin+4

@ igure 10-5\%Oscnlator Connections

VDD

f CiNT =~ 6pF

Xout

Figure 10-6 R Oscillator Connections

To use the RC oscillation, the CLK option of the configu-
ration bits (20FFy) 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 MC80 F0504/0604 prov ides t he internal
4MHz or 2MHz oscillation. The internal 4MHz/2MHz os-
cillation needs no external parts.

To use the internal 4MHz/2MHz oscillation, the CLK op-
tion of the canfiguration bits should be set o “IN4AMCLK?”,
“IN2MCLK”, “INAMCLKXO” or “IN2MCLKXO”. For
detail descrip tion 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 wa tchdog timer co unting. 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 divid ed ratio by 8 to 1024, the count
rate is 1/8 to 1/1024 of th e oscillator frequency. As th e
count overflow from FFH to 00H, 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 registeris
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 ex cept the int ernal 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 norsQal 7-bit timer.
Source clock can be églecte its of CKCTLR.
BITR and CKCTLR ar apedddress, and ad-

dress OF2y is read a;

interval timer are in CKCTLR reg-
ame adghess of BITR (address ECp). Ad-
written to CK CTLR. Therefore, the
d by bit manipulation instruction.

%\\}y
Y

RCWDT
+8
16 1 2 bitup-counter Basic Interval
- overflow Timer Interrupt
= olock \|J BITR e
o |.ea | el
Xin PIN D— 8 - \ “ 0
+128
0F2 .
< +256 y Hl To Watchdog timer (WDTCK)
+5J,g3 Q clear
Aoza
/
Sélext In lock |, 3
BERERN RCWDT BTCL
OF ) CKCTLR
Basis Ipterval Timer N Read
clock control register .‘
2 Internal bus line 8

Figure 11-1 Block Diagram of Basic Interval Timer

42
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CKCTLR Interrupt (overflow) Period (ms
[2:0] Source clock P é@fxm = 8I)VIHz (ms)
000 fxin+8 0.256
001 fxin+16 0.512
010 fxiN+32 1.024
011 fxin+64 2.048
100 fxinN+128 4.096
101 fxiN+=256 8.192
110 fxin+512 16. 384
111 fyn=1024 3&/358 y

Table 11-1 Basic Interval Timer Inter!

7 6 5 4 3 2 1 0
CKCTLR [AoRsTi - iRCWDTIWDTON: BTCLIBTS2 BTS1iBTSO|

Caution:

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

when read, to be a BITR. §
W mer Enable bit

\Opergte as 7-bit Timer
) e Watchdog Timer operation
e the section “Watchdog Timer”.

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

er (BITR) to “0”. This bit becomes 0 automatically
chirie cycle, and starts counting.

Address Trap Reset Selection

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

: - ADDRESS: 0F24
BITR : ; INITIAL VALUE: Undefined

8-BIT FREE-RUN BINARY COUNTER

Figure 11-2 BITR: Basic Interval Timer Mode Register

Example 1: Example 2:

Interrupt request flag is generated every 8.192ms at 4MHz. Interrupt request flag is generated every 8.192ms at SMHz.
LDM  CKCTLR, #1BH LDM  CKCTLR, #1CH
SET1 BITE SET1 BITE

ET EI
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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 n ormal state. The wat chdog timer
signal for detecting malfunction can be selected either are-
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-

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, #0FFH ; set the WDT period
LDM SSCR, #5AH ;ready for STOP mode
STOP

NOP

NOP

terrupt at fixed intervals.

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

ary with temperature,
varial S part t o part (approxi -
The wing equation shows the
hdog timer time-out.

mately, 33~100u
DT oscillated

The watchdog timer consists of 7 -bit binary counter and
the watchdog timer data register. When the value of 7-ki
binary counter is equal to the lower 7 bits of WDTR, th
interrupt request flag i s generated. This canbe u s
Watchdog timer interrupt or reset the CPU in acco
with the bit WDTON.

WDTR) and the WDTCL is gleared a
cycle.

l clear

Watchdog clear

AND) Counter (7-bit)

R
ofo |——» toresetCPU
1

comparator H
|enable
WDTCL 7-bit compare data WDTON in CKCTLR [0F24]
E7 |I WDTIF |I ] )
— Watchdog Timer interrupt
WDTR Watf:hdog Timer
Register
[OF44]
S Internal bus line S

Figure 12-1 Block Diagram of Watchdog Timer
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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
counter. Clearing the binary counter is repeated within the
detection time.

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

er output will becom e active at the rising overflow from
the binary counters unless the binary counter is cleared. At
this time, when WDTON=1, a reset is gen erated, 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.

The watchdog timer tempo
STOP mode, and when the ST

tomatically restarts (continu/e&f\

ily stops counting in the
mode is released, it au-

XDDR
NITIA

0 2).
v

—— Clear count flag
0: Free-run count
1: When the WDTCL is set to

W WWwW W w W w
7 6 5 4 3 2 1 0
WDTR |worcL | i
\ |

7-bit compare data

is cleared to “0”. And the WDTCL beci
after one machine cycle. Counter count

1”7, bina

AN

Figure 12-2 WDTR: Watch

Example: Sets the watchdog timer detection time to 1

1DM CKCTLR, #3FH
LDM WDTR, #08FH
WDTR, #08KH

— LDM

Within WDT
detection time

R, #08

Within WDT

detection time S

;C

er is enabled by setting WDTON (bit 4 in
1”. WDTON is initialized to “0” during re-
set and it shoubd’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 bit4 (WD-
TON) of CKCTLR. The watchdog timer is halted in STOP
mode and restarts automati cally after STOP mode is re-
leased.

November 8, 2011 Ver 1.47

iraer Co"%rei/Regi
S 4. 4304MH@
(&

1024 cI@ure@, WDTON <« 1, Clear Counter
ear co@@ﬁ
r nter

lear counter

Watchdog Timer Interrupt

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

Twor = (WDTR+1) x Interval of BIT

The stack pointer (SP) shoul d be initialized before using
the watchdog timer output as an interrupt source.

Example: 7-bit timer interrupt set up.

LDM
LDM

CKCTLR, #xxx0 xxxxB;WDTON <0
WDTR, #8FH ;WDTCL <1

45



MC80F0504/0604 S}AE.Q)

arovernon | L L[ L[ LI L[ L

Binary-counter 1 X 2 X 3 XIX 1 X 2 X 3 (\X 0

Counter \ﬁ\\g\ounter

Clear lear
=

WDTR n

WDTIF interrupt,

WDT reset

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

P

S
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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 o ne 16-bit Timer /Counter with comb ine
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 204 8 oscill ator periods, the count
rate is 1/2 to 1/2048 of the oscillator frequency.

In the “counter” function, the re gister 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 dlock edge input, the count

in Timer m ode register
ble 13-1, Figure 13-1 .

16BIT | CAPO | CAP1 | PWMmiE | TOCK | TICK | oy &@}ER 0 Q TIMER 1
[2:0] | [1:0] =\
0 0 0 0 XXX | XX CghitTimer >\ | 8-bit Timer
o | o | 1 0 | 11 | xx o \JssiEvent counter 9 8-bit Capture
0 1 0 0 XXX XX<§ \ jB-bit Ca[(@)int@;nal clock) | 8-bit Compare Output
0 X 0 1 XXX (( 8-bit fimenCotiter 10-bit PWM
1 0 | o 0o | O\ L0 | 46oinvimel
1 0 0 0 11 \ \I\1\J 0 @%\&Event counter
1 1 1 0 \K XXX \1;1 NN \\l@);%ft Capture (internal clock)

1. X means the valu

November 8, 2011 Ver 1.47
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RW RW RW RW RW RW

54 3 2 1 0 .
TMO [ - | - [capo|tock2|Tock1|Tocko| ooN |TosT | ﬁﬁ?,if?/iﬂ)&_oo 0060

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 fxn + 2 U
TOCK1 TMO0.3 001: 8-bit Timer, Clock source is fn + 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-bit Timer, Clock source is fxn + 2048
111: ECO (External clock)

TOCN TMO.1 0: Timer count pause
1: Timer count start

TOST TMO0.0 0: When cleared, stop the countlng
1: When set, Timer 0 Count Register is oleared and start ag (\

RIW RW RW R/W R/W R/W R
6 5 4

™1 [ PoL [16BIT [PwmiE] CAP1 |T1CK1|T1c(kp|”T1<;N\] T\%

A0
Bit Name Bit Position pve)séx\}g)o/g/ Qﬁ(\w

POL TM1 7 PW tyAC|
c engt}\
16BIT TMk\é\ 0: 8% ode \W

1:\&b
PWM1 TM1.5 \4/@ able PWM N,
ﬁ able P\@(M
1 4 "0 Timer/ r mod
1: Cagt\u{e &tlon flag

M1 3 bk?ck source is fxiN
T O 1.2 lock source is fxn + 2
er, Clock source is fxN + 8
STimer, Clock source is Using the Timer O Clock

W T™M1.1 %er count pause
» Timer count start
T1ST T™1.0 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
7 6 5 4 3 2 1 0

ADDRESS: 0D1
TORO[ T T [ T T T T 1 INTALVALUE OFFy

RW RW RW RW RW RW RW R/W
v 6 65 4 3 2 1 0 ADDRESS: 0D3y
TDR1 | [ | [ | | | | | INITIAL VALUE: OFFH

Read: Count value read

Write: Compare data write

Figure 13-1 TMO0, TM1 Registers
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13.1 8-bit Timer / Counter Mode

The MC8 0F0504/0604 has t wo 8-bit Tim er/Counters,
Timer 0 and Timer 1, which are shown in Figure 13-2 .

The “timer” or “c ounter” function is selected by control
registers TMO, TM1 as shown in Figure 13-1 . Touse as an
8-bit tim er/counter m ode, bi t CAPO or CAP1 of TMx
should be cleared to “0” and 16BIT and PWMI1E 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 TxCKO0, TxCK1, TxCK2 of
register TMx).

ECO PIN \

7 6 5 4 3 2 1 0 i
ADDRESS: 9Q0¢ Q
T™O | | - |capo[Tockzrock1|Tocko| TocN| TosT| |y ALY\ 00 O
o X X X X X
X means don’t care
7 6 S5 4 3 2 ] DRESS: 0D2y
™1 [ POL [16BIT [pwmig CAP1[T1CK1[T1CKO| TICN| T1 IAL VALUE: 004
X 0o 0 0 X X X X C}
don’t care @
TOCKI[2:0] @
EDGE
DETECTOR

111

oY

+2
. ﬁ 7 MSto)
- :K/[ 001 & % 1: Clear and start
5 a1 ot o %0 (8-bit
: 11 :
XnPIN [ &P e J \/
+512 ‘r@\ J0C TIMER 0
101 INTERRUPT
+/2/\()48 o S Comparator
ﬁ x RO TDRO (8-bit)
R05/T0O
T1CKM
l T1ST
11 lo: Stop
=1 1: Clear and start
——00
+2 0T o T1 (8-bit)
—— 01 ! clear
+8
1™ T1ON > TIMER 1
MUX Comparator INTERRUPT
TIMER 1 TDR1 (8-bit)
Figure 13-2 8-bit Timer/Counter 0, 1
November 8, 2011 Ver 1.47 49
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Example 1:

Timer0Q = 2ms 8-bit timer mode at 4MHz
Timerl = 0.5ms 8-bit timer mode at 4MHz

LDM TDRO, #249
LDM TDR1, #249
LDM MO, #0000_1111B
LDM TM1, #0000 1011B

SET1 TOE

SET1 TI1E

EI
Example 2

Timer0 = 8-bit event counter mode
Timerl = 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
EI

These timers have each 8-bit count register and data re
ter. The count register is increased by every internal or

ternal clock input. The internal clock has aprescaler

value of : bngeable by software, time in-
exe s set as yo .
Q

ratio option of 2, 4, 8, 32, 128, 512, 2048 sclected by con-
trol bits TOCK[2:0] of register TMO or 1, 2, 8 selected by
control bits T1CK[1:0] of register TM1. In the Timer 0,
timer regi ster TO increases fr om 0 Oy 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 countsgys increased every 0-to-1

(rising edge) transition of EC0 order to use counter
function, the bit EGQ of t /hre ection Register
(PSR0.4) isset to "1".'T gd as a counter
by pin ECO inpw, but

internal clock is used for counting
f it as counting internal clock in-
are compared with the contents
ound, a timer » interrupt
ounter is cleared to 0.

Source clock

Up-count

n-2Xn-1X__rlXEX1 Y2 Y3 Y4

Match| _/Counter
Detec ”CIear

Figure 13-3 Timer Mode Timing Chart

50
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Example: Make 1ms interrupt using by Timer0 at 4MHz
LDM TMO, #0FH ; divide by 32
LDM TDRO, #124 ; 8us x (124+41)= 1ms
SET1 TOE ; Enable Timer 0 Interrupt
EI ; Enable Master Interrupt
When [ TMO = 0000 1111g (8-bit Timer mode, Prescaler divide ratio = 32)
|: TDRO = 124p = 7CH
fxin =4 MHz
INTERRUPT PERIOD = ———— x32x (124+1)=1ms Q
4 x 108 Hz
TDRO MATCH c
(TDRO = T0) oun e
70 / \ 7c Period
7B /(/
X 7A
c)OQQ 8 us
&
: O
5
4
3
2
1 (@ Q
0 9 > TIME

< Interrupt peri

=8 +
Timer 0 (TOIF) I W

|

Occur interrupt

Interrupt Occur interrupt <®C interrupt @
> r/\\@ 9
i iR

fa below equation.

After reset, the value of timer data register TDR# is initial-
ized to "0", The interval period of Timer is calculated as

5«@[ imer Go }% ple
13.1.2 8-bit Event Counter Mode r to use event counter function, the bit 4 of the Port
In this mode, counting upNjs start an exfdrnal trig ection Register PSRO(address OF8 ) is required to be
This trigger means risiigedge of the pi etto *1™.

3 dc‘Q

¥ Period (sec) = };-1-—-><-2 x Divide Ratio x (TDRn+ 1)
¢ edge of the XIN

Start count
i
ECO pin input | | | | | | | |
Up-counter 0 X 1 X 2 . n-1 n 0 1

TDRO X n

TOIF interrupt N \l_r

Figure 13-5 Event Counter Mode Timing Chart

November 8, 2011 Ver 1.47
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TDR1

Timer 1 (T1IF)

stop

disable ~ enable
X S~ |—|
clear & start

/

TIME

<
i

52

It t %
nterrup Occur interrupt &) L\ Occur interrupt
T1sT i (\ /\((\
Start & Stop TIST =1 M
N TIST=0 @ (NN
Control count \/<)/\ }\1\3\&):)
T1ICN =0
@ @ <
Figure 13-6 O@tf%f Tim Ev ounter

G

9
»

S

November 8, 2011 Ver 1.47
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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 th en resets to 0000y. The
match output generates Timer 0 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
TI1CKJ[1:0] and 16BIT of TM1 should be set to "1" respec-
tively as shown in Figure 13-7 .

’ 6 S 4 3 2 ! 0 ADDRESS: 0D0x
T™O0 | | - |cApo[rock2|TocK1[TOCKO| TOCN| TOST|  |NTiAL VAL
0X X X X X
X means don’t
76 543
™1 [ POL [16BIT [pwm1E| CAP1 |T1CK1IT1CKO| T1CN| T1ST |
X1 00 1
TOCK[2:0]
EDGE
DETECTOR
ECO PIN %
+2 000
XnPIN [} f: 001
= - 010 *
% =32 o1t \@ J (1Q‘§6[N\ - dibar
AN
o
- TO TIMER 0
' gk{ 101 TOIF INTERRUPT
+ 2048 y Comparator (Not Timer 1 interrupt)
ux <<\\ DRA + TDRO
“ (16-bit)
Righer byte Lower byte
COMPARE DATA
MERM. > TIMER

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

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

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

November 8, 2011 Ver 1.47

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 =

53
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13.4 8-bit Capture Mode

The Timer 0 cap ture 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 ) in creases 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 th e tim er data v alue (FF y) over 2

times. When external interrupt is occurred, the captu red
value (13p) 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 ( 0, CDR1), respectively.
After captured, Timer x register issleared and restarts by

.@ ding operation fs’read the CDRn, not TDRn becau se
q penedo the CDRn.

November 8, 2011 Ver 1.47
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I 6 5 4 3 ! 0 ADDRESS: 0DO0y
TMO [ - | - |capo|tockalTock1TocKo| TOCN| T0ST| INITIAL VALUE: 00 00005
. . 1X X X X X
X means don'’t care
765 432 10
™1 [ POL [16BIT [pwm1E| CAP1[T1CKITICKO[ TICN| TIST] |
X 0 0 1 X X X X
X means care

TOCK[2:0]
Edge
Detector l
ECO PIN %
+2  looo

@ TOST

XN PIN [} f4 001

Prescaler

+ 2048

INTOPIN [ ]

9

/ Cap%

Q@bit)

N\

T1ST

l 0: Stop
1: Clear and start

o%o

T1 (8-bit)

T1CN

IEDS[3:2]

clear

Capture

CDR1 (8-bit)

IINT1IFI

ot
INT1PIN [] DI e

1

0: Stop
1: Clear e rt

+8 \_l/ .

010 8-bit)

+ 32 011 ?/;,D\ @

= lear Q

+ 128 100 » Yf\
| 312 1401

INTO
INTERRUPT

INT1
INTERRUPT

Figure 13-8 8-bit Capture Mode for Timer 0, 1

November 8, 2011 Ver 1.47

55



MC80F0504/0604

S

\BO\

EMICONDUCTOR

n —» This value is loaded to CDRO

l_l_

TO

o (¢
Q

Interrupt Request

TIME

(INTOIF ) ®
@@
! )
Ext. INTO Pin

Interrupt Request
(INTOIF )

Figure 1\3>9—lnp/ut C re 6}\\9)ration of Timer 0 Capture mode
S

) )

Integrupt Request |-
NTOIF ) _
Interrupt Interval Period=01n+FFy +01q+FFH +014+134=2144 !
Interrupt Request f|_| 4|_| :
(TOIF) .

TO

56

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

16-bit capture mode is th e 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 TICKI1,
T1CKO, CAP1 and 16BIT of TM1 should be set to "1" re-
spectively as shown in Figure 13-11 .

7 6 5 4

2 1 0

T™MO [ - | - |capo|tocka|Tock1iTocKo| TOCN | ToST| &?ﬁiEVA D(?H__oo 0000g
- 1X X X X
X means don’t ceg%
765 432 10 OR
™1 [ POL [ 16BIT [Pwm1E| CAP1[T1CK1/T1CKO| TICN | 118T | AL

X 1 0 1 1 1 X X
means don’t care
TOCK][2:0]
0ST
O &
; and start

TDR1 R

Edge
Detector
ECO PIN %
=2 looo
Xin PIN Dﬁ =4 001
+8
5 010
S =32 o1
g + 128
o

100
+ 512
12 L1t >
+ 2048]%,
X
I

(e

16
2RSS

CDR1 + CDRO
(16-bit)

Higher byte Lower byte
CAPTURE DATA

INTO PIN

@ﬂ; Loor]

— INTO
INTOIF INTERRUPT

TMO, #0000_1111B; 8uS

TM1, #0100 1100B; 16bit Mode
TDRO, $<62499  ;8uS X 62500
TDR1, $>62499  ;=0.5s

TOE

Example 2:

Timer0 = 16-bit event counter mode

LDM PSRO, #0001 _0000B;ECO Set
LDM TMO, #0001 1111B;Counter Mode
LDM  TMI1, #0100 1100B;1l6bit Mode
LDM TDRO, #<0FFH ;

November 8, 2011 Ver 1.47

\) @@ﬁ 16-bit Capture Mode of Timer 0, 1
LDM TDR1, #>0FFH ;

SET1 TOE
EI

Example 3:
Timer0 = 16-bit capture mode
LDM PSRO, #0000 0001B; INTO set

LDM TMO, #0010 1111B;Capture Mode
LDM TM1, #0100 _1100B;16bit Mode

LDM TDRO, #<0FFH ;

LDM TDR1, #>0FFH ;

LDM IEDS, #01H; Falling Edge
SET1 TOE

ET

57
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13.6 PWM Mode

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

In PWM mode, R10 / PWMI1O 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 peri od of the PW M1 outp ut is determined by the
T1PPR (T1 PWM Period Register) and ~ TIPWHR[3:2]
(bit3,2 of T1 PWM Hi gh Register) and the duty of the
PWM output is determined by the TIPDR (T1 PWM Duty
Register) and T3PWHR[1:0] (bitl,0 of T 1 PWM High
Register).

The user writes the lower 8-bit period value to the TIPPR
and th e higher 2-b it period value to the TIPWHR[3:2].
Andwrit esd uty valu etot he TIPDRand the
TIPWHR[1:0] same way.

The T1PDR is configured as a double buffering for glitch-
less PWM output. In Figure 13-12 , the duty data is tra;
ferred from the master to the slave when the pe riod da

PWM1 Duty =

58

reduced resolution.

Frequency
Resolution | T1CK[1:0] | T1CK[1:0] | T1CK[1:0]
= 00(250nS) | = 01(500nS) | =10(2uS)
10-bit 3.9kHz \Q\ 8kHz 0.49kHz
9-bit 7.8kHz [ 1N95kHz 0.97kHz
8-bit 15.6kHz_\P /500kH2> | 1.95kHz
7-0it | 812kdz\\ \rarz | 3.90kHz
Table 1 Fre cy vs. Resolution at 4MHz
ROL of TM1 ides the polarity of duty cycle.

alue is set same to the period value, the PWM

PWM output is deter-
: High).

‘e If changing the Timer1 to PWM function, it should be stop

e 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 ; Start timer1

November 8, 2011 Ver 1.47
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RW RW RW RW RW RW RW RW

7 4 2 1
6 S 3 0 ADDRESS: 0D2
™1 | POL [16BIT [Pwmi1g CAP1T[TICKITICKO| TICN| T1ST|  |\iTiAL VALUE: 004
X 0 ! 0 X X X X X: The value "0" or "1" corresponding your operation.
- - W W W w
7 654 321 0
ADDRESS: 0D5H
T1PWHR | - | - | - | - |T1PWHR3|T1PWHR2|T1PWHR1 |T1PWHRO| INITIAL VALUE: --QOOOB
- - - - X X X X
' ! : operation.
Period High ~ Duty High
w w w w W w w W
T1PPR 7 6 5 4 3 2 1 0 RESS: 0D34
L [ [ [ [ [ | VALUE: OFFy
RW RW RW RW RW RW /W (@ @@
7 654 3210
DDRESS: 0R4H
L SO O O SN N S0 R A
i \ﬁ QE\Q : Q
1PWHR{3'\\
TO clock seurce K[1:0 ' _bi | PWM10E
m [1:0] thsr M?PPR(a bit) [PSR0.6]
0 : Sto
1: ahand Sta
11 < Comparator s Q
+1 Clear
o 00
\%\ 22 , R R10 / PWM10 PIN
o N *’|2-bit: T1(8-bit, |‘—‘
Xin PIN g \ >8> 01 \ ] ( )
a 10 | POL
T1CN
MUX Comparator
Slave | ! T1PDR(8-bit) |
T1PWHR1:0]
Master | ! T1PDR(8-bit) |

Figure 13-12 PWM1 Mode

November 8, 2011 Ver 1.47
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Source
clock

T

T1ST

PWMIE |
_
TICN |

jooXo1onX03X04X_:_X7EX7FXSo X::X3FFXO0X01X02E

LL4

144

L4

'
'
'
Tt |

RAVeE

PWM10
[POL=1] )
PWM10 \:
[POL=0]
N Duty Cycle [ (1+7Fh) x 250nS = 32u
Period Cycle [ (3FFh+1) x 250nS = 256uS @
@\
T1CK[1:01 = 00 (XIN ) Period T1PW|-B§§/%\§W 0 T1 @(
T1PWHR = 0CH
T1PPR = FFH
T1PDR = 7FH Duty T1\2§\/ %W@(B bit)
> \)/ {\\2 ™
@ %q\\@amplec PN é} 4MHz
T1CK[1:0] = 1 4Gs )
PWM1HR = 00H Q
T1PPR’=/0DH T T
 Write TTPPR to 09H |
TIPDR<04H —. —
) ///m g
ce
clo X
T \kgglm Jo2 103104105106107 Jos | 09foafos]oc] ool odo1fo2] 03] o4l 05] 06 | 07] 8] 0] oo 01] 02 03] 04
PWM10 ] | |
POL=1 , | [.
— f ! : '
. Duty Cycle "~ Duty Cycle '~ Duty Cycle
'[(04h+1) x 2uS = 10uS | '[ (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 analo g-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, w hich are multiplexed into one samp le and
hold. The output ofthe sample and hold is the input into the
converter, which generates the result via successive  ap-
proximation.

The analog reference voltage is selected to V pp 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 ADCRH][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 I/O.

It is selected for the corresponding channel to be convert
by setting ADS[3:0]. The A/D port is set to analog inpuf
port by ADEN and ADS[3:0] regardless of port I/O/dites

N

<

tion register. The port unselected by ADS[3:0] operate
normal port. @
/‘\7

‘ Enable A/D Conve&e(

AS)

‘ A/D Inp<t\@annel ct
Mon So%%C@Select

A/D Start (ADST = 1) ‘

‘ NOP ‘

ADSF =1
NO

YES

‘ Read ADCR ‘

Figure 14-1 A/D Converter Operation Flow

November 8, 2011 Ver 1.47

How to Use A/D Converter

The processing of conversi on is start w hen the start bit
ADST is set to “1”. After one cycle, it is cleared by hard-
ware. The register ADCR H and ADC RL contains the re-
sults o fthe A/D conversion, When the co nversion is
completed, the result is loade o the ADCRH and AD-
CRL, the A/D conversion status bit ADSF is set to “1”, and
the A/D interrupt ﬂa@AD s set

operation flow.
e nQ& leis shown in Figure
A 1$sét automatically when
d, cteared when A/D ¢ onver-

7, AN14 and AN15

input pins should be within the
exJn particular, if a voltage above Vpp
w Vggis input (even if within the abso-

(or AV
lut tuim rating range), the conversion value for that
e ot be determinate. The conversion values of
@ channels may also be affected.
0

1s€ countermeasures

order to maintain 10-bit resolution, attention must be
paid to noise on pins Vpp (or AVref) and analog input pins
(ANO ~ AN7, AN14, AN15). Since the effect increases in
proportion to the output impedance of the analog input
source, it is recommended in some cases that a capacitor be
connected externally as shown in Figure 14-2 in order to
reduce noise. The capacitance is user-glectable and appro-
priately determined according to the target system.

Analog
Input o

_T_ ANO~AN7
AN14, AN15

0~1000pF

User Selectable

Figure 14-2 Analog Input Pin Connecting Capacitor
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(3) 1/0 operation

The analog input pins ANO ~ AN7,AN14 and AN 15 also
have function as input/output port pins. When A/D conver-
sion is p erformed with any pin, be sure not to execute a
PORT input instruction with the selected pin while conver-
sion is in progress, as this may reduce the conversion res-
olution.

Also, if digital pulses are ap plied to a pin adjacent to the

pin in the process of A/D conversion, the expected A/D
conversion value may not be obtainable due to coupling
noise. Therefore, avoid applying pulses to pins adjacent to

the pin undergoing A/D conversion.
(4) AVpp pin input impedance

A series resistor string of approximately SKQ is connected
between the AVREF pin and the Vgg pin. Therefore, if the
output impedance of the analog power source is high, this
will result in parallel connectign to the series resistor string
between the AVREgF pin and t ss pin, and there will be
a large analog supply voltage err

e

AVREFS (PSR1.3)

ANO/AVger [ ]

AN1 I

—
MU

J ADEN @
Voo O] —
O\}\O Resistor Ladder Circuit

S%FN Fiold Q Circuit
=

Successive
Approximation

ADC
g -ADC'F ~ INTERRUPT

10

ADC Result Register

AN7 S
AN14
AN15 ADC8 —»’ 0 1 \
1 10-bit Mode 8-bit Mode
ADSI[3:0] (ADCM[5:2))
98 32
10-bit ADCR | | 10-bit ADCR |
00
X
ADCRH | | |ADCRL (B-bit)l

| ADCRH | | |ADCRL (8-bit)|
70

ADC Result Register

62

Figure 14-3 A/D Block Diagram
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RW RW RW RW RW RW RW R

LA . 321 , 0 ADDRESS: 0EF
ADCM [ADEN: ADCK; ADS3{ ADS2{ ADS1} ADS0i ADSTIADSF|  |NITIAL VALUE: 0000 0001g

A/D status bit
0: A/D conversion is in progress
1: A/D conversion is completed

A/D start bit
Setting this bit starts
After one cycle, bit is cl

/D cgnyeérsiqQ

: Not available
hannel 14 (AN14)
hannel 15 (AN15)

nable A/D c e

w w w --
7 6 5 4 3 @
ADCRH  [psseLifpsseojaDcs] - | - V2 /AN LA Emo_____B

T | <Q
& fon High Data
w > -bit Mode select bit
: +0-bit Mode
“ <\(\ 7 8-bit Mode

A/D Conversion Clock (fps) Source Selection

00: fxyin = 4

01: fxin+ 8

Q 10: fxn = 16

11: fxn = 32
RRR R R
54 1o

AN\ T | | | ADDRESs: 01y

INITIAL VALUE: Undefined

A/D Conversion Low Data

ADb@ PSSEL1 PSSELO  PS Clock Selection
0 0 0 PS =fxin +4

0 0 1 PS=fxn+ 8

0 0 0 PS =fxjy+ 16

0 0 1 PS =fxn + 32

1 1 0 PS=fxn+8

1 1 1 PS =fxn + 16

1 1 0 PS =fxny + 32

1 1 1 PS =fxn + 64

PS : Conversion Clock

: A/D converter mod d current is not flow.

Figure 14-4 A/D Converter Control & Result Register
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15. BUZZER FUNCTION

The buzzer driver block consis ts of 6-bit binary counter,
buzzer register BUZR, and clock source selector. It gener-
ates square-wave which has very wide range frequency
(488Hz ~ 250kHz at fx;n= 4MHz) by user software.

A 50% duty pulse can be output to R12 / BUZO pin to use
for piezo-electric buzzer drive. Pin R121s assigned for out-
put port of Buzzer driver by setting the bit 2 of PSR1(ad-
dress OF9y) to “1”. For PSR1 register, refer to Figure 15-2

Example: 5kHz output at AMHz.

LDM
LDM

BUZR, #0011 _0001B
PSR1, #XXXX_X1XXB

X means don’t care

The bit 0 to 5 of BUZR determines output frequency for
buzzer driving.

Equation of frequency calculation is shown below.

aw

2 x DivideR.

Tpuz =

x BUR + 1

feuz: Buzzer frequency
fxin: Oscillator frequency
Divide Ratio: Pres i
BUR: Lower 6-bi

The frequericy o
control register B

mij é’ox\ ut frequenc

. The'bit 0 to bit 5 of BUZR deter-
r buzzer driving.

R12 port;a@

+8
B |-t6 ]| %EE\ @@
Xin PIN | |7 S
g :32 10 F/F< R12/BUZO PIN
MU rator w
\a/t
> BUZO
@ EE Port selection register 1
/‘\ \)\\> [OF9H]

Internal bus’line
NN

@\@Iock Diagram of Buzzer Driver

N\

BUZR

ADDRESS: 0EOH

RESET VALUE: OFFH

W W W W W W w W
BUCK1 BUCKU
H ]

LBUR[S:O]

Buzzer Period Data

Source clock select
00: fxn + 8

01: fxyn + 16

10: fxn + 32

11: fxn + 64

ADDRESS: OF9H
RESET VALUE: -

EBuzo

-- 0000

PSR1|_E_E_E_5_

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

Figure 15-2 Buzzer Register & PSR1
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The 6-bit counter is cleared and starts the counting by writ-
ing signal at BUZR register. It is incremental from 00y un-

til it matches 6-bit BUR value.

When main-frequency is 4MHz,

shown as below Table 15-1.

buzzer frequency is

[5:0] 00 01 10 10 11

00 250.000 125.000 62.500 1.894 0.947
01 125.000 62.500 31.250 1.838 0.919
02 83.333 41.667 20.833 1.786 0.893
03 62.500 31.250 15.625 36 0.868
04 50.000 25.000 12.500 .689 0.845
05 41.667 20.833 10.417 1.645 0.822
06 35.714 17.857 8.929 1.603 0.801
07 31.250 15.625 7.813 1.563 0.781
08 27.778 13.889 6.944 1.524 0.762
09 25.000 12.500 6.250 1.488 0.744
0A 22.727 11.364 5.682 1.453 0.727
0B 20.833 10.417 5.208 1.420 0.710
oC 19.231 9.615 4.808 1.389 0.694
0D 17.857 8.929 4.464 1.359 0.679
OE 16.667 8.333 4.167 1.330 0.665
OF 15.625 7.813 3.906 1.302 0.651
10 14.706 7.353 3.676 1.276 0.638
11 13.889 6.944 3.472 1.250 0.625
12 13.158 6.579 3.28 1.225 0.613
13 12.500 6.250 342 1.202 0.601
14 11.905 5.95 76 1.179 0.590
15 11.364 5.6 1.157 0.579
16 10.870 5.4 1.136 0.568
17 10.417 5.2 1.116 0.558
18 10.000 5.000 1.096 0.548
19 9.6§ 4,808 1.078 0.539
1A 9.25 1.059 0.530
4.464 1.042 0.521

\ 1.025 0.512

467 1.008 0.504

4.032 0.992 0.496

3.906 0.977 0.488

November 8, 2011 Ver 1.47

Table 15-1 buzzer frequency (kHz unit)

65




MC80F0504/0604

\BO\

SEMICONDUCTOR

16. INTERRUPTS

TheMC80F0504/0604 interrupt circuits consist of Inter-
rupt enable register (IENH, IENL), Interrupt request flags
of IRQH, IRQL, Priority circuit, and Master enable flag
(“T” flag of PS W). Fifteen interrupt sources are provided.
The configuration o f interrupt circuit is shown i n Figure
16-1 and interrupt priority is shown in Table 16-1.

The External Interrupts INTO and INT1 each can be transi-
tion-activ ated (1-to -0 or 0-to-1 transitio n) by selecti on
IEDS register.

The flags that a ctually genera te these in terrupts are bit
INTOIF and INTILIF in register IRQH. When an external
interrupt is generated, the generated flag is cleared by the
hardware when the service routire is vectored to only if the

interrupt was transition-activated.

The Timer 0 and Timer 1 Interrupts are generated by TOIF,
T1IF and T1IF which is set by a match in their respective
timer/counter register.

The Basic Interval Timer Int

The AD converter Il@rrup
is set by finishing the a

The Watchdogt

which is s¢ matc dog timer register.

Watchdog

2 Internal bus line 2 Q
OEA ﬁ .
L Hl - 3 leared by “DI”, set by
IENH Intefry e “EI” ins en it goes interrupt service,
er byte) N d by hardware, thus any other
IRQH ibited. When interrupt service is
[0ECH] " ted by “RETI” instruction, I-flag is set to
wto D> = INToF | @
Nt O -[NT1F |
Q @ Q@ Release STOP/SLEEP
) 3 = Y > ToCPU
Timer 0 c
o
O
>
5 I—ﬂag
o Interrupt Master
Enable Flag
Timer1 Interrupt
| Vector
Address
Generator

H[OEBH] IENL

Interrupt Enable
Register (Lower byte)

Internal bus line

66

Figure 16-1 Block Diagram of Interrupt
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The Basic Interval Timer Interrupt is generated by BITIF
which is set by a overflow in the timer counter register.

The interrupts are controlled by the interrupt master enable
flag I-flag (bit 2 of PSW on Figure 8-3 ), the interrupt en-
able register (IENH, IENL), and the interrupt request flags
(in IRQH and IRQL) except Power-on reset and software
BRK interrupt. The Table 16-1 shows the Interrupt priori-
ty.

Vector addresses are shown in Figure 8-6 . Interrupt enable
registers are shown in Figure 16-2. These registers are

composed of interrupt enable flags of each interrupt source
and these flags determines whether an interrupt will be ac-
cepted or not. When enable flag is “0”, acorresponding in-
terrupt source is prohibited. Note that PSW contains also a
master enable bit, I-flag, which disables all interrupts at

once.

MC80F0504/0604
Reset/Interrupt Symbol Priority
Hardware Reset RESET 1
External Interrupt O INTO 2
External Interrupt 1 INT1 3
Timer/Counter 0 Timer 0 4
Timer/Counter 1 5
ADC Interrupt 6
Watchdog Timer 7
Basic Interval Timer 8

R/W R/W
IENH |INTOE|INT1E| - | | |
MSB
/4 \\
\ T/
R/W /W

e ; i i i’
@I interrupt O enable flag

IENL | T1E | \ [ - JAnsg|woTe] |

ADDRESS: 0EBH
INITIAL VALUE: 000- 00-0g

v \)) %ﬁ

SB

Basic Interval Timer interrupt enable flag

Watchdog timer interrupt enable flag
A/D Converter interrupt enable flag

Timer/Counter 1 interrupt enable flag

Figure 16-2 Interrupt Enable Flag Register

November 8, 2011 Ver 1.47
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RW R/W RW R/W
ADDRESS: 0ECH
IRQH [wroF[wrie] - | - | - | - [soFfToF| INITIAL VALUE: 00-- --00g
MSB LSB
Timer/Counter 0 interrupt request flag
External interrupt 1 request flag
External interrupt0 reque
R/W RW R/W - R/W
IRQL |THF] - [ - | - JabcF{worF| - |BITIF|
MSB LSB

16.1 Interrupt Sequence

tion execution. The interrupt service task is
upon execution of an interrupt return instruc-

An interrupt request is held until the inte
or the interrupt latch is cleared to
struction. Interrupt acceptan ce
of fxin (2us at fxN=4MHz) a

16.1.1 Interrupt ac

1. The interrupt maste stack area. The stack pointer decreases 3 times.

“0” to temporaritydixt

3. The entry address of the interrupt ser vice p rogram is
read from the vector table address and the entry address
is loaded to the program counter.

4. The instruction stored at the entry address of the inter-
rupt service program is executed.
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System clock memmw

_/

Instruction Fetch

Address Bus PC >< SP SP-1 X

SP-2 VL. X V.H. \KPC

Data Bus

Internal Read

_ [ LI

(>
>< Not used >< PCH>< PCL >< PSW>< VL. >< ADL >< AER% /ép\)}&d%

Internal Write ’7

L1

>

V.L. and V.H. are vector addresses.

l«——— Interrupt Processing Step<<\ \’\
ADL and ADH are start addresses of interrupt service routine as<€<d\ar>&>ntents.

terrupt Service Task

O

Q)

Basic Interval Timer
Vector Table Address

OFFEOH
OFFE1H

1f during in-
acceptance,

Note: The MS80F0504 and HM S87C1102A is very
similar in function, but the interrupt processing meth-
od is different. When replacing the HMS87C1102A to
MCB80F0504, clearing interrupt request flag should
be added.

W

” eV requested interrupt has higher priority than

ed interrupt service is required, the I-flag should
1” by “E I” ins truction in the interrupt service

Figure 16-4 Timing chart of Interru cé@nd Interr&@#lnstruction
imterrupy request 150t accepte d until the I-flag is set to

Example: Clearing Interrupt Request Flag

Tl INT: CLR1 T1IF ;CLEAR Tl REQUEST

interrupt processing

RETI ; RETURN

16.1.3 Saving/Restoring General-purpose Register

During interrupt acceptance processing, the program counter and
the program status word are automatically saved on the stack, but
accumulator and other registers are not saved itself. These regis-
ters are saved by the software if necessary. Also, when multiple
interrupt s ervices are nested, it is necessary to avoid us ing the

November 8, 2011 Ver 1.47

same data memory area for saving registers.

The following method is used to save/restore the general-purpose
registers.
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Example: Register save using push and pop instructions

INTxx: CLRI1 INTxxIF ;CLEAR REQUEST. main task

PUSH A ; SAVE ACC. acceptance of  interrupt

PUSH X ; SAVE X REG. | ‘ interrupt ;
PUSH Y ;SAVE Y REG. SeTe K caving
registers
interrupt processing
POP Y ;RESTORE Y REG. restoring
POP X ;RESTORE X REG. registers
POP A ; RESTORE ACC. .
i hterrupt ret
RETI ; RETURN merre %rr@
General-purpose register save/restore using push andpop instruc- \
tions;
16.2 BRK Interrupt
Software interrupt can be invok ed by BRK instructio n, @
which has the lowest priority order. Q
Interrupt vector address of BRK is shared with the vector

of TCALL 0 (Refer to Program Memory Section). W
BRK interrupt is generated, B-flag of PSW is set to distid-

guish BRK from TCALL 0.
BRK
Each processing step is determined by B-flag as shown 1 TCAL0 BRK TCALLO
; . INTERRUPT ROUTINE
Figure 16-5 . ROUTINE
RET

Figure 16-5 Execution of BRK/TCALLO

multiple processing through software for special features is
possible. Generally when an interrupt is accepted, the I-
interrupt are received at the same flag is cleared to disable any further interrupt. But as user
time simu [taheously, an internal polling sequence deter- sets I-flag in interrupt routine, some further interrupt can
mines by hardwgre which requ est is serviced. However, be serviced even if certain interrupt is in progress.
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Main Program
service TIMER 1

service

INTO

Znable INTO service

disable other
1
El

<

Occur
INTO

Occur — »
TIMERT1 interrupt

enable INTO
enable other

.~ Q)

Figure 16-6 Ex
(0 1)

.o@i Interrupw

Example: During Timer] interrupt is in progress,
terrupt serviced without any suspend.

TIMERl1: PUSH A
PUSH X
PUSH Y LDM IENH, #0FFH
LDM IENH, #80 ; Enable\NTO0 LDM IENL, #0FFH
LDM IENL, #0 ; Disable rint. POP Y
EI pt POP X
: POP A
RETI

November 8, 2011 Ver 1.47

; Enable all interrupts
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16.4 External Interrupt

The external i nterrupt on IN T0O and INT1 pins are edge
triggered depending on the edge selection register IED S
(address OEEy) as shown in Figure 16-7 .

The edge detection of externalinterrupt has three transition
activated mode: rising edge, falling edge, and both edge.

~ o1
INTO pin D 4 he INTOIF INTO INTERRUPT
XA
&
|01
INT1 pin |:| £ e INT1IF INTNNTER
£
cos ] Eimeznece
[OEEH] @
AN
Flgure16- ptB I}P

(R11, R12). To use as an external inte
port selection register PSRO s
spondingly.

Example: To use as an

nd INT1 edge are latched into INTOIF and
t every machine cycle. The values arenot actually

by the circuitry until the next machine cycle. Ifa re-

edged, a hardware subroutine call to the requested service
routine will be the next instru ction to be executed. The
DIV itself takes twelve cycles. Thus, a minimum of twelve
complete machine cycles elap se between activation of an
external interrupt request and the beginning of execution
of the first instruction of the service routine.

@em is active and conditions are right for it to be acknowl-
S

Figure 16-8 shows interrupt response timings.

---------- max. 12 fxin ; 8 fxin
? - A
Y Y
Interrupt  Interrupt Interrupt Interrupt
goes latched processing routine
active

Figure 16-8 Interrupt Response Timing Diagram
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MSB LSB
- woowooww
IEDS [ - | - | - | - [EDIHIEDILIEDOH EDOL|  fimALvALLE"

INITIAL VALUE: ---- 0000

- Tt —I— INTo—

Edge selection register
00: Reserved

01: Falling (1-to-0 transition)
10: Rising (0-to-1 transition)

&
11: Both (Rising & Falling) &\

w - W - - w w

T T T T T T T ESS: OF8H
PSRO | - ipwwiol - [ECOE[ - | - MNTIE{INTOE| |\iRA VALUE: 10000

MSB \) LSB
0: R10 0: R11
1: PWM10 1:INTQ
0: R1
0: R04
1: ECO

%s

A o\

(ON
Figu W a tion Register PSR0
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17. POWER SAVING OPERATION

TheMC80 F0504/0604 has t wo power-down modes. In
power-dow n m ode, po wer con sumption is reduced
considerably. For applications where power consumption
is a critical factor, device provides two kinds of power sav-
ing functions, STOP mode and SLEEP mode. Table 17-1

17.1 Sleep Mode

In this mode, the internal oscillation circuits remain active.
Oscillation continues and peripherals are operate normally
but CPU stops. Movement of all peripherals is shown in
Table 17-1. SLEEP mode is entered by setting the SS CR
register to “OFh”. It is released by Reset or interrupt. To be

shows the status of each Powe r Saving M ode. SLEEP

mode is entered by the SSCR register to “OFh”., and STOP
mode is entered by STOP instruction after the SSCR regis-
ter to “5Ah”.

released by interrupfinte ‘ enabled before
SLEEP mode. \

SSCR

NOTE :

tbefore STOP instruction execution.
alue is cleared automatically when released.

change the oncship RAM. Interrupts allow both on-chip
RAM and Conttol registers to retain their values.

If I-flag = 1, the normal intarupt response takes place. If I-
flag = 0, the chip will resu me execution starting with the
instruction following the SLEEP in struction. It wi 1l not
vector to interrupt service routine. (refer to Figure 17-4 )

When exit from SLEEP mode by reset, enough oscillation

74

stabilizing time is required to normal operation. Figure 17-
3 sh ows the timing diagram. When released from the
SLEEP mode, the Basic inter val tim er is activated on
wake-up. It is increased from 00 g until FFy. The count
overflow is set to start normal operation. Therefore, before
SLEEP instruction, user must be set its relevant prescaler
divide ratio to have long enough time (more than 20msec).
This guarantees that oscillator has started and stabilized.
By interrupts, exit from SLEEP mode is shown in Figure
17-2 . By reset, exit from SLEEP mode is shown in Figure
17-3.
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Oscillator
(XiN pin)

Internal Clock

External Interrupt

SLEEP Instruction

V// Executed

Figure 17-2 SLEEP Mode Release Ti

e External In\fh}rupt

Oscillator n @ H
G i RN nnm
wg\y s
& mwm =@ 1
RESET & ﬂ o (x w
i wo ,
% «—— Stabilization Time —
tsT = 65.5mS @4MHz
""""""""""" &ﬁm‘ Normal Operation
\// Fi%ﬁ%ﬂming of SLEEP Mode Release by Reset
17.2 St od

In the Stop modg; the main oscillator, system clock and pe-
ripheral clock is stopped, but RC-oscillated watchdog tim-
er continue to operate. With the clock frozen, all functions
are stopped, but the on-chip RAM and Control registers are
held. The port pins out the values held by their respective
port data register, port direction registers. Oscillator stops
and the systems internal operations are all held up.

+ The states of the RAM, registers, and latches valid
immediately before the system is put in the STOP
state are all held.

» The program counter stop the address of the
instruction to be executed after the instruction

November 8, 2011 Ver 1.47

"STOP" which starts the STOP operating mode.

Note: The Stop mode is activated by execution of STOP instruc-
tion after setting the SSCR to “5AH". (This register should be writ-
ten by byte operation. If this register is set by bit manipulation
instruction, for example "set1" or "clr1" instruction, it may occur un-
desired operation)

In the Stop mode of operation, Vpp can be reduced to min-
imize power consumption. Care must be taken, however,
to ensure that Vpp is not reduced before the Stop mode is
invoked, and that Vpp is restored to its normal operating
level, before the Stop mode is terminated.
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The reset should not be activated before Vpp is restored to
its normal operating level, and must be held active long
enough to allow the oscillator to restart and stabilize.

Note: After STOP instruction, at least two or more NOP instruc-
tion should be written.
Ex) LDM CKCTLR,#0FH ;more than 20ms

LDM SSCR,#5AH

STOP

NOP ;for stabilization time

NOP ;for stabilization time

In the STOP operation, the dissipation of the power asso-
ciated with the oscillator and the internal hardware is low-
ered; however, the power dissipation associated with the

pin interface (depending on the external circuitry and pro-
gram) is not directly determined by the hardware operation
of the STOP feat ure. This p oint should be little current
flows when the input level is stable at the pow er voltage
level (Vpp/Vss); however, when the input level gets high-
er than the power voltage level (by approximately 0.3 to
0.5V), acurrent begins to flows Therefore, if cutting off the
output transistor at an I/O portouts the pin signal into the
high-impedance state, a current across the ports input
transistor, requiring Qﬁ x/theley ull-up or ot her
means.

Peripheral STOP Mode ([ —~\\ SLEEP Mode
CPU Stop \\) ~ > Stop
RAM Retain D) O\ Retain
Basic Interval Timer Halted M&Continuously

Watchdog Timer

>
Stop (Only operate%\QRbéV{Df npde)

@@ates Continuously

Timer/Counter

couter mod \jg ,
S perates Continuously

Halted (Only whe e C
is enabled, timer o el t

mally) Q

<<Q \\J) Stop

ADC (8 )1
Y

Buzzer (> QIQ\b—/ {(\M Operates Continuously
Oscillator Q \\§tc}p%<r/éz, Xow@ Oscillation
O Ports W\ Retair, Retain
Control Registefs ) ) R éﬁ\)y Retain
Internal Q{gﬁ /\éigp n}&g Sleep mode
Preqoale\\ Wa% Active
Ad rgsgﬁta\\B\u\x NN \\ﬁetain Retain

Re ,ME&O), Watchdog Timer (RC-
mode), External Interrupt

Reset, All Interrupts

e
N\,

Release the"STOP mode

The source for exit from STOP mode is hardware reset, ex-
ternal interrupt, Timer(EC0), Watch Timer, WDT. Reset
re-defines all the Control registers but does not change the
on-chip RA M. Ex ternal interrupts al low both on-chip
RAM and Control registers to retain their values.

If I-flag = 1, the normal intarupt response takes place. If I-
flag = 0, the chip will resu me execution starting with the
instruction following the STOP instruction. It will not vec-
tor to interrupt service routine. (refer to Figure 17-4 )

76

Table 17-1 Peripheral Operation During Power Saving Mode

When exit from Stop mode by external interrupt, enough
oscillation stabilizing time is required to normal operation.
Figure 17-5 shows the timing diagram. When released
from the Stopmode, the Basic interval timer is activated on
wake-up. It is increased from 00 y until FFy. The count
overflow is set to start normal operation. Therefore, before
STOP instruction, user must be set its relevant prescaler di-
vide ratio to have long enough time (more than 20msec).
This guarantees that oscillator has started and stabilized.

By reset, exit from Stop mode is shown in Figure 17-6 .
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STOP
INSTRUCTION

STOP Mode |[<——

Interrupt Request

Corresponding Interrupt
Enable Bit (IENH, IENL)

@&\@

Master Interrupt
... Enable Bit PSW[2]

<
=)

IntepruptService Rowti

VAN

W%MQ<Q <§;
@§%® @@f

Figur, \Y@wﬁsing Wrrupts

O

Q
. UL

NN

\\s 1t
STOP Instruction <
f Executed

oiT Counter )1 Ywrmz) s " IO ER GG Ty Es &Y

Clear

T
I e

)
) TN

NormaIOperat|on 7777777 l Stop Operation Stabilization Time Normal Operation
B . g7 > 20ms
by software

Before executing Stop instruction, Basic Interval Timer must be set
properly by software to get stabilization time which is longer than 20ms.

Figure 17-5 STOP Mode Release Timing by External Interrupt
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Oscillator
(XI pin)

¢

|<7 STOP Mode 4”

~ULT

1)
l[
)

Internal
Clock

Ininininln

RESET “

Internal i

RESET ? STOP Instruction Execution

Time can not be control by software |

u W@
| &,

In the Internal RC-Oscillated Watchdog Timer mode, the
on-chip oscillator is stopped. But internal RC oscillatio
circuit is oscillated in th is mode. The on-chip RAM a
Control registers are held. The port pins out the values
by their respective port data register, port direction(r¢ gi
ters.

The Internal RC-Oscillated Watchdog Ti
vated by execution of STOP instryctien
RCWDT of CKCTLR to "1". (This

;for stabilization time
;for stabilization time

The exit from Internal RC-Oscillated Watchdog Timer
mode is hardware reset or external interrupt or watchdog
timer interrupt (at RC-watchdog timer mode). Reset re-de-

78

bt does not change the on-
5s allow bo th on-chip RAM
tain their values.

interrupt response takes place. In

it WDTON of CKCTLR is set to "0" and

NH is set to"1", the device will execute

imer interrupt service routine(Figure 8-6 ).

verf the bit WDTON of CKCTLR is set to "1", the

ill generate the internal Reset signal and execute

set processing(Figure 17 -8 ). If I-flag = 0, the chip

1 resume execution starting with the instruction follow-

ing the STOP instruction. It will not vector to interrupt ser-
vice routine.(refer to Figure 17-4 )

When exi t from St op mode at Intern al RC-Oscillated

Watchdog Timer mode by external interrupt, the oscilla-
tion stabilization time is required to normal operation. Fig-
ure 17-7 shows the timing diagram. When release the
Internal RC-Oscillated Watchdog Timer m ode, the basic
interval timer is activated on wake-up. It is increased from
00y until FFy. The count overflow is set to start normal op-
eration. Therefore, before ST OP instruction, user must be
set its relevant prescaler divide ratio to have long enough
time (more than 20msec). This guarantees that oscill ator
has started and stabilized. By reset, exit from internal RC-
Oscillated Watchdog Timer mode is shown in Figure 17-8
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Oscillator ’_m T
(XN pin) " B!
Internal /\/\
RC Clock
Internal h

Clock )

External

Interrupt >
(or WDT Interrupt ) N

STOP iInstruction Execution

\
BIT
Counter B INEYEN

EW/E

Normal Operation —»<———— STOP mode Stabilization Time —— <— Normal Operation
at RC-WDT Mode (\ tsT > 20msr\(<\

Figure 17-7 Stop Mode Release at Internal RC- V@e b&@vﬁal | W@MT Interrupt
N (@

>
I % (I

Internal /\/\ /\
RC Clock
Internal )

Clock

RESET

RESET by ||
Inte | ’7
\s&tlon Execution
|<— Stablllzatlon Time —>|
Time can not be control by software tsT = 65.5mS @4MHz

Figure 17-8 Internal RC-WDT Mode Releasing by Reset
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17.4 Minimizing Current Consumption

The Stop mode is designed to reduce power consumption.
To minimize current drawn du ring Stop mode, the user

should turn-off output drivers that are sourcing or sinking
current, if it is practical.

INPUT PIN VoD

internal
pull-up

VoD

Vob

Weak pull-up current flows

Vop
INPUT PIN

< O

ery currentflows {]—E
X =0 177 GND

port is configure aninput, input level should

6sed to@ 0 id power consumption.

$ S
Figure 17-9 Applicati @nused Ing@/

=
N

\&

&

OUTPUT PIN
ON

—[ o
o
In the leftcase, much current flows from port to GND.

In the left case, Tr. base current flows from port to GND.
To avoid power consumption, there should be low output
to the port .

Figure 17-10 Application Example of Unused Output Port

Note: In the STOP operation, the power dissipation associated
with the oscillator and the internal hardware is lowered,; however,
the power dissipation associated with the pin interface (depending
on the external circuitry and program) is not directly determined by
the hardware operation of the STOP feature. This point should be
little current flows when the input le vel is stable at the power volt-
age level (Vpp/Vss); however, when the input level becomes high-
er than the power voltage level (by approximately 0.3V), a current
begins to flow. Therefore, if cutting off the output transistor at an I/

80

O port puts the pin signal into the high-impedance state, a current
flow across the ports input transistor, requiring it to fix the level by
pull-up or other means.

It should be set properly in order that current flow through
port doesn't exist.

First consider the port setting to input mode. Be sure that
there is no current flow after considering its relationship
with external circuit. In input mode, the pin impedance
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viewing from external MCU is very high that the current
doesn’t flow.

But input voltage level should be Vgs or Vpp. Be careful
that if unspecified voltage, i.e. if uncertain voltage le vel
(not Vss or Vpp) is applied to input pin, there can be little
current (max. ImA at around 2V) flow.

If it is not appropriate to set as an input mode, then set to

<

November 8, 2011 Ver 1.47

e

1o
e

output mode considering there is no current flow. The port
setting to High or Low is decided by considering its rela-
tionship with external circuit. For example, if there is ex-
ternal pull-up resistor then it is set to ou tput mode, i.e. to
High, and if there is external pull-down register, it is set to
low.

S
@s
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18. RESET

The MC80F0504/0604 supports various kinds of reset as
below.

* On-Chip Power-On Reset (POR)

» RESET (external reset circuitry)

* Watchdog Timer Timeout Reset
» Power-Fail Detection (PFD) Reset
* Address Fail Reset

RESET

Noise Canceller

=
On-chip POR

(Power-On Reset)

Internal

Address Fail reset

> RESET

PFD
(Power-Fail Detection)

WDT

AN
AT

(WDT Timeout Reset)

S
2

cuit. In addition that the
input port R35 by setting “POR” and

On-chip/l-lard%}re\ Initial Vé@g\\ On-chip Hardware Initial Value
Program cc@z@r \BQ\ (FFFF{Q\-\?&&EE> Peripheral clock Off
RAM paf/gE\ng\Q\R{ (I%lﬂﬁ) \SL\ Watchdog timer Disable
G-fl§g< \//(G) %\3 Control registers Refer to Table 8-1 on page 28
Opera%q de Main-frequency clock Power fail detector Disable

Table 18-1 Initializing Internal Status by Reset Action

The reset input is the RESET pin, which is the input to a
Schmitt Trigger. A reset in accomplished by holding the
RESET pin low for at least 8 oscillator periods, within the
operating voltage range and oscillation stable, it isapplied,
and the internal state is initialized. After reset, 65.5ms (at
4 MHz) add with 7 oscillator periods are required to start
execution as shown in Figure 18-2 .

Internal RAM is not affected by reset. WhenVpp is turned

82

on, the RAM content is inde terminate. Therefore, this
RAM should be initialized before read or tested it.

When the RESET pin input goes to high, the reset opera-
tion is released and he program execution startsat the vec-
tor address stored at addresses FFFEy - FFFFy.

A connection for simple external res et circuit is shown in
Figure 18-1 .
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to the RESET pin

Oscillator
(Xin pin)

RESET

ADDRESS
BUS

DATA
BUS

er Reset

instruction from ineffective code area or RAM area, the
ddress fail reset is occurred. Please refer to Figure 11-2
for setting address fail option.
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19. POWER FAIL PROCESSOR

TheMC80F0504/0604 has an on-chip power fail detection
circuitry to immunize against power noise. A configura-
tion register, PFDR, can enable or disable the power fail
detect circuitry. Whenever V. pp falls close to or below
power fail voltage for 100ns, the power fail situation may
reset or freeze MCU according to PFDM bit of PFDR  as

shown in Figure 19-1

In the in-circuit emulator, power fail function is not imple-
mented and user can not experiment with it. Therefore, af-
ter final development of user program, this function may

be experimented or evaluate(\

RW R/W R/W

0

PFDR |

{PFDEN!PFDM; PFDS

* Cautions :

Figure 19- wer ge DetectoxRegjster
@@5) Y

“RAM Clear
itialize RAM Data

PFDS =0

Skip the

Initialize All Ports
Initialize Registers

initial routine

Function
Execution

Figure 19-2 Example S/W of Reset flow by Power fail

84
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Y
> \\ 1.[ VprpMAX
o VprpMIN
. 65.5mS
Internal | : :I
RESET :
Vbbp ) ’f \‘ I[ Oy VpepMAX
When PFDM = 1 ' jwg (( VpeoMIN
-~ ! 65.5mS
Internal {<655mS .
RESET oms Q;% @
Voo \ [ VprDMAX
i VpepMIN
X 65.5mS \,7
Internal /
| RESET

D
YR A

Figure 19-3 Power Fail Processor-Si ationMHz o‘:g@%

oA

S\&

S
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20. COUNTERMEASURE OF NOISE

20.1 Oscillation Noise Protector

The Oscillation Noise Protector (ONP) is used to supply by high frequency noise.
stable internal system clock by excluding the noise which - Change system clock to the internal oscillation clock
could be entered into oscillator and recovery the oscillation when the high frequency ngise is continuing.

fail. This function could be enabled or di sabled by th e - Change system clock to the 1
“ONP” bit of the Device configuration area (20FF p) for when the Xin/Xour is shorted

al oscillation clock
ened, the main

the MC80F0604. oscillation is stopp@ exc top tastruction and
The ONP function is like below. the low frequency noise is.en
- Recovery the oscillation wave crushed or loss caused &

XIN OFP

L ™ :\/I XIN_NF 5
ux >
HF Noise CLK
_| HF Noise _| Canceller »0S Internal Changer FINTERNAL
" | Observer - A SC - 1~S
n
QJ INTQ&
\12 . S
F No
ONP ) er(]);)(&xr HG ONP
OFP @\ < IN4(2)MCLK(XO)
en
/f
o« _ OFP

ONPb =0 (8-Bit counter)

LF_on=1 Q

IN_CLK =0 INTNGLK 8 periods PS10(INT_CLK/512) 256 periods

(250ns x 8 =2us) . (250ns x 512 x 256 =33 ms)

INT_CLK

‘ L LT
Low Frqg. Noise or \ !

Oscillation Fail ’—‘ l—‘ F?T |—| ’—‘

144 1

))-
144

UL L

OFP_EN

CHG_END

))-
144

E ; L

CLK_CHG

T
' ' \ '
'
)

! ' T (44
' '

'
' '

'
'

* Clock Change Start(XIN to INT_CLK) ~ Clock Change End(INT_CLK to XIN))

fINTERNAL J—|_,—|_,—\ ’—I . : mm

(44 Z

86

Figure 20-1 Block Diagram of ONP & OFP and Respective Wave Forms
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20.2 Oscillation Fail Processor

The oscillation fail processor (OFP) can change the clock
source from external to internal oscillator when the oscil-
lation fail occured. This function could be enabled or dis-
abled by the “OFP” bit of the Device Configuration Area .
And this function can recov er the external clock source
when the external clock is recovered to normal state.

IN4(2)MCLK/CLK(XO) Option

The internal 4MHz or 4MHz oscillation can be used as sys-
tem clock sour ce in timing insensitive appli cations. The
“INAMCLK(XO)”, “IN2MCLK(XO)” bit of the Device
Configuration Area enables the function to operate the de-

November 8, 2011 Ver 1.47

vice by using the internal oscillator clock in ONP block as
system clock. There is no need to connect the x-tal, resona-
tor, RC and R externally.

When using internal oscillation, the XN, XouT pin can be
used as normal I/O pin. In case of selecting INAMCLK or
IN2MCLK, the XN pin can baused to R33 and the period
of internal oscillator clock coul
putting clock d1V1ded the inge
INAMCLKXO or IN C
XOUT pin can be use
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21. DEVICE CONFIGURATION AREA

The Device Configuration Area can be programmed or left
unprogrammed to sel ect de vice configuration sucha s
POR, ONP, CLK option and security bit. This area is not
accessible during normal exec ution but is readable and
writable during FLASH program / verify mode.

Note: The Configuration Option may not be read exactly
when VDD rising time is very slow. It is recommended to
adjust the VDD risingtime faster than 40ms/V (200ms from
OV to 5V).

7 6 5 4 3

1 0

Configuration Option Bits

ONP | OFP {LOCKi PORR35EN: CLK2i CLK1} CLKO|

i %le (Use RESET)
able (Disable RESET)

)

0>Disable POR Reset

%\ able POR Reset
Q Security Bit

{
o)

Q\Q}

0 : Enable reading User Code
1 : Disable reading User Code

OFP use

NS

NN

0 : Disable OFP (Clock Changer)
1 : Enable OFP (Clock Changer)

ONP disable

N\

a

0 : Enable ONP (Enable OFP, Internal 4MHz/2MHz oscillation)
1 : Disable ONP (Disable OFP, Internal 4MHz/2MHz oscillation)

Figure 21-1 Device Configuration Area

These various gptions shown in Figure 21-1 can be select-
ed by checking optio n field listed in writer (PGM Plus,

88

SIGMA or GANG#4) software after selecting device name.
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22. EMULATOR EVA. BOARD SETTING

fee sver 35PN

2RI B BB BLS S
NNNNDDN [eNeololololNoNe Nl
oONnPON-_0UONOOR®N=0000
ELRELBNBBRGIGaIoNows o
OooooooooooooooDooooooooon [
Oooo0oooooooooooDooooooooon %
D DDA DWWWWWNNNNRN=D 2 2 2 a5y A
SOORNO®OIRNSOOIRNO®O®ANO
3355282233338 22222222295%
OOOo%wmgggm—to%\:mmhwon%UO
333
Sz
I
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DIP Switch and VR Setting

Before execute the user program, keep in yair mind the be-

low configuration

DIP S/W

Description

ON/OFF Setting

1

This connector is only used for a device under 32 PIN.

For the MC80F0504/0504

Device select switch Low pin .

2 Low Pin Must be Low Pi
- O
SW6 High Pin ~Foxth 08/16/24
Low Pi th 504/0604.
High Pin é
m | on Th&xgihes select the AVpp source for
1 - @ high pin ices and should be set to use
) ~— | EH | oFF Eva. VDD.
Use Eva. Vpp C§4 & OF \Y,
: - VDD
AVpp select switch to Eva. Vpp. R f(\\
Nl 0F.
3 E chi n be reset by externaluser tar-
etb .
. . ‘Reset is avaiable by either user target
sw2 3 This switch select the /Res @em board or Emulator RESET switch.
FF : Reset the MCU by Emulator RESET
switch. Does not work from user target
@>\ board.
K)\) Normally OFF.
MCU XOUT pin is disconnected internally
4 witch sele Ot sianal on in the Emulator. User may connect this cir-
9 \ cuit with this switch.
ON : Output XOUT signal
OFF : Disconnect circuit
select Ev er supply source.
MDS MDS
< Normally MDS.
SW3 This switch select Eva. B/D Power supply
source.
USER USER
Use MDS Power Use User’s Power
These switches select the Normal 1/O port
5 (off) or Sub-Clock (on).
SW4 1 This switch select the R22 or SXouyrT. It is reserved for the MC80F0448.
2 This switch select the R21 or SX|n. ON : SXouT, SXIN

OFF : R22, R21
OFF (MC80F0504/0604).

90
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DIP S/W Description ON/OFF Setting
These switches select the R33 or X|n
This switch select the Normal I/O port (off)
1 — | Il | oN ~— | [ | oFfF or XIN(NC) select (on).
2 ~— | O | oFF — |l | oN ON & OFF : R33 Port selected.
OFF & ON : X|N(NC) selected.
Select R33 port Select XIN (NC)
These switches select the R34 or XoyTt
6 3 — |l | oN ~— | O | oFfF
SW5 4 ~— | O | oFF — |l | on
Select R34 port Select XOUT
These switches select the R35 or XouT
This switch select the Normal 1/0 port (off)
5 — | EL1|oN - | L. @ or /Reset select (on).
6 ~— | O | oFF — (O |o N & OFF ort selected.
Seloct R35 oort . )) F & ON{( setselected.
elec pol eleg et
Q @\
7 - This is External oscillation socket (C%@e\@) -g‘s@\f?\'{@_}emal Clock (CAN Type.

November 8, 2011 Ver 1.47
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A.INSTRUCTION

A.1 Terminology List

Terminology Description
A Accumulator
X X - register
Y Y - register
PSW Program Status Word S ( >
#imm 8-bit Immediate data A (( \\\\\9
dp Direct Page Offset Address ( M
labs Absolute Address
[] Indirect expression
{} Register Indirect expression
{}+ Register Indirect expression, after fb(xa\t R} ister auto-increment
bit Bit Position SN A\
A.bit Bit Position of Accumulator \)) Q&
dp.bit Bit Position of Direct Page quﬁﬁy ((\
M.bit Bit Position of MemorypAa%i 1‘0\%@( OIﬁFH) ((Q \))
rel Relative AddressingData \))
upage U-page (0FF00H~¢|§E|7?),$}Qﬁ’s\@%ddre;s\\Q S

Table CALL W(QQ 5)M \{ I
ddition (> \

: / |‘_e U}?per Nibble Expression in Opcode
sition
\%ﬁm Upper Nibble Expression in Opcode
B

it P%K

Subtraction

n
+A
X
y
RN Multlpllcatlé@\\ \
\/\ \ D|V|S|9\
N
)}
<
~N
e
_)
VAN
+

) ) Cont\e\}@@(presswn

AND
OR
Exclusive OR
oT
Assignment / Transfer / Shift Left
Shift Right
Exchange

Equal

Not Equal
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A.2 Instruction Map

Low| 00000 | 00001 | 00010 | 00011 | 00100 | 00101 | 00110 | 00111 | 01000 | 01001 | 01010 | 01011 | 01100 | 01101 | 01110 | 01111

HIGH 00 01 02 03 04 05 06 07 08 09 0A 0B [1]e3 oD OE OF

000 ) SET1 BBS BBS ADC ADC ADC ADC ASL ASL | TCALL | SETA1 BIT POP | PUSH BRK
dp.bit | A.bit,rel [dp.bit,rel| #mm dp dp+X labs A dp 0 .bit dp A A

001 CLRC « « “ SBC SBC SBC SBC ROL ROL | TCALL | CLRA1 oM POP | PUSH | BRA

#mm dp dp+X labs A dp 2 .bit X X rel
010 CLRG CMP CMP CMP CMP LSR LSR | TCALL | NOT1 T POP | PUSH | PCALL
#imm dp dp+X labs A dp 4 M.bit /~QQ Y Y Upage

OR OR OR OR ROR ROR | TCALIK[> OR1( ['C )\ PUSH
o1 DI #mm dp dp+X labs A dp 6 O&B % \% PSW RET

« « . AND | AND | AND | AND INC INC ALL N MQ(/ E INC
100 CLRV #mm dp dp+X labs A dp }}B m d\i{ dp+X TXSP X

EOR | EOR | EOR | EOR | DEC | D CALL 1 E| XMA DEC
101 | SETC #imm | dp | dptX | tabs | A 4%6/‘\»{ \E%& \9%5 dp+x | TSPX| Ty

DA | LDA | LDA | LDA DY | TCALN LDCND LDX | LDX DAS
110 | SETG #imm | dp | dp+X | tabs | AL @ é\\@ca do | dpry | XN | (Nia)
111 | E XAX | STOP

LDM | STA | STA | STA %ﬁ& TY |[TCALL|STC | STX | STX

dp,#mm| dp dp+X labs 14 M.bit dp dp+Y

LOW| 10000 | 10001 | 10010 | 10011 | 10100 | 10101 | 10110 | 1011 000 | 17801111010 m \ﬁ;oo 11101 | 11110 | 11111
HIGH 10 1 12 13 14 15 16, 7 1 19 1A 1C 1D 1E 1F
000 BPL CLR1 BBC BBC ADC ADC ADC Al ASL; ASL | T VP BIT | ADDW | LDX JMP
rel dp.bit | A.bit,rel |dp.bit,rel|  {X} labs+Y | [dp+ \k 1+ labs, dp+X <\' labs dp #imm | [labs]

001 BVC SBC | SBC b\\ReL/ R TCADRIZCALL | TEST | SUBW | LDY | JMP
rel X} labs+Y | {dp+X \NQ] bs dp! labs labs dp #imm [dp]

+ 3@
BCC CcMP | C CM LSR RYTZALL TCLR1 | CMPW | CMPX | CALL
M0 el Rk @\yfq( 9 fz labs-| p+>g\\/§ MUL | abs | dp | #imm | fop]
011 BNE OR OR, M—OR TCALL | DBNE | CMPX [ LDYA | CMPY | oo
rel \gx labsxY<| [dp+ [dp]+Y, ’\l{ X 7 Y labs dp #imm
BMI ND D NAND | A ~ INC | TCALL CMPY | INCW | INC
199 | el ( o g\g«\v [dp+X] g@& <)v aprx | 9 | OV | Tabs | ap | v | TAY
101 BVS EOR OR.| EOR JEC | DEC |TCALL| XMA | XMA | DECW | DEC VA
rel {x} abs+Y [dp«m labs dp+X 11 {x} dp dp Y
110 BCS _DA— /KDA DA NLDA | LDY | LDY |TCALL| LDA | LDX | STYA XAy | DAA
rel { labs+Y~| [dprX] J+Y | labs | dp+X 13 {X3+ | labs dp (N/A)
111 BEQ STA | S % STA | STY [ STY [TCALL| STA | STX |CBNE | yyy | nop
rel N X} |lab [dp]+Y | labs | dp+X 15 X+ labs dp

N
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A.3 Instruction Set

Arithmetic / Logic Operation

NO. MNEMONIC cone | BVaE | STSE OPERATION ahC
1 | ADC #imm 04 2 2

2A | DC dp 05 2 3

3 | ADC dp+X 06 | 2 4 \

4 | ADC labs 07 3 4 Add with carry. NV——H-2C
5 | ADC labs +Y 15 3 5 A (A)+(M)+C S

6 | ADC [dp+X] 16 2 6

7 | ADC [dp]+Y 17 2 6

8A | DC {X} 14 1 3

9 | AND #imm 84 2 2

10 | AND dp 85 2 3

11 | AND dp + X 86 2 4

12 | AND labs 87 3 4 Logical AND N .
13 | AND labs +Y 95 3 5 A< (A)A(M)

14 | AND [dp + X] 96 2 6

15 | AND [dp]+Y 97 2 6 Q s

16 | AND {X} 94 1 3 0\ @

17 | ASL A 08 1 2 rithvetic-shiftteft \j)

18 | ASL dp 09 2 46 7 6 5@?\Q} 0 N -
19 | ASL dp + X 19 2 /43 Q S 5 o

20 | ASL labs 18 3 @ NN

21 | CMP #imm 44 <

22 | CMP dp 4 ﬁ\\ D

23 | CMP dp +X 6 2 St

24 | CMP labs j Q@ mulator contents with memory contents Ne—mem 7
25 | CMP labs +Y 5 3 5

26 | CMP [dp +X] 56 \2/

27 | CMP [dpl+Y 57 2 <©

28 CM%[J/]M 54 TN

29 | CMPX #imm 5E N

30 &%N> 6C % 3 Compare X contents with memory contents Neoome 7C

(X)-(M)

31X K CMPX) \abs 7C 4

32 imm 7E 2 2 '

33 c dp 8C 2 3 (CgT??r&T contents with memory contents Ne——em 7
34 | CMPY\labs 9C 3 4

35 COM dp 2C 2 4 1'S Complement : (dp )« ~(dp) N-———- Z-
36 DAA - - - Unsupported -

37 DAS - - - Unsupported -

38 | DEC A A8 1 2

39 | DEC dp A9 2 4

40 | DEC dp + X B9 2 5 Decrement

41 | DEC labs B8 3 5 M« (M)-1 R ”
42 | DEC X AF 1 2

43 | DEC Y BE 1 2

44 | DIV 9B 1 12 Divide : YA/XQ: A, R:Y NV-—-H-7-
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NO. MNEMONIC cone | BVaE | STSE OPERATION S,

45 | EOR #imm A4 2 2

46 | EOR dp A5 2 3

47 | EOR dp +X A6 2 4

48 | EOR labs A7 3 4 Exclusive OR

49 | EOR labs +Y B5 3 5 | Ac (A)®(M) R “

50 | EOR [dp +X] B6 2 6

51 | EOR [dp]+Y B7 2 6

52 | EOR {X} B4 | 1 3 aNN

53 | INC A 88 1 2 U

54 | INC dp 89 2 4 Q

55 INC dp + X 99 2 5 Increment

56 | INC labs 98 3 5 | Me (M)+1 N “

57 | INC X 8F 1 2

58 | INC Y 9E 1 2 N

59 | LSR A 48 1 2 Logical shift ri w

60 | LSR dp 49 2 4 7 6 3 @5\ 0o ¢ L L

61 | LSR dp +X 59 2 5 wr =] } ‘\NI\XLY\VL‘\ |

62 | LSR labs 58 3 5 A~ X

63 | MUL 58 1 9 [\amiphy\, YK YxA  N)) S z-

64 | OR #imm 64 2 2 M \2

65 | OR dp 65 2 3 G

66 | OR dp +X 66 2 4 % <

67 | OR labs 67 3 @ 'R @

68 | OR labs +Y 75 @ (A) &M A -

69 | OR [dp+X] %\D

70 | OR [dp]+Y 7 2 6

71 | OR {X} 1 V% A

72 | ROL A 2&\1) 2 @%\éﬂft‘hmugh carry

73 | ROL dp 20 Y2 4 ¢ 76543210

74 | ROL dp+ X 2 | 2 e o T

75 | ROL labs— N\ 38 3 X j

76 RO 68 Rotate right through carry

77 69 4 76543210 C

78 (ROR o PSP | [ ] —

79 labs 78 5

80 | SBE& Wimm 24 2 2

81 s& 25 2 3

82 | SBC dp +X 26 2 4

83 | SBC labs 27 3 4 Subtract with carry NV-—H7C

84 SBC labs +Y 35 3 5 A« (A)-(M)-~C)

85 | SBC [dp +X] 36 2 6

86 | SBC [dp]+Y 37 2 6

87 | SBC {X} 34 1 3

88 TST dp 4C 2 3 Test memory contents for negative or zero Neoooo 7
(dp)-00H

89 | xcN CE 1 5 Exchange nibbles within the accumulator Ne—ome .

A7~A4 <> Az~Ag
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Register / Memory Operation

NO. MNEMONIC cone | ones | Yot OPERATION FLAG

1L DA #imm C4 2 2

2L DA dp C5 2 3

3 LDA dp + X C6 2 4

4 | LDA labs C7 3 4 Load accumulator

5 LDA labs +Y D5 3 5 A (M) N-———— 7-
6 LDA [dp + X] D6 2 6

7 LDA [dp]l+Y D7 2 6 S

8L DA {X} D4 1 3

9 LDA {X}+ DB 1 4 X- register auto-increment@e (@% Q

10 | LDM dp,#imm E4 3 5 Load memory with imrpe/gigfq data\(\M ) Ak\m(n ————————
1 LDX #imm 1E 2 2

12 | LDX dp ccC 2 3 Load X-register S .
13 | LDX dp+Y CD 2 4 X <« (M)

14 | LDX labs DC 3 4 @

15 | LDY #imm 3E 2 2

16 | LDY dp C9 2 3 Load Y-register

17 | LDY dp + X D9 2 4 | ye @ No===s -
18 | LDY labs D8 3 4

19 | STA dp E5 2 4 w

20 | STA dp+X E6 2 5 G

21 | STA tabs E7 3 Q (>

22 | STA labs+Y F5 3 @ Storg gecumulatorion

23 | STA [dp + X] F6 g A QAN | T
24 | STA [dp]+Y \\7\1

25 | STA {X} 4 1 4

26 | STA {X}+ 1 v 4 @g r3dto-increment : (M)« A, X<« X+1

i; :Ii ZE +y Eg\\/\;/ : % “fegister contents in memory |
29 | STX labs FC 3 IQY (M) « X

30 | STY dp E9 2 \w . _ _

31 STY + X F9 ore Y-register contents in memory |
SRS

33N (\TAX > \ E8 N\ 2 Transfer accumulator contents to X-register : X « A N-=-=-- Z=
34 \-QW/ 9F 1 2 Transfer accumulator contents to Y-register : Y « A N-=-=-- Z=
35 TSR%\ AE 1 2 Transfer stack-pointer contents to X-register : X «— sp N-——-- Z=
36 TXA C8 1 2 Transfer X-register contents to accumulator: A « X N-=—-— Z=
37 TXSP 8E 1 2 Transfer X-register contents to stack-pointer: sp « X N-=—-- Z-=
38 | TYA BF 1 2 Transfer Y-register contents to accumulator: A < Y N----- -
39 | XAX EE 1 4 Exchange X-register contents with accumulator :X &> A | -—-———----
40 XAY DE 1 4 Exchange Y-register contents with accumulator :Y &< A | ——==——--
41 | XMA dp BC 2 5 Exchange memory contents with accumulator

42 | XMA dp+X AD 2 6 (M)oA Ne———n 7
43 | XMA {X} BB 1 5

44 | XYX FE 1 4 Exchange X-register contents with Y-register: X«<Y | ——=-----
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16-BIT Operation

OP [ BYTE | CYCLE FLAG
NO. MNEMONIC CODE | NO NO OPERATION NVGBHIZC
16-Bits add without car
1 | ADDW dp 1D 2 5 | YA (YA)+(dp+1){dp) NV--H-2C
2C MPW dp 5D 2 4 (Cd%rll%)%%;m contents with memory pair contents : (YA) - I 2
Decrement memory pair N | o _
S | DECW b BD |2 | 6 | (gpr1)(dp) « (dp+1)(dp)-1 N-—-—-z
Increment memory pair NN | B
i 12 1 6 (gpr)(dp) e () (dp)+ Ty (N N-----7
Load YA v
5. | DYA dp 7D 2 5 | YY) (o) <> ((\\v\j N -
Store YA \ N
6S | TYA dp DD 2 5 (dp+1)(dp)< YA \\ ________
7S | UBW dp 3D | 2 5 |3 Ej_'ts( %bftacgwmlztdcsrry N
Bit Manipulation @X\
OP [ BYTE |CYCLE FLAG
NO. MNEMONIC CODE| NO | NO o AT'ON {(\\ NVGBH1ZC
1 [ AND1 M.bit 8B 3 4 Bit Amrqo@g) C<—\te/fA _______ c
2 | AND1B M.bit 8B 3 4 [ "BItAND\CAlag and NOT : C Mj)\n bit) | ——————— c
3 BIT dp 0oC 2 4 it A\W\EWOW: \t Z: g
4 BIT labs 1C 3 5(% A ,NW), (Me)
5 | CLR1 dp.bit y1 2 4 V][ORarbit A Mbity 0 1) T e
6 | CLRA1 Abit 2B 2 (2> \Cleay Kt : }Q\ o s
7 | CLRC 20 (0 N2/ [CRarCflagSlc 0= | 0
8 | CLRG /A \\| 2] Llear G-ggrnGs 07 o=
9 | cLRV ( (30 1 2 CIe?\VQdi\W “0” 0-—0——v
10 | EOR1 M.bit \AB 37\ \B BtXusV@OR Cflag :C«(C) & (Mbit) | ——————- c
11 | EOR1B M.bit AB\ 3/ 5 teW-OR C-flagand NOT:C « (C)@®~(M .bit) | ——————- C
12 | LDC M.bit cB 3| 4 LoadCflag :Ce (Mbit) [ o c
13 | LDCB M.bit cB 3 AX\Loed Cflagwith NOT :C ~(Mbit) [ - c
14 NOTJ/Wm\ 4B 3 \5§ “Bit complement : (M .bit) « ~(M.bit) | ———o—-_-
15 | ORT\Whbit 6B N\$, | BitORClag :C«(C)v(Mbt) | ——ev c
16 /}B\w \ \ 6B \3\ NS 5 Bit OR C-flagand NOT : C« (C)v~(M.bit) | ———cc- C
17 SET1\ap b\t\ / x1 \2\ 4 Setbit : (Mbit) < “*> | - C
18 NSETA1/Abit 0B | 2 | SetAbit : (Abit)«< 1 |
19 | sETE A0 |1 2 |SetCflag : C< 1" [ - 1
20 | SETG\ Cco 1 2 | SetGeflag : G« “1" S —
21 STC M.bit EB 3 6 Store C-flag : (M .bit)« C | oo
Test and clear bits with A :
22 | TCLR1 labs 5C 3 6 Ae_s(i‘/l“) C?a,\rﬂ )'f_w(' M) A~(A) Neeooo -
23 | TSET1 tabs 3¢ | 3 6 Xe_sz iﬂ"? < l\‘j';sl"'t(hMA) S oa) N
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\BO\

SEMICONDUCTOR

Branch / Jump Operation

pcL < (Table vector L), pcy < (Table vector H)

OP | BYTE | CYCLE FLAG
NO. MNEMONIC CODE | NO NO OPERATION NVGBHIZC
1 BBC A.bit,rel y2 2 46 | Branchifbitclear: |
2 BBC dp.bit,rel y3 3 5/7 | if(bit)=0,then pc« (pc)+rel
3 | BBS Aubitrel x2 2 4/6 | Branch if bit set :
4 BBS dp.bit,rel x3 3 5/7 if (bit) =1, then pc <« (pc)+ rel
5 BCC rel 5022 /4 Branch if carry bitclear N~ |
if (C)=0,then pc« (pc)+rel
Branch if carry bit set
6 DO 2 2/4 | Branchircamybitset <5 (¢ SN NN | mmmeee
BCS rel if (C)=1,then pc<« (pc)+rel <§>
Branch if equal
7 BEQ rel FO 2 2/4 | TR EEAREE A 2 N\ )T | e
Q if(2)=1,then pce(p&re& W
8 BMI rel 9022 /4 Branchifminus /AN NN N> |
if (N)=1,then pc<«(pc)
Branch if not equal
9 BNE rel 7022 O A T U N N (N —
if (Z)=0, theprpoxe (pc ) + rel
Branch if min
10 BPL rel 1022 4 | T UTIRNL T o~ e
e if(N)=0, thenpe € (poh+rel (N
11 BRA rel oF 2 4 Branch always v ________
pc <—
12 | BVC rel 3022 " fo A ow bit clear \\) ________
(po) +
13 | BVS rel BO 2 2/4 mb't S ________
= n pc <«
14 | CALL labs 3B 3 ub call
M(sp)<— (pcL). sp«sp-1, | ——==——--
15 5F @ ( oy
CALL Tde] f? (if 1abs, pce 7 peLe (dp ), pcHe (dp+1).
16 | CBNE dp;rel \ %/éomp Rgh if not equal ________
17 | CBNE dp+X,rel D 3 6/8 if Q\A& en pc « (pc) + rel.
18 | DBNE dp,rel K 3 517 d branch if notequal: |
19 DBNE Yi,rel 7 2 4/6 ¥ ( , then pc« (pc)+rel.
20 | JMP labs 1B ~3"| 3
e N NN\ |
22 JMP 3F 2 pC < Jump
N\ U-page call
23 4F 6 M(sp) «<—(pcH ), sp «<sp -1, M(sp) « (pcL), | —-——=-——-
\ sp < sp-1, pcL < (upage ), pcH <« "OFFyH".
N Table call : (sp) «—(pcH ), sp«sp-1,
24 n nA 1 8 | M(sp)«(pcL)spesp-1, | mm—meee

viii
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SEMICONDUCTOR MC80F0504/0604
Control Operation & Etc.
OoP BYTE | CYCLE FLAG
NO. MNEMONIC CODE | NO NO OPERATION NVGBHIZC
Software interrupt : B < "1”, M(sp) < (pcH), sp «sp-1,
1 BRK OF 1 8 M(s) « (pcL), sp < sp - 1, M(sp) « (PSW), sp « sp -1, -—-1-0--
pcL < (OFFDER ), pcH <« (OFFDFR) .
2 | bl 60 1 3 Disable interrupts : | «*“0" | —==== 0--
3 | El EO 1 3 Enable interrupts : 1« 1" N\ = | ———-- 1--
4 | NOP FF 1 2 Nooperaton NN | mmmmm--
5 POP A oD 1 4 sp«—sp+1, A< M(sp)
6 | POP X 2D 1 4 spesp+1, XeM(sp) Y O AN\ | e
7 POP Y 4D 1 4 sp<sp+1, Y M(sp)
8 POP PSW 6D 1 4 sp«sp+1, PSW« M b & restored
9 PUSH A OE 1 4 M(sp) <« A, sp « sp-
10 | PUSH X 2E 1 4 M(sp)«X,spesp-1 N~ |
11 | PUSH Y 4E 1 4 M(sp) < p-1
12| PUSH PSW 6E 1 4 | M(sp)< m sp-1
13 RET 6F 1 5 Return from subtoufinpe~N ([~ |
Sp < sp +1, pcL « (sp <« sp +1 Ao (Sp)
ReturnAfol nterrupw
14 RETI 7F 1 6 p <« W « M('sp ), sp < SN restored
% ,s{;\&sp+1, BeH M(sp))
15 | sTOP EF 1 3 Q@NW}JPU, stop oéc\iugté})) ————————
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