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PREFACE

The MB89630 series has been developed for application specific ICs (ASICs) and as a general-purpose,

high-speed version of the F2MC-8L (MB89600) family of 8-bit single-chip microcontrollers operating at low
voltage.

This manual describes the functions and operation of the MB89630 series and should be read before use.
For details of the instructions, refer to the MB89600 Series Programming Manual.

This manual consists of the following chapters:
Chapter 1 General
This chapter describes the MB89630 series’ product lineup and product outline.

Chapter 2 Hardware Configuration

This chapter deals with the F2MC-8L family’s internal CPU configuration and operation modes, and the
hardware specifications in the MB89630 series.

Chapter 3 Operation

This chapter explains the MB89630 series’ use, reset sequence, interrupts, external bus operation, and
low-power consumption modes.

Chapter 4 Instruction Overview

This chapter outlines the F2MC-8L family’s instructions.
Chapter 5 List of Mask Options

This chapter discusses the MB89630 series’ mask options.
Appendix 1 1/O Map

This lists the registers in the 1/O area.
Appendix 2 Write to MB89P637-based EPROM

This explains a write operation to an MB89P637-based EPROM.
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GENERAL FUTI)TSU

The MB89630 series of single-chip microcontrollers use the F?MC-8L CPU core for high-speed processing
even at low voltages.

They contain resources such as timers, an UART, serial interfaces, an A/D converter, and an external-inter
rupt input; they can be used widely in civil and industrial equipment, including portable equipment.

1.1 FEATURES

» High-speed processing even at low voltages
Minimum instruction execution time: 0.4 usat3.5V,0.8 usat2.7 V

« F2MC-8L CPU core
Instruction system most suited to controller
- Multiplication and division instructions
— 16-bit arithmetic operation
- Instruction test and branch instruction
- Bit manipulation instruction, etc.

* Five types of timers
— 8-bit PWM timerl (usable as both reload timer and PWM timer)
- 8-bit PWM timer2 (usable as both reload timer and PWM timer)
— 8-bit pulse-width count timer (applicable to continuous measurement and remote control)
— 16-bit timer/counter
— 20-bit time-based counter

* UART
Used for CLK synchronous and asynchronous data transfer (6, 7, and 8 bit length)

 Serial interface
The transfer direction can be selected to communicate with various equipments.

» A/D converter
— 10-bit resolution
— Starting by external input or continuous start by internal timer

» External-interrupt input
- Four channels
— Four channels can be used independently to cancel the low-power consumption modes.
- An edge-detection function is provided.

e Low-power consumption modes
— Stop mode (Oscillation stops to minimize the current consumption.)
- Sleep mode (The CPU stops to reduce the current consumption to about 30% of normal.)

» Bus interface function
Supports Hold and Ready functions

1-3
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1.2 PRODUCT SERIES
Table 1-1 lists the types and functions of the MB89630 series of microcontrollers.

Table 1.1 Types and Functions of MB89630 Series of Microcontrollers

Product Hame LA N M BRRSEIG MBBgaIT MBASTEIS | MBBESPEIT'WE3IT| MBESPYE3D
Figery Dack!
Classlication Mass-produced product Extomal ROM | Temporsl prog- | WY CEE
ask ROM ucEFROM
i pr o] prodisct Jevelopment
ainil 18K xBbls | 24KuBbis | 3K uBbis | Exiomal POM | woos siis | 30 g bits
P {intenal ROK) | (Inbemal RO | {Inbermal AOM) only -lhllnh'_m (External ROy
RAM capaciby 512 = Bbit TES = Bhi 1024 w Bbat 512 w Sbi 1024 w Bt 13234 = Bbit
Nurmibar of bsie irstructions 138
Instnuctian bit length 8 bits
Instruction langth 1o 3 bytes
CPU furction Oata b langth 1, B, 16 bits
M indiracion axeculion ime 0.4 b0 8.4 s at 10 MMz and 81 us at 32 kHz
IriBrupl processing lime 38 o 57.5 us af 10 MHz and 582 5 s ot 32 kHz
input port 5 |5 also used &S IeSCLICAS)
I'T'::'.lnnpl:ltll'l-mq:ln:iun:l B [B also used &S msoues)
" 10 port (M-chi apen drain) 4 [4 als0 used a5 reScLIGeE)
ol Cuipuit port [CMOS) B [B slao used & Bus-corngl pire)
1D port (CMOS) 28 (27 algo used as both bus pirg and resources)
Tobad 53
& B-bi relcad times outpul possible, operating clock oyole: 0.4 ps 1o 3.3 ms) = 2 ch
P Smer 7/8-bit resolution mmmw 51.2 5 b0 B39 ma) = 2 ch
B-bil limar opeealion [overfiow oulpul possible. operating clock cycle: 0L s to 128 )
Puise-width B-bit redcaad limer operation (Roggle oulput pessible, openating clook oydec 0.4 us to 12.8 us)
‘count Smer B-bit pulss-width measuremant oparation

[confruous measurement possiblec High and Los widiths, and from f o §oand from L ta | )

" 16-08 timer operaiion [operating clock cycle: 0.4 us)

16-5 avent SouMher opsnation from rising edge, faling adge. or both sdges)
:bit length

Sawrinl 10 Satacinble from keasd significant bt (LSE) first or most signiffcant bil (MSE) first
Tranater ciock jasiemal, 08 s 3.2 us, 12,8 15
T 1 e usesd by softerare switching

LAAT -~ dmt-f;lua?lgh

Transier mbs (300 to G2500 bps a1 onginal oscllation: 10 MHz)

:.nﬁm :':ldu time: 132

R correersian |comerssan - 123 )

ND Sanse moda ([oonversion tima: 7.2 ua)

Starting Dy axiarnal inpif or continuous Siar By inbamal Bmer

Extemal imterrupt Four indepandent channais [edge selection. imemupt vector, factor fing)

ingut Selectatia fram rising or tnling edge
L.Hh'l}hﬂ'lr!]ﬂm-ﬂ mmmmmh detacied evan in he slop moda. |
Standby mode Slewp mode, stop mode, and walch mode
Process CMOS
DiF- G4 -0 1 Eﬂmm1
Package FET.64P MOE FTP 84P MOE ﬁ‘“‘:”‘f
FTP-848.M0D w837 T
DIP-54F-ADE
Opemting voliage EaVmBnY 2TV mBDW
e
EPROM used MEMZTCISEA-20
- —e

* Varies according to conditions such as frequency. (See Recommended Operating Conditions, page 14.)
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1.3 BLOCK DIAGRAM
Itamial bus
R
WY e— ]
xﬂ; Ciscillator Tirme-bases timer
—_—
WA sl
!.
Clock corral CMOS VO port
- PIATANTO
BET Rase circuit 8-hil PWIC e
AT iwabchdag) po—s FIEFPWE
l— | PassE
Wailch prescaler B-bit serial YO F'g“ PAY/E0H
i PS0H
CMCS VO por
b b PN
POO/ADO TE chabtpaniy
L Pml - PALICK
F"DT.I'ID?‘-LEW LART _I'_.'
e FA0VLICE2
P10/408 1o i P21 LNO2
F|'|J'l|'|i,1!..'ﬂ'- PaILI2
| Pt
4
(7575 | P—
NODY Extamal-bus interfacs Bl il garvarsiior
PETIALE gl CMOS 11D port e P43/FTON
FREAD g
PEETTH g
L alll M-ch apen-dran |10 part
PEINRDY 2 - e PEAPT
EIHRD B-bit Py timeer 1 P52 o2
F2NFRAF, e Par
mm*_ msmpﬂf E‘mm -] PS1/EZ
BAM . PSADST
! AN e, B e,
{512 = & bif) 10-bit A/D comverter ._i_m_,:“ -
ol PEOJAND b
P PETIANT
FEMC-BL &
EPU N-ch cpen-crain oulpul port
t
ROM I et . PTONTO A
(16 K = & bit) i TSI
Extémal irdernupt 4 PTaINTZ
* P;m-_pmma
(a1 e P —
165l imesr caourTles FTHEC

|- Vo w2 Ve w2
Fig. 1.1 Block Diagram (MB89635)
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1.4 PIN ASSIGNMENT

. o
YT T I
i | o= L - [ i
4 : arp o . O i :
1 i A o« L - | arg ]
i { - o= LI - ] :
' H u o= L &
B ' = gm L w :
Ol - o= =g = N
W E = o= LI | '
H g n am - O L} .
woow - [a a3 =
il - & ™ -y W C
w8 W & = o oo .
W " @ o -3 =™ !
H : £ [= ] = 2 B

i!l
L HIHU N H

f F @ B % BB & 5 & B % NN ERAEETHET RN RN ETEETY

=
%
n b iera i dored res
o ™ ey BPW WvEmble oy boe
ey T WEEETYEX]
=
-
-
-
=
@ (Tom Wiew)

=Whan double clock module s solecied.

M LY

HHERH

Fig. 1.2 Pin Assignment (DIP-64P-M01 and MDP-64C-P02)

U —
HI:I'H:IlT:
L —
P'I||'In1=
[0 —
) —
L 20T —
L ] —
L ] —
L= —

] —

] —

s —
0" =N —
L) —
e ) —

L ] PAUCHE PaIURE  PIAROEH W FELSOE] FESH PINWTO
PEAPTOE PEHLDE PEAPTDd PHADH $2PHARH 2 PASDY  PMEPED A

M @ B O & 3 8 7 N B M ¥ 8 0 N

L] -] - = - L - L] L]

TOP VIEW

iIr i

B & FE E E S5 B

¥ E B 2

B & &

] rowin
— Pawami
— Pancs
—
—l
—l
—
—
T
m—
P
—rr
T
— s
= AL
— T

PTIANTUNLA" MST xl FITME  PZAWA PRARDY
PTIEHTIAOAS OO ik oS FIUCLE  PIRERD

TIUIOTUI0Id

Fig. 1.3 Pin Assignment (FPT-64P-M09)
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P | — . LT e 0
i Y oy =l
La Lot : L] 1 BB B B B E O 4 L —
PN C 1= : DDGDGDG ' P — R
e s : O m) N T
D —- i Gu -1:; ; TP — T
LA | — : Gﬁ' 1{:} 'r [ pomans
AL | i— ] i Gﬂ '-q::’ W P
i — PR S =
AT |: i i {:Il FE'D i [T — T
P el : GH ?lll::l : L —
iy el i : t:f!' 'H::I : = ] Fanm
gy | T : ﬂ-- ‘ --D 1 = ] i
P i— ' X L e Lo
FRTY e ] : g Q Q g 9 Q Q : ¢ — T
PrTE : I . = i S S (e e o e, (o (o R '] - :.‘“hl
rrvmariaaar ] w CE O e [T
Loy LT T i [ T
I

* Whan double clock moduls is selected,

Pin assignment on top of package (only for piggyback/evaluaton hypa)

Pin M. Pin Mame Pin No. Pin Hame Pin Mo. Pin Hame Pin Mo Pin Hame

a5 N.C. 3 AD2 81 NC = OE
a8 Vpp T4 ADH B2 4 b M.C.
14 Al2 i ADD B3 o8 1 AT
68 ADT T MC B4 08 a2 aG

5 ADE ™ an BS ar o AR

Ta ADE TB o2 BS = -] o4 ai13
Fa ADH i) s} BT CE o5 Ald
2 AD3 BO Vs B8 A10 =] Voo

Note: N.C.: Non-connection pin

Fig. 1.4 Pin Assignment (MQP-64C-P01 and FPT-64P-M06)



pee)
FUJITSU MB89630 SERIES HARDWARE MANUAL

1.5 PACKAGE DIMENSIONS

Fig. 1.5 Package dimension
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Fig. 1.6 Package dimension (QFP)
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Fig. 1.7 Package dimension (MB89PV630)
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1.6 PIN DESCRIPTION

Tables 1-2 and 1-3 list the pin functions and Table 1-4 shows the input/output circuits.

Table 1.2 Pin Description

SN, Clrcuit
DIP- FPT- Pin Mama type Function
B4P-MO1 | SAP-MOS
30 X0
A Crystal oscillaior pins
3 3 x
2B 0 MODa Operation-mode select pina
c Thase ping are connected directly 1o W,
28 21 | oD vl e o
ﬁ“mmpm
= —3 N conaiels of an MN-ch open-orain with apull-up resistor and hysteresis
e - el . input. & Low level is output from this pin iriernal cincuit is inftialized &t input of
a Low lessal.
POQYADD Ganeral-purpess /0 ports
SAiodd | dBbadi | o E ‘Wheen the axtemal bus i used, these ports also Serve s mulliphes pirs lor output of
POTADT Irevasr ackdresses and data inpulioutput.
FOyACE Ganeral-purpose ' ports
B4l | w3 | o E Whan the sodermal bus is used, these ports ks Berve as pins for oulpul of upper
FiTIA1S i e
Ganeral-purpose cutput-only port
40 2 PRO/BUFC o] Wheen the endeemial bus 8 uwsad, this por alss senes s 8 buffer-control output pinlby
satting BCTA.
— Ganaral-purpose sutput-only port
i k1| F21/HAK & Wihen the exiernal bus s used, this port Mso sarses as a hold-acknowledgas pin by
sefting BCTR.
Ganaral-purposs autput-only port
a8 A0 P22HRO E Whan the sxemnal bus i used. this port als0 serses a8 8 hold-request npul pin by
setting BCTR.
General-purposa outpui-only port
. - PR £ Wisen thse edermsal bus is used, tis port also sarses &5 o ready-input
General-purposs output-only port
. 28 | Pa4CLK B | wien the external bus is used, Mis pon Slso serves &8 & Sock-output pin.
— General-purposs output-only port
B & | PSR G | Wian the axtemal bus is usad, this pon als serves as & write-signal culput pin.
= Ganeral-purposs outpul-only por
M % | Pa6RD G | \han the axtemal bus is ussd, Bhis port slso serves a8 a resd-signal culput pin.
33 £3 P2TIALE G Wi the extamal Dus is used, this port also Serves a8 an addness-laich signal-
output pin
Ganeral-purposs |0 port
2 54 PAONUICK F This port aleo serves &8 8 dock M0 pint lor the LART.
input is hystaresis ype
Ganeral-purposs 'O poet
! 8 PRAIH E This port also serves as a data output pind for LART,
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Table 1-2 Pin Description (Continued)

Pin Mo,
Clrcult
oIP- FET- Pin Mama type Function
GAP-R0T | BP-MOS
&3 85 P F Ganeral-purposs 0 port

This port also serves as a data-input pin 1 for tha LIART, Ingi s rysteresis tpe.

a2 54 PAASCKY F | Ganeral-purpose 10 port
This port also serves as a data-inpul pin for sedial 0. Inpul is hysteresis type.

&1 g3 P50 E Ganeral-purposs 10 port
Thes port piso servas &S 0 datn-ouipul pin for seial 110,
80 a2 PAgSN F | Ganeral-purposs 1D part
This port also serves as A data-nput pin for senal 0. Input is hysteresis type.
D peart
-] 51 PAGTFWL F This port also serves as a measured-pulsa iInpull pin for the B-bit pulsa-widih
counter. Inpul i Mysteresis type.
&8 50 PITAWTO E |General-purposes IO por
This port also serves a8 a toggle culpul pin for he B-bit pulse-widih countar,
B a2 PO/ UCKS F | General-purposa VO port
Thia por also serves as a olock V0 pin 2 for LLAAT, Input i hryslenesis type.
5 &1 Pa1/LIO2 E |General-purposs VO port

This por aiso serves &s a data-cutput pin 3 for LUARAT,

4 60 Pazniz F | Ganeral-purposs VO part
This port aisa senves &S A data-input pin 2 for LART. Inpul is Fysleresis ype.

3 55 PayPTON E | Ganeral-purposs 'O port
This port aled ssnaes s 8 toggle oulput pin for the B-bt P timaer,

D port
1] ) PSOVADST J | This port also serves as an extemal acthvation pin for the &0 comertar, Input is
hysieress typa.
g 1 PE1®|Z | Ganaral-punpose L0 por
This port also serves as a buzzer output pin,
] 84 Pa2 | | Genaral-purposa U0 port
T 83 PEAPTOR | Ganaral-purpase VD port
This port also sarvas as & foggle cutput pin for the 8-bit PYW timer,
M1l | I 10 | PELAND o H | H-ch ocpan-drain cutput-only ports
PETIANT Thess porls also serve as analog input pins for the 4D commr tar
PPOANTOX1A Input-only ports
261025 | 181017 |0 AD | nput is hysieresis type. These pors alse serve &S input pins for exemal infemegt [
PTANT 104 single clock operation). Crysial cacillation ping (s double dock oparation)
24123 | 18t 15 | PTHINT2 to D | nput-only ports
FTHINTI These poris also sane &8 npul pins for exiemal inbermupt. input is hysteresis type.
Ganeral-purposs input port
i) 14 FT4EC D This port aleo ssnaes & an sxtemnal clock input pin for the 16-bit timer counier
input s hystaresls type.
B4 i Yoo — | Power pin
3 57 | 24,48 [vss — | Power (GND) pins
19 1 A — | Power pin for A'D converier
20 12 [ Avp — | Reterence-voltage inpul pin for A/D converter
2 13 | AvViss — | Power pin for A/D converter

It shcukd be usad ai the same poleriial & Vs,
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Table 1.3 Pins for External ROM

Pin Mo
Clreuit
vy FRT- Pin Nama | 5o Function
BAC-POZ | BAC-PTY
a5 68 Ve Cutput | High-bewal owtpaut pin
86 BT A2 Cutput | Address-output pins
&7 -] AT
88 (=] Aag
&a T A5
m ™ A4
i 72 A
T2 T3 A3
7a T4 A1
T4 75 Al
Fi=] b o Inpud | Detd-inpul pins
76 T8 o2
FLd Ta oa
TR &0 Vs Citput | GND pin
TR a2 o4 Inpait | Dadn-input pins
-] | o8
a B4 oa
a2 5 or
a3 BS o8
84 BT CE Cutput | Chi pin for ROM
A High lewel 8 cutput in the standby moda.
a5 ] A0 Cilpuil | Address-outpul pln
BE ] E Cuipat | Qutpui-anabia pin for ROM
-“.Lﬂl|ﬁ'ﬁiﬂwm.
aF & Al Cutput | Addrsss-outpul pins
a8 a2 Al
a5 83 AR
B4 A1l Cutput | Address-odtput ping
@1 98 Ald Output | Address-output pins
a2 b ] Voo Cutpu | Power pin lor EPFROM
— 85 MC. —_ Mon-cannection ping which hive intermal-connection
B Thesa pins must be opan whan the devics is usad.
a1
80

1-13
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Table 1.4 Input/Output Circuit Configurations

Classification Cireuit Aemarks
Al » Cmcillaiion leedback resision About 2 MO
- e Thain clock side)
a0
A D__-I__IIE
—_T
- S —
Stardby ool sigral

-Dm_lpq_.i-._mmumm-m]:mmkﬂ R
= Hysberaais input

« CMCIS input

* Hysleress npul
& Tha pull-up resiahor @ optional,
(P70 and P71 ans encluded)

E e
o
—
E=0

. | F

* CMOS output
R = CMICS input
= Thee pill-up resision 8 aptional.
Feh 5|"":"' (P22 and P23 are exchuded)
E - ’l:“"ﬂ
—t::;q;—
I * CMOS output
= Hysieresis input
& -ﬁ i = The pull-up ressEion is oplional.
i—
i - il
:l L
e
o « CMOS putpul
———
G
e
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Table 1-4 Input/Output Circuit Configurations (Continued)

Classification Clrcuit Rémarks
= Analog input
gn = CMCES input
= Tha pul-up resistor i optional,
I 1
FI"E_
—
= Hysiarasis input
;“ = The pull-up resisior is optionsal.
T
o

1-15
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1.7 HANDLING DEVICES

(1) Prevention of latch-up
In the CMOS IC, latch-up may occur when a voltage higher than V¢ or lower than Vgg is applied to
other than the middle- or high-voltage resistant input or output pins, or when voltage exceeding the
Absolute Maximum Ratings is applied between V¢ and Vgg pins.

When latch-up occurs, the supply current increases rapidly, sometimes resulting in overheating and
destruc tion. Therefore, no voltage exceeding the Absolute Maximum Ratings should be used.

(2) Unused input pins
Leaving unused input pins open may cause a malfunction. Therefore, these pins should be pulled up or
down with optional resistors in the Input/Output circuits. If the Input/Output circuit has no optional resis-
tor, an exter nal resistor should be used.

(3) Non-Connected pins which have internal-connection (N.C.)
Non-Connected pins which have internal-connection (N.C.) must be open when the device is used.

(4) Variations in supply voltage
Some malfunction may be caused by an abrupt change of the power supply voltage even though the
voltage is in the guaranteed range. For this reason, the power supply to the device should be stabilized.
For the stabi lization, it is recommended to keep the power supply for the V¢ ripple voltage regulation
(peak-to-peak) to less than 10% of the typical V¢ at the commercial frequency (50 to 60 Hz), and the
coefficient of transitional variation should be less than 0.1 V/ms at a sudden supply voltage change (e.g.
voltage switching).

(5) Precautions for external clock
It may take a little time to stabilize the clock oscillation. The stabilization time should also be considered
for an external clock during resets because all internal circuits in the device need to be initialized. So, an
external clock should be input just after power-on reset (option selection) and cancellation of stop mode.

(6) Pin processing performed when A/D converter not used
When the A/D converter is not used, the pins should be connected to be AVcc = Vcc, and AVss = AVR =
AVss.

(7) Recommended screening conditions
The OTPROM product should be screened by high-temperature aging before mounting.

Yerify program
1

High-temperature aging 150°C, 48 H
1

Rear

The programming test cannot be performed for all bits of the preprogrammed OTPROM product due to its
characteristics. Consequently, 100% yield of programming cannot be ensured.

Yield of preprogrammed product

1-16
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2.1 CPU

This section describes the CPU hardware composition. The CPU has the following six functions.
* Memory Space

» Arrangement of 16-bit Data in Memory

* Registers

» Operation Modes and External Bus Operation

Clock Control Block

Interrupt Controller

2.1.1 Memory Space

The MB89630 series of microcontrollers have a memory area of 64 Kbytes. All /O, data, and program
areas are located in this space. The I/O area is near the lowest address and the data area is immediately
above it. The data area may be divided into register, stack, and direct-address areas according to the appli-
cations. The program area is located near the highest address and the tables of interrupt and reset vectors
and vector-call instructions are at the highest address. Figure 2.1 shows the structure of the memory
space for the MB89630 series of microcontrollers.

MBAOPYEI0
MBEIPEIT
:m MEESEIE MEBITEIS MEADEDS
0000, 0000y 0000 DOCK,
i lin o e
DOB0 |- = === - - T D08y | === = = == 008D | = = = = = = -
RAM AR RAR RAM
0100 0100 0 Oy {1 00y
Register Fimsguster Aagisier FRagistar
Dy s 0200, 200y
B0y | == ====-= OBy [ == ===== 0280y [ = =====>=
Extemal area bcr i LR
BOOO | == momom oo Extermal ansa Exterral araa External arpa
Prohibiled | e
BIOTH f = = = = === cooy pee=m=es
Bkt RO AOM Dot ROM {Mobe)
FEFFY FFFFY FEFFY FFFFY

Note: This ROM space can be used for external data in mode operation. The ROMs of the MB89W637
and MB89P637 are internal OTPROMs. The ROM space is from 8007 yto FFFF,.

Fig. 2.1 Memory Space of MB89630 Series of Microcontrollers
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(2) I/O area

This area is where various resources such as control and data registers are located. The memory map
for the I/O area is given in Appendix 1.

(2) RAM area

This area is where the static RAM is located. Addresses from 01004 to 01FF are also used as the
general-purpose register area.

(3) External area

When data is read and written from and to this area with the external-bus function specified, the external
de vice is accessed via ports 0, 1, and 2. Examples of expanding the external memory and peripheral
resources by using the external-bus pins are described in 3.4 Memory Access Modes.

(4) ROM area

This area is where the internal ROM is located. Addresses from FFCOy to FFFFy are also used for the

tables of interrupt and reset vectors and vector-call instructions. Table 2-1 shows the correspondence
between each interrupt number or reset and the table addresses to be referenced for the MB89630
series of microcon trollers.

Table 2.1 Table of Reset and Interrupt Vectors

Table address Table address
Upper data | Lower data Upper data | Lower data
CALLV #0 FFCOy FFC1n Interrupt #11 FFE4y FFESy
CALLV #1 FFC2y FFCay Interrupt #10 FFEBw FFE7H
CALLYV #2 FFC4y FFCSy Interrupt #9 FFEBy FFESH
CALLV #3 FFCBy FFCTw Interrupt #8 FFEAY FFEBy
CALLV #4 FFCBy FFCOy Interrupt #7 FFEGy FFEDH
CALLV #5 FFCAY FFCBy Interrupt #6 FFEEH FFEFy
CALLV #6 FFCCy FFCDY Interrupt #5 FFFOy FFFi4
CALLY #7 FFCEH FFCF Interrupt #4 FFF2y FFF3y
Interrupt #3 FFFay FFF5y
Interrupt #2 FFFéy FFF7H4
Interrupt #1 FFFay FFFOy
Intarrupt #0 FFFAy FFFBy
Resetmode | ..... FFFDy
Reset vector FFFEN FFFFy

Mote: FFFCg is already resenved,

2-4
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2.1.2 Arrangement of 16-bit Data in Memory

When the MB89630 series of microcontrollers handle 16-bit data, the data written at the lower address is
treated as the upper data and that written at the next address is treated as the lower data as shown in Fig-
ure 2.2.

Mamory Memory
I Bafore axecution I MOVW ABCDy, A H.ftﬂr EXecuy l]ﬂn
ABCFg ABCFg
ABCEq Idyg ABCER
A 1234 1 234
ABCDq ol EEEITE I ey [P0
ABCCy ABCCy

Fig. 2.2 Arrangement of 16-bit Data in Memory

This is the same as when 16 bits are specified by the operand during execution of an instruction. Bits
closer to the OP code are treated as the upper byte and those next to it are treated as the lower byte. This
is also the same when the memory address or 16-bit inmediate data is specified by the operand.

[Exampie]
MOV A, S56THg ; Extended address
MOV A, #123dg . 16-bit immeadiate data

XXXy 1'.:]'[ XX
XXXXy 60 56 78 ; Extended address

XN¥XXy E4 12 34 ; 18-bit immediate data

XXXXg XX

Fig. 2.3 Arrangement of 16-bit Data during Execution of Instruction

Data saved in the stack by an interrupt is also treated in the same manner.
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2.1.3 Internal Registers in CPU

The MB89630 series of microcontrollers have dedicated registers in the CPU, and general-purpose regis-
ters in memory.

<Dedicated registers>
» Program counter (PC)........... 16-bit long register indicating location where instructions stored

o Accumulator (A) .....ccoceeeernnnen. 16-bit long register where results of operations stored temporarily; the
lower byte is used to execute 8-bit data processing instructions.

» Temporary accumulator (T) ... 16-bit long register; the operations are performed between this register and
the accumulator. The lower one byte is used to execute 8-bit data process-
ing instructions

 Stack pointer (SP) ................. 16-bit long register indicating stack area
» Processor status (PS) ........... 16-bit long register where register pointers and condition codes stored
 Index register (IX).......cceeeeee. 16-bit long register for index modification
» Extra pointer (EP).................. 16-bit long register for memory addressing
-— 16 bits —————- Initial value
PC Program counter FFFDH
A Accumulator Undefined
T Temporary accumulator Undefined
X Index register Undefined
EP extra pointer Undefined
sSp Stack pointer Undefined
Ps Program status Iflag=0,IL1,0=1.1

All others than the above
are undefined.

The 16 bits of the program status (PS) can be divided into 8 upper bits for a register bank pointer (RP) and
8 lower bits for a condition code register (CCR). (See Figure 2.4.)

15 14 13 12 1 10 B 8 T 8 5 4 3 2 1 0

PS AP Ermpey | Empiy |Empry | H | L1, O M Fil W [

AP CCR

Fig. 2.4 Structure of Program Status
2-6
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The RP indicates the address of the current register bank and the contents of the RP; the real addresses
are translated as shown in Figure 2.5.

AP Lower bits of OF code
v 0 T T O T T 1A RS R2 A nu-|b2 b1 hn]
[ T T T T T T T T T T T S T T
Source address IA‘|5 Ald ATA A2 A11 ATD A AB AT AB AS A4 A3 AZ Al AD |

Fig. 2.5 Rule for Translating Real Addresses at General-purpose Register Area

The CCR has bits indicating the results of operations and transfer data contents, and bits controlling the
CPU operation when an interrupt occurs.

» H-flag: ...........

* IL1 and ILO:...

H-flag is set when a carry or a borrow out of bit 3 into bit 4 is generated as a result of oper-
ations; it is cleared in other cases. This flag is used for decimal-correction instructions.

An interrupt is enabled when this flag is 1 and is disabled when it is 0. The I-flag is 0 at
reset.

These bits indicate the level of the currently-enabled interrupt. The CPU executes interrupt
processing only when an interrupt with a value smaller than the value indicated by this bit is
requested.

iL1 ILD | Interrupt lewel High and low
0 0 1 High
0 1
1 0
1 1 3 Low = Mo interrupt

The N-flag is set when the most significant bit is 1 as a result of operations; it is cleared
when the MSB is 0.

Z-flag is set when the bit is 0 as a result of operations; it is cleared in other cases.

V-flag is set when a two's complement overflow occurs as a result of operations; it is reset
when an overflow does not occur.

C-flag is set when a carry or a borrow out of bit 7 is generated as a result of operations; it is
cleared in other cases. When the shift instruction is executed, the value of the C-flag is
shifted out.

2-7
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<General-purpose registers>
General-purpose registers are 8-bit long registers for storing data.

The 8-bit long general-purpose registers are in the register banks in memory. One bank has eight registers
and up to 32 banks are available for the MB89630 series of microcontrollers. The register bank pointer
(RP) indicates the currently-used bank.

Address = 0100y + 8 » (AP) — | g |

—l - ]-aananks

Fig. 2.6 Register Bank Configuration
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2.1.4 Operation Modes and External Bus Operation

The MB89630 series of microcontrollers have the following three operation modes.
(2) Single-chip mode

(2) External-ROM mode

(3) External-access internal-ROM mode

The memory map for each mode is as follows:

Address Single chip External ROM Extermal-access
s __ intemnal RO
i imternal 0 | | imternal 0 | | Intermal O
D080y ."Ft:ﬁ..hl““ i g g
"By $@— feeccsss==
Irinioitisd
) Intemnal access
[]: Exiernal access

A i PO

* MBBSE3S microcontroller

L 3
L
b

T
b |
T
L 3
‘zx
]
4

*. MB89635 Address values. For the addresses of each product in the MB89630 series, see 2.1.1.

Fig. 2.7 Memory Maps in Various Modes

The mode that the device enters depends on the states of the device-mode pins and the contents of the
mode data fetched during the reset sequence. The relationship between the states and operations of the
device-mode pins is shown below.

MOD1 MODO Description

Reset vectors are read from the internal ROM. The operation mode is determined

0 0 according to the modde data contents.

Reset vectors are read from the external ROM. The external access functions.

0 Reserved for future expansion and testing.

Write mode for products containing EPROM.

The following functions are selected according to the mode-data setting conditions.

Address: FFFDw | ® " ® . ® | T2 | T1 | To | ®: Reserved: Specify 0.

LY F

T— Mode bits
T2 | T2 | T2 Operation
0 0 i Selact single-chip made,
0 0 1 External access allowed.
Dther than abowve Reserved. Do not sat

Note: Do not select the single-chip mode with the externally-fetched mode data.

2-9
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As shown in the flowchart below, each mode is set according to the status of the device-mode pins and the
contents of the mode data fetched during the reset sequence.

Setting procadure Mode selected Mode pin Mode data

[2y—={d)—=(E) Single-chip mode oo HOOCH000
{1 )= e * (55} OF (8] Extema-AOM mode 01 OO0
2=} *[E) ar ) Exlemal-accass intermnal-ROM mode oo 0000

* Dapends on whether Ready or Hold functian used
{: Pawed-on )

Emmmmum_/"'_’zl\mmmmmm
e +

Fatch mode data from irtamal Ak,

i) ¥ 2

Set PO to P2 a8 axternal-bus pins.
Fabch mode data from exlemal ROM.

ALE, CLE, RDY, and BUFC are operating.

Al pin pornts

M
Aeset relaase?
Release

Fﬂnhmu-:ladalauﬂmal_ Feich mode dala and reset
weCiors from extamal-bus ping. AL N veshars from inlemal ROk,

B ¥ s S ' 4

Set PD o PZ as extarnal-bus pins. .

Fetch e frony sedemal FOM Felch programs from imemal ROM

r.

All pim B
| Al pin por

Address, data, RD, WH,
ALE, CLK, RDY, and BUFC are cperating.

Use of the sxiemal bus and warious functions

Lsa of the ssiemal bus and vanious
functions is disabled,

i3 anabled External-bus
{5 ; W 1‘ i6l
Satmmnuwﬁaanwmm Sat comesponding pine as ports.
Caorresgonding pins are sel as pors.

Address, data, RD, WH, ALE, CLK, RDY, BUFC, HIRC, and
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When the external-bus function is used, the following pins become active at default.
A, AD, RD, WR, ALE, CLK, RDY, and BUFC

The external-bus pin-control register (BCTR) is used to switch the function of the pin controlling the external
bus for port 2 in the external-bus mode. When either of the bits is set to 0, the pin corresponding to the bit
serves as the port. In the single-chip mode, the contents of both bits are ignored and all 8 bits of port 2
serve as parallel ports. Access to this register is not allowed in modes other than the external-bus mode.
The structure of the BCTR is as follows:

Bi¥ Bité Bi5 Bitd4 Bitd Bz Bit1 Bit 0 Initial valus
Address: 0005y4| — —_ —_ —_ —_ —_ HLD | BUF XAAX XX01g
W) W)

[Bit 1] HLD: Hold-enable bit. Bit 1 Is used to anable the holding oparation.
v In external-bus mode, P21 and P22 serve as ports. |

1 In external-bus mode, P21 used for m output and P22 used for HAQ input. |

[Bit 0] BUF: BUFC-operation enabde bit. Bit 0 is used to enable the operation of the BUFC pin.
Q In external-bus mode, P20 serves as port.
1 In external-bus mode, P20 used for BUFC output.
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The states of the bus pins in each mode are as follows:

Pin name Shingle chip |External Access|
POO to POT P00 o POT ADT to ADD
P17 P17 A15
P16 P16 Al4
P15 P15 A3
P14 P14 A12
P13 P13 A1
P12 P12 A10 Meaning of each signal
P11 P11 AlS ADO to AD7: Address,data multiplex bus
P10 P10 ADSB ADS to A15: Address bus
P27 paT ALE ALE: Address-latch enabile
P25 P25 "5 WP i sbabe (Actve 2 L
P25 P25 WH CLK: Clock output
P24 P24 CLK RDY: Bus-ready input (Wait at L)
- i il :i.u?;: :mﬁm autput (Active at L)
P22 P22 HRQ BUFC: Buffer control
il il HA_K Mote: RD, WR, and BUFC are not output when
P20 P20 BUFC the address indicates the internal area,

The timing concept for external access is shown below. Refer to the AC standard for detalils.

585>3¢2¢

BLFC

Note: The read cycle of the RDY signal is prolonged in the same manner as the write cycle.
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RDY is an signal to execute the Ready function. When a Low level is input for RDY, the bus cycle is pro-
longed in CLK cycle. Fetching is carried out near the rising edge of the CLK signal. To prolong the bus
cycle, set the RDY signal to Low before the rising edge of the CLK signal. When the ready function is not
used in the external bus mode, the RDY pin should be pulled up.

The HRQ and HAK signals are used for the hold function. To obtain the external bus, set the HRQ signal to
High. After that, the CPU recognizes the bus request between instructions to stop operation and sets the
HAK signal to Low after waiting one half cycle. It signals the outside that the bus is open in this way. When
another device terminates use of the bus, set the HRQ signal to Low to notify the CPU. When the CPU
detects the Low level of the HRQ signal, it sets the HAK signal to High and starts using the external bus
after waiting one half cycle. The hold function timing concept is diagram shown below.

ALE JETil : n 4 = i

A D e
AD  =CoemaT) Com D “ ; Lo ot
B T = e
ik NI it

BLFC TG el -y - -"'-'_1

e eSS S B, Tl e

R : LII' |:

CPU e s [ S R HEKAE il Dhiied St N SR i
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2.1.5 Clock Control Block
This block controls the standby operation, oscillation stabilization time, software reset, and clock switching.
(1) Register list

Bit7 Bité BitS Bit4 Bitd B2 Bit1 Biro

S L . System clock controd
Address: DOOT4| SCM WT1 | WTD | SCS | C51 | CS0 register (SYCC)
) Standby conirol
Address: 0008y| STP | SLP | SPL | RST | TMD —_ — — register (STEC)
(2) Block diagram
(a) Machine clock control section
SCM C50 | C81 | SC5 | 5TP | SLP | TMD | SPL
j——
High-speed Prescaler Fin state
1 2 Sio
1/4 . Sleap
1/8 H+ Clock
132 == I Clock
hcati
Low-speed clock = ;
: Salect || cioc CPU operation chock
R e Resource operation clock
WT1 Clock for time base
WTO Clock for Watch prescaler
HC1 release signal
From time- | HC2 s x..
base imer | HC3 Selector
HC4
From waich LC
Ready signal
Hold request signal
Hold acknowledge signal
(b) Reset control section
Power-on resst
Watchdog timer reset Internal reset signal
Ext | : Reset control
Software resed
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(3) Description of registers
(a) STBC (Standby-conrol register)
Bit7 Bité Bit5 Bit4 Bitd Bit2 Bit1 Bit 0 Initial valua
Addrass: 0008y| STP | SLP | SPL | RST | TMD — — — 0001 0XXXg
W) W) [Rw) W) (W)

[Bit 7] STP: Stop bit
Bit 7 specifies switching to the stop mode.

0 No oparation
1 Stop mode

This bit is cleared at reset or stop cancellation.
0 is always read when this bit is read.

[Bit 6] SLP: Sleep bit
Bit 6 specifies switching to the sleep mode.

0 Mo oparation
1 Sleap mode

This bit is cleared at reset or stop cancellation.
0 is always read when this bit is read.

[Bit 5] SPL: Pin state specifying bit
Bit 5 specifies the external pin state in the watch or stop mode.

When the pins for which "Pull-up resistor provided" is specified in the mask option enter the stop mode
with SPL = 1, they are pulled up rather than having high impedance.

E A 4-instruction-cycle reset signal is generated.
il High impedance

This bit is cleared at resetting.

[Bit 4] RST: Software reset bit
Bit 4 resets the software.

0 Genarate 4-cycle reset signal (6.4 us at 10 MHz)
Mo operation

1 is always read when this bit is read.

If a software reset is performed during operation in a submode, one oscillation stabilization period is re
quired to switch to the main mode. Therefore, a reset signal is output during the oscillation stabilization
period.
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[Bit 3] TMD: Watch bit
Bit 3 specifies switching to the watch mode.

0 No operation

1 Waich mode

Writing at this bit is possible only in the submode (SCS =0). 0 is always read when this bit is read. This

bit is cleared at an interrupt request or reset.

(b) System clock control register (SYCC)

Bty bBité DBitS Bit4 Bit3 Bit2 Bit1 B0

Address: mnml SCM —_ —_ WT1 | WTo | 555 | G5 CS0

R RW) (RIW) (RW) (RUW) (RW)

[Bit 7] SCM: System clock monitor bit
Bit 7 checks whether the current system clock is the main clock or subclock.

Initial value

K-——M M100g

I 0] Subclock (Main clock is stopping or oscillation of main clock stabla)

I 1 Main clock

[Bits 4 and 3] WT1 and WTO: Oscillation stabilization time select bits
Bits 4 and 3 select the oscillation stabilization wait time of the main clock.

WT1 | WTo Oscillation stabilization time ﬁﬁ?&:ﬂ:ﬂ'ﬂnﬂ:mf
1 1 Approcamate 21%fch Approximate 26.2 (ms)
1 o Approsimate 217 fich Approximate 13.1 (ms)
1 Approcimate 214ch Approximate 1.8 (ms)
o Approximate 24fch Approximate O (ms)

feh: Oscillation frequency of main clock

If the main mode is specified by the system clock select bit (SCS), the mode switches to main mode

after the selected wait time has elapsed.

The initial value of this bit is determined by the mask option. Do not rewrite this bit during the oscillation
stabilization period nor rewrite it concurrently with switching from low speed to high speed.

The oscillation stabilization time of the main clock is generated by dividing down the frequency of the
main clock. Since the oscillation frequency is unstable immediately after oscillation starts, use the

above table.

[Bit 2] SCS: System clock select bit
Bit 2 selects the system clock mode.

0 Selects subclock (32 kHz) mode

1 Salacts maln clock (10 MHz) mode
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[Bits 1 and 0] CS1 and CS0: System clock select bits

If the main mode is specified by the system clock select bit (SCS), the system clock is as given in the table
below.

o [co0 | mamotonora T
0 B4 ffch 6.4 (ps)
18/fch 1.6 (us)
1 0 ffch 0.8 (us)
1 1 4ffch 0.4 (us)

feh: tregquency of main clock
(4) Description of operation
(a) Low-power consumption mode

This chip has three operation modes. The sleep mode, and stop mode in the table below reduce the power
consumption. In the main mode, four system clocks can be selected according to the system condition to
minimize power consumption.

Table 2.2 Operating State of Low-power Consumption Modes

Clock pulse Each cperating clock
Main iCS1, | Operation genaration 11n-|:r-.unump;1- —
mede =0 mede Bub ceu Tirfe-Eais Each Clock mode
Wi LTt L L el g ]
L S WhE Varcais FROTUR |
RV T~ 0 Dl [ Rkl Bt M | 2w | o
. "5TeF " | " Gwes " % | " Saops " | " Sioes Externa ol
. RN 25 MHE VRGeS rRemupl
o §-gifen- | Oscies | e BT R U
Sdain P " | " s 0P8 |~ Zangn ™ |~ Siign " Ebrril intarig
mode v IR 1.25 MHZ WANGAS IrReTUpL
o, 1) :-iEE‘:,- Dicillanng igcliaam [ === " B MHz 125 M-z A kHz 3
; "ET0F " | " Gwps Sone | - gopn ™ |~ Sidpa " " Sl b
. N 125K Vanous imemupt
o *odliges (Omitmen | e[| SMHE 3SR o | equess
P ogre " | " Saps H0ps |~ Sacps " |~ Gnigs” " Exiriial it~
PR 32 kHz VArcus FReTupl |
- ol En Cacilaies | .- - - - 17 kHr | 32 kHz e
gl " - ~ Sinps " |~ Sadpn " | ~ St iRedrip
Waich
e Siops |Owcllaies | Siops | Stops | Swps | 32kHz ol

— The submode stops oscillation of the main clock.
— The SLEEP mode stops only the operating clock pulse of the CPU; other operations are continued.
— The WATCH mode stops the functions of all chips other than the special resources.

— The STOP mode stops the oscillation. Data can be held with the lowest power consumption in this
mode.
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[1] WATCH mode

» Switching to WATCH mode

— Writing 1 at the TMD bit (bit 3) of the STBC register switches the mode to WATCH mode. Writing is
invalid if 1 is set at the SCS bit (bit 2) of the SYCC register.

— The WATCH mode stops all chip functions except the watch prescaler, external interrupt, and wake-up
functions. Therefore, data can be held with the lowest power consumption.

- The input/output pins and output pins during the WATCH mode can be controlled by the SPL bit of the
STBC register so that they are held in the state immediately before entering the WATCH mode or so
that they enter the high-impedance state.

- If an interrupt is requested when 1 is written at the TMD bit , instruction execution continues without
switching to the WATCH mode.

- In the WATCH mode, the values of registers and RAM immediately before entering the WATCH mode
are held.

» Canceling WATCH mode
— The WATCH mode is canceled by inputting the reset signal and requesting an interrupt.

- When the reset signal is input during the WATCH mode, the CPU is switched to the reset state and the
WATCH mode is canceled.

- When an interrupt higher than level 11 is requested from a resource during the WATCH mode, the
WATCH mode is canceled.

— When the | flag and IL bit are enabled like an ordinary interrupt after canceling, the CPU executes the
interrupt processing. When they are disabled, the CPU executes the interrupt processing from the
instruction next to the one before entering the WATCH mode.

- If the WATCH mode is canceled by inputting the reset signal, the CPU is switched to the oscillation
stabilization wait state. Therefore, the reset sequence is not executed unless the oscillation stabi liza-
tion time is elapsed. The oscillation stabilization time will be that of the main clock selected by the
WT1 and WTO bits. However, when Power-on Reset is not specified by the mask option, the CPU is
not switched to the oscillation stabilization wait state, even if the WATCH mode is canceled by inputting
the reset signal.

[2] SLEEP mode

» Switching to SLEEP mode
— Writing 1 at the SLP bit (bit 6) of the STBC register switches the mode to SLEEP mode.

- The SLEEP mode stops the CPU operating clock pulse; only the CPU stops and the resources con-
tinue to operate.

- If an interrupt is requested when 1 is written at the SLP bit (bit 6), instruction execution continues with-
out switching to the SLEEP mode. In the SLEEP mode,the values of registers and RAM im mediately
before entering the SLEEP mode are held.

» Canceling SLEEP mode

- The SLEEP mode is canceled by inputting the reset signal and requesting an interrupt.

— When the reset signal is input during the SLEEP mode, the CPU is switched to the reset state and the
SLEEP mode is canceled.

- When an interrupt higher than level 11 is requested from a resource during the SLEEP mode, the
SLEEP mode is canceled.

- When the | flag and IL bit are enabled like an ordinary interrupt after canceling, the CPU executes the
interrupt processing. When they are disabled, the CPU executes the interrupt processing from the
instruction next to the one before entering the SLEEP mode.
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[3] STOP mode

» Switching to STOP mode

- Writing 1 at the STP bit (bit 7) of the STBC register switches the mode to STOP mode.

— The STOP mode varies when the main clock is operating and when the subclock is operating.

When the main clock is operating: The main clock stops but the subclock does not stop. All
chip functions except the watch function stop.

When subclock is operating: Both the main clock and subclock stop. All chip functions
stop.

- -The input/output pins and output pins during the STOP mode can be controlled by the SPL bit (bit 5)
of the STBC register so that they are held in the state immediately before entering the STOP mode, or
so that they enter in the high-impedance state.

- If an interrupt is requested when 1 is written at the STP bit (bit 7), instruction execution continues with-
out switching to the STOP mode.

- In the STOP mode, the values of registers and RAM immediately before entering the STOP mode are
held.

» Canceling STOP mode

— The STOP mode is canceled either by inputting the reset signal or by requesting an interrupt.

— When the reset signal is input during the STOP mode, the CPU is switched to the reset state and the
STOP mode is canceled.

- When an interrupt higher than level 11 is requested from the external interrupt circuit during the STOP
mode, the STOP mode is canceled.

— When the | flag and IL bit are enabled like an ordinary interrupt after canceling, the CPU executes the
interrupt processing. When they are disabled, the CPU executes the interrupt processing from the
instruction next to the one before entering the STOP mode.

- Four oscillation stabilization times of the main clock can be selected by the WT1 and WTO bits. The
oscillation stabilization time of the subclock is fixed (at 2%/cl -- fcl: frequency of subclock).

- If the STOP mode is canceled by inputting the reset signal, the CPU is switched to the oscillation sta-
bilization wait state. Therefore, the reset sequence is not executed unless the oscillation stabi lization
time is elapsed. The oscillation stabilization time corresponds to the oscillation stabiliza tion time of
the main clock selected by the WT1 and WTO bits. However, when Power-on Reset is not specified by
the mask option, the CPU is not switched to the oscillation stabilization wait state even if the STOP
mode is canceled by inputting the reset signal.
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[4] Setting low power consumption mode

STBC Register
Mode
STP (Bit 7) | SLP (Bit &) [ TMD (Bit 3)

0 o o Hormal
0 o 1 WATCH
0 1 1] S\ FEP
i (i} 0 STOP
1 = = Disable

Note: When the mode is switched from the subclock mode to the main clock mode, do not set the stop,
sleep, and watch modes. If the SCS bit of the SYCC register is rewritten from 0 to 1, set the above
modes after the SCM bit of the SYCC register has been set to 1.
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(b) State transition diagram

(1)

Powser-on

*The numbers shown in the abowe figure cormaspond to tha numbers balow, sach

of which indicates the conditions for chip siate transition.

(1) When power-on resst option is selectad

(2] When power-on reset oplion is not sslectad

(3) After oscillation stabilized

i4) Set STP bt io 1,

(5) Set SLP bit to 1.

i6) Set SCS5 bit to 0.

i7) External resat whan power-on resel option not
sedected

i8) External resat of imtermupl when Dower-on reset
aption sehecied

() External reset or interrupt

(10 External reget wien power-on resat option not
sebacted

(11) External reset or other reset when powear-on ra-
sel option Salacied

(12)Set SCS bitfo 1.

(13)After oscillation stabilized

(14)5et STP bit fo 1.

(15)5at TMD bit 1o 1.

(16)Set SLP bitto 1.

(17)External reset after oscillation stabilized or
when power-on reset option not selected

(18)External resat or ather rasat whan power-on ra-
sat option selecied

(19)Exienal reset after osclllation is stabilized or
wihen power-on reset option not selected

(20)Extarnal reset whan powar-on reset oplion se-
haciad

(21)External resel when power-on reset option ot
selected

(22} interrupt

[23)External reset when power-on reset option 5e-
lected

[24)Extarnal rasat when power-on resal option Se-
lactad

[2E)Extarnal rasal when powar-on resel option not
selected

(26)Interrupt

(2T Extarnal reset when power-on resat option se-
lacted

[2E)External rasel when power-on resel opticn not
selected

(23) Interrupt
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(d) Reset
There are four types of resets as shown in Table 2-3.

Table 2.3 Sources of Reset

Reset name Description
External-pin reset Sets exiernal-reset pin fo Low
Software reset Writes 0 at RST (bit 4) of STBC
Watchdog reset Onverflows walchdog timer
Power-on resat” Turns powser on

*. "Power-on reset provided" is specified in the mask option.

When the power-on reset and reset during the stop mode are used, the oscillation stabilization time is
needed after the oscillator operates. The time-base timer or watch prescaler controls this stabilization time.
Consequently, the operation does not start immediately even after canceling the reset.

However, if Power-on Reset Disabled is selected by the mask option, no oscillation stabilization time is
required in any state after external pins have been released from the reset.

Note: If Power-on Reset Disabled is selected, the RST pin must be kept Low until the oscillation stabiliza-
tion time selected by the option has elapsed after power on.

2-22



HARDWARE CONFIGURATION FUTI)TSU

(5) Single clock

The single clock module can be selected by the mask option. In the single clock operation, the functions
are the same as those of the double clock module except that the subclock mode cannot be set. In the sin-
gle clock operation, P72/X0A/INT2 and P73/X1A/INT3 serve as external interrupt pins.

(a) State transition diagram

Main SLEEP
Main o=cillate

Main STOP
Main stop

Main RLUM
Main oscillate

Decillation stabilization

(1) When power-on reset option selected

(2) When power-on reset option not selected

{(3) After oscillation stabilized

{4) Set STP bitto 1.

{(5) Set SLP bitto 1.

(7] External resat whean power-on reset option not selected

(8) External resat or interrupt when power-on reset option selected
(9] External resat or imterrupt
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2.1.6 Interrupt Controller

The interrupt controller for the F2MC-8L is located between the CPU and each resource. This controller re
ceives interrupt requests from the resources, assigns priority to them, and transfers the priority to the CPU;
it also decides the priority of same-level interrupts.

(1) Block diagram

CPU
EORECm, WaesE Dark ﬂ
2
Tl Address decondes
regator
! Fescurce #1 L G it Lt
:rmmﬂ : : [} . : L ; -
_________ r 1 npE
--------- TN
, Resource #n - it L
_________ 1 I [] [ ' i []
(a) Register list
Address 7 & 5 4 3 2 1 0 Name [Abbreniation]  (Initial value)
007C |31 L30|L21 20|01 L1ojuot Lod| Interrupt-level register 81 [ILR1) {1111 1111)
H
L71 L70|LE1 LeO|LS1 LSO|L41 L40| Interrupt-level register #2  [ILR2] {1111 1111}
0ovhD
H
LE1 LBO|LAT LAD|LS1 L90|LE1 LBO0| Interrupt-level register #83  [ILR3] {1111 1111)
0OTE
H
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(2) Description of registers
* Interrupt level setting register (ILRX: Interrupt Level Register X)

T 8 § 4 3 2 1 Q0
LA [L31 L30 L21 L20 L1 L10 LO1 LOO| W Whenreset (1111 1111)

1LR2 [L¥1 L70 L1 L0 L51 LSO L41 L40| W When reset (1111 1111)

1LR3 |LB1 LBO LA1 LAO L91 LSO L81 L80| W When reset (1111 1111)

The ILRX sets the interrupt level of each resource. The digits in the center of each bit correspond to the
inter rupt numbers.

=Example> L3X
— MBBSE30 Specification
T ress
e niErrupt = wihe axid
cantroler Interrupt  Upper vecior  Lower vector
number address address

IR A FFFA FFFE

IR # FFF& FFFa

IR2 #2 FFF& FFFT
Irterringt raquast 1IR3 ] FFF4 FFFS
resource : ] #11 FFE4 FFES

IRB

When an interrupt is requested from a resource, the interrupt controller transfers the interrupt level based
on the value set at the 2 bits of the ILRX corresponding to the interrupt to the CPU. The relationship
between the 2 bits of the ILRX and the required interrupt levels is as follows:

Lx1 | Lx0 Required interrupt level
0 X 1
1 0 2
1 1 3 (None)

2-25



pee)
FUJITSU MB89630 SERIES HARDWARE MANUAL

(3) Description of operation

* Interrupt functions

The MB89630 series of microcontrollers have 12 inputs for interrupt requests from each resource. The
interrupt level is set by 2-bit registers corresponding to each input. When an interrupt is requested from a
resource, the interrupt controller receives it and transfers the contents of the corresponding register to the
CPU. The interrupt to the device is processed as follows:

1)
2)

3)

4)

5)

6)

7

An interrupt source is generated inside each resource.

If an interrupt is enabled, an interrupt request is output from each resource to the interrupt controller by
referring to the interrupt-enable bit inside each resource.

After receiving this interrupt request, the interrupt controller determines the priority of simultaneously-
requested interrupts and then transfers the interrupt level for the applicable interrupt to the CPU.

The CPU compares the interrupt level requested from the interrupt controller with the IL bit in the proc
essor status register.

As a result of the comparison, if the priority of the interrupt level is higher than that of the current inter
rupt processing level, the contents of the I-flag in the same processor status register are checked.

As a result of the check in step (5), if the I-flag is enabled for an interrupt, the contents of the IL bit are
set to the required level. As soon as the currently-executing instruction is terminated, the CPU performs
the interrupt processing and transfers control to the interrupt-processing routine.

When an interrupt source is cleared by software in the user's interrupt processing routine, the CPU ter-
minates the interrupt processing.

Figure 2.8 outlines the interrupt operation for the MB89630 series of microcontrollers.

Internal bus
Register file PS| | IL
HEEEEEE I I
IPLA |—< IR |—=— Check [—{Comparator|
(6) C)] (4)
MB89630 - CP |
U >
()
Resource
Level
Enable FF }— comparator
AND -
L Source FF“')— (2)
(7 Resource Interrupt controller

Fig. 2.8 Interrupt-processing Flowchart
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2.2 RESOURCE FUNCTIONS

2.2.1 1/0 Ports

» The MB89630 series of microcontrollers have eight parallel ports (53 ports). Ports 0, 1, and 3 serve as 8-
bit 1/0 ports; ports 4 and 5 serve as 4-bit 1/0 ports; ports 2, and 6 serve as 8-bit output-only ports and
port 7 serves as a 5-bit input-only port.

» Each port is also used as a resource (ports 3, 4, 5, and 7) and as external-bus pins (ports 0 to 2).

Table 2.4 List of Port Functions

Pin name | imput typa |Output typa Function BT | bitd | BitS | bitd | bitd | bit2 | bit1 | Bito
CMOS Farallsl por 0 POT| POE| POS| POL Baa| Po2| POI| POD

P00 13 POT | CMOCS pusfipull f oo ewsscasaa T T T T YUY TR S .
External-address mode | ADT| ADE| ADS| AD4 AD3| aDz| ADv| ADD|

CMIOS Faralal port 1 PIT] P18| P1S| P14 P3| P2 PN Pid

P10 P17 | CMOS T (S EET e s P | [FSei| (iR et Sl
External-address moda A1) At4| A3 | A2 Al A10) A0S ADE

Ch0s Paralled port 2 PET| P28| FP25| P24 PEZ3| P22| P P20

P20 ta P2T . push-pul ST T T TIET TCIT Ty Ry R (e S
Extermal-address mode ALE RO WiH | CLK ADY | HAQ| HAK | BUFC

CMOS ChOS Parallel port 3 Par| Pa&| Pas| P34 Paal P2 PM =]

PR PAT | (Hysioresis) |push-pull | = - = s s s s s e s e enodosn R os s o s oo s sssdassdsss
M-gh 0D Raspurce WTO | PWC S| 201 | 52K U | U | ucK

CHMOS CMOS Parallsl pon 4 —_ —_ —_ —_ Paa)l Paz| P P

Pad to P43 | (Hysteresis) | pushpull | = s s s s s c e == = s N R T T A N e -
Fesurce — —_ — —_ PTO 2| U | ucksz

MN-ch Farallel pon 5 — — —_ — Psa) P2 PEY PSO

P50 1o PE3 - opandrlin [ = = = = s === = = = o /R TUETETT Uy U Qe (R R —
Aesource — — - — PTO2| — BZ | ADST

Arakg M-gh Paralsl part & PET | PEE | PES B PE3| PE2] PR PEQ
P00 Pl |comparsior | open drsin | = o o« = = o = = = = = o |l Ueearrml Fremte| el [Pl Peemmenl I el
Ragounce ANT | AMNG | AMS | AN AMI| AM2Z) AMI| AMD

CMODS Parallad post 7 — —_ — FTd PTa| PT2] PM PTa
PO o P74 | [Hystonsss) = B T T E T T I T I T T I Y I e r
Fa8 N —_ EC | INTI| INT2| INT1| INTO

Note: Output type of P33, P34, and P35 can be selected from the CMOS or N-ch open drain.
P70 and P71 serve as P70/INTO and P71/INT1 at single clock operation and as X1A and XO0A at
double clock operation, respectively.
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(1) Port registers
Table 2.5 Port Registers

Register name Read/ Write Address initial value
Port-0 data register (FDRO) AW 0000y KEAXKKA Ky
Port-0 data direction register (DDRO) ! OO0 4 OOOE0000y,
Port-1 data register (FDR1) R D002 KEXAEEX X
Part-1 data direction register (DDR1) W1 0003 00000000,
Port-2 data register (PDR2) AW D004 00000000,
External-bus pin-control register (BCTR) w2 0005 XAXXXXO 1g
Port-3 change register (CHE3) AW D0CH KXO00XXNg
Port-3 data register (PDR3) RW 000Dy KAXXXN XK g
Port-3 data direction register (DDR3) W DO0E 4 00000000
Port-4 data register (PDR4) RN O00Fy MENNNNNEE
Port-4 data direction register (DDR 4) W 0010y XXAXO OO0y
Port-5 data register (PDRS) RW 0012y XXXX1111lg
Port-6 data register (PDRS) RAW 00134 11111111y
Port-7 data register (PDRT) R 0014y KEXARAN Ky

R/W : Read/write enabled

R : Readonly
W :  Write only
X Undefined

*1 Data can be read and written only in the single-chip mode.
*2 Data can be written only when the external bus is extended.

*3 The bit manipulation instructions cannot be used for DDRO, DDR1, DDR3, and DDR4.
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(2) Description of functions
P00 to PO7 CMOS-type I/O ports (also used as external-address/data bus)
P10 to P17 CMOS-type I/O ports (also used as external-address bus)

» Operation when external bus extended
See the description of the bus functions.

» Switching input and output
These ports have a data-direction register (DDR) and port-data register (PDR) for each bit. Input and
out put can be set independently for each bit. The pin with the DDR set to 1 is set to output, and the pin
with the DDR set to 0 is set to input. Note that the DDR is ineffective when the external bus is used.

» Operation for output port (DDR = 1)

The value written at the PDR is output to the pin when the DDR is set to 1. When the PDR is read, usu-
ally, the value of the pin is read instead of the contents of the output latch. However, when the Read
Modify Write instruction is executed, the contents of the output latch are read irrespective of the DDR
setting con ditions. Therefore, the bit-processing instruction can be used even if input and output are
mixed with each other. When data is written to the PDR, the written data is held in the output latch irre-
spective of the DDR setting conditions.

Operation for input port (DDR = 0)
When settings the input, the output impedance goes High. Therefore, when the PDR is read, the value
of the pin is read.

State when reset
In the single-chip mode (MODO = Low, MOD1 = Low), the DDR is initialized to O by resetting and the out-
put impedance goes High at all bits. (Pins with activated pull-up resistors are in the pull-up state.) The
PDR is not initialized by resetting. Therefore, set the value of the PDR before setting the DDR to output.

State in stop mode
With the SPL bit of the standby-control register set to 1, in the stop mode, the output impedance goes
High irrespective of the value of the DDR. (Pins with activated pull-up resistors are in the pull-up state.)

Irtmeral ats e Puliugs riisslir
[Lo= bt

-1
[
3

Foh _J [ —

Fig. 2.9 Ports 0 and 1 (in Single-chip Mode)
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P20 to P27 CMOS-type output-only ports (also used as external-bus control pin)

» Operation when external bus extended
See the description of the bus functions.

 Operation for output port

In the single-chip mode, the value written at the PDR is output to the pin. When the PDR is read, the
con tents of the output latch are always read, so the bit- processing instruction is used even if the output
level changes due to the load.

» State when reset

In the single-chip mode, the pin impedance goes High at reset. As soon as a vector is fetched, output of
the port is enabled and the port starts operation as the output port. Since the PDR is initialized to O by
resetting, the Low level is output to the pin.

 State in stop mode

With the SPL bit of the standby-control register set to 1, in the stop mode, the output impedance goes
High irrespective of the value of the PDR.

Nl il Dl [od

--------------------

Fig. 2.10 Port 2 (in Single-chip Mode)
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P30 to P37 CMOS-type I/O ports (also used as resource input/output)

» Switching input and output
This port has a data-direction register (DDR) and a port-data register (PDR) for each bit. Input and out-
put can be set independently for each bit. The pin with the DDR set to 1 is set to output, and the pin with
the DDR set to 0 is set to input. When the resource-output enable bit is enabled, the pin is set to output
irre spective of the DDR setting conditions.

 Operation for output port (DDR = 1)

The value written at the PDR is output to the pin when the DDR is set to 1. When the PDR is read, usu-
ally, the value of the pin is read instead of the contents of the output latch. However, when the Read
Modify Write instruction is executed, the contents of the output latch are read irrespective of the DDR
setting con ditions. Therefore, the bit-processing instruction can be used even if input and output are
mixed with each other. When data is written to the PDR, the written data is held in the output latch irre-
spective of the DDR setting conditions.

P33 to P35 can be selected from either CMOS (Bit X = 0) or N-ch open drain (Bit X = 1).

Operation for input port (DDR = 0)
When used as the input port, the output impedance goes High. Therefore, when the PDR is read, the
value of the pin is read.

Operation for resource output

When using as the resource output, setting is performed by the resource output- enable bit. (See the de
scription of each resource.) If the output of each resource is enabled with the DDR set to 0, the port is
set to output. Since the reading of the parallel port is effective even if the output of each resource is
enabled, the output value of each resource can be read.

Operation for resource input
Input to the resource is irrelevant to the setting conditions of the DDR and resource. The value of the pin
is always input to the port serving as the resource input. When using an external signal at the resource,
set the DDR to input.

» State when reset
When reset, the DDR and resource output-enable bit are initialized to 0 and the output impedance goes
High at all bits. (Pins with activated pull-up resistors are in the pull-up state.) When reset, the PDR is
unde fined. Therefore, set the value of the PDR before setting the DDR to output.

State in stop mode

With the SPL bit of the standby-control register set to 1, in the stop mode, the output impedance goes
High irrespective of the value of the DDR. (Pins with activated pull-up resistors are in the pull-up state.)
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Fig. 2.11 Port 3

* CHGS3: Port 3 change register

Bit7 Bité Bit5 Bit4 Bt Biz Bi1 B#o Initial value
Address: WDE4 — — |CG3a5 |CG34 | CGA3 | — — — 0D OXEXg
(RW) (RW) (RW)
CHG3 setting Output type of port 3
CG35 | CG34 | CG33 | P37 P3g Pas P34 P33 P32 P31 P30
0 0 0 CMOS |CMOS | CMOS
0 o 1 CMOS | CMOS |N-OD
0 1 o CMOS |N-OD | CMOS
0 1 1 CMOS | N-OD0 | N-0D
COMS COMS
1 o 0 N-OD |CMOS | CMOS
1 0 1 N-OD |CMOS | N-OD
1 1 0 N-OD |N-OD |CMOS
i 1 1 N-OD |N-OD |N-OD
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P40 to P43 CMOS-type I/O ports (also used as resource input/output)

» Switching input and output
This port has a data-direction register (DDR) and a port-data register (PDR) for each bit. Input and out-
put can be set independently for each bit. The pin with the DDR set to 1 is set to output, and the pin with
the DDR set to 0 is set to input. When the resource-output enable bit is enabled, the pin is set to output
irre spective of the DDR setting conditions.

Operation for output port (DDR = 1)

The value written at the PDR is output to the pin when the DDR is set to 1. When the PDR is read, usu-
ally, the value of the pin is read instead of the contents of the output latch. However, when the Read
Modify Write instruction is executed, the contents of the output latch are read irrespective of the DDR
setting con ditions. Therefore, the bit-processing instruction can be used even if input and output are
mixed with each other. When data is written to the PDR, the written data is held in the output latch irre-
spective of the DDR setting conditions.

Operation for input port (DDR = 0)
When used as the input port, the output impedance goes High. Therefore, when the PDR is read, the
value of the pin is read.

Operation for resource output

When using as the resource output, setting is performed by the resource output- enable bit. (See the de
scription of each resource.) If the output of each resource is enabled with the DDR set to 0, the port is
set to output. Since the reading of the parallel port is effective even if the output of each resource is
enabled, the output value of each resource can be read.

Operation for resource input
Input to the resource is irrelevant to the setting conditions of the DDR and resource. The value of the pin
is always input to the port serving as the resource input. When using an external signal at the resource,
set the DDR to input.

» State when reset

When reset, the DDR and resource output-enable bit are initialized to 0 and the output impedance goes
High at all bits. (Pins with activated pull-up resistors are in the pull-up state.) When reset, the PDR is
unde fined. Therefore, set the value of the PDR before setting the DDR to output.

State in stop mode

With the SPL bit of the standby-control register set to 1, in the stop mode, the output impedance goes
High irrespective of the value of the DDR. (Pins with activated pull-up resistors are in the pull-up state.)
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Fig. 2.12 Port 4
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P50 to P53 N-ch open-drain-type 1/O ports (also used as resource input/output)

» Switching input and output
These ports have no register for specifying input or output. When using as an input port, set 1 at the
Port Data Register (PDR).

 Operation for output port
The value written at the PDR is output to the pin. When the PDR is read, usually, the value of the pin is
read instead of the contents of the output latch. However, when the Read Modify Write instruction is
executed, the contents of the output latch are read. Therefore, the bit-processing instruction can be
used even if input and output are mixed with each other.

Operation for input port

When using as the input port, set 1 at the PDR to turn off the output transistor. When the PDR is read
under this condition, the value of the pin can always be read.

Operation for resource output
When using as a resource output, setting is performed by the resource output- enable bit (see descrip-
tion of each resource). Even if output of each resource is enabled, the port can be read other than when
the Read Modify Write instruction is read. Therefore, the state of the pin can be checked.

Operation for resource input
The value of the pin is always input to the port serving also as the resource input irrespective of the set-
ting of the resource. When using an external signal at the resource, set 1 at the PDR.

State when reset
The PDR is initialized to 1 at reset, so the output transistor is turned off at all bits.

State in stop mode

When the SPL bit of the standby-control register is set to 1, in the stop mode, the output impedance
goes High irrespective of the value of the PDR. (Pins with activated pull-up resistors are in the pull-up
state.)

il ceiw bum

PDR
PR E R E e .. T3 LA el
]
' l"l'.I:L“J‘I
,' ﬂ
i
1 P el
1 e Pl oy Wrils sainsdon sculid
: [? Dt imich
: S [y
Eauy et [EPL = 1)

Fig. 2.13 Port 5
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P60 to P67 N-ch open-drain-type output ports (also used as analog input)

 Operation for output port
The value written at the PDR is output to the pin. When the PDR is read, the contents of the output latch
are always read. Therefore, the state of the pin cannot be read.

» Operation for analog input
When using as analog input, set 1 at the PDR to turn off the output transistor.

 State when reset
When reset, the PDR is initialized to 1. Therefore, the output transistor is turned off at all bits.

 State in stop mode
When the SPL bit of the standby-control register is set to 1, in the stop mode, the output impedance
goes High irrespective of the value of the PDR.
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Fig. 2.14 Port 6
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P70 to P74 Input-only ports (also used as external-interrupt input)

» Operation for external-interrupt input
See the description of the external interrupts.

» Operation for input port
The PDR can only be read and the value of the pin is always read. When using as an external-interrupt
input, the value of the pin can also be read.

Note: P70 and P71 serve as oscillation circuit pins when the double clocks are operated and serve as
input-only port which is also serve as external interrupt input, when single clock mode is operated.

» State at reset
PDR is not initialized by raset.

» Operation at STOP mode
These bits serve as the external interrupt input pins even at STOP mode.

Internal data bus

L}
I 0
. y Pull-up
resistor
PDR : oty
T I - - ' '
] ] - o= o= - - d
0 ] Input R
- ] | buter Qn Py
] [ ¥ '
; PDR read '
- - - d
B = om owm owm om o m W O W O W W W W o Ll 0“" P?n q.“d P1
To external interrupt <
To oscillation generator <

Fig. 2.15 Port 7
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2.2.2 2-channel 8-bit PWM Timers (Timers 1 and 2)

» Four clock pulses can be selected.

» The input clock of CH2 has the CK12 mode to select CH1 output.

 This timer has the CH12PWM mode to output a PWM wave using CH1 and CH2.

(1) Registers

i e

Address: 0028y CNTR1 RW Control register 1
Address: 0028y CNTR2 R'W Conitrol register 2
Addrass: 0024 CNTR3 R/W Control register 3
Address: 0028y COMR1 W Compare register 1
Addrass: 002Cy COMR2 W Compane register 2
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(3) Description of registers
(a) Control register 1 (CNTR1)
Bit7 BitE DPiS5 Bitd4 Bi3 Ba2 Bit1 Bit 0 Iruitial valwe
Addrass: 0028y | PTX1 | PTX2 | PTM2 | PTM2 | SC11 | SC10 | SC21 | SC20 Q0000 0000y
(RW) (RW) (RW) (RW) (RW) (RW) (RW) (RW)

[Bit 7] PTX1: CHL1 timer/PWM operation mode switching bit

[Bit 6] PTX2: CH2 timer/PWM operation mode switching bit

The operation is performed as the timer when 0 is set at these bits, and as the PWM control circuit when
1 is written at these bits.

0 Tirmer
1 PWM-control circuit

The timer/PWM operation mode should be switched when the counter stops operation (TPE = 0), the
inter rupt is enabled (TIE = 0), and the interrupt request flag is cleared (TIR = 0).

[Bit 5] P7M1: CH1 PWM operation mode switching bit

[Bit 4] P7M2: CH2 PWM operation mode switching bit

Writing 1 at P7W1 and P7W2 switches the mode from 8-bit PWM to 7-bit high-speed. This makes the
PWM frequency two times larger than that in the 8-bit PWM mode.

[ o 8-bit PWM
[ 1 7-bit PWM, high-speed mode

Do not write 1 at this bit in the timer mode.
[Bit 3 and 2] SC11, SC10: CHL1 input-clock select bit

[Bit 1 and 0] SC21, SC20: CH2 input-clock select bit
Following clock cycles can be selected by these bits.

SC11 | SC10 CH1 input-clock cycle (10 MHz with the highest speed gear)
Q 1 instruction cycle (0.4 ps)
1 8 instruction cycle (3.2 ps)
1 i 16 inctruction cycle (6.4 ps)
1 1 64 instruction cycle (25.6 ps)
SC21 | SC20 CH2 input-clock cycle (10 MHz with the highest speed gear)
¥ 0 1 instruction cycle (0.4 ps)
0 1 8 instruction cycle (3.2 ps)
i (i} 16 inctruction cycle (6.4 ps)
1 1 64 instruction cycle (25.6 ps)

Note that these bits must not be rewritten when the counter is in operation (TPE = 1)
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(b) Control register 2 (CNTR2)

Biv Bit 8 Bits Bit 4 B3 Bit 2 Bit 1 Bit 0 Initlal valua
Address: TPE1 | TPE2 | CK12 TIR1 | TIR2 | TIE1 | TIE2 DO0X 0000y
0029 RW) (RW) (R/W) AW) (W) (RW) (RW)

[Bit 7] TPEL: Counter-operation enable bit

[Bit 6] TPE2: Counter-operation enable bit
When this bit is set to 1, the timer or PWM-control circuit starts operation.

1] Counter operation stop (Timer cleared)
i Caounter aperation start

[bit 4] CK12: CH2 input-clock switching bit
When 1 is written at this bit, CH1 toggle output is selected as the input clock of CH2 irrespective of the
values of the SC21 and SC20 bits.

0 Clock selected by SC21 and SC20 bits |
1 CH1 toggle output |

Do not write 1 at this bit when the CH1-2PWM mode is set (CH1-2 bit = 1).
[Bit 3] TIR1: CH1 interrupt-request flag bit

[Bit 2] TIR2: CH2 interrupt-request flag bit

When an interrupt source occurs, these bits go to 1. To clear the generated interrupt source, write 0 at
these bits. The meaning of each bit to be read is as follows:

0 Values of counter and COMR do not agree
1 Values of counter and COMR agree

Note that 1 is always read when the Read Modify Write instruction is read.
The meaning of each bit to be written is as follows:

0 This bit ks cleared.
1 This bit does not change nor affect other bits.

Note: Inthe PWM operation mode, neither the read nor write values of these bits have any meaning.
[Bit 1] TIEL: CH1 interrupt enable bit (timer mode)

[Bit 0] TIEL1: CH2 interrupt enable bit (timer mode)
If these bits are set to 1, an interrupt occurs when the values of the counter and compare register agree.

0 Counter interrupl-output disabled
i Counter interrupt-output enabled

However, in the PWM operation mode, interrupt occur irrespective of the values of these bits.
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(c) Control register 3 (CNTR3)
Bit7 Bité Bits B4 B3 B2 Bit1 Bito Imvitial value
Address; 0028, — OE2 | OE3 | CH12 Q000 XKXKp
(RW) (RW) (RW) (RW)

[Bit 6] OE2: CH2 output-signal control bit
If this bit is 1, the port serves as the timer/PWM output. In the timer operation mode, usually a signal
which is reversed each time the value of the counter and compare register agree, is output. Inthe PWM
operation mode, a PWM signal is output.

i) General-purposa part (P53)
1 Counter/PWM output pin (FTO2)

If this bit is 1, the port functions as the counter/PWM output pin even after the PDR P53 are set to 1.

[Bit 5] OE3: CH 1-2 PWM mode output signal control bit
When this bit is 1, the port serves as the CH1-2 PWM output.

0 General-purpose port pin (P43) |
: CH1-2 PWM output pin/CH1 output (PTON) |

When the CH1-2 bit is 0, the port serves as the CH1 output.

[Bit 4] CH1-2: CH1-2 PWM mode set bit

When this bit is 1, the CH1-2PWM mode is set. CH1 and CH2 enter the timer mode irrespective of the
values of the PTX1 and PTX2 bits.

0 Ordinary mode
1 CH1-2 PWM mode

Do not rewrite this bit when CH1 or CH2 is in counter operation (TPE1 =1 or TPE2 = 1).
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(d) Compare register 1 (COMR1)

This register is used to set the value to be compared with the value of the counter in the CH1 timer-opera
tion mode. The counter is cleared in the timer-operation mode and when the values of the counter and this
register agree. In the PWM operation mode, the High pulse width can be specified by the value of this reg-
ister.
Bit? Bites Bt5 Bit4 B2 Bit2 Bit1 BitD Initial value
Address: 0028y N HKHXM HMNXg
W W W W W W W W

* is ignored in the high-speed mode (bit 7).

(e) Compare register 2 (COMR2)
This register is used to set the value to be compared with the value of the counter in the CH2 timer-
opera tion mode. The counter is cleared in the timer-operation mode and when the value of the counter
and this register agree. In the PWM operation mode, the High pulse width can be specified by the value
of this register.
Bit7y Bité Bit5 Bitd4 Bit3 Bit2 Bit1 Bitd Initial value
Address: D02Cy| ~* KEAAK KHXHp
W) W W W W) W W W

* |5 ignored in the high-speed mode (bit 7).
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(4) Description of operation
(a) Timer operation

Setting the PTX bits 1 and 2 of the CNTRL1 to 0 gives the timer-operation mode. When the TPE bits 1 and
2 of the CNTR2 are set to 1, the counter starts incrementing from OOH. When the value of the counter
agrees with that of the COMR, the counter is cleared on the next count clock pulse and incrementing
restarts. Therefore, the TIR bits 1 and 2 are set and the output pin is reversed (when the TPE bits 1 and 2
are 0, the output pin is fixed at Low level) in cycles of the count clock pulses when 00H is written at the
COMR, or in cycles 256 times longer than those of the count clock pulses when FFH s written.

If the value of the COMR is rewritten in the timer-operation mode, it becomes effective from the next cycle
(when the value of the counter is O0H, the value of the COMR is transferred to the comparator latch).

Count-clock pulse Joo oo oo L oo oo L o1 .._:_:JEI_I'El_
TPE — IFIE

Output I DN Al MR [ 1 it RN
TIR bit setting ML JL 11 il []
Value A COMR = - ------ 00 ----===--= feeeeeaa L R L

Fig. 2.16 Timer Operation

If the TIE bits 1 and 2 of the CNTR2 are set to 1, an interrupt occurs when the values of the counter and
COMR agree. During interrupt processing, the TIR bits 1 and 2 are used as the interrupt flag. The TIR bits
1 and 2 are set to 1 irrespective of the value of the TIE bits 1 and 2.

Writing 0 at the TIR bits 1 and 2 permits clearing of the interrupt source or the TIR bits 1 and 2. When the
Read Modify Write instruction is read, the TIR bits 1 and 2 is set so that 1 can always be read to prevent
erroneous clearing.

The count clock pulse can be selected from four clock pulses from the prescaler by the clock pulse select
bits SC11, SC10, SC21, and SC20 of the CNTRL1 register. When 1 is written at the CK12 bit of the CNTR2
register, CH1 toggle output is selected as the input clock of CH2 irrespective of the values of the SC21 and
SC20 bits.

Note: When the PWM operation mode is specified, do not put CH1 in the CK12 mode (do not write 1 at the
CK12 bit).
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(b) PWM operation

Setting the PTX bits 1 and 2 of the CNTR1 to 1 gives the PWM operation mode. The COMR1 and 2 specify
the duty of the output pulse. Pulses can be output with 1/256 resolution and a duty of 0% to 99.6% .
When 0 (O0H) is written at the COMR1 and 2, the duty of the PWM output pulse is 0%; when 128 (80H) is

written, the duty is 50%, and when 255 (FFH) is written, it is 99.6%.

The value of COMR is transferred to the comparator latch when the value of the counter is 00H. If the value
of the COMR s rewritten in the PWM operation mode, it becomes effective from the next cycle.

* When COMR is 00H

Counter value 0oH S S S S — FFH 0D0OH
PWM pulse output

» When COMR is 80H

Counter value 0 s pipmge sassss L ssaaaa —— FFH 00H «ooi—s—s—s v BOH
PWM pulse output | | | it

* When COMR is 80H

Counter value i1 o [ S PP P FFH 00H

PWM pulse output | | | i

Fig. 2.17 PWM Pulse Output

The TIR bits 1 and 2 of the CNTR2 have no relation with the PWM operation. No interruption occurs irre
spective of the TIE bits 1 and 2.

The cycle and frequency of the PWM pulse can be changed by switching the count clock pulse. The count
clock pulse can be selected from four clock pulses from the prescaler by clock-pulse select bits SC11,
SC10, SC21, and SC20 of the CNTR1. When 1 is written at the CK12 bit of the CNTR2 register, CH1 tog-
gle output is selected as the input clock of CH2 irrespective of the values of the SC21 and SC20 bits.

Note: When the PWM operation mode is specified, do not put CH1 in the CK12 mode (do not write 1 at the
CK12 hit).
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(c) High-speed PWM operation (7-bit PWM)

In the PWM operation mode, there are the normal mode with 8-bit 256 resolution and the high-speed mode
with 7-bit 128 resolution.

Writing 1 at the P7M1 and P7M2 bits of the CNTRL1 register gives this mode.

Table 2.6 PWM Cycle and Resolution
(Clock = 10 MHz with the Highest Speed Gear (Instruction Cycle = 400 ns))

etk Ordinary mode High speed mode
ed clock B

Resclution Pcm ﬁﬂpf"m Resolution m mﬂ cy
1 instruction cycle 400 ns 1024pus| 98kHz 400 ns 1.2 pus| 19.5kHz
1/8 instruction cycle 3.2 us 819.2 us 1.2 kHz 3.2 ps 408.8 ps 2.4 kHz
118 nstruction cycle 6.4 us 1.6 ms 628 Hz 6.4 ps 819.2 ug 1.2 kH=z
1/64 instruction cycle 25.8 us 6.5ms| 153.8 Hz 25.6 us 3.3 ms 303 Hz
Channal-1 togghe output 0.8 ps 204 8pus| 4.89nHz 0.8 ps 1024 pus| 49nHz

n=1,2,3 ..o, 239, 258 (CH1 timer compare register value + 1)

(d) CH1-2 PWM mode

This mode causes the 2-channel PWM timer to be a timer and generates width L with the CH1 timer and
the cycle with the CH2 timer to output a PWM wave.

Writing 1 at the CH1-2 bit of the CNTR3 register gives this mode. The timer mode is set irrespective of the
values of the PTX1 and PTX2 bits of the CNTR1 register. A PWM wave is output from the P43 pin con
trolled by OE3 to the compare registers 1 and 2.

To start the operation, write 1 simultaneously at the TPE1 and PTE2 bits of the CNTR2 register. Writing 1
separately at the TPE1 and TPE2 bits changes the duty or cycle. However, when the count value of CH2
agrees with the value of the compare register, both the CH1 and CH2 are simultaneously counter-cleared.
Therefore, the duty or cycle is based on the value of the compare register from the second cycle.

When not in the CH1-2PWM mode, the P43 pin provides the CH1 toggle output or outputs a PWM wave.
The default value of the PWM output is Low level.

~— CH1 timer —= a—— CH1 timer ——=
F—— CH2 timer — CH2 timer = —————
1 '
CH2 interrupt CH2 imterrupt

Fig. 2.18 PWM Wave Output at CH1-2 PWM Mode
If the cycle of the CH1 timer becomes larger than that of the CH2 timer, a PWM wave is not output. The

CHA1 timer should be disabled for an interrupt. The CH2 timer can be used in the same manner as the nor-
mal timer.
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(e) Prescaler

The prescaler can operate when either of the TPE1 or TPE2 bit is 1. Therefore, when 1 is written simulta
neously at the TPE1 and TPE2 bits, both CH1 and CH2 perform the same operation from the first cycle.
However, if either of the TPE1 or TPE2 bit is already 1 and the timer or PWM starts operation after the pres-
caler has been enabled, a difference of not more than one cycle occurs in the input clock pulse of the
counter.

TPE1 R
TPEZ : |
Coount clock ad 1 [ I I I | I [ 1 I L
CH1 timer : -
Togghe output : | - I
Cimpare register valua 01 ' -
CH2 timer i "y
Togghe output : T |
Compare regsier value 01 'y .
A, i B -

B genarates the difference of under 1 cycle with respect to A
Following clock pulses are output from prescalar.

e S

tisructoncyse [T AR
18 instruction cycle I
1/18 instruction cycla rr 1. 1
1/64 instruction cycle e
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2.2.3 Pulse-width Count Timer (Timer 3)

This timer has timer and pulse-width measurement functions.

The timer function has two modes: reload timer and one-shot timer modes.

In the reload-timer mode, the set values are decremented repeatedly.
* In the one-shot-timer mode, decrementing is started from the set value and stops at the first underflow.

» The pulse-width measurement function allows measurement of High, Low, or one-cycle widths of pulses
input from pins.

(1) Registers

p—— &bt ——

Address: 0015y PCR1 RW Pulse-width control register 1
Address: 00164 PCR2 RMW  Pulse-width control register 2
Address: 0017y RLBR RW Reload-buffer register

(2) Block diagram
Internal data bus

PCR2

/ PCRA1 P37TWTO
I\J | | | : £} 1ras =

Function switching circuit

Timing genarator 1
Input-pulse adge "“@ P36/PWC
B-bit down _
counter

A
CPU clock pulse
/64 (Nate 1)

i
i i E 12
Salector 1
\4 RLER 1

Note: The CPU clock pulse is the pulse with 1/2 oscillation (gear max. at gear maximum speed).
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(3) Description of registers
(a) Pulse-width control register 1 (PCR1)

This PCR1 is used to enable and disable each function and to display the state of the timer.

Bt7 Bité Bit5 Bit4 Bit3 Bt2 Bit1 Bito Initial value
Address: 0015y |_EH el E | — -1 w] R | eF 000X X000p
AW) (RW) (/W) RW) (RW) (R)

[Bit 7] EN: Counter-operation enable bit

At the timer function, when 1 is written at this bit, the value of the data register is loaded to start the
decre menting. At the pulse-width measurement function, when 1 is written at this bit, the measure-
ment-enable state is set. Under this condition, decrementing starts when the edge of the measured
pulse is detected. When 0 is written at this bit during measurement, the operation stops but the value of
the counter is not transferred to the buffer (RLBR).

Timer function Pulse-width measurement function
0 Count-operation disable Pulse-width measuremant function stop/disable
1 Count-operation enable/start Pulse-width measuramant function anabile/start

[Bit 6] TOE: TO bit output-enable bit
When Bit 6 is set to 1, the contents of the TO bit are output to port P37.

G General-purpose port (P37) (default)
I 1 TO bit output (WTO)

If this bit is set to 1 even after the DDR of P37 is set to input, the port functions as the TO bit output port.

[Bit 5] IE: Interrupt-enable bit
When Bit 5 is 1, an interrupt request is output if the interrupt-request flags (UF, IR, and BF) are set.

1] Interrupt disabled [default)
1 Interrupt enabled
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[Bit 2] UF: Underflow interrupt-request bit

Bit 2 indicates the presence or absence of timer overflow. The meaning of each bit to be read is as fol-
lows:

W] Underflow does not occur.

1 Underflow ocours.

1 is always read when the Read Modify Write instruction is read.
The meaning of each bit to be written is as follows:

0 This bit is cleared.
i This bit does not change nor affect other bits.

[Bit 1] IR: Bit for interrupt request at measurement termination

When the IE bit (bit 5) of the PCR1 is 1, an interrupt occurs at termination of pulse measurement. The
meaning of each bit to be read is as follows:

0 Pulse-widith measuremant not tarminated
i Pulse-width measuremant terminated

1 is always read when the Read Modify Write instruction is read.
The meaning of each bit to be written is as follows:

0 This bit is cleared.
1 This bit does not change nor affect other bits.

[Bit O] BF: Buffer-full flag
When the IE bit (bit 5) of the PCRL1 is 1, an interrupt occurs if any measured value is found in the RLBR.
This bit is set when the pulse-width measurement is terminated, and is cleared when data in the buffer is
read. The meaning of each bit to be read is as follows:

1] Pulse-width measurad valua nat found
i Pulsa-width measured value found
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(b) Pulse-width control register 2 (PCR2)
The PCR2 is used to select the timer operation modes.
Rewriting is possible only when bit 7 (EN) of the PCR1 is 0.

Bit T Bit & Bit & Bit 4 Bit 3 Bat 2 Bt 1 Bt 0 Imitial valua
Address: 0018y| FC | AM | TO | — | c1 | co | w1 | wo 000X 0000
RW) (RW) (RW) W) (RIW)  (FUW)  (FRAW)

[Bit 7] FC: Function-select bit
Bit 7 is used to select the timer and pulse-width measurement functions.

| 0 Timer funclion
I 1 Pulse-width measuremant functicon

[Bit 6] RM: Timer mode-select bit
At the timer function, this bit is used to select the modes below.

I 0 Reload-timar made
I 1 Ore-shat timer mode

[Bit 5] TO: Timer-output bit
The value of Bit 5 is reversed each time the counter underflows. When the TOE bit (bit 6 of CSR1) is 1,
the contents of this bit are output from the WTO pin.

[Bits 3 and 2] C1 and CO: Counter clock-pulse select bits

Setting is made as shown below by a combination of these bits. These bits are not related to the value
of the FC bit.

Ly co Count clock pulse
0 H Imternal clock pulsa 1 instruction cycle

0 1 Imternal clock pulse 1/4 instruction cycle

1 0 Imternal clock pulse 1/32 instsruction cycle

1 1 Do not sat.

[Bits 1 and 0] W1 and WO: Measured pulse-select bit

Setting is made as shown below by a combination of these bits. These bits are not relevant in the timer-
op eration mode (at FC = 0).

w1 | wo Measured pulse width
0 0 High level

0 1 Low bevel

1 0 Rising edge to rising edge

1 1 Falling edge to falling adge
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(c) Reload buffer register (RLBR)
At the timer function, this register can be read and written. At the pulse-width measurement function, it
functions as the read-only data buffer register used for holding the measured value. In this case, writing
is impossible. Data is read to clear the BF flag (bit 0) of the PCR1.
Bit7 Bité Bit5 Bit4 Bit3 Btz Bit1 Bit 0 Initial value
Address: 00174 XEEX NHNXp
At imer function = (RW) (RW) (RW) (RW) (RW) (ARW) (RW) (RW)

At pulse-width =  [(A) (R) (R} (R} (R} 1] (R} (R
measurament
function
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(4) Description of operation
(a) Timer function
This timer has the following two modes: reload timer and one-shot timer.

(1) Reload timer mode
Each time the counter underflows, the value written at the RLBR is reloaded to continue the decre-
ment ing. When the counter underflows, the interrupt flag UF (bit 2) is set. If the IE bit (bit 5) is set to
1, an interrupt request is output. If the TOE bit (bit 6) is set to 1, the value of the TO bit is reversed
each time the timer underflows.

(2) One-shot timer mode
When an underflow occurs, the timer stops operation. When the counter underflows, the interrupt re
quest flag UF (bit 2) is set. The EN bit (bit 7) is automatically set to 0 to stop counting.
In both modes, counting starts when 1 is written at the EN bit (bit 7), and it stops when 0 is written.

(b) Pulse-width measurement function

(1) Measurement start
Writing 1 at the FC bit (bit 7) and EN bit (bit 7) causes the counter to enter the operation-enable state.
Counting starts when the edge of the measured pulse input is detected under this condition. At the
pulse-width measurement function, decrementing is started from FF,

(2) Measurement end and measured value

When measurement is terminated, the counter transfers the measured value to the buffer, sets the
measurement-end flag IR (bit 1) and buffer-full flag BF (bit 0), and then enters the operation-enable
state again. At this time, an interrupt request is output if the IE bit (bit 5) is set to 1. However, if the
previous measured value cannot be read after continuous pulse-width measurement, continue to set
the BF flag to hold the previous measured value. The new measured value is discarded.

(3) Long pulse

If the counter undeflows during measurement, set the UF bit (bit 2) to continue counting. In this case,
an interrupt request is also output if the IE bit (bit 5) is set to 1.

(4) Operation stop
Measurement stops when 0 is written at the EN bit (bit 7).

(5) Calculation of pulse width

The measured value to be transferred to the buffer is the same as that of the counter when measure
ment is terminated. Therefore, the pulse width should be calculated as follows:

Pulse width = [(256 - counter value) + (Number of TO reversed y 256)] Y 1 cycle width of count clock
pulse
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(6) Others
The counter is in the operation-enable state even after the end of measurement, so continuous pulse-
width measurement is enabled. The High width measurement is started from the changing edge of

the input pulse. If the input pulse is already High, enable the EN bit (0 %1) to perform counting after
the next rising edge occurs.

Input pulse

EN =agnal

= momE =

m———— Count stop —"™=— Count slop —™

(5) Precautions for use

(a) When the EN bit is 1 (during timer operation or pulse-width measurement), do not rewrite the con
tents of the PCR2.

(b) When the mode is switched (the FC bit is rewritten), the state of each flag does not change. There
fore, clear each flag immediately after switching the mode.

(c) Read the measured value before the next underflow occurs. If the value is read after an underflow
occurs, the TO bit is reversed, sometimes disabling calculation of the correct measured value.
(d) If the previous measured value cannot be read after continuous pulse-width measurement, hold

the previous measured value without transferring the new one to the buffer.
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2.2.4 16-bit Timer/Counter (Timer 3)
* 16-bit binary timer/counter

* Itis possible to select the timer function for count-clocking internal clock sources and the counter function
for counting by detecting an arbitrary edge of the external pin input.

* An arbitrary byte value can be written from the data bus to the counter.
» An interrupt request can be output to the CPU by detecting counter overflow.
(1) Registers

—

Addrass: 0018y TMCR RW  Timer-control register
Address: 0019y TCHR AW Timer-count register (H side)
Address: 001Ay TCLR RW Timer-count register (L side)

(2) Block diagram

Imamal dala bus

—31 —AFFT
- B == ] L] |

— | — [ rca [resti | reso[recer| roe [ Tos Lipper B bits | Lower B s
] TCHA TCLA
Sat
:D—’ [Read| Laich by JLaich
IBOE \]) paa | TEORT
Lirwir I Bvbs:
Latch
RAead
fallr]

PTEC

Note: The CPU clock pulse is the pulse with 1/4 oscillation.
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(3) Description of registers
(a) Timer-control register (TMCR)

This 6-bit register selects and controls various operations of the counter, and controls interrupts.
Bit 7 Bit & Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Initial value
Address: 0018y| — — TCR | TCS1 | TCFO | TCEF | TCIE | TCS XX00 00005
(RW) (RW) (RW) (RW) (FIW) (W)

[Bit 5] TCR: Counter-clear bit
Bit 5 is used to clear the counter. The meaning of each bit to be written is as follows:

0 Counter cleared - The contents of the 18-bit counter are set to 0000g.
1 Other counters not affected

The read value of this bit is always 1.

[Bits 4 and 3] TCS1 and TCSO: Timer/counter operation-mode select bits

These bits are used to select the timer/counter operation mode and to determine the detection edge of
the external-count clock pulse to be detected in the counter- operation mode. The counter-operation
mode and the detection edge of the external-count clock pulse are selected as shown below.

Table 2.7 Selection of Timer/Counter Operation Mode

TCS1 | TCS0 Operation mode
0 0 Timer mode (Intemal clock source operation)
0 1 Detect falling edge of external input.
1 0 Counter mode Datect rising adge of extarnal input.
1 1 Detect both edges of external input.

[Bit 2] TCEF: Interrupt-request flag
Bit 2 is a flag for interrupt request due to counter overflow. The meaning of each bit to be read is as fol-
lows:

0 Counter does not overflow.
1 Counter overflows (counter valug FFFFy = 0000y ).

Note: 1 is always read when the Read Modify Write instruction is read. When interrupt-output is enabled
(TCIE = 1), an interrupt request is output to the CPU if this bit is 1.

The meaning of each bit to be written is as follows:

o This bit is cleared.
1 This bit does not change nor affect other bits,
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[Bit 1] TCIE: Interrupt-request output-enable bit
Bit 1 is used to enable and disable interrupt output to the CPU. When the bit is 1, an interrupt request is
output if the interrupt flag TCEF (bit 2) is set to 1. When the bit is O, interrupt-request output is disabled.

] Interrupt-request output disabilad
1 Intesrupt-request output enabiled

[Bit 0] TCS: Count start bit (counter-enable bit)

Bit 0 is used to start and stop the counter. When 1 is written at this bit, the TCR is enabled for counting
and the value of the counter is incremented by the count clock. When 0 is written, the TCR stops count-
ing to hold the value of the counter.

| 0 Count disabled
| 1 Count enabled

(b) Timer-count register (TCR)

The TCR is a 16-bit binary up counter. TCHR is used for upper bytes; the TCLR is used for lower bytes.
Writing to the counter should be performed when counting stops (TCS bit (bit 0) of TMCR = 0). To read the
counter, always use the word transfer instructions (MOVW A, dir, etc.).
Bit7 Bité Bit5 Bit4 Bitd Bit2 Bit1 Bi0 Initial value
Address: 0019 0000 0000 TCHR
Address: 001A 0000 00005 TCLR

(AW (FOW) (W) (FUW) (RO (FOW) (ROW) (R
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(4) Description of functions
(a) Operation modes

The operation modes of the 16-bit timer/counter can be selected from the timer and counter modes by a
combination of bit 3 (TCS0) and bit 4 (TCS1) of the TMCR.

(1) Timer mode
Setting values other than 00g at bit 3 (TCSO0) and bit 4 (TCS1) of the TMCR gives the timer mode.
The TCR increments according to the internal clock source (1/4 oscillation or instruction cycle); exter-
nal-count input is disabled at this time. Detecting an overflow enables generation of time intervals up

to 216 times the clock source (65536 instruction cycles). The maximum time intervals are 32.8 ms at 8
MHz oscillation.

(2) Counter mode

Setting values other than 005 at bit 3 (TCSO0) and bit 4 (TCS1) of the TMCR gives the counter mode.
The edge polarities given in Table 2-1 can be selected according to the value to be set. The counter
mode is divided into three according to the setting of the edge detection for the external-count input.
In the counter mode, the TCR increments each time the arbitrary edge of the EC input for the exter-
nal-count clock pin is detected. (The internal clock source is disabled at this time.) This enables
counting with the number of external-count input events (arbitrary edges). The pulse width of the
external-count clock input can be input from 8 to a minimum width of two instruction cycles (This cor-
responds to DC to 1/2 instruction cycle).

(b) Count start/stop

The TCR starts counting when 1 is written at bit 0 (TCS) of the TMCR, and stops counting when 0 is writ-
ten.

(c) Counting and interrupt occurrence

In the timer mode, the TCR is incremented every one instruction cycle of the clock source; in the counter
mode, it is incremented each time the effective edge of the external-count input is detected. When the
counter value changes from FFFF to 0000  (overflows), an overflow-interrupt request is output to the CPU

if the interrupt flag TCEF (bit 2) of the TMCR is set to 1 and the interrupt-request output-enable bit TCIE (bit
1)is 1.

Any byte value can be set at the TCR. (This setting should be done when the counter stops (TCS = 0).)
The value of the TCR can be read even during operation. To read, always use the word-transfer instruc-
tions (MOVW A, dir, etc.).

(d) Counter clear

The TCR is cleared to 0000  when 0 is written at bit 5 (TCR) of the TMCR. If clearing is performed concur
rently with overflow, the interrupt flag is not set.
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2.2.5 UART
Outline

* Full-duplex double buffers

CLK synchronous and asynchronous data transfer

14 baud rates (for internal clock)
The baud rate can also be freely selected by external clock input or input from the internal timer.

Variable data length
* NRZ transfer format

(1) Registers

: 8 bit -
Address: 0020y SMC RW Serial mode control register
Address: 002Ey SRC RW Serial rate control register
Address: 002Fy 85D R'W Serial status and data register
Address: 0030 SIDR A Serial input data register
Address: 0030y S00R W Seral output data register
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(2) Block diagram
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(3) Description of registers
(a) Serial mode control register (SMC)
This register is used to select the UART operation mode.

Bit7 Bm#é Bit5 Bit4 B3 Btz Bit1 BirO

Address; 002Dy PEN | SBL | MC1 | MCO |SMDE| — |UCKE| UOE

(RW) (RIW) (RW) (RW) (R/W) AW  (R/W)

[Bit 7] PEN: Parity enable

Initial value
000G 0-00g

Bit 7 is used to determine whether to append a parity bit (when transmitting) or to detect it (when receiv-

ing) for serial data input/output.

0 | Mo parity (defaul)

1 Parity (Odd or even parity is sat by TD&TP of the S50 register.)

[Bit 6] SBL: Stop bit length

Bit 6 is used to determine the stop bit length of transmit data. At the receiving end, only the first bit of

the stop bit is recognized; second and later bits are ignored (default: 0).

| 0 2-bit length (default)

| 1-bit langth

[Bits 5 and 4] MC1 and MCO: Mode control
Bits 5 and 4 are used to select the transfer mode (data length).

MC1 MCO Mode Data length

0 0 0 7 (6)

0 ] o 8(7n

1 1 can not be used | can not be used |  (Initial value) el

1 " . 9 18) mm parﬂmhe-ses. indicate the data length

[Bit 3] SMDE:
i} Synchronous transfer (default)
1 Asynchronous transfer
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[Bit 1] UCKE: UART clock enable
When 1 is written at bit 1, the UART serial clock output pin is switched to the port to output an external
synchronous clock pulse.
If the mode in which a synchronous clock pulse is input from the outside is set by the CS1 and CSO0 bits
of the SRC register, the value can also be read from the port as the input pin.

0 Port functions as general-purpose inputioutput port that does not output serial clock pulse,
idetault)
Whan tha port s sat 1o input (DDR = 0), it also functions as a sanal clock input pin.

1 Port functions as UART serial clock output pin.

In the external clock input mode, set this bit to 0.

[Bit 0] UOE: UART output enable

When 1 is written at bit 0, the port is switched to the UART serial data output pin to enable serial data
output.

0 Mo parity (default)
1 Parity (Odd or even parity is set by TD&TP of the 33D register.)
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(b) Serial rate control register (SRC)
This register is used to control the data transfer speed (baud rate) of the UART.
Bit7 Bité Bits Bitd4 Bit 3 Bit 2 Bit 1 Bit O initial value
Address: 002Ey| — = CR | SC51 | 5C50 | RC2 RC1 RCO ==0L1 L1000y
IRIW) (ROW) (ROW) (RIW)  (RIW)  (R/W)

[Bit 5] CR: Clock rate

Bit 5 is used to select the asynchronous transfer clock rate. However, when the CS1 and CSO bits are
115, the 1/8 clock rate is selected irrespective of the value of the CR bit.

0 1116 of clock input (default)
1 1/64 of clock input

Note: The synchronous transfer clock rate is as follows irrespective of the value of the CR bit:
Clock source T Internal clock 1/2.........cooiiiiiiiiiiii e 1/2
External clock, dedicated baud rate generator ............. 1/1

[Bits 4 and 3] SCS1 and SCSO0: Clock select

Bits 4 and 3 are used to select the clock input of the UART port. If the external or internal clock is
selected as clock input, the baud rate is a 1/16 or 1/64 clock frequency according to the value of the CR
bit (default: 11g). For details, see 4.4.

[Bits 2 to 0] RC2 to RCO:

Bits 2 to 0 are needed only when generating a serial clock pulse with the dedicated baud rate generator.
Fourteen baud rates can be selected by these bits (default: 000g). For the baud rate setting, see 4.4.
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(c) Serial status and data register (SSD)

This register is used to indicate the current status of the UART. When the data communication length is 9
bits, the most significant data (bit 8) is included.

Bit7 Bite Bits Bitd4 Bitd3 Bit2z Bit1 Bit 0 Initial value
Address: 002F,| RORF |ORFE |TDRE| TIE | RIE | PSEL T'DEFTF'lFl[JEh'HF' 0010 001Xg
R (R (R (AW) (RW) (RW) (RwW) (R)

[Bit 7] RDRF:
The RDRF flag is used to indicate the data status of the serial input data register (SIDR).

a Empty (default)
1 Comtains data

When the SIDR register is read after reading the SSD register with the RDRF flag set to 1, the RDRF
flag is cleared. When this flag is set to 1, the receiver interrupt request is output.

[Bit 6] ORFE:
The ORFE flag is used to indicate that an overrun or framing error has occurred. This flag is initialized

to O at reset.

0 Mormal

1 Error

If this flag is set, data is not transferred from the receive shift register to the SIDR register.

When the SIDR register is read after reading the SSD register with the ORFE flag set to 1, the ORFE
flag is cleared. When this flag is set to 1, the receiver interrupt request is output.

The status of input data is specified by the RDRF and ORFE flags as follows:

RDRF | ORFE SIDR data status

0 0 Empty
Framing error (If new data is input under this condition, RDRF is not set.)

0 1
1 0 Normal data
1 1

Overrun (previous data remains)
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[Bit 5] TDRE:
The TDRE flag is used to indicate the status of the serial output data register (SODR).

] Contains data
1 Empty (default)

When data is written to the SODR register after reading the SSD register with the TDRE flag set to 1,
serial data is output from the SOUT pin.

When the TDRE flag is set to 1, a transmitter interrupt request is output.

[Bit 4] TIE: Transmitter interrupt request enable bit
Bit 4 is used to enable the transmitter interrupt request.

0 Interrupt disabled (default)
1 Interrupt enabled

[Bit 3] RIE: Receiver interrupt request enable bit
Bit 3 is used to enable the receiver interrupt request.

0 Irterrupt disabled (default)
i Interrupt enabled

[Bit 2] PSEL: Port select bit
Bit 2 is used to select the UART ports.

0 P30 to P32 salected (default)
1 P40 to P42 selected

[Bit 1] TD8/TP

When parity is not provided, bit 1 is treated as bit 8 of the SODR register. When parity is provided, this
bit is used to determine whether the parity of serial output data is even or odd.

0 Chdd parity
| Ewven parity

[Bit 0] RD8/RP:

When parity is not provided, bit O is treated as bit 8 of the SIDR register. When parity is provided, this bit
is used to determine whether the parity of serial input data is even or odd (default: undefined).

0 Cdd parity
1 Ewven parity
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(d) Serial input data register (SIDR)

Address: 0030y

The SIDR register is used for input of serial data (default: undefined).

(e) Serial output data register (SODR)

Address: D0A0

Bit7 Bit6 Bit5 Bit4 Bt3 Bt2 Bt1 Bito
GGG
Bit7 Bité Bit5 Bit4 Bit3 Bit2 Bit1 B0
Wy W MW W W W) W (W)

The SODR register is used for output of serial data (default: undefined).

2-66




HARDWARE CONFIGURATION FUTI)TSU

(4) Description of operation
(a) Operation modes

The UART has the operation modes listed in Table 2-2; they can be switched by setting the value at the
serial mode control register (SMC).

Table 2.8 Operation Modes of UART

Mode Parity Data length Clock mode Stop bit length

Provided B Agynchronous/synchronous 1 bit or 2 bits
i Mot provided 7 Agynchronous/synchronous 1 bit or 2 bits
" Provided 7 Asynchronous/synchronous 1 bit or 2 bits
Mot provided 8 Asynchronous/synchronous 1 bit or 2 bits

2 Can not be usad
K Provided B Agynchronous/synchronous 1 bit or 2 bits
Mot provided g Asynchromous/synchronous 1 bit or 2 bits

However, the stop bit length can be specified only for the transmitter channel. The 1-bit length is always
specified for the receiver channel.

(b) Interrupt occurrence and flag setting conditions
The UART has three flags and two interrupt sources.

The three flags are ORFE, RDRF, and TDRE. The ORFE flag is an overrun/framing error flag which is set
when an error occurs at receiving. The RDRF flag indicates that the receive data is ready at the SIDR reg-
ister. The TDRE flag indicates that writing to the transmit data register (SODR) is enabled.

The two interrupt sources are one for receiving, and one for transmitting. At receiving, an interrupt is re
guested by the RDRF or ORFE flag. At transmitting, an interrupt is requested by the TDRE flag.

* Receiving in modes 0, 1, and 3

Both the RDRF (receive data register full) and ORFE (overrun/framing error) flags are set when receiving
and transfer are completed and the last stop bit is detected. An interrupt request is then output to the CPU.
When the RDRF flag is active, the received data is transferred to the serial data input register (SIDR).

Diata >:< >.< >:/Slnp ' (Stop)

i i
RDRF

ey et e s i e

SIN interrupt

Fig. 2.9 RDRF Flag Set Timing
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Data
ROAF = 1
ORFE

SIN infterrupt

Y 5w [ ous ) GO LU

ADAF =0 I i

n

ORFE

SIN interrupt

(Cwverrun errar) (Framing enor)

Fig. 2.10 ORFE Flag Set Timing
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* Transmission

When the next data is ready to write after data written to the serial output data register (SODR) is trans
ferred to the interrupt shift register, the TDRE (transmit data register empty) flag is set and an interrupt
request is output to the CPU.

SODR write _| i
TDRE VIO
Interrupt request output to CPLU ¢
SOUT interrupt | :
SOUT output s|lof1][2]3]4]|s[e6|[7|P:-P|S[0O[1]2]3
S: Start bit 0to 7: Data bits P: Stop bit

Fig. 2.11 TDRE Flag Set Timing (Mode 0)

(c) Transfer data format

The UART can handle only NRZ (non-return-to-zero)-type data. The relationship between transmitter/re
ceiver clocks and data is shown in the figure below.

g S L L PP LR

SiM, S0UT

D10 B L o '
Start LSB MSB Stop g{‘gp Varies with mode
p

-
=

Transmitted data is 010011015 (mode 1) or 1010011015 (mode 3)

Fig. 2.4 Transfer Data Format
As shown in the figure, data transfer starts from the start bit (Low-level data), the data bit length specified by
the LSB first is transferred, and transfer ends at the stop bit (High-level data).
In asynchronous transfer, the relationship between UCK and SIN is not as shown in the above figure. In
addition, at asynchronous transfer, the relationship is not as shown in the above diagram even when UCK is

set to input.
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(d) Transfer clock selection

The transfer clock can be selected from the external clock (UCK pin), two internal clocks (PTO1 and PTO2),
and the dedicated baud rate generator. This selection is done by the SCS0, SCS1, and CR bits of the

serial rate control register (SRC). The division ratios are listed in Table 2-3.

Table 2.9 Clock Division Ratio

SCS1 | SC50 Clock input CR Asynchronous Synchronous

External clock 0 116

0 0 1M1
1 1/64
FWM timer 1 ] 116

1] 1 1/2
1 1/64
PWM timer 2 0 1/16

1 0 12
1 1/64

i i Dedicated baud rate = 18 i

The transfer clocks when using the dedicated baud rate generator are listed in Table 2-4.

Table 2.10 Baud Rate Selection

RC2 | RC1 | RCO |CLK asynchronous (us/baud)| CLK synchronous (us/baud)

0 0 1049615 1/1M

0 1 208/4808 2/500 K

0 1 i 416/2404 4/250 K

0 1 1 83z1202 8125 K

1 0 0 1664,/601 16/62.5 K

1 0 1 3228/300 32/31.25K

1 1 0 16/62500 2/500 K

1 1 1 128/7813 16/62.5 K

Note: After canceling register initialization by a reset, initialization of the internal control section requires

an initialization time of 11 shift clocks.
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(e) Expression for Calculating Dedicated Baud Rate (UART)

The dedicated baud rate is determined by the settings of the clock gear, clock division ratio reqisters (SCS1

and SCS0), and baud rate select registers (RC2, RC1 and RC0). The baud rate is calculated as follows:

Clock gear selection

A

Baud rate

64/f ch
16/f ch
8/f ch
4/f ch

[ex]
1

9615 baud

fch: Frequency of original oscillation

X 10/4 X Clock divisio

(SCS1, SCS0)

n ratio X

Baud rate selection
(RC2, RC1, RCO)

(fch = 10 MHz)

 Clock division ratio (SCS1, SCS0)

= 0.4 Ys (4/f ch) X 10/4 X 8 (asynchronous mode) X 13 (RC2 = RC1 = TCO =0)

When using a dedicated baud rate, set the clock division ratio register SCS1 to 1 and SCSO0 to 0. The clock
division ratio results in 1/8 in the asynchronous mode.

SCS1

SCS0

Clock input

Asynchronous mode

1

1

Dedicated baud rate

1/8

» Baud rate selection (RC2, RC1, RCO0)

The baud rates can be selected depending on the settings of RC2, RC1, and RCO. For example, the baud

rates at an original oscillation of 10 MHz are listed in the following table.

RC2 RC1 RCO Division L?fdsgfected as CLﬁci::j :siy:sig:undc;us
0 0 0 13 104/9615
0 0 1 26 208/4808
0 1 0 52 416/2404
0 1 1 104 832/1202
1 0 0 208 1664/601
1 0 1 416 3328/300
1 1 0 2 16/62500
1 1 1 16 128/7813
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(f Expression for Calculating Baud Rate (UART)

The baud rate is determined by the clock input selected by the clock division ratio registers (SCS1 and
SCS0). The clock inputs of the external clock and the PWM timer 1/PWM timer 2 are selectable. Each
expression for calculating baud rate is given below.

» External clock selected

fch: Frequency of original oscillation
1 -
— = External clock input X CR (CC:EZ(l) """ éi )
Baud rate (min: 8/fch X 2) o
[ex]
1

—— = 1.6 us (min. value) X 16 (CR=1)
36 K baud (fch = 10 MHz)

« PWM timer 1/PWM timer 2 selected

Input clock select bit (PWM timer) Compare register

Clock gear selection (SC11 = SC21/SC10 = SC20) (COMR1/COMR2)  fch: Frequency of
original oscillation

1 ?gﬁ CE 1(SC11=0,SC10=0) Compare
c 8(SC11=0, SC10 = 1) register CR=0...16
Baud rate = sifch || X 16 (SC11 =1, SC10 = 0) X || value +1 X 2 X CR ( CR=1...64
4/f ch 64 (SC11=1,SC10=1)
(Cycle)
[ex 1]
1
———— = 0.4ys(4/fch) X 1(SC11=0,SC10=0) X 1(COMR1=0) X 2 X 16 (CR=0)
75 K baud (fch = 10 MHz)
[ex 2]
1
——— = 04us(4/fch) X 1(SC11=0,SC10=0) X 4 (COMR1=3) X 2 X 16 (CR=0)
19531 baud (fch = 10 MHz)
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2.2.6 8-hit Serial I/0 1

« 8-bit serial data transfer is possible by the clock synchronous method.

+ LSB first or MSB first can be selected for data transfer.

* Four shift-clock modes (three internal and one external) can be selected.

(1) Registers

L k [
I B bit =
Addrass: 001Cy SMR1 3 RW Serial-mode register
Address: 001Dy SDA1 #1 RW Serial-data reqgister
(2) Block diagram
Irgemal-tata bus
D0 ko DT O7 to DO D7 1o DO
MSB firs) LS8 firsf)
Transger direction
{‘L polect| — SIOF
(Ghill directian) | SIOE
- o e mE omE
Sarial-data registert (SDA1) SCKE
¥ S0E Tl
|| cxsi
]| cxso
BOS
55T |
P38 Sl irput 50 output
synchranous cirouit synchronous circull Serial-modae
i —' registert (SMA1)
F34/501 2 Crearfiow
anabla
Chutput enabia Shift-clock pulse salect
PIVSCK Conngl cicul |: *
M{} 3

clock pulse Cloar :) E' o
—-[ Shift-clock counler
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(3) Description of registers
(a) Serial-mode register 1 (SMR1)
The SMR1 is used to control serial I/O.
Bit7 Bite Bit5 Bit4 Bit3 Bit2 Bit1 Bt Initial value
Address: 001Cy| SIOF | SIOE | SCKE | SOE | CKS1 | CKS0 | BDS | SST 0000 0000g
FW) (RIW) (RW) (W) (RIW) (W) (AOW)  (RW)

[Bit 7] SIOF: Serial I/O interrupt-request flag
Bit 7 indicates the serial 1/O transfer state.
The meaning of each bit to be read is as follows:

Q Sarial data transfer not terminated
1 Serial data transfer terminated

Note that 1 is always read when the Read Modify Write instruction is read. If this bit is set when an inter-
rupt is enabled (SIOE = 1), an interrupt request is output to the CPU.

The meaning of each bit to be written is as follows:

0 This bit is clearad.
i This bit does not change nor affect other bits,

The end-of-transfer decision may be made by either the SST bit (bit 0) of the SMR or by this bit.

[Bit 6] SIOE: Serial I/O interrupt-enable bit

Bit 6 is used to enable a serial I/O interrupt request.
0 Serial /O intarrupt-output disable
1 Serial /O interrupt-output enable

[Bit 5] SCKE: Shift-clock output-enable bit
Bit 5 is used to control the shift-clock 1/O pins.

] General-purpose port pinsg (F33) or SCK1 imput pin
i SCK1 (shift clock) output pin

When using the P33/SCK1 and P55/SCK2 pins as external clocks, always set the DDR to input (bit 3 of
DDR3 = 0).
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[Bit 4] SOE: Serial-data output-enable bit
Bit 4 is used to control the output pins for serial I/O.

I 0 General-purpose port ping (P34)
[ SO (serial data) output pin

When using P35/SI1 and P57/SI2 pins as the Sl pin, always set the DDR to input (bit 3 of DDR3 = 0).

[Bits 3 and 2] CKS1 and CKSO: Shift-clock select bits
Bits 3 and 2 are used to select the serial shift-clock modes.

CKS1 | CKSo Mode {Clock rate) SCK
0 0 Internal shift-clock mode (1/2 instruction cycla) Outpaut
0 1 Internal shift-clock mode (1/8 instruction cycla) Duitpat
1 H Internal shift-clock mode {1/32 instruction cycla) Outpat
1 1 External shift-clock mode (SCK1) Ipat

[Bit 1] BDS: Transfer direction select bit
At serial data transfer, Bit 1 is used to select whether data transfer is performed from the least significant
bit first (LSB first) or from the most significant bit first (MSB first).

Q LSEB first
1 MSB first

Note that when this bit is rewritten after writing data to the SDR, the data become invalid.

[Bit O] SST: Serial I/O transfer-start bit
Bit 0 is used to start serial I/O transfer. The bit is automatically cleared to 0 when transfer is terminated.
0 Serial |0 transfer siop
1 Serial /0 transfer start

Before starting transfer, ensure that transfer is stopped (SST = 0).

(b) Serial-data register 1 (SDR1)

This 8-bit register is used to hold serial I/O transfer data. Do not write data to this register during the serial
I/O operation.

Bty Bité Br5 Bita B3 B2 Biti Bit0 Initial value

Address; 0010y XXX KXXXp

(RW) (RW) (RW) (RW) (RW) (RW) (RW) (RW)
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(4) Description of operation
(a) Outline

This module consists of the serial-mode register (SMR) and serial-data register (SDR). At serial output,
data in the SDR is output in bit serial to the serial output pin (SO) in synchronization with the falling edge of
a serial shift-clock pulse generated from the internal or external clock. At serial input, data is input in bit
serial from the serial input pin (SI) to the SDR at the rising edge of a serial shift-clock pulse.

shim-clockpuss MM LU
SODR| &7 | w5 | @5 | &4 ) &3 | @2 | 41 | #D
50 DGO OGDC - DODOOIT
Shift-clock ‘:l 5.-
L] .
P —= 5 conversion 0 f—= 50 Senal outpul

SOR| 8T | 86 | #5 | ¥4 | ¥3 | #2 | ¥ | #O

Ehift-clock
pulse i

51 —a 5 S = P conversion Sevinl input

(b) Operation modes

The serial /0O has three internal shift-clock modes and one external shift-clock mode, which are specified
by the SMR. Mode switching or clock selection should be made with serial /0O stopped (SST bit (bit 0) of
SMR = 0).

(2) Internal shift-clock mode
Operation is performed by the internal clock. A shift-clock pulse with a duty of 50% is output from the
SCK pin as a synchronous timing output. Data is transferred bit-by-bit at every clock pulse.

(2) External shift-clock mode
Data is transferred bit-by-bit at every clock pulse in synchronization with the external shift-clock pulse
input from the SCK pin. If an external clock is input when the SST bit is set to 0, no shift operation
occurs and data of the SDR register (or the value of bit 7 when MSB first used) is output to the SO
pin. However, the pin value is also rewritten when the SDR register data is rewritten. The transfer
speed can be from DC to 1/2 oscillation (two instruction cycles). When one instruction cycle is 0.4us
(at 10 MHz oscilla tion), the transfer speed can be up to 1.25 MHz.

Do not write data to the SMR and SDR during the serial I/O operation in either mode.
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(c) Interrupt functions

This module can output an interrupt request to the CPU. To output an interrupt request, set the SIOE bit (bit
6) of the SMR to 1 to enable an interrupt and then set the interrupt flag SIOF (bit 7) of SMR after 8-bit data
transfer is terminated.

BCH OOE oy RRAECEEY ey Lsketil Tyl AL ey (2O vy AR oy AREEERN) vy CLLAERLE |

85T [ igltA)
IR I_
50 s g o i A e

(d) Shift start/stop timing

Data transfer starts when 1 is written at the SST bit (bit 0) of the SMR, and stops when 0 is written. When
data transfer is terminated, the SST bit is automatically cleared to 0, which stops the operation.

(1) Internal shift-clock mode (LSB first)
[When transfer terminated]

SCK | evtcoll| ey (SEcfeb!) smppymey RADDOUGH) e kSl gy AN (o Al rergpny (USbisli) Fpsmemy |

- R | | il
SIOF I

50 T B e S A I A

[When transfer suspended]

SCHK, | | | | | | | | | | | |

S10F

il i o g I .

(2) External shift-clock mode (LSB first)
[When transfer terminated]

SCHK 1 | TR | | | | | | I | | | | | |

85T I iRl
SI0E T

50 9 o o o 3o e o g g oo o g
[When transfer suspended]

SCK | | | | | | | | | | | |

55T | |
S10F

B —— e M LD M

Note: When data is written at the SDR, the output data changes at the falling edge of the external-clock
pulse.

Fig. 2.12 Shift Start/Stop Timing
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(e) Input/output shift timing

Data is output from the serial output pin (SO) at the falling edge of the shift-clock pulse, and is input from
the serial input pin (SI) to the SDR at the rising edge of the shift-clock pulse.

(1) LSB first (BDS = 0)

soK Nl ey UM ey S g MY oo M s ST g YT e Y

s e e Ve e G
30

50 K0 X X I XM XX 17—

(2) MSB first (BDS = 1)

scx L ML g
i Sl inpunt

51 E*FEEE*IHIH:'CEEZJZEIHIWI
[ Imgut

e LD SR SRS S S S S S —

D7 b DD indicata input data, and DOT to DO0 indicate output data.
Fig. 2.13 Input/Output Shift Timing
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2.2.7 10-bit A/D Converter
This is an 10-bit sequential-comparison A/D converter. This register has the following features:
» A/D conversion time: 33 instruction cycles 13.2 us (at 10 MHz oscillation)

» Sense function: Compare time 18 instruction cycles 7.2 ps at 10 MHz.
— The sense function compares the preset value in the data register with the analog input value.

 Start by program or continuous start external input clock selectable
» End detection enabled by interrupt or software polling

(1) Registers

-—_—

Address: 0020y ADC1 RW  A/D control-status register 1
Address: 0021y ADC2 AW A/D control-status register 2
Address; 0022y ADDH RW AD data register H (Upper 2 bits)
Address: 00234 ADDL R/W AJD data register L (Lower 2 bits)

(2) Block diagram

PsoADST L Activation meth-
28 givision of high ad salactor R e
spaed clock pulse os- ——
citation

PET/AMT —= ADCH, 2 '/"

PEEAMNE = \q

PES/AME —s
PELTANY ——
PEYANY —
PEZAMT ——
PETAMN T —
PEOVAMD ——

Corttral Logic

T — ADDH, L

:
PN
N
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(3) Description of registers

(a) A/D converter control register 1 (ADC1)
Bt7 Bité Bits Bit4 Bit3 Bit2 Bt1 B0 Initial value
Address: D020y | ANS3 | ANS2 | ANS1 | ANSO | ADI |ADMV | SIFM | AD 0000 0000y
(AW) (RW) (RW) (W) (RW) (R) (RW) (RAW)

[Bits 7 to 4] AN3 to ANO: Analog-input channel select bits
These four bits are used to select analog-input channel.

ANS3 | ANS2 | ANS1 | ANSO | Select channel | ANS3 | ANS2 | ANS1 | ANSO | Select channel
Q 0 0 AND i} ] 1] —
Q 1] 1 AN 0 1] 1 _
0 1] 1 0 AMN2 0 0 1 ] —
0 0 1 1 AN3 0 a 1 1 —
i} 1 0 1] AN 0 1 i) ] —
0 1 LY 1 ANS 0 1 4] 1 —
0 1 1 0 ANG 0 1 1 a —
0 i 1 i ANT i} 1 i 1 —

[Bit 3] ADI: Interrupt-flag bit
The meaning of each bit to be read in the A/D mode is as follows:

0 Conversion not terrmanated,
1 Conversion tarminated,

The meaning of each bit to be read in the sense mode is as follows:

0 Conditions specified by SIFM bit not met
1 Conditions specified by SIFM bit met

In both the A/D and sense modes, an interrupt request is output if these bits are set when the ADIE bit
(bit 4) of the ADC2 is 1.
The meaning of each bit to be written in both the A/D and sense modes is as follows:

0 This bit is clearad.
i This bit does not change nor affect other bits.

1 is always read when the Read Modify Write instruction is read.
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[Bit 2] ADMV: Conversion-on/comparison-on flag
This flag indicates that A/D conversion/comparison is in progress.

Conversion/comparison not in progress

0
Conversion/comparison in progress

1

[Bit 1] SIFM: Interrupt-source setting bit
Bit 1 is used to set the conditions for setting the interrupt source in the sense mode.

| o Sal interrupt source when analog input value lower than the value set by the data register.
Sat Interrupt source when analog input value higher than the value set by the dalta register.

lip

[Bit 0] AD: A/D conversion start bit
When the EXT bit (bit 1) of the ADC2 is 0, writing 1 at this bit starts the A/D conversion in both the A/D

and sense modes. Writing O at this bit does not make sense. 0 is always read.

The meaning of each bit to be written is as follows:

0 Mo AD conversion
AD conversion start (when EXT (bit 1) of ADC2 is 0)

1

(b) A/D converter control and status display register 2 (ADC2)

The ADC?2 is used to control the A/D converter and display its status.
Bit1 Bitd Initial value

Bit7 Bité Bits Bit4 B3 Bit2
- TiM1 | TIMO | ADCK | ADIE |ADMD | EXT | TEST X000 0001g

(RW) (ROW) (RIW) (ROW)  (FUW)  (ROW)  (FUW)

Addrass: 0021y

[Bits 6 and 5] TIM1 and O0: Reserved bits
Always set 00 at these bits.

TIM1 | TIMO Convarsion tima at 10 MHz
0 o 33 instruction cycles [13.2 us)

Compara time at 10 MHz
18 instruction cycles (7.2 us)

[Bit 4] ADCK: External input-clock pulse-select bit
Bit 4 is used to select the external input clock pulse for starting A/D conversion.

29 division of high speed clock oscillation
Input to PSO/ADST

0
1
When using the external-clock input, set the DDR of P30 to input.
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[Bit 3] ADIE: Interrupt-enable specifying bit

Bit 3 is used to specify interrupt enable/disable.
0 Interrupt disabled I
1 Interrupt anabled I

[Bit 2] ADMD: Function select bit
Bit 2 is used to select the A/D mode and sense mode.

(1] AD mode
1 Sense modsa

[Bit 1] EXT: Conversion select bit
Bit 1 is used to select starting method of A/D conversion.

0 Start by AD (bit 0) of ADC1
i Start at rising edge of clock pulse selected by ADCK (bit 4) of ADC2

[Bit O] TEST: Testing bit
Bit 0 is used only for testing. Always write 1 at this bit. 1 is always read.
(c) A/D data registers H and L (ADDH, ADDL)

These registers store the results of A/D conversion in A/D mode. They write the setting value for the com
parison in it in sense mode. Upper 2 bits and Lower 8 bits assigned to ADDH and ADDL, respectivery.

Bit7 Biteé BitS B4 Bit3 Bt2 Bit1 Bitd Initial value
Address: 0022y XXX XXXXp
(RW) (RW) (RW) (RW) (RW) (RW) (RW) (RW)

Bit7v Bits Bit 5 Bit 4 Bitd Bit2 Bit 1 Bit 0 Initial value
Address: D023y T 6 5 4 3 2 1 0 XXX XXXHp

(AW) (RAW) (W) (ROW)  (RW)  (ROW) (W) (W)

* A/D mode

In the A/D mode, the results are stored as soon as the A/D conversion is terminated. After the conver-
sion, the contents of the register are held until next conversion is started. Once started, the value
becomes undefined. Therefore, always read the data after the end of conversion.

* Sense mode

In the sense mode, the vale to be compared with the converted value is written in these registers in ad
vance. The contents set in the register are held without changing by the comparison operation.

Do not write data during conversion in either the A/D or sense mode.
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(4) Description of operation
(a) A/D mode

(1) Start or restart by program
Writing O at the ADMD bit (bit 2) of the ADC2 gives the A/D mode. Writing 1 at the AD bit (bit 0) of the
ADC1 starts the A/D conversion. If 1 is written at the AD bit (bit 0) of ADC1 during A/D conversion,
the conversion operation is canceled and restarted.

(2) Start/restart by external clock
Writing 1 at EXT (bit 1) of ADC2 sets the AD mode to wait for starting by the external clock. A/D con-
ver sion is started after detecting the rising edge of the clock pulse selected by the ADCK bit (bit 4) of
ADC2. If the rising clock pulse occurs during the operation, the conversion operation is canceled and
restarted. When the external clock is used for starting or restarting by setting EXT (bit 1) to 1, A/D
conversion cannot be started or restarted by the program.

(3)End
When A/D conversion is terminated, the result of the operation is stored in the data register and AD1
(bit 3) of ADC1 is set. At that time, an interrupt request is output when ADIE (bit 2) of ADC2 is 1.
The conversion result is stored in the data register until next conversion starts. Therefore, read the
conversion result before starting the next conversion. The result stored in the register is lost when the
operation is restarted.

(4) Continuous start of AD conversion by external clock

The A/D conversion can be started continuously by providing an external clock based on the conver
sion time and operation result reading time.

(b) Sense Mode
(1) Comparison/recomparison by program
Preprogram a specified comparison value in the data register.
Writing 1 at ADMD (bit 2) of ADC2 gives the sense mode. Writing 1 at AD (bit 0) of ADC1 starts com-

pari son. If 1 is written at AD (bit 0) of ADC1 during comparison, the operation is canceled and
restarted.

(2) Comparison/recomparison by external clock
Preprogram a specified comparison value in the data register.
Writing 1 at EXT (bit 1) of ADC2 sets the sense mode to wait for starting by the external clock. Compari
son is started at after detecting rising edge of the clock pulse selected by the ADCK bit (bit 4) of ADC2.
If the rising clock pulse occurs during the operation, comparison is canceled and restarted. When the
external clock is used for comparison or recomparison, comparison and recomparison cannot be exe
cuted by the program.

(3) End
When the result of the comparison meets the conditions specified by SIFM (bit 1) of ADC1, ADI (bit 3) of
ADCL1 is set. At that time, an interrupt request is output when ADIE (bit 2) of ADC2 is 1. If the result of
the operation does not meet the specified conditions, ADI (bit 3) of ADCL1 is not set. In this case, check
that ADMV (bit 2) of ADC1 is 0.

The preset contents of the data register are held without loss by the comparison operation.

(4) Continuous start of comparison by external clock
Comparison can be started continuously by providing an external clock based on the comparison time.
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(5) Precautions for A/D converter

(a) The A/D conversion and comparison are stopped and all registers are initialized by a reset. The operat-
ing flag bit [ADMV (bit 2) of ADC1] is cleared and other bits are not changed.

(b) Activation cannot be performed by the program [AD (bit 1) of ADC1] when an external-clock start is
selected.

(c) Do not rewrite each register during conversion and comparison. When an external-clock start is
selected, change the settings of the registers after writing 0 at EXT (bit 1) of ADC2 when operation is
stopped [ADMV (bit 2) of ADC1 is 0] to inhibit an external-clock start. However, when program starting
is selected [AD (bit 1) of ADC1], the analog input channel can be reselected and the inter rupt source for
the sense mode can be switched at reset.

(d) Switch the A/D or sense mode after clearing the ADI interrupt flag (bit 3) of ADC1.

(e) To perform continuous conversion or comparison by an external clock, provide the clock based on the
conversion or comparison time and the operation result reading time. The A/D conversion re sult is valid
until the next conversion is started. The value set in the data register in the sense mode is held without
loss by the comparison operation.
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2.2.8 External Interrupt Circuit
» The edges of four external-interrupt sources (INTO to INT3) can be detected to set the corresponding flag.
» An interrupt can be generated at the same time the flag is set.
» The four interrupts can release the STOP, SLEEP or watch mode.
(1) Registers
L —
Address: 0024y EICT RW External-interrupt control register 1
Address: 0025y EIC2 AW External-interrupt control register 2

(2) Block diagram

Tw_ 1 TN 1
INT1 v o ] l_ v s 0

WL LA

EIR1 — SEL1 EIE1 EIROD INTE | SELO EIEQ | EIC

IRQ0
Tw_ 1 Tw_ 1
INT3 . 0 B v 0
MLEX, MLIX
INT2
BRa | — |sea|ees |eme | — | sz | eEe | &2
IRG 1
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(3) Description of registers
(a) External-interrupt 1 control register 1 (EIC1)
The EIC1 controls interrupts by the INTO and INT1 pins.

Bit7 Bit6é Bit5 Bit4 Bit3 Btz Bit1 Bito Initial value
Address: 0024y | EIR1 — | SEL1 | EIE1 | EIRD | INTE | SELD | EIED 0X00 0000g
(RAW] AW) (RW) (RW) (FUW)  (ROW)  (RAWY)

Note: The bit manipulation instructions (Read Modify instructions) should not be used for this register.

[Bit 7] EIR1: External-interrupt request flag
When the edge specified by the SEL1 bit is input to the INT1 pin, bit 7 is set to 1. When the EIE1 bit is
1, an interrupt request (IRQO) is output if this bit is set.
The meaning of each bit to be read is as follows:

0 Spacified adge not input to INT1 pin
1 Specified edge input to INT1 pin (IRQO is output.)

1 is always read when the Read Modify Write instruction is read.
The meaning of each bit to be written is as follows:

0 This bit is clearad.
1 This bit does not change nor affect other bits.

[Bit 5] SEL1: Edge-polarity select bit
Bit 5 is used to control the input edge polarity of the INT1 pin.

0 Rising edge
i Falling adge

[Bit 4] EIEL: Interrupt-enable bit
Bit 4 is used to enable an external-interrupt request by the INT1 pin.

0 Imterrupt request disabled
1 Imterrupt request enabled by EIR1 setting

[Bit 3] EIRO: External-interrupt request flag
When the edge specified by the SELO bit is input to the INTO pin, bit 3 is set to 1. When the EIEO is 1,
an interrupt request (IRQO) is output if this bit is set.
The meaning of each bit to be read is as follows:

(1} Specified adge not input to INTO pin
1 Specified edge input to INTO pin  (JROO is outpit.)

1 is always read when the Read Modify Write instruction is read.

2-86



HARDWARE CONFIGURATION

(e8]
FUJITSU

The meaning of each bit to be written is as follows:

| 0 This bit is cleared.

| This bit does not change nor affect other bits.

[Bit 2] INTE: Testing bit
Bit 2 is used only for testing. Always write O in this bit.

[Bit 1] SELO: Edge-polarity select bit
Bit 1 is used to control the input edge polarity of the INTO pin.

Q Rising edge

1 Falling adge

[Bit O] EIEOQ: Interrupt-enable bit
Bit 0 is used to enable an external-interrupt request by the INTO pin.

G Interrupt request disabled

' 1 Interrupt request enabled by EIRD setting

(b) External-interrupt control register 2 (EIC2)
The EIC2 controls an interrupt by the INT2 and INT3 pins.

Bit 7 Bit & Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito
Address: 0025y| EIR3 —_ SEL3 | EIEA | EIRZ — SEL2 | EIE2
AW W) (RW)  (RW) W) (AW)

[Bit 7] EIR3: External-interrupt request flag

Initial value
ONO0 ONOOg

When the edge specified by the SEL3 bit is input to the INT3 pin, bit 7 is set to 1. When the EIE3 bit is

1, aninterrupt request (IRQ1) is output if this bit is set.
The meaning of each bit to be read is as follows:

0 Specified edge not input to INT3 pin

1 Spacified edge input o INT3 pin (IR is oulput.)

1 is always read when the Read Modify Write instruction is read.
The meaning of each bit to be written is as follows:

0 This bit is claarsd.

1 This bit dogs not change nor affect other bits.
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[Bit 5] SEL3: Edge-polarity select bit
Bit 5 is used to control the input edge polarity of the INT3 pin.

a Risirg adge
1 Falling adge

[Bit 4] EIE3: Interrupt-enable bit
Bit 4 is used to enable an external-interrupt request by the INT3 pin.

) Interrupt request disabled
1 interrupt request enabled by setting of EIR3

[Bit 3] EIR2: External-interrupt request flag

When the edge specified by the SEL2 bit is input to the INT2 pin, bit 3 is set to 1. When the EIE2 is 1,
an interrupt request (IRQ2) is output if this bit is set.

The meaning of each bit to be read is as follows:

0 Specified adge not input to INT2 pin i
1 Specified edge input to INT2 pin (IRG1 is output.) I

1 is always read when the Read Modify Write instruction is read.
The meaning of each bit to be written is as follows:

i This bit is cleared.
1 This bit does not change nor affect other bits.

[Bit 1] SEL2: Edge-polarity select bit
Bit 1 is used to control the input edge polarity of the INT2 pin.

0 Rising edge
1 Falling edge

[Bit O] EIE2: Interrupt-enable bit
Bit 0 is used to enable an external-interrupt request by the INT2 pin.

0 Interrupt request disabled
i Interrupt request enabled by satting of EIR2

(4) Precautions for external-interrupt circuit

When enabling an interrupt after clearing reset, always clear the interrupt flag simultaneously. An interrupt
request is output immediately when the interrupt flags (EIR3, EIR2, EIR1, EIRO) are set to 1.

Don't use INTO and INT1 when double clock operation is specified.

If an interrupt is selected on the rising edge, the pull-up option for the pin should not be used.
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2.2.9 Buzzer Output Circuit

» The buzzer output sound for checking key input can be output from port 51.

» Three frequencies can be output by setting the registers.

(1) RegistersTBTC

f— i ——— ]

Address: 0011y BUZR RW Buzzer register
(2) Block diagram
IR Bus
TEI'_‘H@ BUZR FDHEII
| TBR | |auz1 Hu=u| |Fnﬂs1]
CLA T
Saloct
A | Psusz |
144086 m
10 MHz L]
V2048——f 10 ;—-o——t}o—'
11102 |l 11
172 Weguancy K
Time base Srmer Do
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(3) Detailed description of registers
(a) Buzzer register (BUZR)

This 8-bit register enables buzzer output and selects the frequency.
Bit7 Bitg& Bit5 Bit4 Bit3 Bit2z Bit1 B0

Address: 0011y| — — — — BUZ1 | BLZD

IAW)  (RW)

[Bits 1 and 0] BUZ1 and BUZ0: Buzzer-select bits

Initial valusa
EEXE X¥00g

Bits 1 and 0 are used to enable buzzer output and select the frequency. The buzzer output function is
disabled by 00 and the port operates normally. In other cases, the frequencies listed in the table below

are selected.

Table 2.11 Buzzer Output Frequencies (at 10 MHz Oscillation)

BUZ1 | BUZD Buzzer output frequency
0 0 General-purpose port operation
0 1 1220 Hz
1 Q 2441 Hz
1 1 4883 Hz

(4) Description of operation

This circuit outputs a signal for use as a check sound. The buzzer register is used to enable buzzer output
and select the frequency. When values other than 00 are set at the BUZR register, the square wave of the

set frequency is output at the port.

(5) Precautions for buzzer output circuit

Part of the time-base timer is used as the buzzer output. Therefore, clearing the time-base timer affects the

circuit.

2-90



HARDWARE CONFIGURATION FUTI)TSU

2.2.10 Watch Prescaler

 This prescaler has a 15-bit binary counter

* Four interval times can be selected.

 This function cannot be used when the single clock module is selected by the mask option.

(1) Registers

T
&
E

x

Address: 000By WPCR RW Watch prescaler control register

(2) Block diagram

Sub clock (L) ——w g
-------------------------- ————r'r'r“-rl-----llr-‘
31.25 ms
0.255
'L MPX 0.5s
1.0s
ra
‘2
Interrupt ra=-
LSt
IBGE “_
WPCH | WIF | WIE — _— —_ W51 | WS0 |WCLR
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(3) Description of registers

(a) Watch prescaler control register (WPCR)

Bit 7 Bité Bit5 Bitd Bit3 Bit 2 Bit 1 Bit O Initial valus
Address: 000By| WIF | WIE | — — — | WS1 | WSD |WCLR 0O0XX X000g
(RW)  (RW) RW) (RUW) (R/W)

[Bit 7] WIF: Watch interrupt flag
When writing, this bit is used to clear the watch interrupt flag.

0 Clears watch interrupt flag
1 No operation

When reading, this bit indicates that the watch interrupt has occurred.

0 Watch interrupt not occurmed
1 Watch infermupt occumed

1 is read when the Read Modify Write instruction is read. If the WIF bit is set to 1 when the WIE bit is 1,
an interrupt request is output. This bit is cleared upon reset.

[Bit 6] WIE: Watch interrupt enable bit
This bit is used to enable an interrupt by the watch.

0 Imterrupt by watch disabled
1 Imterrupt by watch enabled

[Bit 2] WS1: Interrupt interval time specification bit by watch

[Bit 1] WSO: Interrupt interval time specification bit by watch
These bits are used to specify the interrupt cycles.

WS1 | WSo Interrupt cycle
0 31.25 [ms] 210/icl
0 1 0.25 [s] 213icl
1 i} 0.50 [s] 214l
1 1 1.00 [s] 215ic

ficl: Subdlock oscillation frequency

[Bit 0] WCLR: Bit clearing watch prescaler
This bit is used to clear the watch prescaler.

0 Watch prescaler clearsd
1 Mo operation

1 is always read when this bit is read.
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2.2.11 Time-base Timer
 This timer has a 21-bit binary counter and uses a clock pulse with 1/2 oscillation of the main clock.
* Four interval times can be selected.
* This function cannot be used when the main clock is stopped.
(1) Registers
| 8 bit -
Address: 0004y TBCR RW Tme-base timer control register

(2) Block diagram

TBTC*

21-bit pounter

Submoda L‘ID 1 12 13 14 15 18 17 18 19 20
cantrol :
signal j) b i

TBCO j—\ MPX /
TBC1

s
I

TER _L

TBIE

TBIF
Interrupt re-
quest
IRGA

* TBTC is a clock pulse with 1/2 oscillation of the main clock.

2-93



pee)
FUJITSU MB89630 SERIES HARDWARE MANUAL

(3) Description of registers

(a) Time-base timer control register (TBCR)
Bit7T Bits Bit5 Bit4 Bit3d Btz Bit1 BaD

Address: Eﬂ]ﬂﬁﬂllE'DF me| — | — | — |m8c1|TBCo]| TBR
(RW)  (R/W) RW) (RW) (W)

[Bit 7] TBOF: Interval timer overflow bit
When writing, this bit is used to clear the interval timer overflow flag.

Initial value
DOXKE X0D00g

0 Interval timer overflow flag cleared

1 No operation

When reading, this bit indicates that an interval timer overflow has occurred.

] Intarval imes ovarflow not occurred

i interval trmer overflow ooccumed

1 is read when the Read Modify Write instruction is read. If the TBIF bit is set to 1 when the TBIE bit is

1, an interrupt request is output. This bit is cleared upon reset.

[Bit 6] TBIE: Interval-timer interrupt enable bit
This bit is used to enable an interrupt by the interval timer.

i Intarval intermupt disabled

1 Interval intermupt enabbad

[Bit 2] TBC1: Interval time specification bit

[Bit 1] TBC2: Interval time specification bit
Bits 1 and 2 are used to specify interval timer cycle.

TBC1 | TBCO Interval time At 10 MHz oscillation
0 0 213ch 0.81 [ms]
0 1 2'5fch 3.27 [ms)
1 0 2"3ffch 26.21 [ms]
1 1 2Zfeh 0.419 [s]

[Bit 0] TBR: Time-base timer clear bit
This bit is used to clear time-base timer.

fich: main clock frequancy

| 0

Time-base timar cleared

I 1

Mo operation

1 is always read when this bit is read.
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2.2.12 Watchdog Timer Reset

Either of a signal output from the time-base timer for counting with the main clock or a signal output from
the watch prescaler for counting with the subclock can be selected as a clock.

(1) Registers

e 8 bit .
Address: 0008y WOTE RAW Watchdog timer control register
(2) Block diagram
WTE3ta 0
Start
CLR
cs Salector 2-bit counter — Reset control  |—— RAST

Time-basa timar —

Waich prescaler
Fig. 2.14 Block Diagram of Watchdog Timer

(3) Description of register

Watchdog timer control register (WDTE)

Fi 5] 5 4 3 2 1 0 Initial valua
Address: mmHLcs — | — | = |wres|wrez|wrer |wreo| oxxx xoox,
(RMW) W) (W) (W) (W)

[Bit 7] CS: Clock source switching bit
Bit 7 is used to select a count clock from either the watch prescaler or time-base timer.

0 Time-base tmer Period 1/222 {ch
1 Wailch prescaler Period 1/2'* fcd

feh: Main clock frequency
fol: Subclock frequancy

Set this bit as soon as the watchdog timer is started. Do not change the bit after the timer is started.
When using the submode, always select the watch prescaler.
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[Bits 3 to 0] WTE3 to WTEO: Watchdog timer control bit
Bits 3 to 0 control the watchdog timer.
First write only after reset
a1 Watlchdog timer started
Oither than the above Mo oparation

Second and later write
0101 Watchdog timer counter cleared, |
Other than the above Mo operation I

The watchdog timer can be stopped only by reset. 1111 is read when these bit are read.

(4) Description of operation
The watchdog timer enables detection of a program nullfunction.

* Starting watchdog timer
The watchdog timer starts when 0101 is written at the watchdog timer control bits.

* Clearing watchdog timer

When 0101 is written at the watchdog timer control bits after start, the watchdog timer is cleared. The
counter of the watchdog timer is cleared when changing to the standby mode (STOP, SLEEPR, CLOCK)
or hold mode.

» Watchdog timer reset

If the watchdog timer is not cleared within the time given in the table below, a watchdog timer reset
occurs to reset the chip internally.

Clock source
Time-base timer Watch prescaler
Minimum tlime Approx. 419.4 ms Apprax. 512 ms at high-speed 10 MHz clock
Maximum time Approx. B38.8 ms Approx. 1024 ms at low-spead 32 kHz clock

 Stopping watchdog timer
Once started, the watchdog timer will not stop until a reset occurs.
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3.1 CLOCK PULSE GENERATOR

The MB89630 series of microcontrollers incorporate the system clock pulse generator. The crystal oscilla-
tor is connected to the X0 and X1 pins to generate clock pulses. Clock pulses can also be supplied inter-
nally by inputting externally-generated clock pulses to the X0 pin. The X1 pin should be kept open.

The X0A and A1A pins are for subclock inputs. They function like the X0 and X1 pins.

When the single-channel option is selected, the X0A and X1A pins serve as P71/INT1 and P70/INT2,
respec tively.

MB839630 MBE858630
: X0 X0

P x1 OPENS x1
g o
: X0A, X04,

} X1A OPEN - X1A
' p— -::/;; QSC.

Fig. 3.15 Clock Pulse Generator
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3.2 RESET

3.2.1 Reset Operation

When reset conditions occur, the MB89630 series of microcontrollers suspend the currently-executing in
struction to enter the reset state. The contents written at the RAM do not change before and after reset.
How ever, if a reset occurs during writing of 16-bit long data, data is written to the upper bytes and may not
be written to lower bytes. If a reset occurs around write timing, the contents of the addresses being written
are not as sured.

When the reset conditions are cleared, the MB89630 series of microcontrollers are released from the reset
state and start operation after fetching the mode data from address FFFD, the upper bytes of the reset vec

tors from address FFFEy, and the lower bytes from address FFFF, in that order. Figure 3.2 shows the flow
chart for the reset operation.

Fetch mode data from address FFFDy

Fetch reset vectors from addresses FFFEg
and FFPFy.

Feich instruction codes from resat veciors
and execute the instruction.

I Execute the next instruction. |

!

Fig. 3.16 Outline of Reset Operation

Table 3-1 indicates the structure of data to be stored in addresses FFFD,, FFFE,, and FFFFy.

FFFFy | Lower 8 bits of resed vector Ender tha addrags where the instruction, which will ba

axaculed first after resat B clearad, i stored.

FFFEy | Uppar 8 bits of reset vactar

FFFDy Mode data 7 B 5 4 3 2 1 u]
LY A, "
i L
Rasarved; absays sat O _I

Mode bit Spacily the mamary mode as follows:

Table 3.12 Reset Vector Structure

T2 | T | TO Operation
] i L] External-access disable (single chip)

0 0 | Exiernal-access enable (axternal-Dus enable)

(ther than above Hesarved, do not st
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3.2.2 Reset Sources
The MB89630 series of microcontrollers have the following reset sources.

(1) External pin
A Low level is input to the RST pin.

(2) Specification by software
0 is written at the RST bit of the standby-control register.

(3) Power-on
The power is turned on when the power-on reset option is selected.

(4) Watchdog function
The watchdog function is enabled by the watchdog-control register and reaccess to this register is not
obtained within the specified time.

When the stop mode is cleared by reset or power-on reset (option selected), operation is started after
elapse of the oscillation stabilization time.

See the state transition diagram and (d) Reset in 2.1.5 for details of the reset operation.
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3.3 INTERRUPT

If the interrupt controller and CPU are ready to accept interrupts when an interrupt request is output from
the resources or by an external-interrupt input, the CPU temporarily suspends the currently-executing
instruction and executes the interrupt-processing program. Figure 3.3 shows the interrupt-processing flow-

chart.
Imiesmal bus
T
Feagisbar fil Pe | 1 IL e
L ated
| | I | J 'I' Pz, PSS saved e
Aosal claar
gre IFLA [— IR - Ghisck I—I:mﬂ:ll:l‘l I (4
# (4] Lawvel Y Clear reques]
i 1) initinlize cacided L -
| WMEBBSI0CPL J = B _[
)
o I_..._ = Lﬂ fr:]rlilmpt [ Imterrupt
“ = nﬁﬂtnﬂfwm procassing Fm':r“'"'ﬂ
1] RAM =
o Fastona PG, PGS
|
e er L cormparal
AND - ¥ Al
— Source FF — B ' [1-1]
08} (] initerrupl conirolisr g P, PS restored
L HeEsgurce

Fig. 3.17 Interrupt-processing Flowchart

All interrupts are disabled after a reset is cleared. Therefore, initialize interrupts in the main program (1).
Each resource generating interrupts and the interrupt-level-setting registers (ILR1 - ILR3) in the interrupt
controller corresponding to these interrupts are to be initialized. The levels of all interrupts can be set by
the interrupt-level-setting registers (ILR1 - ILR3) in the interrupt controller. The interrupt level can be set
from 1 to 3, where 1 indicates the highest level, and 2 the second highest level. Level 3 indicates that no
interrupt occurs. The interrupt request of this level can be accepted. After initializing the resource regis-
ters, the main program exe cutes various controls (2). Interrupts are generated from the resources (3). The
highest-priority interrupt re quests are identified from those occurring at the same time by the interrupt con-
troller and are transferred to the CPU. The CPU then checks the current interrupt level and the status of
the I-flag (4), and starts the interrupt processing.

The CPU performs the interrupt processing to save the contents of the current PC and PS in the stack (5)
and fetches the entry addresses of the interrupt program from the interrupt vectors. After updating the IL
value in the PS to the required one, the CPU starts executing the interrupt-processing routine.

Clear the interrupt sources (6) and process the interrupts in the user's interrupt-processing routine. Finally,
restore the PC and PS values saved by the RETI instruction in the stack (8) to return to the interrupted
instruc tion.

Note: Unlike the F2MC-8, A and T are not saved in the stack at the interrupt time.
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Table 3-2 lists the relationships between each interrupt source and interrupt vector.

Table 3.13 Interrupt Sources and Interrupt Vectors

interrupt sourca Upper vector address | Lower vector addrass
IRQO (External intermupt 1#1) FFFAy FFFEy
IRC (External interrupt 182) FFFBy FFFSy
IRQ2 (8-bit serial 1Y0) FFF&y FFFTy
IRQ3 {8-bit PWM timer #2) FFF4y FFF,
IRQ4 (8-bit PWM timer #2) FFF2y FFFay
IRQS (Pulse-width count timer) FFFOy FFE1y
IRQE (URAT recehser mterrupt) FFEE FFEFy
IRQT (URAT transmitter intermpt) FFECH FFEDW
IRCE (8-bit serial /0#2) FFEAy FFEB,
IRGS (A/D converter) FFEBy FFESy
IRGA (Interval fimer) FFES, FFETH
IRCE (Watch) FFE4,, FFESy
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3.4 MEMORY ACCESS MODE

When external access is enabled by setting bits 2 to 0 of the mode data at address FFFD, the [ |
areas in Figure 3.4 are externally accessed via the PO to P2 pins.

Address Single chip Extarnal ROM Extarmal-acoess
(MOD pin = 01) irvternal FCM
(MOD pin = 00)
Ivtermal 140 - Intarnal 110 E Internal ;0
'u: - AAM ) AAM } RAM
Inhibited
000 ———t = = = = = = = = ] =
Imternal RCIM I | A
FFFF., — . miernal ROM

Fig. 3.18 Memory Map in Various Modes

O Internal access
[ ]: External access
* MBEDEAS microconirolier

As shown in Figure 3.5, when accessing by the external pins, specify the address of the external peripheral/
memory to be accessed according to the access information to be output to the address and address-data
pins. The lower 8 bits of the address are input and output by time-sharing with the data bus. Therefore, the
external circuit should be created so that the address information can be latched at the falling edge of the
ALE signal to be output to the ALE pin. For access, when reading, input data from the external peripheral/
memory to the data pin in synchronization with the read strobes to be output to the RD pin; when writing,
write the data to be output to the data pin to the external peripheral/memory in synchronization with the
write strobes to be output to the WR pin.

ALE
CLK
&

AD
RO
WHX
BUFC

1 1
1 [ I | | [ 1
| Lo ddness W g Urams W

_{:M:I-:I'm:}_q: Duin Hﬁur_:p": Wikt ackoraas Y Adtrens e

Al

= o

| I

Fig. 3.19 External-access Timing Chart
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The BUFC signal is used when the address-data bus has an external buffer. It controls the buffer direction.
This signal can be used to facilitate buffer control.

Figure 3.6 shows an example of connecting the external peripheral/memory to the MB89630 series of
micro controllers. In this circuit, the external bus is used after enabling the operation of the HAK pin by the
external ROM. When using the hold function, the pull-up resistor must be attached externally to the HAK

pin.
At access to internal ROM, A15 to A08, AD7 to ADO, and ALE are output but WR and RD are not output.

MB&9E30
AD7 0 0 D Q
M
Latch 3 3 b
ALE G OC |+ Decoder | | Decoder| | Decoder
&415 1o 08
N B
Butfer \l \ \
1] 5 el [ o =]
BUFC DIR G L
ROM RAM | [Peripheral
HAK
A wWH L in] WH {1in] wWH
BD ' '
WR

Fig. 3.20 External Peripheral/Memory Connection
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3.5 READY AND HOLD FUNCTIONS

3.5.1 Ready Function

The RDY pin allows access to the low-speed memory and resources. When the RDY pin goes Low while
the CPU is conducting external access, the CPU prolongs the last bus cycle by double oscillations. When
the CPU conducts an internal access, the value of the RDY pin is ignored. As shown in Figure 3.7, the
Ready signal is input near the center of the RD or WR pin. In the not-ready state, the Ready signal is input
around the CLK rising edge. The Ready/Not-ready signal can be generated in the circuit as shown in Fig-
ure 3.8.

ALE JARRRRENEY oo | FEE

RO - . " ol ol |l e |

Note: The read cycle is also prolonged in the same manner.

Fig. 3.21 Ready Input Timing Chart (Write Cycle)

CLK
ADT to O D Q
Latch CLK
aLE G {Moka)
Decodar A-H
A15 to 08 Shifl register
s, s
RDY GH
Mate: When connected to H, one wait; when connectad to H
and G, two waits: when connected foH, &, and F, three
MBESEID walts. The unused A-G ara sat o H.

Fig. 3.22 Ready Generation Circuit
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3.5.2 Hold Function

The CPU samples the user hold-request input to the HRQ pin at the boundary of each instruction and sets
the HAK pin to Low to open the bus. When the CPU detects that the HRQ pin is active, it temporarily sus-
pends operation to set the address, data, RD, W_iand BUFC pins to High impedance, and also enters the
hold state after outputting a Low level from the HAK pin. Figure 3.9 shows the hold timing.

ALE _ I . ) X |

CLE _ | | ] L+ 3| | [ S )
A b el 4 . i —
AL —{ awreae T {_ Dm s — - - hamrem ) (C Ows —
RD - L —5 : -~ I
=) -/ L . —_—————— e
BFc T . —4 ’ ~ ]

RO I'—I_I_ﬂII X _'I ¥ 1

m ¥ I ! Ir I 1)

¥ ] 1 1
CPU oyt —am Duisl Oy wai=  Holdng i Dead oyols sl DPLI ocia
L} L L) L]

Fig. 3.23 Hold Timing

The CPU does not accept any hold requests in the stop and sleep modes. The use of the hold-acknowl-
edge signal with an external buffer is shown in Figure 3.6.

In the hold mode, the CPU is stopped but each resource is operable. No watchdog reset occurs during the
hold mode because the watchdog timer counter is cleared.
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3.6 LOW-POWER CONSUMPTION MODES

The MB89630 series of microcontrollers have three standby modes: sleep, stop, and watch to reduce the
power consumption. Writing to the standby-control register (STBC) gives these three standby modes.
Clear ing is performed by an interrupt or at reset. See 2.1.5 for setting and releasing each mode.

The MB89630 series of microcontrollers have a dual-clock module, and the low-power consumption modes
vary with the main clock and subclock modes. In addition, whether or not an oscillation stabilization period
is required at release from the low-power consumption mode depends on the mask option of the power-on
reset. (See the state transition diagram in 2.1.5.)

If the single-clock module is specified with the mask option, the MB89630 series of microcontrollers can be
used as single clocks. If the microcontrollers are used as single clocks without specifying the single-clock
module with the mask option, once the subclock mode is entered, it cannot be released. Therefore, when
using these controllers as a single clock, specify the single-clock module with the mask option.

Table 3.14 Low-power Consumption Mode at Each Clock Mode

liain Mode Sub Moda
Function Hote
RUM SLEEP ETOP ALUN SLEEP STOP WATCH
Main ciock — |Operate  [Oporste | S10p Stog Sop Stap S1op
Subdock Operate  (Operste  (Operste  |Opernte | Operale | Stop Oparata
Irsstruction — |Operabe | S3op Stop Qpermle | Stog St 2R0f
cPAU RO -
v — Operale | Haokd Hedd Dparata i il Hold
g O |Operale | Hold Hold Oiparae it i Faid
Walch prescaler x| Cperals Operabes Cparabe® | Dponate Ciperain Slop Cperate
Time-base timer = | Operse Ciperate Sxop Siop Stop Step Stop
Bebit P O |Opersie  |Opersts | Stop Cperabe Oiperaie Stop Stop
B-bit PWC O [Operste |Operate | Stop Operste  [Operste | Siop Stop
=== la= O | Oparate Opaeraie | Stap Cpanate | Dpanata Siop Stop
-bit. Hirmess O | Cparate Dparais Shop Cpamata | Opanate Siop Stop
&-bit BI0 O | Operate Oparale || Stop Oparabe | Dparate Slop Siop
U&RT O | Operate Operate | Stop Opeate | Opase Stop Stop
ADC O |Cpeats |Operme  |Stop | Cperate™ |Operste™ |Swop | Siop
External imemupt 0 | Opesrabe Dpanata Ciparals Oiperale (Copsiat Dpsanata Ciparals
Buzzer oulput . |Cpeme  |Opermte | Stcp Ztap Stop Stop Sicp
Walchaog timer W | Cperaba Stop Stop Clpsermbe™= | Siop shop Step
Notes:

O : Clock mode (for main mode or submode) where operation speed affected by gear function.

X : Clock mode (for main mode or submode) where operation speed not affected by gear function.
* . The watch prescaler can operate counting but the watch interrupt cannot be operated.

** : These functions can be operated but do not use them.

** - When clock source used as watch prescaler.
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3.7 PIN STATES FOR SLEEP, STOP, HOLD, AND RESET

The state of each pin of the MB89630 series of microcontrollers at sleep, stop, hold, and reset is as follows:

(1) Sleep
The pin state immediately before the sleep state is held.

(2) Stop
The pin state immediately before the stop state is held when the stop mode is started and bit 5 of the
stand by-control register (STBC) is set to 0; the impedance of the output and input/output pins goes
High when the bit is set to 1.

(3) Hold
The impedance of the bus pins goes High.

(4) Reset
When the MOD pin is 00, the impedance of all I/O and resource pins (excluding pins for pull-up option)
goes High. When the MOD pin is 01, the ALE, CLK, RDY, and BUFC signals become active.

The detailed pin state in each mode is described on the following pages.
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Normal Pins for MB89630 Series of Microcontrollers (in Single-Chip Mode)

i — i Sleep mﬁ.u m‘:-ﬁ.ﬂ Pt
POADD jo POTMADT | Port inputicuiput Port inpratyouigt Prort ingaatfonutpii murilnu High impaderos
Pcson b PITIATS | Part inpulioiipd Pt inpiatyoipit Port inputioutpu m - High impadanos
x4 It o osoliebion: Ingaat b s iatcn mr:m m‘m It T oScilEiion

' 11
BT | X0 (Nole 3) Iriprt Fer coiliation | it P cxssliadion: High impodanoe High impedance input for oexsiiation

INTi (Moin 3 | Pormsourcs ingut Porlrasowcs irpul Poryremouen inpul Fethnc i High impadanos
X1 Dampdit o csoibaiion Cigtpar for cacilasion H mutpan H caput Outpia or Cacilation
PO | X1A Peote ) | Outpul tor cociaion | Cwipul for oscilason | H outpul i cutpun gyl for cacillation

I INTD (Moia Z) Poliratsuros ingul s LT i Forresmurca inpud Rasounon input Fagh impedancn
ﬁf Mods input Macis ingud Wiexti gl Mioda input Mods input
|EsT Pt ingast Pt Fput Flistas! ingst Rt i Foasest ingaui [Moaa 4]
PITIALE Pori outpu Porl cutput Port outpu e i sl
P28FD Pt otpast Port catpun Port cutput High impsdianes High impssdiros
E‘m‘l—' Post ouipui Por outpud Prort cutprt [Higgh imipssSancs High it
PR4CLE P outpail Pl castpas Port output iiggh impesdancs High impsdaros
ROy Pl outpul Pt castpun Port output FFgh impestancy High impesiare=
ParRg Pa nitpad P cosdiput Pt output igh impedance High impasiarcs
PIMAR, [ p— Per sutput Port oulpdt Fqh impetancn [T Pemp——
P20BUFC Port cutpul Part cutpu Poat castpd kigh impedance High impasdaroes
%UZME. Porfrasours inpul Poriresource mpul Porreaduncn Sulpul mm High impadanos
MTD ouipE oirput {Mistan 55 1]
PHVALDST 1o Pl inpull Poriresourca input! Poriresourcn outpan | High impsdancs High impaadaros
PEAPTORZ el el (Nola =) fhone 1)
PBIVAND o POTJANT | Porirescurcs ingd Paryriiourcs irpul Poriresourcs cutpud | Migh High impasdaros
(Mo 5) o 1]
PT2ANTZ o FTAEC Poriimesouros ingad Porlesurtas rgal Poiticiinita inpul Rasmaog Fiigh impaderos

Notes:

1: The input level is fixed to prevent leakage due to open input.

a b~ WODN

to open input.

When single clock is operated.

When double clocks are operated.
The reset pin may serve as and output depending on the option setting.
When these pins are used for port or resource inputs, the input level is fixed to prevent leakage due
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Normal Pins for MB89630 Series of Microcontrollers (in External-ROM and External-Access Internal-ROM

Modes)
Aamat Ruesat
Pin name Harmasi Hedd MB#L-E MB#.-: MO0 = a5 MO0 = 01)
POOADO 8 lm High impetancs | Dels ouipot ol sodipsii High impestanca | High impadanos | Lindetined
POTIADT Ppuletma (Mo 1]
P OALE o Address High impadance | Addnie Adciress High mmpedancs | High impedencs | Lindelned
P TIARS o o ek [Fiohe 1]
W i I kr | et s ingElnER Inget Por I for
ur::ﬁp- ;p:'q-'llumn ferre e mu m-z il R il
VFmir | Xo& I et For gt o It e High impedanoe | High impesance: | ingut for g lor
edotan 3] okt osmilatcn oecdiabor hione 1| (Ml 1) G bt
T ] Faryresourcn Porismsowos | Podirscrcs Por/rsourca High impadanca | Hagh impadanoe
[Fiote 2 gt ryad {18 it mpul
] O fer Chspnit e L= Lel-Fi t H smiit -] Duilged Tod
P | X1 Chutpast for Cutput for Chutpat for H output H omtpart Chutpat for Chuipet o
Rl ) [ma 15T g Batacn aillation il bathomy ol eion
NTO PO RSO PoriTesouTn Porirmsowron || PorbTescuna POMeso0s High impedance | Hgh impedancy
it 1 inpt inpun gt input inpu
[ i [ T Moda inpat BoehE bnpail Bk it Moo input MDchE gl PO input
| [Eoalskl
5 Rt gt Racsat input Rasat input Fadet ingat Flackar input Aasat rput Rasat input
{Paoin 2) hong 4]
PFETIALE ALE outgaa L cuipn L onupust L uigaad High impasiance: | High impedance | L oulput
FZ2aA AL oulput [Hugh impedancs | H oupul P Gkt High impeSands | High mpedance | H oulpl
FI5AWR WH outpul High impadancs | H outpul H okt High impadanss | High impadence | H culpt
IF‘.H.IELH. LK icitpas G output CLE outpet S kot High impsciancs: | High impadanos | CLE autpul
FIURDY RO inpai High impedanoe | High impedance mﬁwﬂm High impedance | High impedance | RDY spul
P HRD HRD ingaid MR imput Highi impadanos m High impesanoe | High mpsdancs Pot oripat
(Pt &) Mo 5§ {Moim 5) 1 and By | (Mo 1} iz ey
B A HAK cutfet 1L cusipei H ouipaii Hi i High impesdanca: | High impedanos | Pod output
{Pcin &) (Mzia 5 ot 5] Lo kol
PIVELFC BLIFC outpin Hagh impesdance | H ouipad o parkpat High impasancs | High impadancs | H oulpul
[Now 5 (Mztn &) i G]
PAVUICKT in POri eSO Poriimesoan Poriresoucs Poriiressums High mpsdancs | High impedancs | High impedancs
FTWTO ingpuiounput inpulCLtput Inputsmtpar ouiput Mo 1)
bt 5]
PALAUCKS o Parsmscurts Pl el r a Porirasouta Pl i High impadanca: | High impadance | Megh impadancs
E43PTaY iAo L ETHE R L= PR T wﬂkﬂh [Mivia 1)
PSOADSET in Porirasoues Poriimesourcs Porirssourcs: || Porirescurnce High impedancs | High impedenos | High impedanos
PRPTOR ingLrrpul U inpl ot Ul (Mo )
o B)
PRTANT Lo iR Ut it mﬂ:‘l‘l 1
FT2INTZ o [T ] Pty racan e Pofusouecs | Porliascui Parrasouca High imgedance | Hgh mpssanos
FTaEC gt i iead g rpl
Notes:

1: Theinput level is fixed to prevent leakage due to open input.

o O b WN

Single clock
Double clocks
The reset pin may serve as an output depending on the option setting.
This may operate as a port depending on the setting of the bus-control register (BCTR).

When these pins are used for port or resource inputs, the input level is fixed to prevent leakage due

to open input.
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COMMAND FUTI)TSU

4.1 TRANSFER INSTRUCTIONS

i MMNEMOMI - | # OPERATION TL|™|&aH | wzve | orcoDe
1| wow dir,a N IER L =l=fk=]==== 45
2 | wow frxeofi A & | AlINprafd ) = (&) - - - - aH
a4 | HOYV exb.h i ¥ (axeh +— (&) = 25 = AN RIgRINall Al
4 | HOW QEF.A 3 ] ({EF}Y = (&) - - = - - ar
a1 mov mL. A 3 i (REL} = (&) — i - RRICipaiyel 48 & 4F
0 | WOV A.dB ] i ik} = dd AL | = = LI a
T | wow a dic k] | A} = dir AL | = - R
8| o A RIN+olE 4| 3| (A = [iTEIEedE] l=1=12s== o8
8| HON A ext ] | (R} == [Ext] AL | = = & 4+ mm 8o
Lil MO A, A 3 1 |} = [(A)) AL - — R 1]
1 WO A, REP k| 1 |R} #= [{EP}} AL - - & & m o or
| v dieorn e | 3 ] 0= e R e e

Eu {dir) + 8 | Wt (! Wi

14 | WO¥ PIK+off, #da 5 3 [ [T eadd = df - - - _-_— - - -]
1B WO FEE, #d8 L] 3 | [ER] o+ 4B - - - =, o Br
18 | HOW Ri,Pdd L i [ALh = A8 - - - —— - &5 o BF
] e dis A $ 1 2| ydiry (AN}, (dir+lps [AL) g Wit bl bt g
B | MO gER=E, A 51 2 | jima)eaffpe—{AR), {{TR)*afL+1)=(AL] ml Ymlj Wil (e
Ll el L S0 3] pmaty = (AN}, (mmEd] (AL it Wil Vel E';
0 | N - L G 1| iErny = (M) G(ERr L (AL} ml| He=ll iidl imalwdenti
M| wo ERGA 1|1 =l=]=]==== E3

[ER) += (&)

22 | movw A, ddlLd 1|3 (R} = d18 AL :J: ﬂ = E;
] [l S| E | amieidie, Az erdieel) =1 =1 ey {=eeantne e
M | HoTE B RIXeCEE (RH o[ (IR +00T , (AL j=—{ (IX]+off+1) =] te=t] Jlrxe qim o
B | WO kewwt Bl F | inmpe-rmat), (AL (extel) AL -l
28 | move A BA i 1 AL lam | dm ] » ¢« —— ]

JRHp=— (&) ). (ALY [{R]I+1)
E =t ol N R INT ST T ol B ﬁ ol bafmyam E;
d ik} =—(EF)
A —l=]=]==== ET
20| o Tk 2 | 1| tErreae i fiuy| i) i -
¥ ATX pe=fA)
n HONW A, TN i i - - dH ] el e Fa
ik} = [IX}
i =|l=]=]==== E1

—f [t 23| s =) === i
34 | mov BT 3 1 :T"”:_ -I—E:ilq - - = SSi e g as
il irerrisapia Y] an = emmceaels - i1 s e (U] A e

HOWW T, #dl 1| a | P Rl PR yE e En

ﬂ Jl:'«l'llfl:dl g | 1 | 15Nk el =1l@ml| ==== ™
38 | moww pE,A z | o [ A = (M) mf| At ey esfrde 71
3 | Mowe FP.dLe y | a | uEEi= k) - == === ES

i {EP = dlé | Qi e i 14

o | swar 2 | 1 | U e ian
41 | SETE diein i I =]l ==]==== AB Io AF
42 | CLEB dirin g |z | sERa =2 Ao e R A b AT
a3 %CH AT ¥ 1 qdlehem = O AL i il I G &3
a4 | xcHe AT 2|1 ::‘;P - ::f;i o] == == a3

L] ] i - S "1 p——— FT

45 | %CHW A, EP - Al
&8 | ECHW A, IX : | 1 = | = Al | ==== Fa
a7 | xcmm &, 8P 3 ::: : :::: | =] ==== E

MOV A, PO 2| il G 4 [P

il i k) =+ (PC]

Note:

1: In byte transferto A, T — A'is only for low bytes.

2 : Operands for two or more operand instructions should be stored in the order designated in MNE-
MONIC (Opposite order to F2MC-8 family).

0: Cycles

# . Byte counts
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4.2 OPERATION INSTRUCTIONS

(EF|= (8F) - 1

MO MKIE MEMIC = | ¥ OPFEAATION TL|TH|AH | NZVE 0P CODE
] ADDT A, REL a I (A} = [Aje{RL)eE = = = A, B8 g 2E
F] ADDC A, #dB 2 2| (A} = (Aj+dB+D - - - R 24
3| AoDC A,dir A 2| (a1 = qApe(dic)ec =l =1=1F%%=*s o5
4 ADDD A, 0IX+nff 4 2 (A1 = JRpe((IX |eafl el - - - L O 20
5 ADDC AL HER 3 1 (] == JRjp+i(EP)p+E - - - s & & ar
L ] ADDCH A 3 L (A)] = (RjE{TI+C - - dH * &k ® 23
T ADDT A 2 I AL == [AL)®{TLy*C — — - P, P
B | &Bs A Ri : | V] ik = (Ry={Rip=Z - - - b b 3 In A
8| = asdm 2| 2] ta) = (my-am-o == =] #+++ 24
] sunc A.die k| Z| ahp = [Ay={diz)=C - - - &8 b o as
i SURC A A INecdd 4 2| qkb = [Aj={{IK)=afd})-C = = - & % F & m
12 | =uUBd A VEP k] T fhp = [(Ai={{EP))=2 - - - -k o ow a7
13 SURCW & k| 1| ghp = [Ti=-dA}=C - = | a8 # o+ F # a3
14 BUBE A 2 T | qALj= [TLi={ALj-C - - - L aa
1] INC Rd 4 1] qRip= [RE)I+1 - - - .o — C8nCF
is INCHW EF k| 1 (EPp= [EFj=+l - - - S —— c3
17| Tmow Ix 31 1| qrEpe (12341 =l=-]=]===-- c2
18 | ImcW A 3 1] ay o= gnpel g ey = [ co
i1 DEC Ai & ] (Rl pe= (RLj-1 - - - =k b o= & io OF
k] DECW EF 3 1 {EP b= [EFj=1 - - - )l e ba
H BECW IX k| I IEb= (IX1=1 - - s e b s e og
2| cmowa 3 1 EMP— IM!J = =am] ++ == Eﬂ
2| W A 1w 1 ' e 1

(&) = [ALD*{TL}

24 BEVU A i 1 iR = ThS AL}, MOD=={T}) dL | 09 | o0 === = 1
o) Amw L 3L 1] iar = qms i) | = || ++r= a3
2| oA N LY T — - -]am]|sen- e
T HOREW A a 1 (&l = (RIVET] = = dH + % i = ]
] CHF & F] i {TL 1= ALY - - - ko 12
= CHlF A a 1 (T1-1A} = = = - o o E i5
0| moms A E] i :c - I ESTHE (TR (It iatte a3
3 ROLC A 2 1 C E o : - - | = - )
2 CHF A, Pl 2 ] - = = - I 14
33 | cmr a,dis al|l = E:L I|mu.L:| i ffom(A [ffo | g el b i5
34 CHF A, ¥EF | | [A)= [ [EF)] = - - L 17
3 CHF &, BIX#aff 4 2 {&1= [ [TX1+adL) | = = T 18
34 CWF A, RL 3 1 [AJ= (AL} - - — N 1 1F
ar | ek 2 || decizal adius: far addicisa = | =] = | # : il Ba
| can 2 ' | decimal adiust for subtrsstionm il (Fml {m : sl ;
Ll 21 1l yay = (AL ¥ (TL) =1 =] = * R —

40 HOR A, #cE 2 2 [&] = (KL} W 4B = = - %R = Gd
#1 | dOm Adir 01 B aan - ki ¥ (dEsh -l=|=]++n=- 55
| el — H M RO DR mly il |y el fom -
43 ASR A, RIX=0ff & 2 (&) = JAL} ¥ {{IXpeafE] - - - =
44 | uCE ALRL 3] V| @) = ian) ¥ (Rd) _- = =] %= &8 I 5F
a8 AND & 2 1 [A] == (ALY QLY - - - -+ B = a3
£l ARD &, #cdd 2 2 T - = = - i = Ba
a7 | ame s dir a| 2 E:: ::ﬁ:ﬂ:u; e e e e 2 BE

- = - & & A =

I "":ﬂ_ e H 1 RO E M ] mf! [l el iyt o
Al Bl =i [A] = (AL} . {{IX}+off]

5 ARD & R 3 1 (&) = ‘”l-[rf":‘if - = - + & f o= &8 g =
51 DR & 2 1 - = = o+ f o= ]
6y | o &, ed8 g | g| i = k) v PR I il il == 74

[&] = (AL} ¥ dB il

83 Of A,dir 3 2 = - = & & B K-}

g | om i nm 3| 7] o = iany v gain )| oy | e = b
i (&) == (KL} # |[EF]] — — - R = ki |

35 OR A RIN+alf & 2 [A] &= (AL} ¥ {[EXj+adf} -

56 | om &Rl al 1 il —l-]=-]*+*na= TR TF
g7 | cHP dir,éan 5| 3| L‘;" b L";‘ == =] e 95
sa | cwr bER,MdB a4 3 fdar) U R R e e e | BT
80 | CMPF OMINeofE,#dd 5| 3 Egﬁ:j;ﬁ'; i ful m == s+ :

1 = - - & & -

B0 CHF Ri,#al L] 2 (RL] - o & w
1] IWCH BP a 1 - - - e e 21
o2 | pecw se a j | [Pl (BF) + 1 —=]=]==== o1
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COMMAND
4.3 BRANCH INSTRUCTIONS
NO HHERDHNIC - r OPERATION TL | TH | AH HIVEC P CODE
| BI/BED rel 1 F Lf F=] than PC *=fCsrel - - - -—=-=-- FOr
2 OEZ /BME cwl 3 2 Lf Z=0 then PC+=PCscal - = - - - - G
a| Be/BLO rwl 1 | a Lf S=] whes PO s—PCsral = = | e Fi
a| ewcreES rel 1 | 2 | if ce0 whem P =PCerel =l=]=]==== Fa
5| om ral k| F Lf ®=] thas P *pCéral = | = = === Fi
L] BF Tal 1 F 1f w=0 chasn B +—PCsral - - - - - Ei,
7| BT cal 1 F LEf ¥¥N=1l then BO+FPo+rel = | = =N FF
B | BEE rel 1 i if VWE=0 then PC=PCirml -l =-1-]---- FE
@ BEC disib,ral 3 4 Lf jdicchj=0 thas PCe=PpC+ral - - = =% == B0 o BT
il | omE dizch,ral 5 3 if (dicebi=]l then PO=Pi+ral - = - = == B8 o @8F
11 JEF BA F ] [P =] - - EN E e Ea
1 I JEPF axe I 1 s b L1 - - = — M
19 | cALLY #wct 4 i weotor call == =]==== EB i EF
14 CALL &Nt § ] auhroutica call - = - - an
18 | NCEW A, PC 3l (P idhl, (A1 {P2 |+l =l =|®]|==== Fi
i | BET 1 L setarn from subrouelne =l =] = |==== 20
LE 4 L retarn from interrups - | = | — | ewdcesa 0
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4.4 OTHER INSTRUCTIONS

L] MHEMOMNIC - L OPERATION TL | TH | AH MNIVEC 0P CDGE
1 | puSHN K a4 1 | 5P = 5P=1 iEP] = A - 13 . ke L a0
1 | PoPW K a 1 | & = [5%7) P == SPél - — | dm] === = &
1 FUSHN [X 4 1 BF = BF-12 [BF] + IK - - - === = a1
4 PR X 4 1 IX = |(BF) dF + Epsd - - - - &1
5 | mar 1 1| Mo ogsrabion - - - -=-== 2
& | CLRC 1 1 C =0 = - - ===F8 a1
] SETE i i B o1 - - — e e L a1
8 | LRI 1 1 [ | - - - - —_— = B8a
L SETT 1 1 Q=] - - - - === Ba
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COMMAND

4.5 F’MC-8L INSTRUCTION MAP

=z L LH [ TR LE LEITE L1 | apd’id (L0 LE'Y [H'¥ ¥rH (L} LAY (L} LH'Y
EaL] KTTHD -an OHI | ITP S6A CEEL L] i o aur A0 [ oans hiiay e ALTH o4
Ll ae au L] (LR T FEITE LIL L] Y v L LR Lk L By Y Y m'y
Bl HETE] a0 oEl ) 3P sWE LEE L) AW o any o [ THAE KT T AT 3
LLE Gl iH ol ieE'gi Erafp -1 = ape'su 1 ca'w 11 ik wigH iy MY [~k ] sH'w
m AT o oMi | aTP sum naas ') Al Wi il g WiBE el RiTE KT ') AlTH a
sz T e L] LR T FEITE Pl EIT AT [Tl [T TR v [ER} TR [Tl TRA
ZHE ATTVD oan L] TP R LA L] L] Hi auy 0 [ ] Hng HHIY L] AT =]
LLL L H L2 | TR (LERLY LIC e ] Al EH (0 'Y 'y L e B} e B el ] e’y
L] WD -l oEE | ITRE EHE LEELY Ll AW o auv WO Al aanE ooaw - AITH "]
LLL Ee ] b1 ] L ErdTE L1 = ] apd' e ey 'y Y Wi 'y 'y Ty 'Y
4n HTING L el | Trp sum s ) AL Wi aHv W Al SAnE MW o AlTH W
(LS i i} (& ] (LR JLER AP T At TH Y TH'Y L] i TH* o (R (L] Y
| NTTHD oan oMI | ITP saR LEEE] oS AT W any ] Al Ine MY e AITH ']
L ak L L o LL R L BEITE L1 LIS A0 ] ol oH'Y oy W' o o'y e i e ] oY
E L ATTVD 2an L TP #4d HidK L =] A E any f = ] A oang Y s AT B
LER Aipd°AE | WOERD AER"Y TeE'[} [AER}.] opetARE | apdtame | ami'v FIETR g ety wiang LR ARRY ampty FEil |
L] | HADH AH Myt | 3R oam ! ] ATTH Wiy any =] AlTH -nm EoliL ] RiTH i
L'y Arpd'ar | wipsEId | pemrétw | ma'ar LLERL ] AR PR | B e PeETEW | DHERE'W | PeETRCW | WpeXTd | BoaxiEtw | pexid'W | PaETEOW | PeXigW
Lk | HATH LLE A&OE | ITP AR A | & W3 | B ADM f Lo any L | AW oans Ly auo AOH ]
a9y Fiptam | wrIER Bl L (Lol L IR BPETETR | apatp | TER'Y TP IR aTp'Y ITE'Y i Ry TRV
HET HAH LLE ] Mt | ITp AW L gk Mo AH W any (5] AlH i ST aHn S 8
= L e ety (e [ LERI I A AT (IR Ape apE Py [T A
ol | WA ATH maos | aTp oam AT A L] S i ] s >y AHD ROH )
oty ¥ran am am (LR [EaTp AT ¥ W ¥ & w L L] ¥
HA HAH A Al | ITR AW HE1D [Pl ] WATH W WIHY HEOT W Wi WY (¥ U] e E
L wrEl L] 21 LLS R 4 Erate Wiy i ] ¥ v L] ) w o L] L
W WA A momg | IR oam Ll g ] A =] AN W (5] o St AMa hg ] z
o5y TdE EL] aF (Lo L 1=3Tp W Ed L 21 il a1 3ppw i SppE W ¥
LT ] WACH oan RaEI | ITP Dam L gl SRR hyh L] BIH AT HNETA TN AMC mATD s I
MY i L L] Tt BEATH BN TR W ¥
e o Ll AJED | ITp AW L Lyl Lias 1w [P ] AOH AADH HHECR] T L] ATHE A ]
4 E ] a > ] W a L] L L] L] ¥ 14 T I o /
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MASK OPTIONS FUTI)TSU

Table 5.15 Mask Options

MBaSE635
MB8SPEIT MBE9PVEID
Type — MBagWs37 MB89TE35
Select when Set by
Specification method ordering mask EPROM writer Cannot be set

Full-up resistor
PO0 ta POT, P10 to P17, Can be saleched Can be sat for Pull-up resister
P30 to PAT, P40 to P43, for each pin each pin not provided
PS0 to P53, P72 to P74 (Nate 1) Nate 1, 2)

Power-on resat
Power-on resat availabla Zan ba salectad Can be sai mﬂmm
Power-on reset not available

Main clock oscillation stabikzation

time salection (10 MHz)

Approx.2'8fch (Approx. 26.2 ms)

Approx.2'7fich (Approx. 13.1 ms) | Can be selected | Can be set 2'8ffch (26.2 ms)
Approx.2'4fch (Approw. 1.6 ms)

Approx_24ffch (Approx. O ms)

fch: Main clock frequency

Reset pin output
Reset output provided Can be selected | Can be sat H'E;f'd::m
Reset output not provided -

Systemn clock selection Fixed to &dfch Fizad to 84/fch Fined to G4/fch
{Initial value) (6.4 us) (6.4 ps) (6.4 ps)

Single clock option MBE9PYEID-101
Single clock Can ba selected | Can be selectad Simgle clock
Double clocks MBEaTEIS-101

Single clock
MBESFVEID-102
Diouble clock
MB&3TE35-102
Double clock

Notes:
1: When using P72 and P73 as standby cancel pins, the pull-up resistor should not be set.
2: Pull-up resistor cannot be selected for P50 to P53.
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APPENDIX FUTI)TSU

APPENDIX 1 1/O MAP

Read e Bit name
wrte | sbor Fogister name Bit7 | Bits | G5 | Bia | B3 | Bz | Brd | Bio
] AW | POAD | Pon 0 dam regisie POOT | PDOS | PDOB | PDo4 | PDO3 | POoE | PDOY | POOO |
H w CORD | Pt 0 direcion register coor | ooos | coos | oDos | oooa | ooce | oDo1 | Cooo
] AW FOR! | Pon 1 dein rgiser POIT | PO | POUE | POWS | PON3 | PO12 | POV | POOD |
] W CORY | Port | direcion regisher coir | ooie | poas | oDi4 | ooia | oonz | oo | codo
[T AW FORE | Pon i data regisie Fo2r | PD2e | Poes | POed | PD2a | Poez | PD21 | POe0
oaH W | BCTR | External bus pn conol regisier — — — — | = — | wo | wF
8H — — =T HIT nE . — LIS —
o AW | SYCC | Sysiom clock corirol regesier oM | — | — [wrm [wme | sce | cai | ceo
8H R ETBC | Standiey conirml regisier 5TF | swF | sPL | RET | ™MD = - =
o AW | WOTE | Wmichdog imer conrol regesier | — — — [ wrEa | wiez | wie: | wree
[T AW THEA | Time-base timer conin mgisier TBGF | TBIE - - - TBE | TG | TBA
BEH AW WPCR | ‘Wnch prescaler conirl regisien WiF WIE — — — W51 WED | WCLR
00+ | AW | OrG3 | Pon 3 changs regisiar . Caas | coad | oam | — - -
aoH AW FORY | Pom 3 deta regisie roar | Poas | Poas | Poas | Po3a | Pooz | Poat1 | PoSo
BEH W DDA | Port 3 direciion mgeter Coor | DDas | D0gs | DDA+ | D03 | DDA | DDA | DOGD
oFH AW PO | Pon 4 dam egisier - — — — | PDaa | Pouz | PDear | POw0
104 W DOR4 | Pon 4 dirscion g — — - = co43 | CDez | DDe1 | DOwo
1H AW BUFR | Buzzer megiser - - —_ —_ —_ — BUZ1 | BUZD
124 AW FORS | Pon 5 data regisie - — — Ph6a | POs2 | PDs1 | PD60
134 AW PORE | Pon 6 dete rgister Foer | Poese | Poes | Poss | PDBa | Poez | PDs | POe0
1k A FPORT | Port 7 data megisher — — — POT4 | POTY | POT2 | POT1 | POM
154 AW PCR1 | PWC pudse width contrl regisies | EM TOE IE - - uF 5] BF
1EH AW PRI | FWC pules width conirl regisies 2 FC Ak Ta — C Ca Ll WO
17T A ALBA WS saicad Dular ragisier FLBT | AUbs | MBS | AUBs | ALES | FLB3 | ALBY | ALBD
184 AW TMCA | n6-bil fimer coneni nagite = = TCA | TC8: | TS0 | TCEF | TCIE | TCS
e A TCHA | 30-bit imer count register iH) TCis | Tewa | 7oia | oz | Ton | oo | Tmooe | Toom
1AH AW | TCLA | v8-bit imer count regisiar (L) toor | Teos | Toos | reos | Toos | Toes | voor | Tom
18H — = = = = = — — -
1CH A SR Sarial mods Mg SI0F | SI0E | SCKE | S0E | CKS1 | CHEO | BOB | 55T
1oH A EDR1 | Serisl dets regisier spor | sooe | so05 | soos | SDo3 | Sooz | SDov | SDoo
1EH - — — =1 — =1 =] =F =] — -
1FH - = — — — — — — — —
20H R AR AT control regisher | AMSS | ANEZ | AMST | ANSD | ADI | ADWAYV | SIFM AD
HH AW ADCT | A/D contml mgistor 2 — Ti1 | Tig | ADCK | ADNE | ADMD | EXT | TEET
|2 | AW ] ADOH | AD dete register () = | =1 =1 =1 — | — |ADDo]|ADCe
P | A ADDL | AD data regisier L) ADDT | ADDS | ADDS | ADDW | ADDS | ADIDS | ADCH | ADDO
2aH A EICi Extarrnl inampl conieol nagiser 1 EIR{ = SEL1 | EEr EifD | NTE | SELo | EIED
254 | AW | EiGz | Exemal intemp conol g 2 g | — [ses|ea|ome )| — |sas| EEs
- [ m = ul I i i L i ] diil
am — - - B - - - — — — -
28 RS | CNTRN | PWh liener ooninol mgeter | PTXi | PTX2 | PTMi | PTm2 | BC1 | SCoo | S021 | SC50 |
g | eow [ owrre | ewe e cowel mgener 3 re e lone] — lom Iorgloe | mic
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Rogiater| Bt nama

[racrese| Tore [0 Ragister nams Bit7 | Gite | BnS | G4 | B | Gz | Bad | Bno]
2AH TOW | CRTRE | POV trraar conirol ragiaier 3 — N

B Wi | COMF1 | P S compans ragisier | HEOE O ED ERA ER ERED
7o W | COMPE | PWA Simesr compans mgisier 0 CTMZT | CNGH | CM25 | CM24 | CMzs | CMzz | Clai | Cheo
7oH FUW | SMC || LVART sanial mode conil mgisier PEM | BBL | ©M1 | CMO | SMDE | — | UGKE | woe

BED] FUW | SRAC | LVART sanial nain conieol sgiker - CR | soS) | BCS0 | ACE | ACY | RGO

[ aFH | AW | SB0 | LART senal staius & dais registor ADRF | GRAE | TORE | TIE | A | PSEL | ToWTP |Roame]
20 A BIDR | UART sarial inpul dena. ragisier BOT | SID8 | 5065 | S04 | 53 | S0z | S0 | S0

W | S0DR | LART ssrisl cutpul duss regimier 8007 | =00e | soos | 500+ | sooa | sooz | sooi | sooo

IH & _ _ . - - - _ _ _ .
TBH

= 7] LA1 || Wimemupt level sofng rgisier | D | m | @ | o | o | Lo | v | e

o [T LRZ || inimerugt love safing rgisier 2 L) | L | ey | Lo | Let | Leo | LY | La
TEH [ LR3 | iinerugt e st mgisier 3 LB | B0 | LA | LW | Len | Leo | Len | LBo
?'F'* — — — — — — — — — — —

Note: —is empty space. Do not use this space.
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APPENDIX 2 WRITING TO EPROM OF MB89P637

Use of a dedicated conversion socket permits writing to the MB89P637A with a general-purpose EPROM
writ er. This allows the MB89P657A to have the functions equivalent to those of the MBM27C256A.

However, electronic signature mode cannot be used.
<Writing>
(1) Set the EPROM writer to the write mode of the MBM27C256A.

(2) Load program data into the addresses 0007 jyto 7FFF of the EPROM writer.
(Addresses 8000 4 to 7FFFy in single-chip operation correspond to the addresses 0000 4 to
7FFFyin the EPROM mode.)
Load the option information into the addresses 0000 to 0006 4 of the EPROM writer.
(See bit map in App. 6 for the correspondence of each option.)

(3) Use the EPROM writer to write data to the addresses 0000 j to 7FFF,.

The memory space in each mode, such as PROM32K and option PROM, is shown below.

Address Single-chip mode Address EPROM mode
(Address on ROM writer)
0000y —
I/O
0080 —
RAM
0480 —
Inhibit
8000H e D > OOOOH —
- Option
Inhibit setting area
8007H e e T - OOO7H —
PROM PROM
32K 32K
FFFFy - 00— s » TFFFy -
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APPENDIX 3 SETTING PROM OPTION
Bit Map for PROM Option

Notes:

T a -] 4 3 F] i -]

Erdy Emprs Ermprp Sangia cioc Flassi min Prraar-on ras Orieiinlves s e alen ¥
R ol Lt
Fiaslerdia P Bl it Fuspal et | Dinghls cocky || | Aamiinbin 1 Aawimbin LS LU - R
possshis psaabie panible B Singha clock 2 Unarvaiab 2 lUnaviiakie A okt
Far PO P PO O3 L] (a1 OO
Pull-up Puil-ug Poull-ug3 s Pruli-ug ririeiled Pl BT Pl DT [T R 2T 8 B
1 Ungsadubis o Lingend ahis I Lryendabis | Lnswsdshis LI i L 1 n L
0 Asniable 0 Awmdsbls 0 Aumdabla 0 Andabis 3 el 3 Amisdlie O el 0 Moyl
7 [JE ] (] ] 4 Lt ] ) P 0
Ful-ug rissiis Pl ries Pl s Pl iSO Pyl g FRREETT Pl i DT Pl e Prollsi rodimor
| Unssuishis I Unewsishis I Uroreniabis I Unawsisbis 1 Ll 1 Linisisislis 1 Linsinbie 1 v i
0 desidiles 0 AwRdbis L P 0 A b 3 et 3 Ampabi 3 Maibeg 0 ey
Par ] P4 P -] - 1 P30
Fiili-ip rmmicy FLil-up resaice Fuil-up remmses Pull-Lp remmicy Pul-us ~emaslor Puius: Pl Py vl o Posil-up remhor
1 Ursireidabis 1 Uinsrwadabis i Urerwndabiy i Lrsywndabis 1 Linssasiaie  Lnswsdahis 1 Lingsale e 1 Linssssiniees
0 Avmiabla 0 Asadabla 0 e 0 et 0 Awisbilis 0 el 0 Awibalie @ Awimalie
Pl 2 51| P Paz Pad Pan Pap
ST T Pl resssicr Pull-up ressmos Pull-up resssicr Puii-us: resimicr Pul-ug Puill-ug Posil-up ~emislor
1 Lrarvmidabia | Urerendabis 1 Lirsrendabia 1 Unsireaddlés I Unavisalse 1 Ungsidalis 1 Lingvadahis T Ll il
01 deamdaris 0l Amidubia 0 o 0 Aendabs a a - =
Emiry Empry Ermgiry P FT3 T2 Ermpty [Errpy
Poull-ug s Pl o) A Pl i) Aemson

Fusshiai Flanrifwrina Fimaciarts | Lirsvvmiabis 1 Unawsdabis 1 Uruireidinbia Fhamlerria Awwlwrl
pnmbie ezl eririelb 10 PepipidaTen 0 Arapedpbiss 1 deandanis ecanes e
E=ptp Errpty E=odp Emirp Empny Empiy Empry FRaseryad™
Pmadierin Faadieriln Fasaiteridin Fudiiarie Fesadi/mima Raadwrmrs Fasdi=ma Flasdwrma
[Cuiela i e prmmsicia prmibia o proirilia L ] e 2]

*  Always write 1 to reserved bit.
** Each bit is set to 1 when PROM data is erased.
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