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PREFACE
This manual is intended for the user engineer who -
understands the uPD78310A, 7B8310A(A), 78312aA,
78312A(A) and 78P312A functions and designs an
application system using the uPD78310A,
78310A(A), 78312A, 78312A(A) and 78P312A.

The manual is intended for the user to understand
the uPD78310A, 78B310A(A)}, 7B312A, 78312A(A) and
78P312A hardware functions listed in
Configuration.

The manual consists of the following:

- General description

« Pin function

. Internal block function

. Interrupts

. Other on-chip peripheral functions -
. Instruction function

The manual assumes that the reader has general
knowledge of electricity, logical circuits, and
microcomputers.

For the user who uses the manual for uPD78310A,

78310A(A), 7B312A(A) or 78P312A

+ Unless otherwise noted, the manual explains the
uPD78312A as a typical product. To use the
manual for uPD78310A, 78310A(A), 78312A(A) or
78P312A, change uPD78312A to uPD78310A,
78310A(A), 78312A(A) or 78P312A.
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Application examples in this manual are intended for the use of
standard quality grade products in general electrical

applications.

If the examples in this manual are to be used in applications
where the special quality grade is required, please investigate
the quality grade of each part and circuit used.

Legend

For the user who has experienced uPD78310,

78312

+ Check the differences referring to "1.6
DIFFERENCES AMONG FAMILY PRODUCTS" and read the
manual centering around the explanation of them.

To look up the instruction function when you know

the mnemonics

+ Use the index of instruction (alphabetical
order) in Appendix A.

To look up instruction when you do not know its

mnemonic, but know the rough function

+ Look up the mnemonic of the instruction in
*10.1 INSTRUCTION SET AND ITS OPERATION" and
the instruction function in "10.6 DESCRIPTION
OF INSTRUCTIONS".

To understand the uPD78310A, 78310A(A), 7B312A,
78312A(A) and 78P312A functions in general
+ Read the manual according to the contents.

Remarks: The uPD78310, 78312 and 78P312 are
discontinuation products.

Data representation

weight : High-order and low-order
digits are indicated from
left to right.
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Relavant
Documents

Active low

representation

Memory map address

NOTE

Ramarks

No.

representation

xxX (pin or signal name is
overlined)
Upper part; lower address,
Lower part; higher address
Explanation of * in the

text

Description to which you
should pay attention
Supplemantary explanation
to the text
Binary number .... XXXX Or
XXXXB

Decimal number ... xxxx

Hexadecimal

number

The following documents should also be referred
to together.

Any number occurring on the table is of a

document.
Hxhxhxuﬂucument Data User's | Appli- | Appli- | Special-|Instruc-| In-
Sheet Manual | cation | cation | Function|tion struc-
Product Note(l) | Note(Il) Register|Use tion
Name Use Table Set
Table
uPD78310A 1c- This | IEM-964 | IEA-628 | IEM- 1EM- LEM-
7920 Manual | {Intro- | {(Float-| 5118 5115 5116
uPD78312A ductory| ing
Volume)| point
uPD78P312A IC- opera-
7772 tion
. pro-
uPD78310A(A) gram
1c-8272 Volume)
uPD78312A(A)

® Documents for Series Product Selection
Data Book (16-bit single-chip microcomputer) (IA-118)
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CHAPTER 1. GENERAL DESCRIPTION

The uPD78312A, uPD78310A, and uPD78P312A are 16-/8-bit single
chip microcomputers belonging to the 78K/II1 series.

The uPD78312A contains a high-performance 16-bit CPU; the
internal operation performance is improved greatly. In addition,
a multifunctional pulse input/output unit, general purpose serial
interface, and high resolution analog-to-digital converter are
integrated on a single chip.

The uPD78312A is applicable to machine system control. External
memory of up to 56 Kbytes can be expanded. The external bus
consists of eight bits.

The uPD78310A is internal mask ROM-less version of the uPD78312A.
External memory of up to 64 Kbytes can be directly accessed.

The uPD78P312A is a product provided by replacing uPD78312A
internal mask ROM with PROM. The uPD78P312A is appropriate for
production during system development or multiple dewvice small
production.

The uPD78312A, uPD78310A, and uPD7BP312A are uPD78312, uPD78310,
and uPD78P312 function expansion products. The following
functions are added:

. 16-bit data transfer instruction between memory and register
pair -

. Counter unit mode 4 (incremental/decremental count by Z-phased
inputs)

. Count start function by using interval timer external trigger

The uPD78312A(A) and uPD78310A(A) are special guality grade
versions of the uPD78312A and uPD78310A, respectivaly.



FEATURES
o 7BK/I111I series

© High speed instruction execution by prefetching
instruction

. 3-byte instruction queue is contained.
. Instruction cycle: 500 ns at 12 MHz

o 96 basic instructions appropriate for control purpose
. 16-bit operation instructions

. Multiplication and division instructions (16 bits x 16
bits and 32 bits 16 bits)

. Bit manipulation instructions
. String instructions
0 High-performance interrupt controller contained.

. Interrupt acknowledge priority levels can be
programmed.

. Three processing modes

(Vectored interrupt function, macro service function,
and context switching function)

0 Various on-chip peripheral hardware devices appropriate
for machine system control

« Multi-functional pulse input/output unit

. 8=-bit general purpose serial interface

. B-bit resolution analog-to-digital converter
. Pseudo-static RAM refresh function

© On-chip peripheral hardware devices (special function
registers) are mapped in memory space
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1.2 ORDERING INFORMATION AND QUALITY GRADE

1.2.1 ORDERING INFORMATION

Ordering Code Package On-Chip ROM
uPD78310ACW 64-pin plastic shrink DIP (750 mil) None
uPD78310AGP-3BE 64-pin plastic QFP (14 x 20 mm) None
uPD78310AGQ-36 6l-pin plastic QUIP None
uPD78310AL 68-pin plastic QFJ ([J950 mil) None
uPD78312ACHW=xxx 64-pin plastic shrink DIP (750 mil) Mask ROM
uPD78312AGF-xxx~-3BE 6l4-pin plastic QFP (14 x 20 mm) Mask ROM
uPD78312AGQ-xxx-36 fl=pin plastic QUIP Mask ROM
uPD78312AL-xxx 68-pin plastic QFJ {[J950 mil) Mask ROM

uPDT78PI12ACH
uPD78P312AGF-3BE
uPDTBP312AGQ-36
uPD78P312AL
uPD78P312ADW

uPD78P312AR
uPD78310ACW(A)

uPD78310AGF(A) -3BE

uPD783104GQ(A)-36
uPD78310AL(A)

uPDT8312ACW(A) ~xxx

UPD78312AGF (A ) -xxx=3BE

uPD78312AGQ(A) -xxx-36

uPD78312AL (A) —xxx

Remarks:

XXX

f4-pin plastic shrink DIP (750 mil)
f4-pin plastic QFP {14 x 20 mm)
64=-pin plastic QUIP

68-pin plastic QFJ ([J950 mil)
64-pin ceramic shrink PIP with window
(750 mil)

bli=pin ceramic QUIP with window
6l4=pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 20 mm)
fl4-pin plastic QUIP

68-pin plastic QFJ ([J950 mil)
64-pin plastic shrink DIP (750 mil)
G4-pin plastic QFP (14 x 20 mm)
b4-pin plastic QUIF

68-pin plastic QFJ ([J950 mil)

Code number

1-3

One-time PROM
One-time PROM
One-time PROM
One-time PROM
EPROM

EPROM
None
None
None
None
Mask ROM
Mask ROM
Maslk ROM
Mask ROM



1.2.2 QUALITY GRADE

Ordering Code Package Quality Grade
uPﬂTE31DﬁCH 64-pin plastic shrink DIP {750 mil) Standard
uPD78310AGF-3BE 64-pin plastic QFP {14 x 20 mm) - Standard
uPD78310AGQ-36 Bl-pin plastic QUIP Standard
uPD78310AL 68-pin plastic QFJ ([J950 mil) Standard
uPD7T8312ACW=-xxx fl-pin plastic shrink DIP (750 mil) Standard
uPD78312AGF -xxx-3BE 64-pin plastic QFP (14 x 20 mm) Standard
uPD78312AGQ-xxex-36 64-pin plastic QUIP Standard
uPD78312AL -30xx 68-pin plastic QFJ {[]950 mil) Standard
uPDTEP312ACW 64=-pin plastic shrink DIP (750 mil) Standard
uPD78P312AGF-3BE 6l-pin plastic QFP (14 x 20 mm) Standard
uPD78P312AGQ-36 6l-pin plastic QUIP Standard
uPD78P312AL 68-pin plastic QFJ {[J950 mil) Standard
uPD78P312ADW 64-pin cermmic shrink DIP with window Standard

(750 mil}
uPD78P312AR 64-pin ceramic QUIP with window Standard
uPD78310ACW(A) 6l4-pin plastic shrink DIP (750 mil) Special
uPD78310AGF(A) -3BE bl~pin plastic QFP (14 x 20 mm)} Special
uPD78310AGQ{A)-36 64-pin plastic QUIP Special
uPD78310AL{A) 68-pin plastic QFJ {[J950 mil) Special
uPDT78312ACW(A) —xxx fl-pin plastic shrink DIP (750 mil) Special
uPD78312AGF (A)-%xxx-3BE HY-pin plastic QFP (14 x 20 mm) Special
uPD78312AGQ(A) -xxx~36  6l4-pin plastic QUIP Special
uPD78312AL(A) —xoex 68-pin plastic QFJ ([J950 mil) Special

Remarks: xxx: Code number

Please refer to "Quality grade on NEC Semiconductor
Devices" (Document number IEI-1209) published by NEC
Corporation to know the specification of quality grade on
the devices and its recommended applications.
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1.3 PIN CONFIGURATION (TOP VIEW)

1.3.1 uPD78312A, uPD78310A PIN CONFIGURATION

Pin IDs
POO-POT7:Port? CIo, CIL1 :Count Pulse [nput
P10=P17:.Port! CTRLﬁ. CTRL! :Control Pulse Input
P20-P27 . Port2 CLRO. CLR1 Timer Clear Input
P30-P3T7:Portd PWMO, PWMI1 Pulse Widith Modulation
P40=P47 :Port4 Output
P50—P5T:Parts TOO0, TO! T Timer Qutput
ADO—ADT ! AddressData Bus NMI :Nonmaskable Interrupt
AB—=A!S5 Address Bus INTEDO, INTEZ : Interrupt From Externals
RD ‘Read Strobe AND—=ANT :Analeg [nput
WR 'Write Strobe AVeer :Reference Voltage
ALE »Address Latch Enable AVss rAnalog Vss
EA . External Access RxD ‘Receive Serial Data
RFSH - Reflesh TxD :Transfer Serial Data
X1, X2 .Crystal SCK rSertal Clock
RESET :Resel CTsS :Clear To Send

IC Internally Connected
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(1) ©64-pin plastic shrink DIP/QUIP

P Om—ed ] e M0 Vw
POl Oeteped 2 63 =0  PyI/ADT
M O 3 6 |l py§/ADE
Pl Cewmd 61 pw—e0  E/ADS
P e § 6 et PusADS
P e 6 W a0 PVAIN
PM ce—e={ 7 5 pe—a-0  PIADR
Pi7 Cre——f 8 T B B = 5 |m—e=0  pyisAD]
Pll Ce—e{ § - g o ¥ =0 PuwADo
PIl  ow—et 10 S n o n Bl aE
P17 Ow—ed 11 W W w @ gy es WR
M o] 12 PREZ BT B
Pli  oee—e 13 g g g 2 52 jw——0o  RESET
P15 Ow—sd 14 i - i je——o EX
M6 om—ef 15 | L, o w fee=o PAIL
PIT gu—ed 18 X X 9 @ i3 lewo  pusAM
PIO/NM] O 17 X = = ; 4 |ew—=0  Pp3z/all
PU/ANTED Ot 18 - Y z 8 4 [0 psan
Pi2/INTE] ©—ei 13 - g Loo# =0 mwan
PIVINTE! oO——ed 3 Ll g T @ & =0 PAN
P2/TaD Owe—ed 71 E ) - 4 o PsLA0
PIS/Rx} O 23 T x i3 fe—=0  FS/AS
PR Ow—el 11 x 1 i |- PACLRITOL
POETS  Ow—ed E oo il e—e0  PI/CLROTOO
S ow— 5 i W0 fe—eo  PI/PWMI
PH/CIE o—e] 25 = 1§ O PIPWMD
PI/CTRLO O—e= 17 H O —0 AV
VI/CIH O=——ed 1 w p—0 AVar
FINCTRL] O 2 M e—0 AN
Xl Oo— W ¥ pe—0 ANE
X2 Ol 3 M fe—o anl
Ve O 12 1 pe—o0 - aND




64-pin plastic QFF (14 x 20 mm)

(2)

O PS/AlD

38 p—=0 Pil A%

35 p=—=0 PW/CLROTOO
M fe———ad PIS/PWMI
13 pem——ae) PI/EWMO

51 =0 P41/ADL
50 0 P&/ADO
& 0 ALE
w0 Wi
agp—0FRD

% ~—0O RESET
s—=CEA

4 =0 PII/AIE
8 Py P36/ALL
o p=—=0 P55/A1}
il p—=0 PS/AlL2
4 p=—=0 P33/l
3T ey PEO/AR
M f—=0 PIT/CLRI/TOI

a

1av/avd O—=—sqnt sl ooy
tav/ird OI.II_ a =—0 Ty
Hav/md O=—=|3 g ——0 Y
sav/sHd O=—el2 gl—mo0
PAV/Nd O=—=] R el o v
LAY/t Qe 5 #FD78310AGF -3BE R

A O——| = y PDTE310A0FIN—3BE el ooy

00d O=—=l uPD78312A0F —xxx=3BE wl——o o

d O=—=i3 uPD78312AGFN-xxx—3BE ] S— i

d O—lE AlE—0 TTHLYId

E0d Ol o a0 1d

mo—-z (O & |———o0 mit1ned

S0d O=—el 3 R — ®D/id

e I |
PO Ot 3
P18 O=—=—sd 3
P1l O
P12 Om—ad ¢
Pl O §
Pl4 Oy 7
PI§ O] §
Pl§ O=—=1 ¢

Pir
P0/NML O—= 11
P/INTED O—=] 12
PI/INTE] O—=13
PEVINTE? O—=14
PH/Tal O |§
P2S/Ral O=—= |
P2/SCE O=—=17

PIT/ETS Ol i
BFSH O—— 1%
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(3) 68-pin plastic QFJ

SREEEN
!EE???EHEEEE%E?EE
/II]s:;::TIIrIlII:II
PoT Om—=f1p ) pene—m) Pgays A DO
PlO O=—i 1} O §9p——=0 ALE
Pll O=—ef 12 si—0 WK
P12 Q=i |3 57 =]
P13 Om—sf 14 56 [=——0 RESET
PId O 15 L] DY y
P15 Q] 1§ APDIEI10AL 54— P5T/ALS
P16 Ce— 17 51 paeny P58/AL4
P17 Om——ed 15 #FPD78310ALW 7| —— T
P20/NM] O——= 15 #PDTA312AL —xxx 51 b= PS4/ALZ
PZL/INTES O - #FDTE312ALIA-XxXX 50 fm——a P5I/AIL
PI/INTE] &—= 21 44 =0 P52/AI0
PIV/INTE? O——f 22 # ——0 P51iAS
PH/T2D Oe—e] 13 v b—uaic
P15/RaD O~e—w ¥ ——=0 PS0/AS
P26/SCK O=— 5 ey P3T/CLRI/TOY
PIT/TTS Ot . H f—0 PR/CLRY/TOD

FEFIIJ--—-—'::“ -+ -
P3/CH O—e &
P3I/CTRLY O—={i
Pl/C1l O0—={®
it o——={8
i o—-=8
Vis O—%
Vyy O——82
AND O—=i &
ANI O—= %
AN2 O]
ANY O——=i i3
AV, O—] g
AV, O—

PFA/CTRLY O—e{2
PM/PWMD O=—l 5
PE/TWH] O=—= &



1.3.2 uPD7BP312A PIN CONFIGURATION

Pin IDs
POO=F07:.Porth cIo CI1! :Count Pulse [nput
P10=P17T!Portl CTRLO. CTRL1 :Control Pulse [nput
P20-P27.Port12 CLRO, CLR! Timer Clear Input
P30—-P37 ! Portd . PWMO, PWMI :Pulse Width Modulation
P40—-P47 . Port4d Qutput
P50=P57:Ports TOO, TO1 2Timer Qutput

MM I MNonmaskable I nterrupt
ADO—AD7 ' Address/Data Bus INTEO—-INTE2 :Interrupt From Externals
AB—A15 | Address Bus ANO—ANT vAnalog Lnput
RD :Read Stirobe AVreF Reference Voltage
WR Write Strobe AVss sAnalog Vss
ALE :Address Larch Enable RxD Receive Serial Data
EA :External Access TxD Transfer Serial Data
RFSH  :Reflesh SCK :Serial Clock
X1, X2 Crystal CTS :Clear To Send
RESET :Reset IC Internally Connected
A0—=Al12 Address Bus CE Chip Enable
Do=D7 .Data Bus 0E Qutput Enable
PROG - Program Vpp :Program Power Supply



(1) ©64-pin plastic shrink DIP/QUIP
64-pin ceramic shrink DIP/QUIP with window

(a) Normal operating mode

T
C
.l

oD 1 ] Voe

POl Oe—at 3 B e pTAD?
M7 Oe— 1 Bl p—0  pgErADS
ol o 4 6l [0 PsADS
P Q=a—ey § H 0 P ADE
P om—a & % |je—w0 PIADY
P Ow—e T 58 |w—e=-0  ADE
POT Oe—ad B 57 pe—e=0  PI7ADI
Plo  Oa—se 4§ 56 |w—eC  p/ADE
Pll oOm—ed 1 55 [—w=0 ALE

P12 Ow—w{ 11 “ p—e0 TR

Fl ge—ed 12 §1 —=0 RO

Pld Ol |3 57 je—_0 KESET
P15 51 j+—o Ea

) e PETOALS
49 i) 1"56." Ald

Pl pe—ed g5
FI7 M—J 16

PR NMI O T I8 a0} ESOALD

HYZIEdeL'se-DOVZIicdeL

‘MAVIIEdRL ' MOVZICcdeLady

FZUINTE) Oe—aed 18 47 =0 pggiag
PII'INTE] O—ed 19 4§ e—e0  pEyan
PRVINTE? o—ef 3 45 PO /AL
P2 TeD Ol 3| W a0 51/A%
PI5/RuD  Oes—as 37 4] el I"50/ AN
PHSCE Ow—ed 1 41 je—wd  PICLRLTOL
PITCTS Ow—a it pe—e0  PFI/CLROSTOO
RFSH ow—oi 5 #  |e—e0  FA/PWMIL
PICI0  o——ad 24 3 e 31O
PI/CTRLY O—e 0 B 0 AVs
PR/CI O 2 o0  AVr
PI3'CTRL} O % ¥ 0  aAN3
Xf O—» w 5 0 AN2
 o— 1 MW p—0 ANI
Vg O=——o 17 13—  AND

1-10



(b)

I{

ﬂ—
owe {

TE 0—i
UE O—id
A O—iies
Al O—
A O—ipe
A O——p

Al O—p]
AS O—iine

A Or—ip=]
AT O

Vi ‘l

Opea O—
Vis Q=

PROM mode

W B =i P WA & W B

= = 1 pE o md
B o &F R = 0

=
=3 i

83

22 E SR RTOE =

b dsk
= -

MHYZ1td8L ' 9f-DDVZEiEdet
"MOVZITIEdEL ' MDYVZIilcedeidds

S F B ¥ 49 E 2

0 Yoo
ol D7
=) D
—a= D5
== [
—a=0 [13
gy D2
o —p=03 DI
—-0 [

—o
—U} Open

—0
-——0 PROG
_ﬂ' vr'-

F——0
}1}“.

o

p— AlJ
bt——01 Al
p—C Al
—0 AR
al——} AN
— - -0

Cpen

L Vi

NOTE 1:

: Open

£ T ]

L 1]

Connect the pin to ground.

Leave open.
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(2) 64-pin plastic QFP (14 x 20 mm)

(a) Normal operating mode

| ] 8 W v M M
335553
L V. W W
W oW M e & a = B W T MM M
= = 8 2 0 B 5w €T T W OW W
By Bu B B Be By == 00 0 B By Be O
64 63 62 616059 5857 53 52
PO6 O 1 87 36 55 54 51 —0 P41,/AD1
PO7 Qw—el 2 50 f—0 F40.7AD0
rloo—-d 3 (O 49 |——=0 ALE
P11 o—s] 4 48 ——0 WH
P1ZOo+w—= 5 a1 ——<CRD
P13 O=—= & 48 0 RESET
P14 0ol 7 4 45 ——0 EK
P15 Ow——uf & 2 44 [0 P57.7415
P16 6ol 8 o 43 j——0 P56,7A14
P17 Qe—=110 E 42— P55.7A13
P20./NMNI 0——u11 = 4] pp—eO P54 A12
P21/ INTE0 O—ad 172 'f 40 p—=0 P53.7A11
F22/-INTEl o—ou=l113 ; 39 e P52,7A10
P23/ INTE2 o—{ 14 w 36 ——=0 P51.7A0
P24.°TxD On—s{ 15 17 je——us P50, A8
P25,/ BXD Oa——uaed 16 36 b——=0 P3T/CLRL-TO1
P26,/3CK Oe—=s{17 35 f——0 P36 -CLROTOD
P27/CTS8 O»— 18 3 fe——a P35 PWMIL
RFSH Ow»—m-y19 33 je———e) P34 PWNMO
20 21 22 23 24 25 26 27 28 29 310 31 32
S3SamNggzEsiE
[ ] =] 7]
T e H &
Sk RE > 2 < s
B
B = A ™
[t ] Lir ]
= ¥ By



(b)

PROM mode

Open

=

|

—e D

]

% b——o D7
¥ b—eo D&
nlk—a D5
ab——o D3
@ b——0 D2

5 | 64 63 62 61 80 59 58 54 51 o D1
OE o— 2 50 j—0 DO
smo—- 3 O 49 p——0
Al o——= 4 4 —0 rOpen
AZo—— 5 4T ——0
A3 o—] & ” 46 ——o0 PROG
Abo— T g 45 [——0 Vrp
AS o—o 8 E ot —o0
A§ O—— 9 oy 430 ¢ Open
AT o—=10 = 42 }——o0
11 = 4lp—0 Al12
o— 12 o 40 ——o0 A1l
Va8 o—113 g A pe——-<=_U A 10
O 14 A p—"0 AW
o—1 15 37— AB
o— 16 36 —0
Open{ o— 17 35 b—0
o—18 14 b——0p0 Open
‘ 19 o0 21222924 25 26 27 28 29 30 31 32 | ©
T
£ s 2 £
NOTE 1: Vgg : Connect the pin to ground.
2: Open: Leave open.
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(3) 68-pin plastic QFJ

(a) Normal operating mode
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(b) PROM mode
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NOTE 1: Vgg : Connect the pin to ground.

: Open: Leave open.
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BLOCK DIAGRAMS

1.4
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1.4.2 uPD78P312A BLOCK DIAGRAM
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1.5 FUNCTION LIST

No. of basic
instructions

96

Minimum instruction
execution time

500 ns at 12 MHz

Internal memory . ROM : 8192 x 8 (uPD78312A only)
. PROM: 8192 x 8 {uPD78P31ZA only)
. RAM : 256 x 8

Memory space 64 Kbytes

General registers

B-bit x 16 x B banks (memory mapping)

I1/0 lines . Input ports : 8
. Input/output ports: 40 (uPD78312A,
78P312A),
24 (uPD78310A)
. Output port : 1
. Analog input : 4
Multifunctional . 16-bit presettable up/down counter x 2

pulse input/output
unit

. 16-bit free running counter capture
function x 2

. 1l6-bit interval timer x 2
. High resolution PWM output x 2

. 4-bit real-time output port x 2

Serial
communication
interface

. Eight bits (full duplex transmission/
reception)

. Contains a dedicated baud rate
generator.

. Two transfer modes (asynchronous mode
and I/0 interface mode)

Analog-to-digital
converter

. 8-bit resolution (four analeog inputs)

(to be continued)
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{cont'ad)

Interrupts . 17 sources (four external and 13
internal scurces)

. Eight priority levels can be programmed.

Three processing modes (vectored
interrupt, macro service, and context

switching)
Standby STCP or HALT mode
Main instructions l6=bit operation, multiplication and

division, bit manipulation, BCD
adjustment, user stack operation, and
string

Miscellaneous . Watchdog timer contained.

. 20-bit time base counter contained.

. Pseudo-static RAM refresh function
contained.
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1.6
1.6.1

DIFFERENCES AMONG FAMILY PRODUCTS

DIFFERENCES AMONG uPD78312A, uPD78310A, AND uPD78P312A

The uPD78312A, uPD78310A, and uPD7BP312A are the same in
function except for the differences listed in Table 1-1.
When the packages are the same, they are pin-compatible

with each other,

Table 1-1 Differences among uPD78312A, uPD78310A,

and uPD78P312A

uPD783124 uPD78310A
Item uPDT8312A(A) uPD78310A(A) uPD78P312A
Program memory . Mask ROM . Not contained . PROM
. 8192 x 8 bits . 8192 x B bits
Pin PROM mode No No Yes
func-
tion | Ports 4 Yes No (always Yes
and 5 function as
address bus and
data bus)
EA Yes Yes (be sure to Yes
use EA low.)

External memory
access

External memory
can be expanded
by stages (256
bytes, 4 Kbytes,
16 Kbytes, and
56 Kbytes) by
setting the
memory expansion
mode register
(MM) .

64-Kbyte external
memory 1s always
accessed regard-
less of how the
Demory expansion
mode register
{MM) is set.

Same as uPD78312A.

Pack~ | Without . Bi=pin plastic shrink DIP (750 mil)
ages | window . 6l-pin plastic QUIP
. 64-pin plastic QFP (14 x 20 mm)
., bi-pin plastic QFJ ([J950 mil)
With window None . 6l4-pin ceramic

DIP with window
(750 mil)

. Bl-pin ceramic
QUIP with window
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1.6.2 DIFFERENCES BETWEEN uPD78312A AND uPD78312

The uPD78312A and uPD78312 are the same in function except
for the differences listed in Table 1-2. They are pin-
compatible with each other.

The differences between ROM-less uPD78310A and uPD78310

and between uPD78P312A and uPD78P312 which contain PROM
are also as listed in Table 1-2.

Table 1-2 Differences between uPD78312A and uPD78312

uPD78312A uPD78312

Item uPD78312A(A) | uPD7B312(A)*

Count unit mode 4 (incremental/ Yes No
decremental count by Z-phased inputs)

Count start by using interval timer Yes No
external trigger

16-bit data transfer instructions Yes No
between memory and regilister pair

. MOVW rpl, !addrl6 instruction

. MOVW !addrlé, rpl instruction

*: Discontinuation product
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1.6.3 DIFFERENCES BETWEEN uPD78310A & uPD78312A AND uPD78310A(A)
& uPD78312A(A)

Table 1-3 Differences between uPD78310A & uPD78312A and
uPD78310A(A) & uPD78312A(A)

Product | uPD78310A & | uPD78310A(A) &

Item uPD78312A uPD78312A(A)
Quality grade Standard Special
Elec- Absolute maximum ratings Different operating
trical temperatures.
speci-
fica- Recommended operating Different ambient
tions conditions temperatures (Ta).

DC characteristics Different data hold

current.
A/D converter Different analog input
characteristics voltage.
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1.7 APPLICATION EXAMPLES

(1) Closed loop control configuration example of DC servo

motor
aPD78312A
D Servo ROt r -—-Phase Detection (Count Unit)—-
1 s ster t
i |
Interru

| e/ %—Mquautﬂl
B T2 |
! Roguestr |
i re/PFreset I
I By ..!

— — . _Fregquency Datection _ _ _ _
= r (Capture Unit) 3
| Free Running |

|
I Capture Ty l
| Register i
rvo Drive e ——
rﬂﬁit ~—.Digital-to-Analog Conversion._
- [ (PWM Unit) !
| Output PRE |
Control Register |
- F“m.r"- ! ?

e 3 1t Reload |
' Dedicated |
] R Down Countar |
L e e e ;.
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(2) Stepping motor control configuration example

pPDTBIL2A
Veo ing 1l-Tima Output Macrc Service T £
Stepp a ervice Transfer
I Motor i-ggﬂ - |
I Buffer I
| utput Trigger Output
l || Data
I utpu i
| Latch |
P L | }
e { T
i I ! | gﬁf—-r St
< i —oqued
Ll f' | nterrupt
b | ) equest
Macro Servica'(-1) :ﬂﬁ?ﬁ
~=-Intarval Tim.r_?ransftr i
: T Macro
"—ﬁarT—‘::' i
F Reglster ]|
|
| t :[ | Eﬁgﬂa
|| Timzr |_Request '
| Register I
| I
b e e e e J
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CHAPTER 2. PIN FUNCTION

The uPD78312A and uPD78310A operate in the normal operation mode
of the pin function.

The uPD78P312A operates in the normal operating mode (uPD78312A
mode) or PROM mode of the pin function. The mode is selected as

listed in Table 2-1.

Table 2-1 uPD78P312A Operating Mode

Vpp Vpp PROG/RESET Operating mode
6B V 12.5 V 12.5 V PROM mode | PROM write/verify mode
Vpp = Vpp = 5 V PROM read mode
H/L Normal operating mode

Remarks: H = High, L = Low



2.1

2.1.1

2.1.2

NORMAL OPERATING MODE
POO TO PO7 (PORT 0O) ... 3=STATE INPUT/OUTPUT

POO to P07 are 8-bit input/output pins of port 0 (8-bit
input/output port with output latch). The input or output
mode can be selected bit-wise by setting port 0 mode
register (PMO).

Port 0 can also serve as a real-time output port which
outputs the buffer register contents at programmable
intervals. (See 4.3.5.)

When RESET is input, port O becomes an input port (output
high impedance) and the output latch contents become
undefined.

P10 TO P17 (PORT 1) ... 3-STATE INPUT/OUTPUT

P10 to P17 are 8-bit input/output pins of port 1 (8-bit
input/output port with cutput latch). The input or output
mode can be selected bit-wise by setting the port 1 mode
register (PMl).

Wwhen RESET is input, port 1 becomes an input port (output

high impedance) and the cutput latch contents become
undefined.
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2.1.

3

P20 TO P27 (PORT 2) ... INPUT, 3-STATE INPUT/OUTPUT

P20 to P27 are B-bit input/output pins of port 2 (P20 to
P23 are input port pins and P24 to P27 are 4-bit input/
output port pins with output latch).

In addition to the input/output port function, the control
pin function is provided.

The P20 to P23 pins are fixed to the control signal mode.
The pin level can always be read or tested regardless of
the dual function pin operation.

The operating mode can be selected bit-wise for the P24 to

P27 pins by setting the port 2 mode control register
(pMC2), as listed in Table 2-2.

Table 2-2 P20 to P27 Operaticn

Mode PMC2n = O PMC2n = 1
Pin Port Mode Control Signal Mode

B20 - NMI input

P21l - INTEO input

p22 - INTEL input

P23 - INTEZ input

P24 Input/output port | TxD output

P25 Input/output port | RxD input

P26 Input/output port | SCTK input/output
P27 Input/output port | CTS input/output

Remarks: PMC2n is PMC2 register bit n.

(1) Port mode

When the port mode is selected for the P24 to P27
pins by aetting the PMC2 register, the input or
output mode can be selected bit-wise by setting the
port 2 mode register (PM2).

Although the P20 to P23 pins are fixed to the control
signal mode, the pin level can be read or tested.



(2) Control signal mode

The P24 to P27 pins can be set to the control pins
bit-wise by setting the port 2 mode control register
(PMC2). The P20 to P23 pins are fixed to the control
signal mode.

{a) NMI

NMI is an external nonmaskable interrupt request
input pin. The rising or falling edge can be
selected for NMI detection edge by setting the
external interrupt mode register (INTM).

(b) INTEO to INTE2
INTEQ to INTE2Z are external interrupt request
input pins. The detection edge can be selected
by using the external interrupt mode register
(INTM) as follows:

- INTEQ, INTEl: Falling edge or both rising and
falling edges

. INTE2

Rising or falling edge

(c) TxD
TxD is a serial data output pin.

(d) R=xD
ExD is a serial data input pin.

(e) BSCK
SCK is a serial transmit clock output pin. It
is effective only when the serial interface is
in the I/0 interface mode.

(£) CTS

The CTS function varies depending on the serial
interface operating mode.

. In the asynchronous mode, CTS is a clear-to-
send control input pin.

. In the I/0 interface mode, CTS is a serial
receive clock input/output pin.
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2.1.4

P30 TO P37 (PORT 3) ... INPUT, 3-STATE INPUT/OUTPUT

P30 to P37 are B-bit input/output pins of port 3 (P30 to
P33 are input port pins and P34 to P37 are 4-bit input/
output port pins with output latch).

In addition to the input/output port function, the control
signal pin function is provided.

The P30 to P33 pins are fixed to the control signal mode.
The pin level can always be read or tested regardless of
dual function pin operation.

The operating mode can be selected bit-wise for the P34 to
P37 pins by setting the port 3 mode control register
(PMC3), as listed in Table 2-3.

The P36 and P37 pins function as counter clear pins by
setting up/down counter control register (UDCCO, UDCC1)
bit 2 to (1) (see Figure 4-13); the pins function as
capture trigger input pins by setting capture/compare
register (CRC) bits 0 and 4 to (1) (see Figure 4=14).

when RESET is input, port 3 becomes an input port (output

high impedance) and the output latch contents become
undefined.

Table 2-3 P30 to P37 Operation

Mode PMC3n = 0 PMC3n = 1
Pin Port Mode Control Signal Mode
P30 - CIO input
P31l - CTRLO input
P32 - CIl input
P33 - CTRL1 input
P34 Input/output port.| PMWO output
P35 Input/output port | PMWl1 output
P36 Input/output port | TOO output
P37 Input/output port | TOlL ocutput

Remarks: The P36 and P37 pins can alsoc be set to the CLRO
and CLR1 pins.



(1) Port mode

When the port mode ias selected for the P34 to P37
pins by setting the PMC3 register, the input or
output mode can be selected bit-wise by setting port
3 mode register (PM3).

Although the P30 to P33 pins are fixed to the control
signal mode, the pin level can be read or tested.

(2) Control signal mode

The P34 to P37 pins can be set to the control pins
bit-wise by setting the port 3 mode control register
(PMC3). The P30 to P33 pins are fixed to the control
signal mode.

{a) CIO and CIl

CIO and CI1 are external count clock input pins
to the count unit.

(b} CTRLO and CTRL1

CTRLO and CTRL1 are count operation {(up/down)
change control signal input pins to the count
unit.

{c) PWMO and PwMl1

PWMO and PWM1l are PWM pulse output pins from the
PWM output unit.

(d) TOO and TOl

TOO and TOl are programmable timer output pins
from the timer unit.

{3) Counter clear/capture trigger operation

The P36 and P37 pins can be set to the CLRO and CLR1
pins; up/down counter (UDCO, UDCl) clear operation
can be specified by setting UDCCO and UDCCl register
bit 2 to (1) and capture register (CR0O0O, CR10)
capture trigger operation can be specified by setting
CRC register bits 0 and 4 to (l1). (See Figures 4-13
and 4-14).

To perform clear/capture trigger operation by using
external input, be sure to select the input port mode
for the P36 and P37 pins by the PM3 and PMC3
registers.
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2.1.5 P40 TO P47 (PORT 4) ... 3-STATE INPUT/OUTPUT

(1)

(2)

upPD78312A, uPD78P312A

P40 to P47 are 8-bit input/output pins of port 4 (8-
bit input/output port with output latch). 1In
addition to the input/output port function, the
multiplexed address output/data input/output pin
(multiplexed address/data bus) function is provided
to access external expansion memory.

when RESET is input, port 4 becomes an input port
(output high impedance) and the output latch contents
become undefined.

Port 4 can be set to either of the following modes by
setting the memory expansion mode register (MM):

{a) Port mode
The P40 to P47 pins serve as port 4 input/output
pins. The input or output mode can be selected
in 8-bit units by setting the memory expansion
mode register (MM).

(b)) Expansion mode

When external memory is added to internal
memory, the P40 to P47 pins function as
multiplexed address data bus (ADO to AD7).

uPD78310A
The P40 to P47 pins always function as multiplexed

address/data bus and do not provide the port 4
function.
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2.1.6 P50 TO P57 (PORT 5) ... 3-STATE INPUT/OUTPUT

(1) uPD78312A, uPD78P312A

P50 to P57 are 8-bit input/output pins of port 5 (8-
bit input/output port with output latch). 1In
addition to the input/output port function, the
address output pin (address bus) function is provided
to access external expansion memory.

When RESET is input, port 5 becomes an input port
(output high impedance) and the output latch contents
become undefined.

Port 5 can be set to either of the following modes by
setting the memory expansion mode register (MM):

(a) Port mode

The P50 to P57 pins serve as port 5 input/output
pins. The input or output mode can be selected
bit-wise by setting port 5 mode register (PM5).

(b) Expansion mode

When external memory is added to internal
memory, the P50 to P57 pins can be set to
address output (A8 to Al5) pins by stages
according to the external memory expansion size.

(2) uPD78310A

The P50 to p57 pins always function as address bus
and do not provide the port 5 function.

2.1.7 WR (WRITE STROBE)

2.1.8

2.1.9

WR is an active low strobe signal output for external
memory write operation. It goes high except in external
memory data write machine cycles. When reset, WR also
goes high.

RD (READ STROBE) ... OUTPUT

RD is an active low strobe signal output for external
memory read operation. It goes high except in external
memory data read machine cycles. When reset, RD also goes
high.

ALE (ADDRESS LATCH ENABLE) ... OUTPUT

ALE is a strobe signal to externally latch low-order B-bit
address signals (P40 to P47 output) output when external
memory 1s accessed. It is activated except when internal
ROM is accessed.



2.1.10

2.1.11

2.1.12

2.1.13

2.1.14

2.1.15

2.1.16

2.1.17

EA (EXTERNAL ACCESS)

(1) uPD78312A, 78P312A
EA functions as a ROM-less mode specification pin to
access external memory instead of internal ROM as
program memory. When a high pulse is input, internal
ROM is accessed; when a low pulse is input, external
memory is accessed. Normally, fix EA high.

(2) wuPD78310A

Be sure to fix EA low.

ANO TO AN3 (ANALOG INPUT)

ANO to AN3 are four analog signal input pins to the
analog-to-digital converter.

AVregr (REFERENCE VOLTAGE)

AVRgF is an analog-to-digital converter reference voltage
input and analog-to-digital converter power pin.

AVgg (ANALOG Vgg)
AVgg is an analog-to-digital converter ground pin.
X1 AND X2 (CRYSTAL)

X1 and X2 are internal clock oscillation crystal
connection pins. To supply external clock, input it to Xl
and its inverted phase to X2.

RFSH (REFLESH) ... OUTPUT

RFSH is an output pin of refresh pulses to external
pseudo-static memory when external pseudo-static memory is
connected.

I1f RFSH is not used as the refresh pulse output pin, it
can be used as a l-bit output port.

RESET (RESET) ... INPUT

RESET is a reset input pin.

Vpp 1s a positive power supply pin.
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2.1.18 Vgg

Vgg 1s a ground potential pin.
2.1.19 IC

IC is an internally connected pin. Leave the pin
unconnected.
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2-2

2.2.1

2.2.2

2.2.3

2.2.5

2.2.6

2.2.7

2.2.8

PROM MODE
The PROM mode can be selected only for the uPD78P312a.
AQ to Al2 (ADDRESS) ... INPUT

ADO to Al2 are 13-bit address input pins when PROM is
written and verified.

The AQ0 to A7 pins are also used for the P10 to Pl7 pins.
The A8 to Al2 pins are also used for the P50 to P54 pins.

DO to D7 (DATA) ... INPUT/OUTPUT

DO to D7 are 8-bit data input/output pins when PROM is
written and verified,

The DO to D7 pins are also used for the P40 to P47 pins.

CE (CHIP ENABLE) ... INPUT
CE is a program pulse input pin.
The pin is alsc used for the P06 pin.

{OUTPUT ENABLE) ... INPUT

E
OE is an output enable signal input pin.
The pin is also used for the P07 pin.
PROG (PROGRAM)

PROM is a high-voltage apply pin when the PROM mode is
set.

The pin is also used for the RESET pin.

Vpp (PROM POWER SUPPLY)

Vpp is a high-voltage apply pin when PROM is written and
verified.

During the normal operating mode, be sure to connect the
pin to Vpp-

Vpp (POWER SUPPLY)

Vpp is a positive power supply pin. During the PROM mode,

apply 6 V to the pin.
Vgg (GROUND)

Vgg is a GND potential pin.
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2.2.9 IC (INTERNALLY CONNECTED)

Leave the IC pin unconnected.
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2.3 PIN INPUT/OUTPUT CIRCUITS
Table 2-4 lists the pin input/output circuit types.
Figure 2-1 shows the pin input/ocutput circuit types
schematically.
The pin names when the normal operating mode is set are
used.
Table 2-4 Pin Input/Output Circuit Types
1/0 1/0
Pin Circuit Pin Circuit
Type Type
P00 to PO7 5 P34 /PWMO 5
P10 to P17 5 P35/PwWMl
P20 /NMI 2 P36/TO0/CLRO 6
P21/INTEO 1 P37/T0l1/CLR1
P22/INTE1 P40 to P47/ADO to AD7 5
P23/INTE2 P50 to P57/A8 to AlS 5
P24/TxD 5 WR 3
P25/RxD RD
P26/5CK ALE
P27 /CTS EA 1
P30/CI0 1 ANO to AN3 7
P31/CTRLO RFSH 3
P32/c1l RESET 2
P33/CTRLI1
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Figure 2=1

Pin Input/Output Circuit List

TYPE 1 TYPE s
¥
DD data [NAOUT
Type 4 o
P=ch output
IN disable
———— i
EH--v:h ‘
L. X .
Input/output circuit which
consists of Type 4 push-pull
output and Type 1 input buffer
TYPE 2 TYPE &
data INOUT
Type 4 n
output .
IN disabla
data = ‘—
Schmitt-triggered input having
hysteresis characteristic contral T _
TYPE 3 signal TLTRe
Voo Input/output circuit which
consists of Type 4 push-pull
cutput and Type 1 input buffer
* P—ch IR
_ ouUT TYPE 7
— 0 I
= N—ch P—ch[ ¥ Comparator
- [N o .
MN=ch $ J-.
" R
TYPE 4
Vel
v (Threshold Voltage])
data P—ch
ouT
output N—=ch
disable

Push-pull output where ocutput can

be placed in high impedance
(both P-ch and W=ch are off)




2.4 RECOMMENDED CONNECTION OF UNUSED PINS
Table 2-5 Recommended Connection of Unused Pins
Pin Recommended Connection
P00 to PO7, Input state : Connect the pins to Vpp with
P10 to P17 pull-up resistor.
Output state: No connection required
P20 to P23 Connect the pins to Vgg.
P30 to P33 Connect the pins to Vpp or Vgs.
_ P24 to P27, Input state : Connect the pins to Vpp with
P34 to P37, pull-up resistor.
P40 to P47,
P50 to P57 Output state: No connection required
#WR, RD, ALE, RFSH | No connection required
ANO to AN3 Connect the pins to Vpp or Vgs.
AVREF. Connect the pins to Vgsg.
—_ AVgg
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3.1

CHAPTER 3. CPU ARCHITECTURE

MEMORY SPACE

The uPD78312A enables the user to address memory of a
maximum of 64 Kbytes. (See Figure 3-1.)

Programs can be fetched from the 0000H to FEFFH area of
the 64-Kbyte address space. The 256-byte area of FFOOH to
FFFFH is reserved as a special function register area.

(1}

Vector table area

Peripheral hardware interrupt requests, reset input,
external interrupt requests, and break instruction
interrupt branch addresses are stored in the 64-byte
area of 0000H to OO3FH.

when an interrupt reguest occurs, the vector table
contents (2 words x B bits) are set in the program
counter (PC) for branch; the even address contents of
the vector table are set in the low-order eight bits
of the PC and the odd address contents are set in the
high-order eight bits of the PC.

When CPU control word (CCW) bit 1 (TPF) is set to
(1), BOOOH to B803FH of the external memory area can
be used instead of 0000H to O03FH as interrupt vector
table.

Table 3-1 Vector Table List

Interrupt Request S5Source

Interrupt Vector Table
Request Flag Address

Reset input (RESET) - 0000H

NMI pin input (NMI) - 0002H

INTEO pin input (INTEO) EXIFO 0004H

INTEL pin input (INTE1) EXIF1 0006H

INTE2 pin input (INTE2)

EXIF2 0008H

Watchdog timer (WDT) - 000AH

Time base counter TEF 000CH

Timer unit

TMFO 000EH

(to be continued)



Table 3-1 Vector Table List (cont'd)
Interrupt Request Source Rggzzziugfag vﬁi;g:ﬂ::hle
Timer unit TMF1 O010H
Timer unit TMF2 0012H
Count unit CRFOO 001AH
Count unit CRFO1 CO1CH
Count unit CRF10 OO0l1lEH
Count unit CRF11 0020H
Serial reception error SEF 0022H
Serial reception completion SRF 0024H
Serial transmission completion STF 0026H
Analog-to-digital converter ADF 0028H
Break instruction - CO3EH

(2)

(3)

(4)

CALLT instruction table area

l-byte call instruction (CALLT) call addresses can be
stored in the 64-byte area of 0040H to OQ7FH.

When CPU control word (CCW) bit 1 (TPF) 1is set to
(1), BO40OH to BO7FH of the external memory area can
be used instead of 0040H to 00Q7FH as CALLT
instruction table.

CALLF instruction entry area

The area of OBOOH to OFFFH can be directly addressed
in a 2-byte call instruction (CALLF).

Internal RAM area
256-byte RAM is mapped in FEQOH to FEFFH. General

registers of eight banks are mapped in the 128-byte
FEB80H to FEFFH are of the internal RAM area.

3-2



(3)

(6)

Special function register area

Special function registers such as the mode registers
and control regilsters of on-chip peripheral hardware
are mapped in the FFOOH to FFFFH area. Addresses in
which no registers are mapped cannot be accessed.

External memory area

When the uPD78312A or uPD7BP312A is used, external
memory (ROM, RAM) can be expanded by stages in the
56-Kbyte area of 2000H to FDFFH.

When the uPD7B310A is used, external memory (ROM,

RAM) can be connected to the 64-Kbyte area of 0000H

to FDFFH.

The external memory 1s accessed by using P47 to P40
(multiplexed address/data bus), P57 to P50 (address
bus), and the RD, WR, and ALE signals. Pseudo-static
memory refresh pulse output port (RFSH) is provided
and pseudo-static memory egquivalent to uPD428128 can
be easily connected.



Figure 3-1 Memory Map

Do00O0H Enu:nal ROM 0000H
uPD78312A)
External Es:r.‘}: Table
L Memory 3
(uPDTB310A}
B192Wxg 64w 8
l1FFFH
S000H QO03FH Fﬁhln
0040H TPF =
CALLT
Instruction
Extarnal Table Araa
Memory
g = E4Wxg
Q0 7TFH
58I ?*WxB O0A0H
= =
BOOGOH
Vector Tablea
Arfea
DBAOH
d4Wug
A03FH when
8040H| cALLT TPF = 1 CALLF -
; Instruction
Instruction
Table Area Entry Area
CERES:
B0TFH 0FFFH
1900H
> T
T FFFH
FDFFH
FEODOH
Internal RAM FEOOH | pata Memory
Ares
?EHEW B L28Wxa
FEFFH FETFH
FFa0H Special FESOH [ Genaral
Funetion Regiacers
Register (Erght Banka)
FFFFH Area FEFFH I28Wxa

Remarks: TPF is CPU control word (CCW) bit 1.



3.2

PROCESSOR REGISTERS

The main registers are eight banks each consisting of 16
8-bit general registers, control registers of one

8-bit register and three 16-bit registers, and special
function registers such as peripheral hardware I/0 mode
registers.

Figure 3-2 Register Configuration

Control Registers

A 2
P C
P 8 W
3 P
T ]
CCw

General Reglisters

T I d
] 1
[ |

L L

I

-~ T

L L

I 1

B L1 R L0

Special Function Registers
7 o7 0

SFR 258 SFR 254
SFR 2512 SFR 257
SFR 251 SFR 250
SFR 249 SFR 248
— = -
SFR 1 SFR D

Remarks: The control register CCW (CPU control word) is
mapped in the special function register (SFR)
area.
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3.2.1

CONTROL REGISTERS

The control registers are three 16-bit registers and an 8-
bit register which have dedicated functions such as
program sequence, status, and stack memory control and
operand address modification.

(1)

(2)

Program counter (PC)

The program counter (PC) is a l6~bit register which
retains address information of the next program to be
executed. Normally, it is automatically incremented
according to the number of the bytes of the fetched
instruction. When an instruction invelving a branch
is executed, immediate data or the register contents
are set. When RESET is input, the reset vector data
at OOH and 01H is set in the PC for a branch.

Program status word (PSwW)

The program status word (PSW) is a 16-bit register
which consists of flags set or reset according to the
instruction execution result. It is read/written in
8-bit units (high-order eight bits ({PSWH), low-order
eight bits (PSWL)). Each flag can also be
manipulated by executing a l1-bit manipulation
instruction. When an interrupt request occurs or the
BRK instruction is executed, automatically the PSW
contents are saved in a stack, and restored by
executing the RETI instruction.

When RESET is input, all the bits are reset to 0.

Figure 3-3 PSW Format

PSWH 0 RBS2|RBS1| RBSO| O 0 IE 0

PSWL 5 7 RSS AC UrF | P/V | SUB CY
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(a) Subtraction flag (SUB)

When the arithmetic and logic unit (ALU)
performs subtraction operation, the subtraction
flag (SUB) is set to (1):; else, the flag is
reset to (0). It becomes effective when a
decimal adjustment instruction is executed after
BCD subtraction is made.

(b) Carry flag (CY)

When a carry occurs from bit 7 or 15 or a borrow
occurs into bit 7 or 15 as a result of operation
instruction execution, the carry flag (CY) 1is
set to (1); else, the flag is reset to (0). It
can be tested by executing a conditional branch
instruction.

When a 1l-bit manipulation instruction is
executed, the flag functions as a l-bit
accumulator.

(c) Zero flag (Z)

When the operation result is zero, the zero flag
(Z2) 1is set to (1); else, the flag is reset to
(0). It can be tested by executing a
conditional branch instruction.

(d) Sign flag (S)

When the most significant bit (MSB) of the
operation result is set to "l1", the sign flag
(8) is set to (1); when "0O", the flag is reset
to (0). It can be tested by executing a
conditional branch instruction.

(e) Parity/overflow flag (P/V)

Only when an overflow or underflow occurs as
two's complement during arithmetic operation
instruction execution, the parity/overflow flag
(P/V) is set to (1); else, the flag is reset to
(0). (Overflow flag operation)

When the number of 1 bits of the operation
result is even during logical operation
instruction execution, the parity/overflow flag
(P/V) is set to (1); when odd, the flag is reset
to (0). However, this is effective only for lower
8 bits of the operation result, irrespective of
16-bit operation or 8-bit operation.

(Parity flag operation)

It can be tested by executing a conditional
branch instruction.



(3)

(£)

(g)

(h)

(1)

(3)

Auxiliary carry flag (AC)

When a carry occurs from bit 3 or a borrow
occurs into bit 3 as a result of operation, the
auxiliary carry flag (AC) is set to (1); else,
the flag is reset to (0). It can be tested by
executing a conditional branch instruction.

Register set selection flag (RSS)

The register set selection flag is used to
specify the general registers which function as
X, A, C, and B. The correspondence between
function registers and absolute registers is
changed depending on the RSS contents, as
listed in Table 3-2.

Interrupt request enable flag (IE)

The interrupt request enable flag (IE) indicates
whether an interrupt request is enabled or
disabled. When the EI instruction is executed,
the flag 1is set to (1); when the DI instruction
is executed or an interrupt is acknowledged, the
flag is reset to (0).

Register bank selection flag (RBS0O to RBS2)

RBSO to RBS2 are three bits flags to select one
eight register banks (registers banks 0 to 7).

User flag (UF)

The user flag (UF) can be used for program
control by setting or resetting on user program.

Stack pointer (SP)

The stack pointer (SP) is a 1l6-bit register which
retains the top address of stack memory area (LIFOQ).
It is handled by executing a dedicated instruction.

The SP is decremented before write operation into the
stack memory (save); it is incremented after read
operation from the stack memory (restore).

When RESET is input, the SP contents become
undefined. '
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(4)

CPU control word (CCW)

The CPU control word (CCW} is an 8-~bit register which
consists of CPU control flags. It is mapped in the
epecial function register area and can be controlled
by software. When RESET is input, all the bits are
reset to (0}.

Figure 3-4 CCW Format

7 6 5 4 3 2 1 0
0 0 0 0 0 0 TPF | EOS CCW
{a) Table position flag (TPF)
The table position flag (TPF) is used to specify
the memory area used as an interrupt vector
table area and CALLT instruction table area.
Since TPF is reset to (0) after RESET is input,
addresses Q000H to O0O7FH are used as the
interrupt vector table area and CALLT
instruction table area. Addresses B0OOOH to
BO7FH of external memory area can be used as the
table areas instead of addresses 0000H to 007FH
by setting TPF to (1) by software.
(b} End-of-software interrupt flag (EQS)

The end-of-software interrupt flag (EOS) is used
to disable RETI or RETCS instruction execution
from resetting the in-service priority register
(ISPR). When the EOS is set to (1), ISFR
resetting is disabled.

1£f ISPR is reset when a return is made from a
software interrupt, interrupt nesting control 1s
destroyed. (See 5.1.4.) To return from the
interrupt service routine started by executing
the BRK or BRKCS instruction, be sure to set the
EOS to (1) just before the RETI or RETCS
instruction is executed.

Wwhen the RETI or RETCS instruction is executed,
the EQS is cleared (0}.
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3.2,2 GENERAL REGISTERS

The general reglsters are mapped in specific area

of internal RAM space, FEBOH to FEFFH (128 bytes in
total). Eight register banks are provided. Each register
bank congists of 16 8-bit general registers.

Figure 3-5 Memory Locations of General Regilsters

{(8-Bit Processing) {l6-Bit Processing)
FEBOH

pag ater R (RO, RPO
Eﬂ:ﬁigzer R a1|‘||H' Eiﬂl RP1
_;:ﬂk’;'r Rs IR, RP2
o R TR 6, RP3

Baok 3 R 5, (R 8, | mes
E:ﬁi’;tr RUL (RO RPS
Register R13_ [R12_ RPS

I :E:gisg'“ RIS _IRI4,, RP7

The 2 8-bit registers are alsc pailred as eight 16-bit
register pairs (RP0O to RP7).

The 16 8-bit registers are characterized by the function
names as listed in Table 3-2. The X register functions as
the low-order byte of a 1l6-bit accumulator. The A
register functions as an 8-bit accumulator or the high-
order byte of a 1l6-bit accumulator. The B and C registers
function as counters. The register pairs DE, HL, VP, and
UP function as address registers. Particularly, the VP
register pair has the base register function and the UP
register pair has the user stack pointer function.



Table 3-2 General Register Configuration

Absolute Function Name Absolute [ Function Name
Name  |'pes = 0| RSS = 1 Name I RSS = O RSS = 1
RO X RPO AX
R1 A RP1 BC
R2 C RP2 AX
R3 B RP3 BC
R4 X RP4 VP vP
RS A RP5 uP uP
R6 c RP6 DE DE
R7 B RP7 HL HL
R8 vPy, VP,

RO VPy VPy
R10 UPy, uPL,
R11 UPy UPy
R12 E E
R13 D D
R14 L L
R15 H H

The registers having the unique functions change according
to the PSW register set selection flag (RSS) value as
listed in Table 3-2.

As process data addressing, the uPD78312ZA enables implied
addressing by using the function names emphasizing the
unique function to each register and register addressing
by using the absolute names for high speed processing
where data transfer is made not frequently and preparation
of highly descriptive programs.
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3.2.3 SPECIAL FUNCTION REGISTERS (SFRs)

Unlike the general registers, the special function
registers (SFRs) have special functions. The SFRs are
mapped in memory address space of FFOOH to FFFFH (256
bytes).

Short direct addressing is applicable to the 32-byte area
of FFOOH to FF1lFH. Thus, the SFRs mapped in this area can
be processed with shorter word length and less clocks than
SFRs in other locations. Frequently accessed SFRs such as
timer compare registers, capture registers, and ports are
mapped in the area.

SFRs can be handled as general registers by executing
instructions such as operation, transfer, or bit
manipulation. BSFRs are handled in 1-, B-, or 16-bit
units. However, SFRs that can be handled in 16-bit units
are limited. (See Table 3-3.) The SFR specification
method is described below:

. 1l-bit manipulation

Describe the symbol and bit in the 1l-bit manipulation
instruction operand (sfr.bit). SFR can also be
specified by using the address.

. 8=bit manipulation

Describe the symbol in the B-bit manipulation '
instruction operand (sfr). SFR can also be specified
using the address.

. 16-bit manipulation

Describe the symbol in the 16-bit manipulation
instruction operand (sfrp). SFR that can be handled in
16-bit units is mapped in a contigquous 2-byte area (even
and odd addresses). To specify the SFR by using the
address, describe the even address.



Table 3-3 lists the SFRs. The meanings of the items in
the table are as follows:

. Eymbnl .

R/W :

. 16=bit manipulation:

When reset

Symbol which indicates the
internal SFR address.

I+ can be described as instruction
coperand.

Indicates whether or not the SFR
can be read/written.

R/W: The SFR can be read/written.

R

The SFR can only be read.
W : The SFR can only be written.

Indicates whether or not the SFR
can be handled in 16-bit units.
() denotes that the SFR can be
handled in l6-bit units.

Indicates the register state when
RESET is input.

HDTE: In the FFOOH to FFFFH area, the addresses in
-— which no SFR is mapped cannot be accessed. If
the address is accessed, malfunction may

QCccur.
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Table 3-3 Special Function Register (SFR) List

16=bit

address Eptcial{:E;?t;::anngiater Symbol r/u| Manipu- ::::t
lation

FFOO0H Port O PO R/W - Un-

FFO1H Port 1 P 1 defined

FFO2H Port 2 P 2 (*)

FFO3H Port 3 B3 "W i

FF0O4H Port 4 P 4 R/W -

FFOSH Port 5 PS5

FFOBH Capture/compare register 00 CROOL | CROO (]

FFO9H CROOH

FFOAH Capture/compare register 01 CRO 1L | CRO1 o}

FFOBH CRO 1H

FFOCH Capture/compare register 10 CR10L | CR10 o

FFODH CR10H

FFOEH Capture/compare register 11 CR11L | CR11 o

FFOFH CR11H

FF10H Capture register 0 CPTOL | CPTO | R/W o

FF11H CPTOH

FF12H Capture register 1 CPTIL | CPT1 o

FF13H CPT1H

FF14H PWM register 0 PWMOL | PWMOD o

FF15H PWMOH

FF16H PWM register 1 PWM1L | PWM1 o

FF17H PWM1TH

*

(to be continued)

Bits 0 to 3 of P2 and P3 are read only.
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Table 3-3 Special Function Register (SFR) List (cont'd)

Special Function Register 15-bit When
Address (SFR) Name Symbol R/W| Manipu=| pogep
lation
PFICH Presettable up/down count UDCOL | UDCO | /W o Un-
register 0O ' defined
FF1DH UDCOH
FF1EH Presettable up/down count UDC1IL | UDC1 o
register 1
FF1FH UDC1H
FF20H port 0 mode register PMO R/W - FFH
FF21H Port 1 mode register M1 FFH
FF22H Port 2 mode register PM2 - FFH
FF23H Port 3 mode register PM3 FFH
FF25H Port 5 mode register PM5 - FFH
FF3IZH port 2 mode control register PMC2 R/W - OFH
FF33H Port 3 mode control register PMC3 OFH
FF3I8H Real time output port control RTEC - 08H
reglater
FF3IAH port 0 buffer rdgister(*1) POL - Un—
defined
FF3BH POH
FF40H Memory expanaion mode MM R/W - 30H
register
FF41H rRefresh mode register RFM 10H
FF42H | Watchdeg timer mode register wWDHM - 00H
FF44H standby control register STBC - {(*2)
2 xH
(to be continued)
*1: POH and POL are 4-bit buffers; POH is the high-order
four bits and POL is the low-order four bits. POH and
POL can also be paired for 8-bit manipulation. (See
Table 4-1.)
%*2. Bit 3 is not affected by RESET input, thus the low-

order four bits are set to 0 or 8.
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Table 3-3 Special Function Register (SFR) List (cont'd)

. 16-bit
Special Function Register When
Address (SFR) Neme Symbal | R/W | Menipu-| poce.
lation

FF46H | Time base mode register TBM R/W - OOH

FF48H External interrupt mode INTM - OCH
register

FF4AH In-service priority register ISPR R - 00H

FF4EH CPU control word CCW R/W - O0H

FF50H Serial communication mode SCM - OCH
register

FF52H Serial communication control SCC - O0H
register

FF53H Baud rate generator BRG O0H

FF56H Serial communication receive RxB R - Un-~
buffer defined

FF5TH Serial communication transmit TxB W
buffer

FF60H Free running counter control FRCC R/W - OOH
regigter

FF6UH Capture mode register CPTM - 00H

FF66H PWM mode register PWMM - Q0H

FF68H | Analog-to-digital converter ADM - OOH
mode register

FF6AH Analog-to-digital conversion ADCR R - Un-
result register defined

FF70H Count unit input mode register | CUIM R/W - OCH

FF72H Up/down counter control UDCCO - O0H
register 0O

FFTUH Capture compare register CRC - O0H
control register

FFTAH Up/down counter control UDCC1 - O0H
register 1

(to ba continued)
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Table 3-3 Special Function Register (SFR) List (cont'aqd)

16=bit
Special Function Register When
Address {SFR) Name Symbol R/W | Manipu= | o .¢
lation
FF80H Timer control register 0 T™CO0 R/W - 00H
FFB2H Timer control register 1 TMC1 - 00H
FFBBH Timer register 0 TMOL | TMO o Un-
defined
FFB9H TMOH
FFBAH Modulo/timer register 0 MDOL MDO o
FFBBH MDOH
FFBCH Timer register 1 T™IL | ™1 o
FFBDH TM1H
FFBEH Modulo/timer register 1 MDI1L MDA L]
FFBFH MD1H
FFEOH External access area (*) -
to
FFBFH
FFCOH Count unit 0 interrupt request | CRICOD R/W - 4TH
control register 0
FFC1H Count unit 0 macro service CRMsSO00 Un—
control regiater 0 defined
FFC2H Count unit 0 interrupt request | CRICO1 - 47H
' control register 1
FFC4H Count unit 1 interrupt request | CRIC10 - 47H
control register O
FFC5H Count unit 1 macro service CRMS10 Un-
control register 0 defined
FFC6H Ccount unit 1 interrupt request | CRIC11 - 47H
contrel register 1
(to be continued)
*y can be accessed by SFR

The external memory space

addressing.




Table 3-3

Special Function Register (SFR) List (cont'd)

16=bit

Special Function Register When
Address (SFR) Name Symbol R/W | Manipu- Reset
lation
FFCBH | External interrupt pin EXICO R/W - 47H
interrupt request control
register 0
FFC9H External interrupt pin macro EXMS0D Un=-
service control register 0 defined
FFPCAH External interrupt pin EXIC1 - 47H
interrupt request control
register 1
FFCBH External interrupt pin macro EXMS1 Un-
service control register 1 defined
FFCCH External interrupt pin EXIC2 - 47H
interrupt request control
reglister 2
FFCDH External interrupt pin macro EXMS2 Un=
service control register 2 defined
FFCEH Timer unit interrupt request TMICO - 47H
control register 0O
FFCFH Timer unit macro service THMSO Un=-
control register 0 defined
FFDOH Timer unit interrupt request TMIC1 R/W - 47H
control register 1
FFD1H Timer unit macro service TMMS 1 Un=-
control register 1 defined
FFD2H Timer unit interrupt request TMIC2 - 47H
control register 2
FFD3H Timer unit macro service TMMS2 Un=
control register 2 defined
FFDAH Serial communication reception | SEIC - 47H
error interrupt request control
register
FFDCH Serial communication reception SRIC = 47H

completion interrupt reguest
control register
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Table 3-3 Special Function Register (SFR) List (cont'd)
Special Function Register 16=bit When
Address (SFR) Name Symbol R/W | Manipu=| .. et
lation

FFDDH Serial communication reception | SRMS R/W - Un=~
completion macro service - defined
control register

FFDEH Serial communication trans- STIC - 4 7TH
mission completion interrupt
reguest control register

FFDFH Serial communication trang=- STMS Un—
mission completion macro defined
service control register

FFEOH Analog-to-digital converter ADIC R/W - 47TH
interrupt requast control
register

FFE1H Analog=to-digital converter ADMS Un—
macro service control register defined

FFEZ2H Time base counter interrupt TBIC - 47H

regquest register
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3.3

3.3.1

DATA MEMORY ADDRESSING

On the uPD78312A, internal RAM space (FEOOH to FEFFH) and
special function register area (FFOOH to FFFFH) are mapped
in the FEOOH to FFFFH area. Short direct addressing is

used for a part of data memory space (FE20H to FFlFH);
direct addressing is enabled with l-byte data in the

instruction word.

Figure 3-6 Addressing Space of Data Memory

FEOOH
Fe20ul y

Internal
RAM Space

FESOH "mr . _
Short Direct Addressing

General .
. Reglister
Registers |pddressing

FEFFH
FFOOH
FF1FH | — 4
FF20H

SFR Area | SFR Addressing

FFFFH ¥

GENERAL REGISTER ADDRESSING

The uPD78312A contains eight register banks each
consisting of 16 B-bit general registers or eight

16-bit general registers.

A general register is addressed by using 3-bit or
4-bit register specification field supplied from

 instruction field and the register bank selection flag

(RBSO to RBS2) and the register set selection flag (RSS)
in PSW.
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3.3.2

3.3.3

SHORT DIRECT ADDRESSING

The short direct addressing which enables direct
addressing with l-byte data in instruction word is
applicable to the internal RAM space of FE20H to FEFFH and
the SFR area of FFOOH to FFlFH. Short direct memory is
accessed as B-bit data or 16-bit data. When it is
accessed as 16-bit data, the 2-byte data addressed by
contiguous addresses of even and odd addresses is accessed
regardless of whether l-byte addressing data is odd or
even. (The least significant bit of the addressing data
is ignored.)

SPECIAL FUNCTION REGISTER (SFR) ADDRESSING

The special function register (SFR) addressing is used to
handle the special function registers (SFRs) mapped in the
SFR area of FFOOH to FFFFH. A special function register
is addressed by the l-byte data in instruction word
corresponding to the low-order eight bits of the special
function register address.

When SFR that can be handled in 16-bit units is accessed
in 16-bit units, the 2-byte data addressed by the
contiguous addresses of even and odd addresses is accessed
as with the short direct addressing.
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CHAPTER 4. PERIPHERAL HARDWARE FUNCTION

4.1 PORT FUNCTION
4.1.1 HARDWARE CONFIGURATION

The uPD78312A ports basically are 3-state bidirectiocnal
ports shown in Figure 4-1.

When RESET is input, each bit of the port mode register is
set to (1) and input ports are specified. All the port
pins become high impedance. When RESET is input, the
output latch contents become undefined.

Figure 4-1 Basic Structure of Port
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Remarks: PMXn latch: Port mode register PMX bit n



(1)

(2)

When port is set to output port (PMXn = Q)

Output latch 1s activated. Data can be transferred
between the output latch and accumulator by executing
a transfer instruction. The output latch contents

can be set/reset bit-wise. Data once written into the
output latch is retained until a new instruction
handling the port is executed.

Figure 4-2 Port Set to Output Port

T
WRpPORT
a J\ Output I:: oy
2 ~ Latch B
—t
g R Dour
n
o ;L 1
5 = ~d
"'-._..-'—-».]

When port is set to input port (PMXn = 1)

The port pin level can be loaded into a given
accumulator by executing a transfer instruction. In
this case, data can also be written into the output
latch; data transferred from the accumulator by
executing a transfer instruction 1s stored in output
latch regardless of whether the port is set to input
or output port. However, since the output buffer of
the bit set to input port is high impedance, no
output is made to the port pin. (When the bit set to
input port is changed to output port, the output
latch contents are output to the port pin.) The
contents of the output latch of the bit set to input
port cannot be read. (See Figure 4-3.)
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(3)

Figure 4-3 Port Set to Input Port
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When port is set to control signal mode (PMC2n,
PMC3n = 1)

When port mode control register (PMC2, PMC3) bits are
set to (1), ports 2 and 3 can be used bit-wise as
control signal input or output regardless of how the
port mode register (PM2, PM3) is set. When each pin
is used as control signal, the control signal state
can be read by executing a port access instruction.

Figure 4-4 When Port is Set to Control Mode
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(a) When port outputs control signal

If a port read instruction is executed when the
port mode register (PM2n, PM3n) is set to (1),
the control signal pin state can be read.

If a port read instruction is executed when the
port mode register is reset toc (0), the internal
control signal state can be read.

(b} When port inputs control signal
If a port read instruction is executed only when

the port mode register is set to (1), the
control signal pin state can be read.
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4.

1.2

PORT FUNCTION
(1) Digital input/output port function and features
Table 4-1 lists the digital input/output ports.

On every port, input/output data can be handled in I~
bit units as well as B-bit units, and very
diversified control can be performed.

Table 4-1 Port Function and Features

Port | Function Operation and Features Remarks
Name
Port | 8-bit The input or cutput mode can be See 4.3.5 for
0 input/ selected bit-wise. the real time
output output port
The port can be set to real time | function.
output port in 4-bit units.
Port | 8-bit The input or output mode can be -
1 input/ selected bit-wise.
cutput
Port | B-bit The port 2 pins can be set to The pins are
2 input/ port or control pins bit-wise, also used for
ocutput NMI, INTEQO to
(P20 to | The input or ocutput mode can be INTE2, TxD,
P23 are selected bit-wise for P24 to RxD, SCK, and
input P27. CTS.
only)
Port | 8-bit The port 3 pins can be set to The pins are
3 input/ port or control pins bit-wise. also used for
output cCI0, CI1,
(P30 to |The input or output mode can be | CTRLO, CTRLL,
P33 are selected bit-wise for P34 to PWMO, PWML1,
input P37. TOO, TO1,
only) CLRO, and
CLR1.
Port | 8-bit The input or output mode can be On the
4 input/ selected in B-bit units. uPD783104,
output port 4 always
' port 4 functions as multiplexed function as
address/data bus (ADO to AD7) the multi-
during the external memory plexed
expansion mode. Eﬂdress!data
us.

(to be continued)
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Table 4-1 Port Function and Features (cont'd)

Port

N Function Operation and Features Remarks

Port | 8-bit The input or output mode can be On the

5 input/ selected bit-wise. uPD78310A,
output port 5 always

Port 5 functions as the address functions as
bus (A8 to AlS5) during the the address
external memory expansion mode. bus.

The pins not used as the address
bus can be used as port pins.

(2)

Input/output mode and control mode setting

The input or output mode is selected for each port
bit-wise by setting each port mode register, as shown
in Figure 4-5. The input or output mode is selected
in 8-bit units only for port 4 by setting the memory
expansion mode register (MM), as shown in Figure 4-6.

The control mode of each pin of ports 2 and 3 can be
specified bit-wise by setting the port mode control
registers (PMC2Z and PMC3), as shown in Figures 4-7
and 4-8.

When a PMC2 or PMC3 bit is set to (1), the port 2 or
3 pin corresponding to the bit functions as the
control pin regardless of P2, PM2, P3, PM3. Although
the P20 to P23 and P30 to P33 pins are fixed to the
control mode, the pin level can be read by executing
a read instruction.

Data can be set in the mode registers PMO to PM3,
PM5, MM, PMCZ, and PMC3 in B-bit units; they can also
be handled bit-wise.

When RESET is input, PMO to PM3 and PM5 are set to
FFH; PMC2Z and PMC3 are set to OFH; and MM is set to
30H.



PMO

PM1

PM3

Figure 4-5

Port Mode Register Format

0

PMOT

PMO6

PMOS

PMOY4

PMO3

PMO2

PMO1

PMOO

PM17

PM16

PM15

PM14

PM13

PM12

PM11

PM10

PM27

PM26

PM25

PM24

PM37

PM36

PM35

PM34

PM57

PM56

PM35

PM5Y

PM53

PM52

FM51

PM50

Address After

Reset
FF20H FFH
FF21H FFH
FF22H FFH
FF23H FFH
FF25H  FFH

PMmn | Input or output mode

selection for Pmn pin
(m=0to 3, 5 n=20
to 7)

Output mode (output
buffer on)

4-7

Input mode {output
buffer off)




Figure 4-6 Memory Expansion Mode Register Format

6 3 1 0
0 | Pwt MM1 | MMO
L

Address

FF40H

30H

P40 to P47 and P50
operation

After Reset

to P57

0

0

0

Port
mode

Single
chip
mode

P40 to P47:

Input port
P50 to P57
Port mode

P40 to P47:
Cutput port

P50 to P57:
Port mode

pan=
sion
mode

256
bytes

P40 to P47:
Expansion mode
P30 to P57:
Port mode

Kbytes

P40 to P47 and
P50 to P53:
Expansion mode
P54 to P57:
Port mode

16
Kbytes

P40 to P47 and
P50 to P55:
Expansion mode
P56 to PSV:
Port mode

56
Kbytes

F40 to P47 and
P30 to P57:

Expansion mode

Wait cycle insertion when external
memory is accessed

0

0

Wait cycle is not inserted.

o

1

fne wait cycle is inserted.

Two wait cycles are inserted.

Three wait cycles are
inserted.




PMC2

Figure 4-7

Port 2 Mode Control Register Format

0 Address  After Reset

7 6 5 4 3 2 1
PMC | PMC | PMC | PMC
27 26 | 25 24 1 1

1 ‘ 1 FF32H OFH

P20 = NMI Input

P21 = INTEO Input

P22 = INTE1 Input

BF23 = INTEZ Input

PMC | P24 pin control mode specification
24
o Input/output port mode
1 | T™xD output mcode {(output buffer on)
PMC | P25 pin control mode specification
25
¢ | Input/output port mode
1 RxD input mode
PMC | P26 pin control mode specification
26
0 | Input/output port mode
1 | BCK output mode (output buffer on}
PMC | P27 pin control mode specification
27
0 Input/output port mode
1 | TT5 input/output mode
{output buffer on when internal
receive clock is specified)




PMC3

Figure 4-8 Port 3 Mode Control Register Format

1] Address  After Reset

7 6 5 4 1
pMc | pMc | PMc | PMC
37| 36| 35| 34 1

1 FF33H OFH

CI0 Input

P31 = CTRLO Input

P32 = CI1 Input

P34 = CTRL? Input

PMC | P34 pin control mode specification
34

0 Input/output port mode

1 PWMOD output mode (cutput buffer on}
PMC | P35 pin control mode specification
35

0 Input/output port mode

1 PWM1 ocutput mode (output buffer on)
PMC | P36 pin control mode specification
36

¢ | Input/output port mode

1 TO0 cutput mode (ocutput buffer on)
EMC | P37 pin contrcl mode specification
37

0 | Input/output port mode

T | TO1 output mode (output buffer on)
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(3)

Digital input/output port operation

When a read/write instruction is executed, operation
of each port varies depending on the specified mode,
as listed in Tables 4-2 to 4-5. P20 to P23 and P30
to P33 are input-only ports also used for control
signal input. The pin level can always be read or
tested.

The P36 and P37 pins also function as count unit
counter clear/capture trigger pins (CLRO and CLR1),
as specified in the up/down counter control register
(UDCCO, UDCCl) ENCLR bit and capture/compare register
control register (CRC) CMOO and CM10 bits. (See

Figures 4-13 and 4-14.)

Ports 4 and 5 of the uPD78312A, uPD78P312A coperate as
listed in Table 4-6 according to MM register
specification. When the expansion mode is specified,
ports 4 and 5 do not function as ports. Port 4 of
the uPD78310A always operates as multiplexed
address/data bus (ADDO to AD7) and port 5, as address
bus (A8 to Al5); they do not function as ports.

When the output mode is selected for a port pin,
immediately the ocutput latch contents are output to
the port pin. To output data, prewrite the data into
output latch before gelecting the output mode.

When RESET is input, each port enters the input port
mode and all the port pins become high impedance.
When RESET is input, the output latch contents become
undefined.

NOTE: If data is written into output latch by
executing a bit manipulation instruction
during the input mode or control signal
input/output mode, all the output latch
contents become undefined.

Table 4-2 Port 0, 1 Operation when Read/Write Instruction

is Executed {(n=0 to 7)

Port 0, 1 Read Instruction Write Instruction
Operating Mode Execution Execution
Qutput port mode | Output latch data Data is output to
is input, output pin.

Input port mode Pin level is input. | Data is set in output

latch.
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Table 4-3 Port 2 Operation when Read/Write Instruction
is Executed (n = 0 to 7}

Read Instruction

Write Instruction

Pin PMC2n | PM2n -
Execution Execution
P20 to 1 1 Pin level is input. Written data is
P23 invalid.
P24, 0 0 Output latch data is Data is output to
P26 input. putput pin.
0 1 Pin level (port input) Data is set in
is input. output latch.
1 0 Internal control signal
is input.
1 1 Pin level (control
signal) is input.
P25, 0 0 Output latch data is Data is output to
P27 input. output pin.
0 1 Pin level (port input)} Data is set in
is input. output latch.
1 0 Qutput latch data is
input.
1 1 Pin level (control

signal) is input.
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Table 4-4 Port 3 Operation when Read/Write Instruction

is Executed (n = 0 to 7)

Pin PMC3n | PM3n Read Instruction Write Instruction
Execution Execution
P30 to 1 1 Pin level is input. Written data is
P33 invalid.
P34 to 0 0 Output latch data is Data is output to
P37 input. output pin,.
0 1 Pin level (port input) Data is set in
is input. output latch.
1 0 Internal PWM and TO
output signals are
input.
1 1 Pin levels (PWM and TO
output) are input.

Table 4-5 Port 4, 5 Operation when Read/Write Instruction
is Executed (uPD78312A, uPD7BP312A)

Port 4, 5
Oparating Mode

Read Instruction
Execution

Write Instruction
Execution

Output port mode

Output latch data
is input.

Data is output to
output pin.

Input port mode

Pin level is
input.

Data is set in output
latch.

Expansion | Port 4
mode

Pin level is
input.

Port 5

0 is input.

Written data is invalid.
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Table 4-6 Port 4, 5 Operation (uPD78312A, uPD78P312A)

Mode Specification Port 4 Port 5
in MN Reglater P57|P56 | PS5 [P54| P53 | P52| P51 | PSO
Port Single Input port Port mode
mode chip
Qutput port Port mode
Expan- | 256=-byte Multiplexed address/ Port mode
sion expansion | data bus
mode
h-Kbyte Multiplexed address/ Port mode Al11|A10|A9 |A8
expansion | data bus
16-Kbyte Multiplexed address/ Port A13|A12| AL11[ALQ|A9 | A8
expansion | data bus mode
56-Kbyte Multiplexed address/ A15|A14|A13]A12|A11|A10[A9 | AB
expansion data bus

An: Address bus
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4.2

CLOCK GENERATOR

The clock generator generates and controls internal system
clock supplied to the CPU and peripheral hardware.

Figure 4-9 shows the clock generator configuration.

The system clock oscillator cscillates by a crystal
vibrator or ceramic oscillator connected to the X1 and X2

pins.

External clock can also be input. In this case, input the
clock signal to the X1 pin and its inverted phase to the
X2 pin.

Figure 4-9 Clock Generator Configuration

X1
F—T1—0— System :
= clock . |fxx or fx A 5 |,
Oscil- 2. —*=f— Internal
—I—o-| lation a3 System
X2 /e 0 ock CLK
FI:gunmqr
Oscillation Divider 1 (sTBC
Stop Signal Regilster
from STP F/F Bit 5)

(Figure 6-2)

Remarks l: fyy = crystal or ceramic oscillation
frequency

2: fy = external clock frequency
3: fopx = internal system clock frequency

4: CKl1 is STBC register bit 5 (see Figure 6-
1)
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Figure 4-10 System Clock Oscillator External Circuit

(a) Crystal or ceramic (b) External clock
oscillation
wPDT83I12A uPDTA83I124
ntai 1 aaiiaaiiateh External
: " x Clock D> X1
—t =
7. T Y
L----il--_-_--- Xz X2
Crystal
Resonator
or Caramic
Oscillator

NOTE: When the system clock oscillator is used, wiring
within the shaded area should be carried out as

follows to avoid the effects of wiring capacitance,
etc.

. Keep wiring as short as possible.

. Do not cross other signal lines and keep clear of
lines carrying a variable high current.

. The ground point of the oscillator capacitors
should be such that the potential is always the
same as 1%3 .

Do not ground them in a ground pattern in which a
high current flows.

. Do not take signals from the oscillator.

The internal system clock (CLK) is changed by setting
standby control register (STBC) CKl1l bit, as listed in
Table 4-7. When RESET 1s input, the CKl bit is set to (1)
and fory equals to fyy/8 (low speed operating mode.)

Table 4-7 Internal System Clock Specification

CK1 Internal System Clock Dividing Ratio (when fyy = 12 MHz)

0 fELK = fxx X 1;“2 {5 MH=z )

Remarks: To use external clock, replace fyy with fy.

NOTE: In a system which uses external clock, do not set the
STOP mode. (See 6.1.5.)
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4,3 PULSE INPUT/OUTPUT UNIT

The pulse input/output unit consists of the following five

blocks:

Count unit

Capture unit

PWM unit

Timer unit

Real time output port

4.3.1 COUNT UNIT

The count unit can count external event input and measure
external event input intervals.

(1)

Count unit configuration

The count unit consists of the following registers:

L

16-bit presettable up/down count registers (UDCO
and UDCl)

16-bit capture/compare registers (CRO0, CROl, CRIO,
and CR1l)

Up/down counter control registers (UDCCO and UDCCL)
Capture/compare register control register (CRC)
Count unit input mode register (CUIM)

Interrupt request control registers (CRICOO,
CRICOl, CRIC10, and CRIC1ll)

Macro service control registers (CRMS00 and CRMS10)

Two blocks xxx0 and xxxl are the same in structure
and function.



Figure 4-11 Count Unit Block Diagram

A S S R - - - -—-#
]
ch
CTRLI
CLR1 |
. Time Base Counter Interrupt Request Sigoal
(TBF Flag S5Set) '
CROT (15} ;g;:::th
' Caprure Y [ L Flag
Internal 15 :LD'HE .
{C:mﬁﬂ ] [_comp | Maceh
" L Presat
Edge Detectod Up Underflow Ai
g T P e
':m ) S
? EA | gsi::::: . UDCH (18t Set e
T p——— DowT R
,_-_“,_.4; 7\ oowm Clear gverflow Bit
- e Intarrupt I
mju&y___ Vs Request
Flag
i Capture
. I
CROO 1 16)
L}

(a)

16-bit presettable up/down count registers (UDCO
and UDC1l)

Each of UDCO and UDCl is an up/down counter
which counts internal clock (feprk/3) or external
clock (CIO, CIl pin input). {(fcrk is the
internal system clock frequency.

UDCO0 or UDCLl up count/down count operation can
be controlled by software or external pin
(CTRLO or CTRL1). The clear function and data
preset function are also contained.

UDCO operation and UDCl operation are controlled
by the UDCCO and UDCCl registers.

Wwhen RESET is input, UDCO and UDCl are not
affected.
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(b)

(c)

Capture/compare registers (CROO, CRQl, CR1l0, and
CR11)

The capture/compare register functions as a
register which retains the preset value in the
UDCO (UDCl) register, a compare register which
compares with the UDCO (UDCl) register count
value, or a capture register which captures the
UDCO (UDCl) register count value at a given
timing, as specified in the capture/compare
register control register (CRC).

When the capture/compare register functions as a
capture register, the CR0O0 or CR10 register
captures the count value when rising edge 1is
input to the external pin (CLRQO or CLRl): the
CRO1l or CR1ll register captures the count value
when the time base counter ilnterrupt reqguest
flag (TBF) 1s set to (1).

When RESET is input, the capture/compare
reglsters are not affected.

Count unit input pins (CIO, CIl, CTRLO, CTRLI1,
CLRO, and CLR1)

On the CI0Q, CIl, CTRLO, CTRL1l, CLRO, and CLR1l
pins, digital noise removal is made by using
internal system clock (CLK) to prevent noise
from causing malfunction. To prevent signal
from being removed as noise, signal having the
width of tree system clocks or more must be
input.

Figure 4-12 Count Unit Input Pin Noise Removal Example

1 i
—emin. 500ns —

1;“1'1“.’5“'{1}1

CIO(CIl) Pin Input —

{ fcLx=6MHz)

—-—:min. E00ns =

Internal System Clock illlll]llllll‘

{CLX}
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(2)

Mode registers

(a)

Up/down counter control registers (UDCCO and
UDCC1)

The UDCCO and UDCCl registers are 8-bit
registers to control UDCO and UDCl operating
modes and count operation. Figure 4-13 shows
the UDCCO and UDCCl register formats.

When RESET is input, all bits of the UDCCO and
UDCC1l registers are cleared to "0".
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uDCCO

uDCCl

Figure 4-13 Up/Down Counter Control Register Format

7 6 5 4 3 2 1 0 Address  After Reset

¢sO|cov|cUur|U/D|I/E|EN | O |MOD
gl o CLR FF72H OOH
¢csl|cov|cur|U/D|I/E|EN | O | MOD
1 1 CLR FF7AH 00H
|

UDCO, UDCl Count Operating Mode
Specification

0[UDCO, UDC1 is not cleared or preset.
(Normal mode)

I[When the CROL (CR11) register contents

match the UDCO (UDCl) register contents and
a new count clock is input, UDCO (UDCl) is
cleared. When UDCO (UDCl) register count
underflows, the CROlL (CRll) register wvalue
is preset in the UDCO (UDCl) register.
(Up/down modulo mode)

CLRO, CLR1l Pin Function

UDCO, UDCl is not cleared.

ol

When rising edge 1is input, UDCO, UDCI is
cleared.

Count Clock Specification

Internal clock {fELKfi}

1|External clock (CI0, CIl pin input)

Up/Down Operation Flag

UDCO, UDCLl up count operation

ol

UDCO, UDCI down count operation

UDCO, UDCl register count underflow flag

[ UDCO, UDCl register count overflow flag

UDcO, UDCl Operation

" 0]Count stop

l|Count operation

forg: Internal system clock frequency
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(1)

(i1)

(114)

MOD bit (bit 0)

The UDCO (UDCl) count operating mode is
specified.

When the MOD bit is cleared, UDCO (UDC1l)
is set to the normal mode. UDCO (UDCl)
is not cleared or preset and functions as
a 16-bit binary counter.

When the MOD bit is set to (1), UDCO
(UDCl) is set to the up/down modulo mode.
When the CR0O1 (CR11l) contents match the
UDCO (UDCl) contents during up counting
and a new count clock is input, UDCO
(UDC1) is cleared. When UDCO (UDC1)
contains 0000H during down counting and a
new count clock is input, the CR0O1 (CR11)

contents are preset in UDCO (UDCl}.

UDCO (UDCl) set to the capture mode by
setting the capture/compare register
control register (CRC) performs capture
operation regardless of how the MOD bit
1s set.

ENCLR bit (bit 2)

The ENCLR bit is used to control the
clear function of the UDCO (UDC1l)
register to 0000H according to CLRO
(CLR1) pin input.

When rising edge is input to the CLRO
(CLR1l) pin with the ENCLE bit set to (1),
UDCO (UDCl) is cleared.

TI/E bit (bit 3)

The I/E bit is used to select UDCO (UDC1)
count clock. When the I/E bit is set to
(0), internal clock (frrx/3) 1s selected;
when (1), external clnck (CIO, CIl1 pin
input clock) is selected.



(b)

(iv) U/D bit (bit 4)

The U/D bit indicates the initial state
of count operation. When the bit 1s set
to (0), up count operation is indicated;
when (1), down count operation is
indicated. The count operation specified
in the U/D bit is performed unless edge
input (CTRLO, CTRL1l pin input) specified
in the count unit input mode register
(CUIM) occurs or the U/D bit is inverted
by software.

When the counter counts up, the U/D bit
is reset to (0); when the counter counts
down, the bit is set to (1). The up or
down count operation can be detected by
software which decides whether the U/D
bit is set or reset.

(v) CUFQ, CUFl bit (bit 5)

The CUF0, CUFl bit indicates a count
underflow. In the normal mode, the CUFO
(CUFl) bit is set to (1) when UDCO (UDC1l)
counts down to FFFFH from 0000H. In the
up/down modulo mode, the bit is set to
(1) when the CROl (CR1ll) register value
is preset in UDCO (UDCl).

(vi) COVO, COV1 bit (bité6)

The COVQ, COV1l bit indicates a count
overflow. In the normal mode, the COVO
(covl) bit is set to (1) when UDCO (UDC1)
counts up to 0000H from FFFFH. In the
up/down modulo mode, the bit is set to
(1) when the CRO1 (CRll) register value
matches the UDCO (UDCl) wvalue.

(vii) CsS0, CSl bit (bit 7)

The CSO (CS1) bit is used to control UDCO
(UDCl) count operation. When the bit is
set to (1), count operation is started.
When the bit is reset to (0), count
operation is stopped.

Capture/compare register control register (CRC)
The CRC register is an 8-bit register to control

operation of the capture/compare registers
(CROO, CROl1, CR10, and CRll).



When a CRC register bit is cleared, the
capture/compare register corresponding to the
bit is set to the compare preset mode. When a
CRC register bit is set to (1), the
capture/compare register corresponding to the
bit is set to the capture mode.

When RESET is input, all the CRC register bits
are cleared.

Figure 4-14 Capture/Compare Register Control Register Format

CRC

6 5

4 3 2 1 0 Address  After Reset

CML1l

uln

cumlcnm 0 0| emoo | FF74H 00H

CRO0O Register Cperation

0

Compare preset mode

1

When rising edge is input to the CLRO pin,
the UDCUO contents are captured.

CROl Register Operation

=

Compare preset mode

1

When TBF is set, the UDCO contents are
captured.

CR10 Register Operation

0
T

Compare preset mode
When rising edge is input to the CLRI pin,

the UDCl contents are captured.

CR1l Register Operation

=

Compare preset mode

T

When TBF is set, the UDC1l contents are
captured.

TBF: Time base counter interrupt regquest flag
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(e)

Count unit input mode register (CUIM)

The CUIM register is an B-bit register to
control the function of the count unit input
pins (CIO, CI1l, CTRLO, and CTRL1l). Figure 4-15
shows the CUIM register format.

When RESET is input, all the CUIM register bits
are cleared.
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(3)

Count unit operating mode

UDCO (UDCl) register count operation is set to the
normal mode by resetting the UDCCO (UDCCl) register
MOD bit to (0); it is set to the up/down modulo mode
by setting the MOD bit to (1).

The CROO (CR10), CRO1 (CR1ll) register operating mode
is set to the compare preset mode by resetting the
CRC register CMO (CM1l) bit to (0):; it is set to the
capture mode by setting the bit to (1).

Count clock and up or down count are selected by
using the UDCCO (UDCCl) register I/E bit and CUIM
register. (See below.)

The UDCO (UDCl) clear function depending on CLRO
(CLR1) pin input is controlled by using the UDCCO
(UDCC1) register ENCLR bit.

When each operating mode is specified, the count unit
operates as follows:

NOTE: The CRO0O (CR10) and CR0O1l (CR1l1l) registers
can be sat to the compare preset mode or
capture mode separately by setting the
CRC register.

(a) Wwhen CROO (CR10), CRO1l (CR1ll) is set to compare
preset mode
Count unit operation varies depending on whether

UDCO (UDC1l) is set to the normal mode or up/down
modulo mode.
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Table 4-8 Operati

on when Compare Preset Mode is Specified

UDCO (UDCl) Operation

Normal Mode

Up/Down Modulo Mode

CROO The value retained in CROO (CR10) is compared with the

(CR10) UDCcO (UDC1)

value., If a match is found, interrupt

operation|request CRF0O0 (CRF10) is generated when a new count

clock is input (Compare operation). UDCO (UDC1l)
functions as a 16-bit binary counter.

CRO1 Same as
{CR11) CROO (CR10)
operation

When UDCO {(UDCl) counts up, the value
retained in CROl ({CR1l1l) is compared with
the UDCO (UDCl) wvalue. If a match is
found, when a new count clock is input,
interrupt request CRFO1l (CRF1ll) is
generated, the counter overflow flag (COV)
1s set, and UDCO (UDCl) is cleared (Clear
operation). When UDCO (UDCl) counts down,
if a count underflow occurs from UDCO
(UDC1l), interrupt request CRFO1l (CRFll) is
generated, the count underflow flag (CUF)
is set, and the value retained in CRO1l
(CR11) is preset in UDCO (UDCl) (Preset
operation).

Figure 4-16 Operation when Compare Preset Mode is Specified

CROLI(CRLL)

Compare JH“;? Interrupt Request CRFO1

Preset
‘xh LCEFL1)
T Clear d
- —;
CUFo {_ UDCO (UDC1) L] cove
(CUF1 ] count Count FCU“‘f
Underflow Overflow
::>,A’ CRFOO
om re -
Compa N Interrupt Reguest (CRFLO)

CROOG(CR10)
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Figure 4-17 Count Operation during Up/Down Modulo Mode

(Match}
i T
Up Count CRO1 {CR11l) Vvalue
UDCO (UDCl} value bfffx
Fa FaX
Clear

[Count overflow flag
CoOvVDo {(Ccovl) is set.]

upco {Ubcl) value

Down Count CRO1 (CRl1l) value

—— i i o e i = -

Preset

[Count underflow flag
CUF0 (CUFl) is set.]

(1) when counter count operation is stopped and restored

When the count operation is stopped(count disabled)
after the count register value reaches the compare
register value or OH, and then the count is restarted
(count enable), preseting and clearing of the count
register value is performed on the first count clock
pulse, and an interrupt request is generated.

When the count register value is rewritten during the
count disabled period, preset and clear operations are
not performed, and an interrupt request is not
generated.
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Figure 4-18 Count Operation Examples (Down Count) (1)

(a) In normal operation

Count Clock __] 1 l I__—

Compare Register Value "

Count Hﬂgintm: Valua 3 2 1 3 N N-1

T

Interrupt Regquast
Genaration Presat

(b) When counter count operation is stoped and

restarted
Count Clock | I ‘ I J
Compare Register Value N
Count Register Value 2 x L x 0 X N
Fay Fa |

C80=0 CEgm] Interrupt

Disable Enable Request
Geanaration

Preset

{c) When count register value is rewritten during

count disable

Count Clock _,_ _l ; l

Compara Reglster N
Value
Count Register Value Ex 1 x 0 X X Xx—l
Pt P 1
CEQ=0D C80=1 No Interrupt
Disable Enable Generation
Not Praset

Change of Register Value
{Program Procassing)
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(11)

When count register value is changed during count
operation

If the count register value is changed by program
processing during the count operation, count register
value preset and clear operations may not be performed
normally, and an interrupt requenst may not be
generated normally. Therefore, the count register value
should not be rewritten during the count operation.
Next, a concrete example is shown below.

If the same value as that of the compare register, or
OH, is written to the count register by program
processing, preset and clear operations are not
performed on the first count clock pulse. As a result,
the count register value is as follows:

. Up-count : Compare register value + 1
+ Down-count : FFFFH

However, if the count register value is cleared by
CLRO(CLR1) signal input, the prest operation is performed

normally.

Figure 4-19 Count Operation Examples (Down Count) (2)

(a) In normal operation

e [ LU

Compare Register N
Value

Count Register Value 3 2 1 0 N N-1

T
Interrupt Reguest
Genaration Presat
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(b) When OH is written to count register

Count Clock ___} I

Compare Register N
: Valua
Count Regilister Value X X X-1 H 0H X FFFFH
A T
Program No Interrupt Regquest

Frocassing Ganeration
Not Preset

When the count register value is changed before the next

down-count after the count register reaches OH during the
count operation, the compare register value is preset by

the next down-count input.

Figure 4-20 Count Operation Example (Down Count) (3)

Count Clock I

1

Compare Register Value N

Count Register Value 1 H H 0H X X X N
Fa

T
Interrupt Request Generation

Presat
{X written by the program is

ignored. )

Program Processing
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(b) When CROQC (CR10), CROl (CR1ll) is set to capture
mode

UDCO (UDCl) operates in the normal mode
regardless of how the MOD bit is set. Preset
operation is not performed.

Table 4-9 Operation when Capture Mode is Specified

UDCO (UDCl) Operation

CROO When rising edge is input to the CLRO (CLR1l) pin, the

(CR10) UDCO (UDCl) wvalue is captured in CR0OO (CR10) and

operation|interrupt request CRFO0 (CRF1l0Q) is generated (Capture
operation). If UDCCO (UDCCl) bit 2 (ENCLR) is set to
(1) at the time, UDCO (UDCl) is cleared after capture
operation is performed.
When CRCO (CR10) is set to the capture mode, the
CLRO/P36 (CLR1/P37) pin functions as a capture trigger
input pin.

CRO1 When a time base counter interrupt request is

{(CR11) generated (TBF 1s set), the UDCO (UDCl) walue is

operation|captured in CR0Ol1 (CRl1ll) and interrupt request CRF01l

(CRF1l) is generated (Capture operation).

The UDCO (UDCl) clear function after capture operation
is performed is not contained.
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Figure 4-21 Operation when

Time Base Counter Interrupt
Request Signal
(TBF Flag Set)

Capture Mode 1s Specified

CROL(CR11)

PN

Capture Interrupt Reguest CRFol
“(CRF11)
Count Count
CUFo | Underflow Overflow | COVD
(cur1 ) UbCo(uDpCl) [cnvn
Clear |
CLRO Capture CRF
i 3]
(CLR1)9— _.J_ "{CRF10
Interrupt Request )
Edge Detector <
CROODI(CR101

(4) Up/down count change
input pins

Up/down count change
register counting is
the count unit input

One of change operati
setting the count uni
CTRLMO, and CTRLM1l bi

(a) Mode O (CTRLM1 =

control by using count unit

operation during UDCO (UDC1)
controlled according to input to
pins.

ng modes 0 to 4 is selected by
t input mode register (CUIM) ES,
ts.

0 and CTRLMO = 0)

In mode 0, the CTRLO (CTRL1l) pin functions as

general purpose

input port pin (P33, P31). UDCO

(UDCl) count operation is not affected.

(b) Mode 1 (CTRLM1 =

In mode 1, when

D and CTRLMO = 1)

the CTRLO (CTRL1) pin is high,

count clocks are counted down; when the pin 1s
low, count clocks are counted up.

The count clock

is selected by using UDCCO

(UDCCl) register bit 3 (I/E).

4-34



Figure 4-22 Mode 1 Operation

- UDco (UDCl)

Count Clock

{Internal or
External)

CTRLO (CTRL1)
Pin Level

————Down Count Up Count

upco (UDCl) muat-lh’unumyunnsu:mmsH:nncuH:(nms:-[XumsH:(;uurﬂuuuaHXmmI:mum

Count Example

(c) Mode 2 (CTRLM1 = 1 and CTRLMO = 0)

In mode 2, operation varies depending on which

count clock internal or external clock is
selected.

(1)

when internal clock 1s selected

Wwhen valid edge specified in the ES bit is
input to the CIO (CIl) pin, the up,/down
counter is set to the count up operating
mode and counts up internal clocks.

When rising edge is input to the CTRLO
(CTRL1) pin, the up/down counter is set to
the count down operating mode and counts
down internal clocks.

If mode 2 is set by using the count unit
input mode register (CUIM) and the up/down
counter control register CS bit is set to
(1), the up/down counter counts up oOr down
clocks in the mode specified in the
up/down counter control register (UDCCO,
UDCC1).

After this, when valid edge is input to

the CIO (CIl1l) pin or CTRLO (CTRL1l) pin,

count operation is automatically changed
to up or down operation.

Example: When the count unit input mode
register (CUIM) ES bit is reset
to (0) and rising edge is
selected for the valid edge
input to the CIO (CIl) pin,
up/down change operation is
shown (Figure 4-23).
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Figure 4-23 Mode 2 Operation when Internal Clock is
Selected for Count Clock

Internal
Count Clock

{ fc]_,gfifl- -

CI0 (CIl) Pin
{ES = Q)

CTRLO (CTPRL1)

Pin
Down Up
| Count | Count Down Count | Up Count
| | |
UuDCO (UDCl) x - #
Count Example G008H (000THI0006H (000 TH J0008H J000TH IJOBEHXGGQEH GO6H JO00TH

A

Count Start
CSQ=|

U/D=|

(ii) When external clock is selected

Valid edges (specified in the ES bit)
input to the CI0O (CIl) pin are counted up
and rising edges input to the CTRLO
(CTRL1) pin are counted down.

This mode 1s set by using the count input
mode register {CUIM). The up/down counter
starts counting in the mode specified in
the up/down counter control register.
After this, count clocks input to the CIO
(CIl) pin are counted up and count clocks
input to the CTRLO (CTRL1l) pin are counted
down. If a count clock is input to the
CI0O (CIl) pin and CTRLO (CTRL1) pin at the
same time, count operation is not
performed and the immediately preceding
count value is retained.

Example: When the count unit input mode
register (CUIM) ES bit is reset
to (0) and the rising edge is
selected for the valid edge
input to the CI0 pin, up/down
counter operation i1s shown
(Figure 4-24).
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Figure 4-24 Mode 2 Operation when External Clock is

CI0 (CIl)

Selected for Count Clock

Pin Input
(ES = Q)

" CTRLO (CTRL1)

Pin Input

Dowm

Up Count ;Retained| Count Retained
] |

upco (upcl)
Count Example 0000 0O01H 1A002H § o0 J0003H nnuaHinnzHXmm

VAN

Count Start
CS0(C81)=1

(d)

Mode 3 (ES = O, CTRLM1 = 1, and CTRLMO = 1)

Mode 3 is the most useful mode when 2-phase
signal with phase shifted 90° like servo motor
shaft encoder ocutput is input to the CI0 (CIl)
pin and CTRLO (CTRL1) pin as count clock.

The count unit detects relative phase lead or
lag of the 2-phase signal and automatically
changes up/down counter up/down count operation.

When 2-phase signal having 90° phase difference
is input to the CIO (CIl) pin and CTRLO (CTRL1)
pin, the CTRLO (CTRL1l) pin level is sampled when
rising edge is input to the CIO (CI1l) pin.

When the CTRLO (CTRL1) pin level sampled on the
rising edge input to the CIO (CIl) pin is low,
the up/down counter counts down when rising edge
is input to the CI0O (CIl) pin.

The CTRLO (CTRL1) pin level sampled on the
rising edge input to the CI0O (CI1l) pin is high,
the up/down counter counts up when rising edge
is input to the CIO (CI1l) pin.
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Figure 4-25 Mode 3 Down Count Operation

C10 (cI1) '
Pin Input
(when rising | .

edge is wvalid)

CTRLO {CTRL1) ___r I _

Pin Input

Upco (UDcl) _X
Count Example o X FFFFH X rﬂ'luj FFFDH X FFFCH

Down Count

Figure 4-26 Mode 3 Up Count Operation

c10 (CIl) ' ——
Pin Input ﬁ lﬁ l

{when rising J

edge is wvalid) \ \ \

CTRLO (CTRL1)
Pin Input

Uupco (ubDcl)
Count Example X 0000H X W0IH X Q00IH X 000IH : OD04H
. Up Count

(e) Mode 4 (ES = 1, CTRLM = 1, and CTRLMO = 1)

Like mode 3, mode 4 is useful when 2-phase

signals with phase shifted 90° like servo motor

shaft encoder output are counted as count
clocks.

Wwhen 2-phase signal with phase shifted 90° is
input to the CIO (CI1l) pin and CTRLO (CTRLL)
pin, automatically up or down count operation 1is
decided and count is made at the timing as shown

in Figure 4-27.

In mode 4, both the rising edge and falling

edges of each 2-phase signal input to the CIO

(CIl) pin and CTRLO (CTRL1l) pin are counted.

Thus, the up/down counter counts four per input

signal cycle (4 times count).
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Figure 4-27 Mode 4 Count Operation Example

=i

I_
c10 (CIl)
Pin Input

CTRLO
{CTRL1)
Pin Input

]

Up Count

j————-—Dpown Count——-

[ i i i
| I i
i '

! I i
i ]
1

] I ] 1 ] ]
b -
uDCo -
{upcl)
000000000 EE00000000

Example

(5)

Count unit interrupt request control registers
(CRICO0, CRICOl, CRIC10, and CRIC11)

The CRIC00, CRIC0l, CRICl0, and CRICll registers are
B-bit registers to control four interrupt requests
CRF00, CRF01l, CRF10, and CRFll occurring from the
count unit.

The four interrupt requests make up one group and the
count unit interrupt request priority level is
programmable by using the CRIC0O0 register PRZ to PRO
bits. In the group, the interrupt request priority
levels are fixed by hardware as follows:

CRF00 > CRF0l1 > CRF10 > CRF1l1

Figure 4-28 shows the interrupt request control
reglster formats. The function of bits 0 to 6 1is
described in Chapter 5. "Interrupt Function”.

Bit 7 functions as an interrupt request flag. Table
4-10 lists the interrupt request flag set conditions.
The interrupt request flag is reset to (0) when
interrupt request is acknowledged or by software.
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Figure 4-28 Count Unit Interrupt Request Control
Register Formats

7 6 5 4y 3 2 1 0 Address After
Reset
CRICQQ | CRF| CRMK | CRISM|CRCSE|CQ |PR2|PR1|PRO FFCOH 47H
00 | 00 00 00
CRICO1 | CRF| CRMK 0 CRCSE|D - - - FFC2H 47H
01 o1 01
CRIC10 | CRF| CRMK | CRISM|CRCSE|O | = | = | = FFCUH 4TH
10 10 10 10
CRIC1l | CRF| CRMK 0 CRCSE (O - - - FFCEH 4TH
11 11 11
Remarks: '"-" denotes that write cannot be made.

If the bit is read,

"l" is read.

Table 4-10 Count Unit Interrupt Request Flag Set Conditions

Up/Down
Inter- | gherat- | Counter | Count
rupt ing Operat- | Opera- Interrupt Request Flag Set Condition
Request | .40 i tion
F1 P °
ag Mode
CRFO0 | Capture - - When the UDCQO wvalue is captured in CROO
when rising edge is input to the CLRO pin
Compare - - When the CRDO contents match the UDCO
preset value and & new count clock is input
CRFO1 Capture - - When the UDCO value is captured in CRO1
when a time base interrupt request occurs
{TBF is set)
Compare | Normal - When the CRO1 contents match the UDCO
preset | mode value and a new count clock is input
Up/down | Down When the CR0O1 contents are preset in UDCO
modulo | count
mode
Up When the CROl contents match the UDCO
count | value and a new count clock is input
(After this, the UDCO value is cleared.)

(to be continued)
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Table 4-10 Count Unit Interrupt Request Flag Set Conditions
(cont'd)
Intep= Up/Down
nter Operat- | Counter | Count
rupt ing | Operat- | Opera-{ Interrupt Request Flag Set Condition
Request | yoqe ing tion
Flag Mode
CRF10 | Capture - - When the UDC1 walue is captured in CR10
when rising edge is input to the CLR1 pin
Compare - - When the CR10 contents match the UDC1
preset value and a new count clock is input
CAFl1l1 | Capture - - When the UDCl value is captured in CR1l
when a time base interrupt request occurs
(TBF is set)
Compare | Normal - When the CR11 contents match the UDC1
preset | mode value and a new count clock is input
Up/down | Down When the CR1l contents are preset in UDC1
modulo | count
mode
Up When the CR1l contents match the UDC1
count value and a new count clock is input
{After this, the UDCl1 wvalue is cleared.)}
(6) Count unit macro service control registers (CRMS00

and CRMS10)

CRFO0Q and CRF1l0 of the four interrupt requests
occurring from the count unit can cause macro service
regquest.

CRMS00 is an B-bit register to control macro service

started when CRFOQ is set to (1):

CRMS10 is an 8-bit

register to control macro service started when CRF10

is set to (1).

The function of the bits is described

in "5.2 MACRO SERVICE FUNCTION".

4-41




Figure 4-29 Macro Service Control Register Formats

7 6 5 4 3 2 1 0 Address After
Reset
CRMS0OO0 |[MSM|MSM|MSM|DIR| O | CH2 |CH1|CHO
2 1 0 FFCl1lH Undefined

CRMS10 [MSM |MSM |[MSM|DIR| O | CHZ|CH1l | CHO| FFCS5H Undefined

4.3.2 CAPTURE UNIT

(1)

INTEO O Faa" -i_,
Ed foL /4 —ed 4 FRC(L6)
ge fOLE." | G—ied '}
Deteactor 1
| 3':1 apture |
[NTEL o Y iE i
CPTI(18)

Capture unit configuration

The capture unit has the free running counter capture
function. Figure 4-30 shows the capture unit block
diagram.

The free running counter (FRC) is also used for a 20-
bit time base counter which counts internal system
clock (ferr)i it is cleared to O00H only when RESET is
input.

The capture registers (CPTO0 and CPT1l) function as the
FRC capture registers. When a count clock is input
to the count unit or a valid edge is input to the
INTEO (INTEl) pin, the FRC count value is captured

in the CPTO (CPT1) register. When RESET is input,
the unit becomes undefined.

Figure 4-30 Capture Unit Block Diagram

uDcl unco
Count Count
Clock Clock

L- CPTO{16)
-gl Capture s
_ﬂ'

Remarks: fopx: Internal system clock fregquency
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CPTM

(2)

Capture mode register (CPTM)

The capture mode register (CPTM) is an 8-bit register
to specify the capture register (CPTQ, CPT1)
operating mode and capture trigger. PFigure 4-31
shows the capture mode register (CPTM) format. When
RESET is input, all the CPTM bits are cleared to "0O".

Figure 4-31 Capture Mode Register Format

7 5 4 3 2 1 0 Address After Reset
CTL 0 0 MOD1 | CTO 0 0 MODO | FF64H 00H
__
MODO|CPTO_ Register Operation
0 Operation stop
1 Operation as capture register
CTO |CPTO Register Capture Trigger
Specificaticon
0 When external interrupt request
flag (EXIFO) is set
1 UDCO count clock
MODl |CPT1 Register Operation
0 Operation stop
B! Operation as capture register
CTl |CPTl Register Capture Trigger
Specification
0 en external interrupt reguest
flag (EXIF1) is set
1 UDCl count clock
(3) Free running counter control register (FRCC)

The FRCC register is an 8-bit register to control the
free running counter (FRC) and PWM output. Figure 4-
32 shows the FRCC register format.

When RESET is input, all the FRCC register bits are
cleared to "0".



FRCC

Figure 4-32 Free Running Counter Control Register Format

6

5 4 3 2 1 O Mdress After Reset

OVF

0

0| CCLK| EN |ALV1| EN |ALVO| FFe0H 00H
PWM1 PWMO

ALVO|Active Level Specification of PWMO Output
0 Low
1 High

EN PWMO Output Control
PWMO

o PWM output disable
PWM output enaple

ALV]1 |Active Lev&I_SEgcf?iﬂatian of PWML Output
0 LowW
1 High

EN |PWMI Output Control
PWM1
[+] PWM output disable

1 PWM output enable

CCLK [Free Running Counter (FRC) Count Clock
Specification

0 Internal system clock (forx) X 1/4
1 Internal system clock (fa.ryp) x 1/16

[Free Running Counter (FRC) Overflow Flag

(4)

Capture unit operation

When the trigger specified in the CPTM register CTO
(CT1l) bit capture occurs, lé-bit data in the free
running counter (FRC) is captured in the CPTO (CPT1)
register.
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The captured 16-bit free running counter (FRC) part
of the 20-bit time base counter (TBC) is specified by
using free running counter control register (FRCC)

"bit 4 (CCLK). The 16-bit data captured in the

capture register (CPTO, CPTl1l) 1s changed depending on
whether the CCLK bit is set to (1) or reset to (0),
as shown in Figure 4-33.

On software, free running counter (FRC) count clock
appears to be changed.

Figure 4-33 Free Running Counter Specification

Internal

—_ System Clock-»
{ ferk ) oli1l2l{z|4ts|6]7}8|9|10{11}{12{13|14|15|16]17|18 19

Time Base Countar{TBC)

H q
+
1 : Count

= ﬂ“ﬂflﬂﬂ
CCLK=0
Free Running Counter(FRC) 15 5
_ Overflow

FRCC bit 7 (OVF) indicates an FRC overflow. If an
overflow from TBC bit 17 (when CCLK = 0) or from TBC
bit 19 {when CCLK = 1) occurs, the OVF bit 1s set to
(1). Once OVF bit is set to (1), the bit is not
reset to (0) by hardware even if the CCLK bit setting
is changed. The OVF bit is always reset to (0) only
by software.

If the external interrupt flag (EXIF0, EXIF1l) is
selected for the trigger of capturing data in the
capture register, capture operation is performed each
time a valid edge is input to the external interrupt
pin (INTEQ, INTEl).

If the up/down counter count clock is selected, count
clock input to UDCO (UDCl) is used as the capture
trigger as 1t is independently of count clock source
(internal or external) selection or count operation
(up or down count).
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4.3.3 PWM UNIT

(1)

From TBC

(2)

PWM unit configuration

The PWM unit has the PWM output function. Figure 4-
34 shows the PWM unit block diagram.

Figure 4-34 PWM Unit Block Diagram

ln..f‘:; — E PWMD 06
gt | 5Q PS>——opwuo
ot - Preset. L . L~
- -hu-+—~4mmmcmwmn———J__
PWMI 08

iy

I == PWM |

= i

Preset ] L
:.-'

DOWN COUNT

Balector

fok

Remarks: feorg: Internal system clock freguency

The PWM registers (PWMO and PWMl) are used to control
the PWM output pulse width (duty). When RESET is
input, the PWM registers become undefined.

PWM mode register (PWMM)

The PWM mode register (PWMM) is an 8-bit register to
specify the PWM registers (PWMO and PWM1l) operating

modes and the number of significant PWM output bits

(PWM resolution). Figure 4-35 shows the PWM mode

register format.

When RESET is input, all the PWM mode register bits
are cleared to "0".
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Figure 4-35 PWM Mode Register Format

7 5 4 3 2 1 0 Mdress After Reset
pwmm|cr11|crio|{Mop1] O |-.:Tn1 croolmopo| © | Freen  ooH
— —

lHﬂDﬂ PWM0 Register Operation
Operation stop

L Operation as PWM register

CTO1]| CTOO [Specification of PWMO Register
PWM Output Signal Precision

0 0 B-bit

W) 1 10-bit
1 0 12=bit
1 1 l16=bit

MOD1| PWMl Register Operation

0 Operation stop
1 Operation as PWM register

(3)

CTL1|CT10|Specification of PWM1 Reglster
| PWM Output Signal Precision
0 0__ }8-bit
0 | 1 |10-bit
1 | 0 |12-bit
1 1 l16=bit

PWM unit operation

PWM unit PWM operation is enabled by setting the PWM
mode register (PWMM)} MOD bit 1.

To perform PWM output, port 3 mode control register
(PMC3) bits 4 and 5 must be set to (1) to set the
P34/PWMO and P35/PWM1 pins to the control mode .

When time base counter tap output (TBC7, TBC3, TBC1l1,
or TBCl5) goes high according to the number of
significant bits specified in the PWMM register CTO
and CT1 (CTOl0 and CTOll) bits, PWM output 1is
activated, the PWMO (PWM1l)} register value is preset
in the down counter, and down count is made. When
the down count reaches 0000H, the down counter sStops
and PWM output is deactivated. The operation
controls the PWM output pulse width (duty).
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The active level of PWM ocutput is specified by using
the FRCC register ALV bit. When the bit is set to
(1), active high is selected; when (0), active low is
selected.

The active level width of PWM output, Tw is
determined by the following expression:

Tw = (PWMn register wvalue) x t cyc (n =0 or 1)

tcyc is the internal system ﬁlﬂck cycle time and
1

fork:

Therefore, if 0000H is written into the PWMn
register, the PWM output pin is always deactivated.

Whether PWM output is enabled or disabled is
specified by using the FRCC register ENPWMO (ENPWM1)
bit. When the bit is reset to (0), immediately PWM
output is deactivated (ALV).

When the PWMM register MOD1l bit is reset to (0), PWM
operation stops and the down counter stops counting.
If the MODl bit is reset to 0 during PWM operation,
the down counter stops with the walue retained; when
the bit is set to 1, the down counter restarts
counting at the value. When operation stops, the pin
level remains unchanged. However, if the MOD1l bit is
set to 1 when TBC tap output selected for input clock
is high, the PWMO (PWMl) register wvalue is again
preset and count 1s started.

4-48



Figure 4-36 PWM Output Operation Timing

Example:

TBC7 Output
ferg /2%

PWMO{ PWMI )

Register
Valua

Down Counter

+———PWM Period

PWM output operation when time base counter
output tap TBC7 is specified.

Down

Value

(when ALV = 1) __1

PWM Output

Count

Preset

Fa
Presat

Down Count

(when ALV = 0)

PWM Period Setting
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CT1l |CTO PWM Precision Frequency |PWM Period
0 0 |8-bit PWM output |23.4 kHz 42 us
0 1 |10-bit PWM output| 5.9 kHz 171 us
1 0 j12-bit PWM output| 1.5 kHz 683 us
1 1 |16-bit PWM output|91l.6 Hz 10.9 ms
forx = 6 MHz




4.3.4 TIMER UNIT

The timer unit has the square wave output function and the
timer function for real-time output port output control in
addition to the interval timer function and one-shot timer
function.

(1) Timer unit configuration
The timer unit consists of the 16-bit timer registers
(TMO and TM1), 16-bit modulo/timer registers (MDO and

MDl), B-bit timer control registers (TMCO and TMCl),
and output control circuit as shown in Figure 4-37.

Figure 4-37 Timer Unit Block Diagram

i
=]
fc It,f"'r]. p S g
EC:EJ’IEB—--E_K MDo (16)
ji lﬂf Praget
i |ﬁuEpuE '
o ;i . TMO (16) Control 0 TO0
feLk”/128— o % | 5 i
4 )
TMCO MD1 (16)
:ggiggzr Preset
E < | tput
ot § T™1 (18) |ggn5?¢l ———0TO!
fcoxs 12— = ntro
m

Remarks: fopg: Internal system clock freguency

4-50



(2)

Timer control registers (TMCO and TMCl)

The TMCO register is an 8-bit register to control
operation of the TMO and MDO registers. The TMCl
register is an 8-bit register to control operation of
the TM1 and MD1 registers. '

when RESET is input, the TMCO and TMCl registers are
cleared (OO0H).

The TMCO and TMCl registers differ in format as
shown in Figures 4-38 and 4-39.

The TMCO register MCLKO and MSO bits do not affect
count operation when the interval timer operating
mode 1s specified.

NOTE: External trigger control of timer
operation specified in the TRG bit is
effective only in the interval timer
mode. The one-shot timer cannot be
started by external trigger.
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TMCO

Figure 4-38 Timer Control Register (TMCO) Format

0 Address After Reset

7 6 5 4 3 2 1
TS [ TCLK]| MS [MCLK] EN |ALV | TRG | MOD | FFg0Y 00H
0 0 0 0 TO0

p—

i J

Operating Mode Specification

Interval timer operation

One-shot timer operation

Timer Operation Control

Timer start when a wvalid edge is input to

the INTEZ pin is disabled.
1|wWwhen a valid edge is input to the ITNE2 pin,

the timer is started.

Active Level Specification of TOO Pin Qutput
Low '

o]

High

TOO Pin QOperation Specification

The TOO pin level is fixed to inactive
(ALV).

The TOO pin level is inverted when TMFO is

set.

MDO Register Count Clock Specification
({during One-Shot Timer Mode)

fcrk/12

forx/128

MDQ Register Operation Control (during One-

Shot Timer Mode) i}
When data 1s written into MDO, the bit is set

to (1) and count starts. When MD0O counts down
from O0OH, the bit is reset to (0) and count
stops.

TMO Register Count Clock Specification

During interval[O[fop /6
timer mode

[

fork/128

During one-shot|0 chK;1z
timer mode

1|£op /128

TMO Register Operation Control

Count stop

Count start
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Figure 4-39 Timer Control Register (TMCl) Format

7 6 5 4 3 2 1 0 AMdress After Reset

TMCl | TS | TCLK| O 0 EN| ALV} O 0 FFB2H 00H

Active Level Specification of TOl Pin Output

0 Low
1[High

TOl Pin Operation Specification

O[TOL pin output is fixed to inactive level
(ALV). ) -

1/TOL pin output is inverted when TMF2 flag is
set.

TM1 Reglster Count Clock Specification
Otfeori/0
1| far /128

TM1 Register Control

O0[Count stop
1l [Count start

(3) Timer unit operation

When the TMCO register MOD bit (bit 0) is reset to 0,
the TMO and MDO registers are set to the interval
timer operating mode; when the bit is set to (1), the
T™O0 and MDO registers are set to the one-shot timer
operating mode.

The ™M1 and MD1 registers always operate in the

interval timer operating mode and are not set to the
one-shot timer operating mode.
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(a)

Interval timer operating mode

When the interval timer operating mode is
specified, TMO (TM1l) operates as a timer
register to count down the setup value and MDO
(MD1) operates as a modulo register which
retains the interval set value preset in TMO
(TM1).

Interval timer start instruction is given by
setting TMCO (TMCl) register bit 7 (TS0 (TSl))
to (1).

The TMO and MDO registers contain the interval
timer start instruction function when external
trigger is input. If TMCO register bit 1 (TRG)
is set to (1), when a valid edge is input to the
INTE2 pin, the TSO bit is set to (1) by hardware
and the timer is started.

When the TSO (TS1) bit is set to (1), the value
retained in MDO (MD1l) is preset in T™MO (TM1) and

count down is made by using clock specified in
the TCLKO (TCLKl) bit. When an underflow occurs

as a result of count down, an interrupt request
occurs and the TMFO (TMFl, TMF2) flag is set to
(1). The value retained in MDO (MD1l) is again
preset in TMO (TMl). This operation sequence is
repeated.

The interrupt request continues to occur at the
given intervals determined by the TCLKO (TCLK1l)
bit and MDO (MDl1) set wvalua.

If the TSO (TS51) bit is reset to (0) during TMO
(TM1) counting down, count operation stops and
™0 (TM1l) retains the wvalue.

NOTE 1: When the TS0 (TS1) bit is set to (1),
if the bit is again set to (1), again
the MDO (MDl) register value is set in
the T™MO (TM1) register and the timer
restarts.



NOTE 2: When the unit is used as an interval
timer, if the timer 1s started with
0000H written into the TMO (TML1)
register, the next operation occurs
at the first down count.

. Timer underflow request generated
. TO0O(Tol) pin output level inverted
(ENTOO(ENTOl) = 1)

To set the interval, prewrite any value
other than Q000H into the timer register
(TMO, TM1) before starting the timer.

Note that the TMO (TM1) register 1is
undefined after RESET i1s input.

Table 4-11 Count Time during Interval Timer Operating Mode

Timer register (TMO, TM1l) count time

fcm = 6 MHz

TCLKO (TCLK1l) Bit Count Clock Resolution Full Count

0

fCLKIE 1.0 us 65.5 ms

1

frrr/128 21.3 us 1.40 s

Square wave output to the TOO {(TOl) pin is
controlled by using TMCO (TMCl) register bit 3
(ENTOO (ENTOl)) and bit 2 (ALV).

The active level of TOO (TOl) pin output is
specified by the ALV bit. When the ALV bit is
set to (1), active high is selected: when the
bit is reset to (0), active low is selected.

wWwhen the ENTOO (ENTOl) bit is reset to 0, the
TOO (TOl) pin level is inactive (ALV). When the
bit is set to (1), the TOO (TOl) pin level is
inverted when the timer unit interrupt request
flag TMFO (TMF2) is set to (1).

To output square wave from the TOO (TO1l) pin,
port 3 mode control register (PMC3) bits 6 and 7
must be set to (1) to set the P36/TO0 and
P37/T01l pins to the control mode.
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Figure 4-40 Timer Unit Output Timing

MDO(MD1 )

Ragister Value

TMO(TM1)
Register Value

TOO(TO1l) CGutput
{ALV = 1}

TSO(TS1l) Bit

(b)

Dowm

Count TMo({TM1 }=9

TMO(TM1 }=0

Im

[]
A A
Rasat sat Reset Set

Count Stop Count Start Count Count
Stop Start

[ TSR I

-
[

One-shot timer operating mode

Only TMO and MDO can be set to the one-shot
timer operating mode, in which case TM1 and MD1
operate in the interval timer operating mode.

When the one-shot timer operating mode is
specified, the TMO and MDO registers operate as
timer registers to count down the setup value.

One-shot timer start instruction is given by

writing data into the TMO and MDO registers.

When the TMCO register TSO bit (bit 7) or MSO
bit (bit 5) i1s set to (1) by hardware, count

down is started.

TMO and MDO count down by using clocks specified
in the TMCO register TCLKO and MCLKO bits. If
the count value reaches "0" as a result of count
down, the TS0 or MSO bit is reset to (0) by
hardware and count is stopped. At the time, the
0000H value is retained in the TMO or MDO
register.

When the TMO or MDO count value reaches "0", an
interrupt request occurs and TMFQO for TMO or
TMFl1 for MDO is set to (1l). In this case, when
the TM1 register which operates as an interval
timer underflows as a result of count down, TMF2
is set to (1).
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Table 4-12 Count Time during One-Shot Timer Operating Mode

T™O, MD0O register count time

fCLK = 6 MH=z

TCLKO, MCLKO Bit Count Clock | Resolution Full Count

0 chHflz 2.0 us 131.1 ms

1 fCLK}"le 21.3 us 1.40 s

(4)

Timer unit interrupt request

Three interrupt requests (TMF0 to TMF2) occur from
the timer unit. The occurrence conditions of the
interrupt requests from the timer unit vary depending
on the timer operating mode specification.

If the interval timer mode is specified, when the TMO
register underflows as a result of count down, TMFO
is set to (1):; when the TM1 register underflows as a
result of count down, TMFl, TMF2 is set to (1).
(Figure 4-41 (a))

If the ™0 and MD0 registers are set to the one-shot
timer mode, when the MD0 register underflows as a
result of count down, TMFl is set to (l1); when the
™0 register underflows as a result of count down,
T™F0 is set to (1). In this case, when the TMl
register which operates as an interval timer
underflows as a result of count down, TMFZ is set to
(1). (Figure 4-41 (b))

The TMF0 and TMFl set signals can be selected for
real-time output port output triggers.
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Figure 4-41 Interrupt Requests from Timer Unit

(a) When TMO and MDO are set to interval timer mode

MDO
TMO -TMFO Set Signal
MD1
- - TMFl Set Signal
TM1

———=TMF2 Set Signal

(b) When TMO and MDO are set to one-shot timer mode

MDO TMFL sét Signal
TMO TMFQO Set Signal
MD1

‘ TM1 o TMF2 Set Signal

TMFO to TMF2: Timer unit interrupt reguest flags 0 to 2

(a) Timer unit interrupt request control registers
(TMICO, TMIC1l, and TMIC2)

The TMICO to TMICZ registers are used to control
three interrupt requests occurring from the
timer unit. The three interrupt requests make
up one group and the timer unit interrupt
request priority level is programmable by using
the PRZ to PRO bits of the TMICO register. 1In
the group, the priority levels are fixed by
hardware as follows:

TMFO > TMFl > TMF2

The TMICO to TMICZ register bits are described
in "CHAPTER 5. INTERRUPT FUNCTION".
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Figure 4-42 Timer Unit Interrupt Request Control Register Format

TMICO

TMIC1

TMIC2

7 6 5 4 3 2 1 0 Address After
Reset
T™™FQ| T™M ™ T™ 0 PR2 | PR1 | PRO | FFCEH 47TH
MKOD | ISMO| CSEQ
TMF1l| TM ™ ™ 0 - - - FFDOH 47H
MK1 | ISM1| CSEl '
T™MF2| TM ™ ™ 0 - - - FFD2H 47H
MK2 | ISM2| CSE2
Remarks: "-" denotes that write cannot be made. If

(b)

the bit is read, "1" is read.

Timer unit macro service control registers
{TMMSO to TMMS2)

The TMMSO to TMMS2 registers are used to control
macro services started when the three interrupt
requests occur from the timer unit.

The TMMS0O register is used to control the macro
service when the TMFO flag is set to (l1):; the
TMMS1 register is used to control the macro
sarvice when the TMFl flag is set to (1):; and
the TMMS2 register is used to control the macro
service started when the TMF2 flag is set to

(1).
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Figure 4-43 Macro Service Control Regilister Format

7 6 3 4 3 2 1 0

TMMSO to 2 MSM|MSMIMSM|DIR| O |CH | CH |CH

Remarks:
Address After Reset

TMMSO : FFCFH Undefined
TMMS1 : FFD1H Undefined
T™MMS2Z : FFD3H Undefined

The TMMSO to TMMSZ2 register bits are described
in "5.2 MACRO SERVICE FUNCTION".
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4.3.5 REAL-TIME QUTPUT PORT

Port 0 contains the real-time output port function and can
output the port 0 buffer register contents in 4-bit or 8-

bit units at programmable intervals.

(1) Real-time output port configuration
The real-time output port takes the master slave
configuration and consists of the buffer register,

output latch, and real-time output port control
register (RTPC), as shown in Figure 4-44.

Figure 4-44 Real-Time Output Port Block Diagram

RTPC

0

/ Internal Bus ,

g U i

POH POL

Buffar Buffer
RegLAataer Reglster

L

e TMF 0

aled=
cor

4 1 TMF1
g N7

Qutput Latch i 3
[

Eﬁ;if?iiv \vV/
&} o

P07 P06 P05 FO4 FO3 P02 PO1 POO

(a) Port 0 buffer register (POH, FOL)
The buffer register retains the next data to be
output when port 0 is set to the real-time
output port mede. The buffer register contents
are transferred to the output latch at the
output timing listed in Table 4-14.

The buffer register contents are not affected by
RESET input.

(b) OQutput latch

The output latch retains port 0 output data.
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(2)

Real-time output port control register (RTPC)

The RTPC register is an B-bit register to specify the
port O function and real-time output port operating
mode. Figure 4-45 shows the RTPC register format.

The POLM and POHM bits are used to specify the
operating modes of the low-order four bits and high-
order four bits of port 0. When the POLM and POHM
bits are reset to (0), port 0 serves as a normal 3-
state input/output port. When the bits are set to
(1), port 0 functions as a real-time output port.

If port 0 is used as a 1-byte (8-bit) real-time
output port rather than separate 4-bit real-time
output ports (low-order four bits and high-order four
bits of port 0), the BYTE bit is set to 1.

The TRG bit 1s used to specify the transfer trigger
of the buffer register value to the output latch. It
is effective only for the port bits set to the real-
time output port.

When RESET is input, the RTPC register is set to 08H

and port 0 is set to the general-purpose input/output
port mode.
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Figure 4-45 Real-Time Output Port Control Register Format

7 6 5 4 3 2 1 0 Mdress After Reset

RTPC | O 0 0 0 BYTE| TRG | POHM| POLM | FF38H 08H
J | —

POHM | POLM | Port O Function Specification

4] 0 PQO0 to PO7: 3-state input/output
port

¥ 1 POO to P03: Real-time output port
P04 to P0O7: 3-state input/output

port

- 1 0 P00 to PD3: 3-state input/output

port
PO4 to P07: Real-time output port

1 1 POO to P0O7: Real-time output port

TRG |Real-Time Output Port Transfer Timing
—_ Specification

0 When the TMFn flag is set to 1, the
buffer register contents are transferred.
(when TMF0O 1is set, the POL contents are
transferred: when TMFl 1s set, the POH
contents are transferred; when TMFl 1s
set, the POL and POH contents are
transferred. )

1 when 1 is written into the TRG bit, data
ig transferred. (After data is
transferred, 1 is retained.)

BYTE |Real-Time Output Port Operating Mode

0 4-bit separate real-time output ports

1 8-bit real-time output port

TMFn: Time unit interrupt request flag (n =
0 to 2)
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(3) Real-time output port operating mode

The operating mode can be selected in 4-bit units for
port 0 by setting RTPC register bits 3, 1, and 0
(BYTE, POHM, and POLM).

Table 4-13 lists the read and write access targets
for each operating mode.

Port 0 addresses that can be accessed are PO, POH,
and POL which can be described in the sfr operand.

Table 4-13 Port 0 Access Targets
RTPC To be Accessed (Read)| To be Accessed (Write)
Operating|Access
BYTE | POMH | POML Mode Address| High-Order |Low-Order | High-Order |Low-Order
Four Bits |Four Bits | Four Bits |Four Bits
x 8-bit PO Port access* Output latch
port mode
POH POH POL POH -
FPOL POH POL - POL
x POT7 to PO Port Output Cutput -
POY : access® latch latch
Port mode
P03 to POH POH POL POH -
POO:
Real-time|POL POH POL - POL
output
port
x PO7 to PO Qutput Port - Output
POU : latch access" latch
Real-time
output POH POH POL FOH -
port
P03 to POL POH POL - POL
POO:
Port mode
0 Y=bit PO Output latch -
separate
real-time | POH POH POL POH -
output
port POL POH POL - POL
(to be continued)
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Table 4-13 Port 0 Access Targets (cont'd)

RTPC To be Accessed [Heudﬂ To be Accessed (Write)
Operating| Access
ayTE | pOME|IPOML Mode Address|High=Order |Low=0Order | High=Order | Low=0Order
Four Bitas |[Four Bits | Four Bits |[Four Bits
1 1 8-bit PO Output latch -
real time :
output POH POH POL POH POL
port
POL POH POL POH POL
*: The output latch of the bit set to the ocutput mode by

using the port 0 mode register (PMO) is accessed; the
pin level of the bit set to the input mode is accessed.

Remarks 1: -3

NOTE :

(4)

23 X

Write

access 1s not

Don't care

made.

Output latch and
buffer register (POH, POL) are not affected.

If port 0 is set to B-bit real time output port, when
either POH or POL 1is accessed, 8-bit data is always
written into POH and POL.

Real time output port output timing

Table 4-14 lists the transfer timing of the buffer
register (PQH, POL) contents to the cutput latch when
port 0 is set to real time output port accerding to
how the RTPC register BYTE and TRG bits are set.
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Table 4-14 Real Time Qutput Port Output Timings

TRG POH POL
0 When TMFl is set When TMFO is set
1 When 1 is written into When 1 is written into
the TRG bit the TRG bit
0 When TMFl is set
1 When 1 is written into the TRG bit

Remarks: If data is output to the cutput latch by writing 1
into the TRG bit, the TRG bit also contains 1
after the data is transferred.



4.4 SERIAL COMMUNICATION INTERFACE

The uPD7B8312A has a serial communication interface which
contains a dedicated baud rate generator.

The serial communication interface operates in the
asynchronous mode or 1/0 interface mode.

In the asynchronous mode, bit synchronization and
character synchronization are taken by using start and
stop bits for transfer. In the I/0 interface mode, serial
data is transferred in synchronization with controlled
serial clock as in the 87 AD series.

4.4.1 SERIAL COMMUNICATION INTERFACE CONFIGURATION

Figure 4-46 shows the serial communication interface
configuration.

The serial communication interface which contains serial
registers and buffers for transmission and reception
enables data to be transmitted and received independently.
Since the CTS pin has the receive clock input/output pin
function in the I/0 interface mode, serial communication
is also enabled in full duplex in the I/0 interface mode.
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Figure 4-46 Serial Communication Interface Block Diagram

(a) When asynchronous mode 1s set -~

5 Internal Bus ﬂ
1[ 0 1T
STFe—{ TxB SCM RxB |—= SRF
4l il

Sarial Serial |
TxD o—<—1 Serisier Register |
C EO_D*MM SEF*—““F‘

Baud Rate <~— TBC -
e — EEEEEﬂﬂ?

Generator — Output
RxDo— >
Remarks: The SCK pin is fixed high.
(b)) When I/0 interface mode
{l- Internal Bus (,
STFe—  TxB | scm || RxB |—=s&rF

Iyl 1T
T:DO—{]—-— ﬁg’&’iﬁqr I g;&:lﬁu .

Emm‘ Reception
Control control
I~ ¥ 1
| Rl
1
s
RCLK " —
Baud Rate oa— TBC
8CKo <7 3 Tap
P Generator 3 Output
TXE
[,
RxDo 1>
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4.4.2 MODE REGISTERS

(1)

SCM

Serial communication mode register (SCM)

The serial communication mode register (SCM) is an B-
bit register to specify the serial interface transfer
mode. The meanings of SCM register bits 2 to 7 vary
depending on how bits 1 and 0 (MD1 and MDO) are set.

7 6 5 4 3 2 1 0
MD1 MDO
MDl, MDO = 0, 1 (asynchronous mode)
7 6 5 4 3 2 1 0
TXRDY| RXE PEN EP CL SL ] 1
MD1, MDO = 0, O (I/0 interface mode}
7 6 5 4 3 2 1 o
TXE RXE 0 ] TSK | RSCK 0 0

The MD1 and MDD bits are a bit field to specify the
serial interface transfer mode. When MD1 and MDO are
get to 0 and 1 (01), the asynchronous mode is
selected; when 0 and Q0 (00), the I/0 interface mode
is selected.

When RESET is input, the SCM register is cleared
(O0H) and the 1/0 interface mode 1is set.

NOTE: Before changing the serial interface
transfer mode between the I/0 interface
and asynchronous, be sure to once set the
RXE bit to 0 (reception disable).
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Example: Change from I/0 interface mode to

(a)

asynchronous mode

I1/0 interface mode
reception is enabled

W il

MOV SCM, #xOxxxx(01B; Disable asynchronous
mode reception

MOV SCM, #xlxxxx01B; Enable asynchronous
mode reception

When asynchronous mode is set

The RXE bit is used to control reception enable
in the agsynchronous or I/0 interface mode. When
the RXE bit is set to 0 (reception disable)
during reception operation, reception processing
is stopped at the time and a reception
completion interrupt request does not occur.

The SL bit is used to specify the stop bit
length. When the SL bit is reset to 0, the stop
bit length becomes ocne bit; when set to 1, the
stop bit length becomes two bits.

The CL bit is used to specify the character
length. When the CL bit is reset to 0, the
character length becomes seven bits; when set to
1, the character length becomes eight bits.

The PEN bit is used to specify parity enable.
When the PEN bit is reset to 0, no parity is
specified; when set to 1, parity bit is added.
When parity bit is added, the EP hit is used to
select odd or even parity. When the EP bit is
reset to 0, odd parity is selected; when set to
1, even parity is selected. The EP bit is
significant only when the PEN bit is set to 1.

The TXRDY bit is used to contrel transmission
enable. When the CTS pin is set low and TXRDY
is gset to 1, transmission is enabled.

NOTE: When setting to asynchronous mode, the
CTS/P27 pin should always be set to
control mode. (Bit 7(PMC27) of port 2
mode control register(PMC2) is set to 1.)
I1f setting to port mode, the serial
communication interface cannot be
implemented.
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(b)

When I/0 interface mode is set

The RSCK bit is used to specify the serial
receive clock source. When the RSCK bit is
reset to 0, external receive clock is used for
reception operation; when set to 1, internal
receive clock is used for reception operation.
The receive clock is input/output through the
CTS pin.

The TSK bit has the receive clock output trigger
bit function. The bit is significant only when
the RSCK bit is set to 1. When 1 is written
into the TSK bit, eight shift clocks for
reception are output from the CTS pin.

The RXE bit is used to control reception enable.
When the RXE bit is set to 1, reception is
enabled; when reset to 0, reception is disabled.
If the RXE bit is reset to 0 (recepticn disable)
during reception operation, reception processing
is stopped at the time and a reception
completion interrupt request does not occur.

The TXE bit is used to control transmission
enable. When the TXE bit is set to 1,
transmission is enabled; when reset to O,
transmission is disabled.

NOTE: When the RSCK bit is set to O
{external clock reception mode), do
not set the receive clock output
trigger bit (TSK) to 1. If the TSK
bit is set to 1, the counter which
counts receive clocks is
unconditionally reset, and external
clocks cannot be counted accurately.
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Figure 4-47 Serial Communication Mode Register Format (a)

When asynchronous mode is set (bit 0 = 1)

7 6 5 4 3 2 1 0 Address After Reset

TK |RXE|{PEN|EP | CL | SL 0 1 FF50H O0H
RDY

Stop Bit Length Specification

One stop bit

Two stop bit

CL Character Length Specification

0 Seven bits

1 Eight bits

PEN EP Parity Bit Control

0 '—___Nn parity

1 0 Odd parity addition
1 1 Even parity addition

RXE |Reception QOperation Control

0 Reception disable

1 Reception enable

Transmission Operation Control

Transmission disable

1 |Transmission enable when CTS pin is low
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SCM

Figure 4-48 Serial Communication Mode Register Format (b)

When I/0 interface mode is set (bit 0 = Q)

6

5

4 3 2 1 0 Address After Reset

TXE

RXE

0

0 TSK | RSCK | O 0 FF50H O0OH

RSCK| Synchronization Clock Specification

4] External receive clock is used for
reception (CTS pin input mode)

1 Internal receive clock is used for
reception (CTS pin output mode)

When 1 is written into this bit, eight shift
clocks are output (effective only when RSCK =

1)

RXE || Reception Operation Control
w

0 Reception disable

1 Reception enable

TXE ]Transmission Operation Control

Reception disable

1 Reception enable
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(2) Serial communication control register (Scc)

The serial communication control register (SCC) is an
8-bit register to control the serial communication
interface transfer rate.

Bits 2 to 0 (PRS2 to PRS0Q) are used to specify time
base counter tap output input to the baud rate
generator.

Wwhen RESET is input, the SCC register is cleared
(QO0H).

Figure 4-49 shows the SCC register format.
Figure 4-49 Serial Communication Control Register Format

7 6 5 4 3 2 1 0 Address After
Reseat
SCC 0 0 0 0 0 |PRS2| PRS1 |PRS0O| FF52H 00H

FR ([PR| PR
Clock S 1i Rate Ge I
s2|s1ls0 upplied to Baud nerato

ﬁ

0 {0 [0 [fopk/2

0 |0 |1 {£fopr/4 (TBC TBCO tap output)

0 [1 {0 [frx/8 (TBC TBC1l tap output)

0 |1 |1 |£forx/16 (TBC TBC2 tap ocutput)

1 |0 |0 |forr/32 (TBC TBC3 tap output)

1 |0 |1 |£forx/64 (TBC TBC4 tap output)

1 |1 |0 |forg/128 (TBC TBCS tap output)

1|1 (1 IfCLEIEEE (TBC TBC6 tap output)
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4.4.3 BAUD RATE GENERATOR (BRG)

The baud rate generator is an 8-bit timer which is
dedicated to the serial communication interface and
generates transmit or receive shift clock. The
transmission and reception baud rate generators are
provided. (See Figure 4-50.)

(1)

Baud rate generator setting

Input clock to the baud rate generator is specified
by selecting time base counter output tap in the
serial communication control register (SCC) PRS2 to
PRSO bits. Serial communication interface shift
clock is provided by furthermore dividing the baud
rate generator output signal by two. Set the
parameter values in the baud rate generator for the
transfer rate so as to satisfy the following
expression:

56 - 10 x X
Where:
B : Transfer baud rate [bps]
B = 110, 150, ..... , 9600, 19200, ......

G + Baud rate generator set value (1 3 G 2 255)

n : Input clock specification number to the baud
rate generator specified in SCC register PRSZ
to PRSO bits (0 g n g 7)

fork: Internal system clock freguency [MHz]
Table 4-15 lists the baud rate generator set values
for each standard transfer baud rate when internal

system clock 6 MHz is used based on the expression
shown above.
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Figure 4-50 Baud Rate Generator Configuration
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Table 4-15 Baud Rate Generator Set Values (for Reference)

fCLK = § MH=z

Transfer Baud Rate gggzﬂiglgﬁgg Baudsgit:afsge;atnr Error (%)
Set Value n
110 7 107 0.43
150 7 78 0.16
300 6 78 0.16
600 5 78 0.16
1200 4 78 0.16
2400 3 78 0.16
4800 2 78 0.16
9600 1 78 0.16
12200 O 78 0.16
38400 0 39 0.16
1.5M 0 1 0

NOTE: Set a value of 2 or more for the baud rate generator
(BRG) during the 1/0 interface mode. (When internal
system clock is set to 6 MHz and BRG = 2 1is set, the
transfer baud rate becomes 750 kbps.)

Remarks: Error is calculated as shown below:

Error (%)
|{baud rate calculation result) - (expected baud rate)|
= x 100
{expected baud rate)
foLk
Where {baud rate calculation result) =
Ntz o
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(2)

Note when baud rate is set

The baud rate generator samples a start bit by using
input clock to the baud rate generator. To lessen an
error during start bit sampling, clock of frequency
as high as possible should be supplied to the baud
rate generator.

Thus, set a value as low as possible in the low-order
three bits of the SCC register (PRS0 to PRS2).

For example, to set the transfer baud rate to 9600
bps, set eilther of the following:

(a) n=0and G = 156 (= 9CH)

(b) n =1 and G = 78 (= 4EH)

In either setting (a) or (b), equal error 0.16
occurs. Since the frequency of clock supplied from
the time base counter in (a) is higher than that in

(b), shift during start bit sampling in (a) is
smaller than that in (b).
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4.4.4 SERIAL COMMUNICATION INTERFACE OPERATION

(1) Asynchronous mode

In the asynchronous mode, the character length, the
number of stop bits, parity enable, and even or odd
parity can be specified in the serial communication
mode register (SCM).

(a) Transmission

When serial communication mode register (SCM)
bit 7 (TKRDY) is set to 1 and the CTS pin is
active low (0), transmission is enabled. 1In
this case, transmission can be enabled by first
setting TXRDY to 1, then activating the €TS pin
or first activating the CTS pin, then setting
TXRDY to 1.

Transmission is started by any of the following
three methods:

(i) By setting the transmission enable state
when the transmit buffer (TxB) is empty,
a transmission completion interrupt
regquest is generated and send data is
written into the transmit buffer in the
interrupt service.

{(1ii) When send data is transferred to the
transmit buffer in the transmission
enable state, the send data is
transferred consecutively after the
preceding transmission operation
terminates.

(iii) When send data is prewritten into the
transmit buffer in the transmission
disable state and then the transmission
enable state is set, the data retained in
the transmit buffer is transmitted.

The send data format is shown below. The start
bit, character bits, and stop bit or bits make
up one data frame. Send data is sent from the
TxD pin starting at the least significant bit
(LSB). When transmission is disabled or the
serial register does not contain data to be
transmitted, the TxD pin becomes mark state (1).
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Figure 4-51

Transmission Timing during Asynchronous Mode

One Data Frame

L
I

Fy

Do | DI ‘ D6 | DT stop
ff " / Bits
Start Bit Parity Bit
Number of start bits : One
Number of character bits: Seven or eight
Parity bit : ©dd, even, or no parity
Number of stop bits r One or two

When the transmit buffer (TxB) becomes empty, a
transmission completion interrupt request occurs
immediately. When RESET i1s input, the transmit
buffer (TxB) is cleared. If transmission is
enabled at the time, a transmission completion
interrupt request occurs. When transmission
operation starts and send data in the transmit
buffer is transferred to the shift register, the
transmit buffer becomes empty and a transmission
completion interrupt request occurs.

If send data is written into the transmit buffer
each time a transmission completion interrupt
request occurs, consecutive data transmission is
enabled without insertion of mark state (1).

If a change is made to the transmission disable
state when transmission operation is being
performed, the entire frame of the data being
transmitted i=s transmitted. However, if new
send data is already written into the transmit
buffer, data transfer from the transmit buffer
to the shift register is disabled and the
transmit buffer contents are retained intact.
When transmission is again enabled, the transmit
buffer contents are transferred to the shift
register. A transmission completion interrupt
request occurs at the same time as transmission

is started.

Remarks: When the character length is set
to seven bits, send data is
written into the low-order seven
bits of TxB. The most
significant bit (MSB) contents
are not transmitted.
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(b)

Figure 4-52

Reception

When serial communicaiton mode register (SCM)
bit 6 (RXE) is set to 1, reception is enabled.
(When reception is disabled (RXE = 0), reception
hardware stands by in the initial state.)

When RxD pin input is sampled by using input
clock to the baud rate generator and falling
edge is detected, reception operation is started
and the reception baud rate generator starts
counting. If RxD pin input is detected low on
the first timing signal from the reception baud
rate generator, it is recognized as a start bit
and subsequent reception operation is performed.
If RxD pin input is detected high on the first
timing signal, it is not recognized as a start
bit and the baud rate generator is initialized
and operation is stopped.

Receive data is sampled in synchronization with

the shift clock rising edge after the start bit
is detected.

Reception Timing during Asynchronous Mode

Shift Clock

i | ‘ ] [ 3

|
RxD Pin Input Do | pi D6 | DT Stop Bit
0 f or Bits
.lli 1F T .
Start Bit Parity Bit

When data of the character length specified in
serial communication mode register bit 3 (CL)
has been received, receive data in the shift
register is transferred to the receive buffer
(RxB) and a reception completion interrupt
request is generated.

When data is received, if an odd or even parity
check is made (when SCM register PEN bit is set
to 1) and a mismatch is found (parity error),
the stop bit is low (framing error), or new data
is transferred to the receive buffer when the
receive buffer is full (overrun error), the
reception error flag is set to 1 and a reception
error interrupt request occurs.
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(2)

Remarks: When the character length is set

to seven bits, receive data is

set in the low-order seven bits
of RxB and 0 is set in the MSB.

I/0 interface mode

The I/0 interface mode is the same as the 87AD

serles serial interface:; it is useful when external

I1/0 expansion is made or I/0 controller such as
analog-to-digital converter or liquid crystal

controller is connected.

In the I/0 interface mode, data is transferred
starting at the most significant bit (MSB) with the
character length fixed to eight bits and no parity

bit.
(a)

Transmission

When serial communication mode register bit 7
(TXE) is set to 1, transmission is enabled. The
SCK pin is used as a transmit clock output pin
during the I/0 interface mode.

As in the asynchronous mode, transmission is
started by any of the following three methods:

(i) By setting the transmission enable state
when the transmit buffer (TxB) is empty,
a transmission completion interrupt
request is generated and send data is
written into the transmit buffer in the
interrupt service.

{ii) When send data is transferred to the
transmit buffer (TxE) in the transmission
enable state, the send data is
transmitted consecutively after the
preceding transmission operation
terminates.

(iii) When send data is prewritten into the
transmit buffer (TxB) in the
transmission disable state and then the
transmigsion enable state is set, the
data retained in the transmit buffer
(TxB) is transmitted.

when the transmit enable state is set, the send
data in the transmit buffer (TxB) is sent
starting at the most significant bit (MSB) on
the transmit clock falling edge.
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Figure 4-53 Transmission Timing during I/O0 Interface Mode

3 1[.-.— 1 3
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(b)

When the transmit buffer (TxB) becomes empty, a
transmission completion interrupt request occurs
immediately. When RESET 1is input, the transmit
buffer (TxB) is cleared. If the transmission
enable state is set at the time, a transmission
completion interrupt request occurs. When
transmission operation starts and the send data
in the transmit buffer (TxB) is transferred to
the shift register, the transmit buffer (TxB)
becomes empty and a transmission completion
interrupt reguest occurs.

Reception

When serial communication mode register (SCM)
bit 6 (RXE) is set to 1, reception is enabled.
Receive data is input to the serial register on
the receive clock rising edge. When the serial
register receives 8-bit data, the data is
transferred from the serial register to the
recelve buffer (RxB) and a reception completion
interrupt request is generated.

Receive clock in the I/0 interface mode can be
selected among external and internal receive
clocks as specified in serial communication mode
register (SCM) bit 2 (RSCK).

The CTS pin functions as a receive clock
input/output pin during the I/0 interface mode.

When data is received, i1f new data is
transferred to the receive buffer {RxB) when the
receive buffer is full (overrun error), the
reception error flag is set to 1 and a reception
error interrupt reguest occurs.

If RXE is set to 0 (reception disable) during
reception operation, the receive clock counting
counter stops with the value retained. To
receive new 8-bit data, set the TSK bit to 1 and
clear the receive clock counting counter.
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4.4.5

Figure 4-54 Reception Timing during I/0 Interface Mode

SERIAL COMMUNICATION INTERFACE INTERRUPT REQUESTS

There are three types of interrupt requests occurring from
the serial communication interface: Transmission
completion interrupt request, reception completion
interrupt request, and reception error interrupt request.

(1)

Serial communication interrupt request control
registers (SEIC, SRIC, and STIC)

The SEIC, SRIC, and STIC registers are used to
control transmission completion interrupt request
(STF), reception completion interrupt request (SRF),
and reception error interrupt request (SEF). The
three interrupt request control registers form a
group and the serial communication interface
interrupt request priority levels are programmable by
using SEIC register PR2 to PRO bits. 1In the group,
the priority levels are determined by the hardware as
follows:

SEF » SRF > STF

Figure 4-55 Interrupt Request Control Register Format

6 5 4 3 2 1 0 Address After

T
_ Reset

SEIC |SEF | SEMK 0 SE 0 | PR2Z | PR1 | PRO
CSE FFDAH 47H

SRIC|SRF | SRMK| SR SR 0 - - -
ISM | CSE FFDCH 47H

STIC|{STF | SEMK| ST ST 0 - - -
ISM | CSE FFDEH 47H

Remarks: "-" denotes that write cannot be made.
If the bit is read, 1 is read.
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SRMS

STMS

(2)

The SEF, SRF, and STF bits are interrupt request
flags. When a reception error occurs, the SEF bit is
set to 1; when reception is complete, the SRF bit is
set to 1; and when transmission i1s complete, the STF
bit is set to 1. When an interrupt request is
acknowledged or the clear instruction is executed,
the bits are reset to 0.

Cther bit fields are described in "CHAPTER 5.
INTERRUPT FUNCTION".

Serial communication macro service control registers
(SRMS and STMS)

SREMS is an 8-bit register to specify the macro
service processing mode and channel accompanying the
serial communication interface reception completion.
STMS is an 8-bit register to specify the macro
saervice processing mode and channel accompanying the
serial communication interface transmission
completion. The macro service control register bits
are described in "5.2 MACRO SERVICE FUNCTION".

Figure 4-56 Macro Service Control Register Formats

7 5 4 3 2 1 0 Address After
Reset
MSM2 | MSM1 | MSMO | DIR 0 CHZ2 | CH1 | CHO FFDDH Undefined
MSM2 | MSM1 | MSMO |DIR 0 CH2 | CH1 | CHO FFDFH Undefined
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4.5

4.5.1

ANALOG-TO-DIGITAL CONVERTER

The uPD78312A contains an 8-bit high-speed, high-
resolution analog-to-digital (A/D) converter which has
four multiplexed analog inputs (AN3 to ANO). The analog-
to-digital converter contains an analog-to-digital
conversion result register (ADCR) which adopts successive
approximation and retains the conversion result.

ANALOG-TO-DIGITAL CONVERTER CONFIGURATION

Figure 4-57 shows the analog-to-digital converter
configuration.

Four analog inputs are multiplexed on the chip and one is
selected as specified in the analog-to-digital converter
mode register (ADM).

The selected analog input is sampled by the sampling and
hold circuit and becomes one input of the voltage
comparator. The voltage comparator amplifies the
difference between the analog input and series resistor
string voltage tap.

The series resistor string is connected between the A/D
reference voltage pin (AVggp) and A/D ground (AVgg): it
consists of 255 equivalent resistors and two resistors of
the half resistance value of the resistor to make 256
equivalent voltage steps between the two pins.

Series resistor string voltage tap is selected by the tap
decoder. This decoder is driven by the B-bit successive
approximation register (SAR).

SAR is set one bit at a time starting at the most
significant bit (MSB) so that the series resistor string
voltage tap value matches the analog input voltage value.
That is, when conversion starts, the MSB of SAR is set to
1 and the series resistor string voltage tap is set to 1/2
AVRgp. It 1s compared with analog input. If analog input
is greater than 1/2 AVgpgr, the MSB of SAR remains set and
the next most significant bit (bit 7) is compared. If
analog input is less than 1/2 AVRgp, the MSB is reset to O
and the next most significant bit (bit 7) is compared. On
bit 7, the series resistor string wvoltage tap is set to
3/4 AVRgF or 1/4 AVRgr and it is compared with analog

_ input. Such comparison is continued until the least

significant bit of SAR (binary search method).
when B8-bit comparison terminates, SAR retains the valid

digital result. The result is latch-input to the ADCR
register and the interrupt request flag (ADF) is set to 1.
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NOTE: Do not apply voltage to the AN3 to ANO pins
beyond the range of AVgg to AVppp regardless
of whether or not the analug-tn-51gital
converter is used.

Figure 4-57 A/D Converter Block Diagram

Sarial Resistor String
===

ANO 0— Sampling and | : ——0 AVRer
I RS2
ANlo—| , Hold Circuit L
AN3 ¢ gx | { I : '
P23/INTEZ O— ) - |
I | I I
- Comparator : l : :
. 1| I
SAR(8) I:)| : nf‘z% I
' I 1
8 i O AVss
ADCRIB)
8
<

— y Intarnal Bus /

NOTE: Connect a capacitor to tha analog input pins
{AN3 to ANO) and refersnce wvoltage input pin
(AVgey) to pravent nolse from causing malfunction.

Analog Input o l ANn
100~
tﬂﬂﬂpl’g;
puPDTEI12A
Refarance A
Voltage Input o= _L vaer
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4.5.2 ANALOG-TO-DIGITAL CONVERTER MODE REGISTER (ADM)

The analog-to-digital converter mode register (ADM) is
used to control analog-to-digital converter operation.
Figure 4-58 shows the ADM register format.

Bit 0 (MS) is used to control the operating mode. Bits 1

and 2 (ANIO and ANIl) are used to select analog input to
be converted into digital form.

Bit 4 (FR) is a control bit to suppress large change of
the analog-to-digital conversion time if the oscillation
frequency is changed. One conversion speed determined by
the internal system clock {fCLH} and FR bit can be
calculated from the following expression. Table 4-16
lists the conversion speed for each setting.

When fopx < 4 MHz, the FR bit is set to 1.

FR = 0: Conversion speed = IED!fCLK {us)
FR = 1: Conversion speed = 120/f;, (us)
fCLE : Internal system clock frequency (MHz)
Table 4-16 Internal System Clock and FR Bit Setting
Internal System Clock 6 MHz S MHz 4 MH=z 3 MHz 2 MH=z
FR bit 0 0 1 1 L
Conversion speed 30 us 36 us 30 us 40 us 60 us

Bit 6 {TRG) is used to enable external synchronization of
analog-to-digital conversion operation. When the TRG bit
is reset to 0, each time one analog-to-digital conversion
operation terminates, the next conversion operation is
started. When the TRG bit is set to 1, analog-to-digital
operation is stopped. When a valid edge is input to the
external trigger pin (INTE2), conversion operation is
initialized and performed consecutively. After this, each
time a valid edge is input to the INTE2 pin, the
conversion cperation seguence is initialized.

Bit 7 (CS) is used to control analog-to-digital conversion
operation. When the CS bit is set to 1, conversion
operation is started; when the C5 bit is reset to 0, every
conversion operation is stopped although conversion
operation is being performed.



At this time,

flag is not set.

the ADCR register is not updated and the ADF

When RESET is input, the ADM register is cleared (QOH).

Figure 4~-58 BAnalog-to-Digital Converter Mode Register Format

ADM

7 6 4 3 2 1 0 Address  After Reset
CS | TRG FR 0 ANI1| ANIO| MS | FF68H 00H
] L__r_J
 MS | Operating Mcde Specification
0 Scan mode
1 Select mode
ANIL1[ ANIO|Analog Input Specification
| During Scan Mode[During Select Mode

0 0 ANO input 1is ANO input is
scanned selected

0 1 ANO and AN1 ANl input is
inputs are selected
scanned

1 0 ANO, AN1, and AN2 input is
AN2 inputs are selected
scanned

1 1 ANO, AN1, AN2, AN3 1nput 1s
and AN3 inputs selected
are scanned

FR | Conversion Operation Time Change

0 180 states (when EELH > 4 MHz)

1 120 states (when fork £ 4 MHZ )

TRG|External Pin Trigger Control

0 External trigger disable

1 _|External trigger enable

CS A;ﬁ Conversion Operation Control

0 A/D conversion operation EtCJF

1 A/D conversion operation start
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4.5.3

ANALOG-TO-DIGITAL CONVERTER OPERATION

When ADM register bit 7 (CS) is set to 1, analog-to-
digital conversion is started. If the ADM register is
rewritten during conversion operation, the conversion
operation is stopped, then initialized. In this case, the
ADF flag is not set and the ADCR register is not updated.

If external pin trigger is enabled by setting ADM register
bit 6 (TRG) to 1, conversion operation is stopped. When a
valid edge is input to the external trigger pin (INTE2),
conversion operation is initialized, then started. Once
the conversion operation is started, it is continued as
gpecified in the ADM register. After this, each time a
valid edge is input to the INTEZ pin, conversion operaiton
is initialized.

The ADCR register i1s not affected by RESET input.

The scan mode or select mode can be selected for the
analog-to-digital converter by using analog channel mode
register (ADM) bit O (MS).

(1) Scan mode

In the scan mode, analog inputs specified by using
ADM register bits 2 and 1 (ANI1l and ANIQ) are
selected and converted in order. For example, when
ANl and ANO are set to 0 and 1 (01), ANQ and ANl are
scanned repeatedly (ANO =+ AN1 + ANO + ANl + ...... ).

When coriversion operation of the selected analog
input terminates, the convertion result is stored in
the ADCR register and the interrupt request flag
(ADF) is set. Then, the next analeg input conversion
operation is started regardless of whether or not an
interrupt request is acknowledged. This operation
sequence is continued until the ADM register is
rewritten.

(2) Select mode

In the select mode, one of four analog inputs is
selected in ADM register bits 2 and 1 (ANI1l and ANIO)
and is converted.

When conversion operation of the selected analog
input terminates, the conversion result is stored in
the ADCR register and the interrupt request flag
(ADF) is set. Then, conversion operation of the same
analog input is started again regardless of whether
or not an interrupt request is acknowledged. This
operation sequence is continued until the ADM
register is rewritten.
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4.5.4 ANALOG-TO-DIGITAL CONVERTER INTERRUPT REQUESTS

Interrupt requests occurring from the analog-to-digital
converter are controlled by using the analog-to-digital
converter interrupt request control register and analog-
to-digital converter macro service control register.

(1) Analog-to-digital converter interrupt request control
register (ADIC)

The ADIC register is an 8-bit register to control an
interrupt regquest occurring from the analog-to-
digital converter. The ADIC register and the time
base counter interrupt control register (TBIC) form a
group and the priority lewvel is programmable by using
the ADIC register PR2Z to PRO bits in the group unit.
In the group, the order of priority is fixed by
hardware as follows:

ADF (A/D conversion interrupt request)
> TBF (time base counter interrupt regquest)

The interrupt request control register bits are
described in "CHAPTER 5. INTERRUPT FUNCTION".

For the time base counter interrupt request, see 4.6.

Figure 4-59 Interrupt Request Control Register Formats

7 6 5 4 3 2 1 0 Address After Reset

ADIC |ADF|AD | AD |AD 0 | PRZ|PR1l| PR FFEOH 47H
MK | ISM|CSE

TBIC |TBF|TB 0O |TB 0 - - - FFEZ2H 47H
MK CSE |

Remarks: "-" denotes that write cannot be made.
If the bit is read, 1 1is read.

(2) Analog-to-digital converter macro service control
register (ADMS)

The ADMS register is an B-bit register to control the
macro service started when an interrupt request (ADF)
occurs from the analog-to-digital converter. The
ADMS register bits are deascribed in "5.2 MACRO
SERVICE FUNCTION".
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ADMS

Figure 4-60 Macro Service Control Register Format

7

6

5 4

o

MSM2

MSM1

MSMO |DIR

CH1

CHO
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4.6

4.6.1

TIME BASE COUNTER AND WATCHDOG TIMER

The uPD78312A contains a time base counter to provide time
base output used as reference for various types of
processing and a watchdog timer to detect software upset.

TIME BASE COUNTER AND WATCHDOG TIMER CONFIGURATION
This block consists of a 20-bit time base counter and an

8-bit watchdog timer which uses time base counter tap
output as clock source as shown in Figure 4-61.
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4.6.2 TIME BASE COUNTER (TBC)

TBM

(1)

Time base counter operation

The time base counter (TBC) is a 20-bit counter which
divides internal system clock (fqyy)-

The interrupt request flag (TBF) is set to 1 on the
falling edge of time base counter tap output
specified by using the time base mode register (TBM).
Figure 4-62 shows the TBM register format.

The interval time of an interrupt request (TBF flag
set) occurring from the time base counter can bhe
selected among four types shown in Figure 4-62 by
setting the TBM register.

The time base counter is also used as capture or, PWM
unit free running counter (FRC). (See "4.3.2
CAPTURE UNIT".)

The time base counter is cleared to 0 only when RESET
is input. After this, the time base counter
continues to be incremented; it cannot be stopped.

Figure 4-62 Time Base Mode Register Format

5 4 3 2 1 0 Address  After Reset

0 Q C 0 |[TBLl|TBO| FF46H 00H

NOTE:

forg = 6 MHz
TB1l|TBO|Output Tap Interval Time
0| 0o |TBCY 21 ffCLk (170 us)
0 { 1 |TBCl2 2" [fork (1.36 ms)
1 | 0O |TBC15 2% [fnr e (10.9 ms)
1 | 1 |TBC19 2% [for i (175 ms)

Remarks: £y Internal system clock frequency

The time to the first interrupt reguest occurrence
just after the TBM register is set becomes undefined.
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4.6.

(2)

Time base counter interrupt request control register
(TBIC)

The TBIC register is an 8-bit register to control
interrupt requests occurring from the time base
counter., The TBIC register and the A/D converter
interrupt request control register (ADIC) form a
group and the order of priority is programmable in
the group unit. In the group, the priority levels
are fixed by hardware as follows:

ADF (A/D conversion interrupt request)
> TBF (time base counter interrupt request)

TBIC register bit 7 (TBF) is a time base counter

interrupt request flag. When the TBC tap output

selected in the TBM register is once set to 1 and
then falls, the flag is set to 1.

When an interrupt request i1s acknowledged or a clear
instruction is executed, the TBF flag is reset to 0.

WATCHDOG TIMER (WDT)

The watchdog timer is an 8-bit timer which uses time base
counter (TBC) tap output as clock source. It generates a
nonmaskable interrupt at the specified intervals. The
watchdog timer is controlled by the watchdog timer mode
register (WDM).

(1)

Watchdog timer mode register (WDM)

The watchdog timer mode register (WDM) 1s an 8-bit
register to control watchdog timer coperation. The
WDM register is written only by executing a special
instruction to prevent the WDM register contents from
being easily rewritten due to software upset. When
RESET is input, the WDM register is cleared (OOH).

Bit 7 (RUN) is used to control the watchdog timer
count start. When the RUN bit is reset to O, the
watchdog timer stops; when 1 is written into the RUN
bit, the watchdog timer is cleared (00H) and starts
counting.

Bits 2 to 0O (WDI2 to WDID) are used to select
watchdog timer count clock; time base counter output
tap 1s specified.

Bit 4 (PRC) 1is used to specify the pricrity levels of
nonmaskable interrupt reguest occurring from the
watchdog timer and nonmaskable interrupt regquest
caused when a valid edge is input to the NMI pin.

Figure 4-63 shows the WDM register format.
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WDM

Figure 4-63 Watchdog Timer Mode Register Format

7 4 3 2 1 0 Address After Reset
RUN PRC 0 WDI2|WDI1l| WDIO | FF42H Q0H
- ]
WDI2{WDI1l| WDIO| WDT Clock Source Specification
0 0 0 fCLKfz’ (TBC TBC6é tap output)
0 1 0 |fok/2° (TBC TBCB tap output)
1 0 0 |[forx/2" (TBC TBClO tap output)
1 1 0 forg/2¥ (TBC TBC12 tap output)
PRC | Nonmaskable Interrupt Request Priority
Specification
0 NMI pin interrupt reguest >
Watchdog timer interrupt request
1 Watchdog timer interrupt regquest >
NMI pin interrupt request
RUN | WDT Start Specification
G watchdog timer operation stop
1 Wwhen 1 is written into this bit,
watchdog timer is cleared and starts
counting.

(2)
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Watchdog timer operation

When 1 is written into WDM register bit 7 (RUN),
watchdog timer is cleared (0O0H) and starts counting
the TBC tap output specified in WDM register bits 2
to 0 (WDI2 to WDIO).

the




A nonmaskable interrupt request occurs from the
watchdog timer when clear operation is not performed
until the watchdog timer overflows or when the
watchdog timer is cleared (00H) by the time watchdog
timer bit 4 is first set to 1 (except just after the
0 to 1 transition of the WDM RUN bit is made).

The pricrity levels between nonmaskable interrupt
request occurring from the watchdog timer and
nonmagkable interrupt request when a valid edge is

input to the NMI pin can be specified by setting
watchdog timer mode register (WDM) bit 4 {(PRC) as

follows:
PRC = 0: NMI > WDT
PRC = 1: WDT » NMI

Table 4-17 lists the watchdog timer overflow time and
the time until bit 4 is first set to 1 after count
starts (6.25% of the overflow time) when internal
system clock is set to & MHz.

Table 4-17 Watchdog Timer Count

Clock and Overflow Time

Watchdog Timer Count Overflow Time|6.25% of Overflow Time
Clock Frequency
EELKEE? (TBCE tap output) 5.5 ms 343 us
fELK;".'-!g (TBCB tap output) 21.8 ms 1.36 ms
fCLszll (TBC10 tap output) 87.4 ms 5.46 ms
fCLKHEIS (TBCl2 tap output) 349.5 ms 22 ms
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4.7 EXTERNAL INTERRUPT REQUEST FUNCTION

When a valid edge specified in the external interrupt mode
register (INTM) is input to one of the INTED to INTEZ pins
or the NMI pin, an external interrupt request occurs.

The external interrupt pins contain noise removal circuilts
to prevent noise from causing malfunction.

The NMI input pin contains noise removal circuit using
analog delay. Other external interrupt input pins, INTEZ2
to INTEQ contain digital noise removal circuits using
internal system clocks. To prevent removal of signal as
nolse, signal whose width is wider than analog delay must
be input to the NMI pin; signal whose width is wider than
three system clocks must be input to the INTEZ to INTEOD
pins after a wvalid edge is input.

Figure 4-64 External Interrupt Request Pin Input Noise Removal

i
MMI Input ] |
{Rizing Edge i - :
Specification) ; - i |
—_— Il
' | { Analog |
Ramoved a8 Delay
Analog A
Daler MMI TAt&Ecupt
T
INTEZ to
INTED Input
1 '
! 1
1
Internal | | ] ‘ ‘ |ﬂ ‘ | | | [ I | | | I
System Clock .
{6 MHz) ' : -
iyl | min, $00na

EELFI to EXIFD Intercupe
Acicrios | sdgasent

(1) External interrupt mode register (INTM)

The external interrupt mode register (INTM) is an 8-
bit register to specify valid edges input to the
INTEO to INTE2 pins and NMI pin. When RESET is
input, the INTM register is cleared (00H).
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The INTM register ESNMI bit is used to specify the
valid edge input to the NMI pin. When the ESNMI bit
is reset to 0, the falling edge is selected: when the
bit is set to 1, the rising edge is selected for the
valid edge.

The ESO and ESl bits are used to specify valid edges
input to the INTEO and INTEl pins. When the ESO
(ES1) bit is reset to 0, the falling edge is
selected; when the bit is set toc 1, both rising and
falling edges are selected for valid edges.

The ESZ bit is used to specify the valid edge input
to the INTEZ2 pin. When the ES2 bit is reset to 0,

the falling edge is selected; when the bit is set to
1, the rising edge is selected for the valid edge.

Figure 4-65 External Interrupt Mode Register Format

7 6 5 4 3 2 1 o Address  After Reset

0 |ESO} O |ES FF48H Q0H

NMI

INTM | O |ES2] O (ES1

Valid edge selection for NMI pin

0O|Falling edge

l|Rising edge

Valid edge selection for INTEOQO pin

0|Falling edge

1l |{Both rising and falling edges

Valid edge selection for INTEl pin

0 |Falling edge

1 i1Both rising and falling edges

valid edge selection for INTE2 pin

0 {Falling edge

1 |Rising edge
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(2)

External interrupt pin interrupt request control
registers (EXICO to EXIC2)

The EXICO to EXIC2 registers are used to control

interrupt requests occurring from the external
interrupt pins INTEQ to INTE2.

The three interrupt

request registers form a group and the external

interrupt pin interrupt request priority levels are
programmable by using the EXICO register PR2 to PRO
bits.
determined by hardware as follows:

In the group, the priority levels are

INTEQ > INTEl > INTE2

Figure 4-66 Interrupt Request Control Register Formats
7 6 5 4 3 2 1 0 Address After
- Reset
EXICO | EXIF0O | EXI EX1 EXI 0 PR2 | PR1 | PRO
MKO | ISMO | CSEQ FFCBH 47H
EXICLl | EXIF1 | EXI | EXI EX1I 0 - - -
MKl | ISM1 | CSE1l FFCAH 47H
EXIC2Z | EXIF2 | EXI EXI EXI 0 - - -
MK2 | ISM2 | CSE2 FFCCH 47H
Remarks: "-*" denotes that write cannot be made. If

(3)

the bit is read, 1 1s read.

The EXIFO, EXIFl, and EXIF2 bits are interrupt

regquest flags.

When a valid edge is input to the

INTEQ, INTEl, or INTEZ2 pin, the EXIFO, EXIFl, or

EXIF2 bit is set to 1.

The bit 1is reset to 0 when

interrupt request i1s acknowledged or by software.

Other bits are explained in "CHAPTER 5

INTERRUPT

FUNCTION",

External interrupt pin macro service control
registers (EXMSO to EXMS2)

Each

of EXMS0 to EXMS2Z is an B8-bit register to

specify the operating mode of the macro service
executed when external interrupt pin interrupt
regquest occurs.
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EXMSO

EXMS1

EXMs2

Figure 4-67 Macro

Service Control Reglster Formats

7 6 5] 4 3 2 1 0

MSM| MSM{MSM|DIR | O |CH2 |[CH1|CHO
2 1 0

MSM|MSM| MSM|DIR | O | CH2 [CH1 |[CHO
2 1 0

MSM|MSM|MSM | DIR | O |CHZ |[CH1 |CHO
2 1 0
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FFCSH

FFCEH

FFCDH

After Reset

Undefined

Undefined

Undefined



CHAPTER 5. INTERRUPT FUNCTION

The uPD78312A handles interrupt requests occurring from on-chip
peripheral hardware and the external by executing wvectored
interrupt service centering around software processing or macro
service function processing in which data is only transferred by
hardware.

The uPD78312A also contains the context switching function which
performs register bank switching by hardware, exchanges the PC
contents, and saves the PSW contents.

Interrupt requests are classified into the following three
types:

o Nonmaskable interrupt requests

0 Maskable interrupt requests

o Software interrupt requests

Figure 5-1 shows the interrupt request processing modes. Table

5-2 lists the interrupt request sources.

Figure 5-1 Interrupt Request Processing Modes

DI state {interrupt disable); all interrupt requests
other than nonmaskable interrupt requests are pending
EI state {(interrupt enable)

—— Interrupt raguest flag reset to (0)

- Interrupt request flag set to (l1l); interrupt request oOCCurrance
—XXI5Mn =1
XXISMn =0
X xMKn =1 (mask state)—=Pending
X XMKn =0 {unmask state)
tHHCEEn- 1 =Contast switching interrupt
XXCS5En=0 =Normal vectored interrupt

Macro service processing

Remarks: xxMKn, xxISMn, and xxCSEn are interrupt request
register bits 6, 5, and 4.



Table 5-1 lists the maximum wait time until operation code
prefetch of the first instruction of the interrupt service
routine starts after an interrupt request occurs.

In the table,

4m states increase.

the number of vectored interrupt automatic save
processing states equals to 16 when stack memory and branch

destination vector table are set in internal memory.
memory is set in external memory, B + 4m states increase: if the
branch destination vector table is set in external memory, 16 +

specified in the MM register.)

Table 5-1

If stack

(m is the number of states inserted as

Maximum Wait Time Until Interrupt is Acknowledged

Number of States
Wait Time Source
Vectored Interrupt|Context Switching

Interrupt priority level max. 16
scan
Execution instruction max. S50 (DIVUX instruction)
processing time when
interrupt is acknowladged
Time required for auto- 16 (64) 12
matic save processing
Total 82 (130) 78

Remarks l: The value enclosed in parentheses is the number

of required states when stack memory and branch
destination vector table are set in external
memory and three wait states are inserted.

For an interrupt request caused when a valid
edge is input to an external interrupt pin, the
time required for noise removal is added to the
(A maximum of two states)

value in Table 5-1.
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Figure 5-2 Automatically Saved/Restored Data by
Interrupt Request Service

i::‘ ngur::.t! ant Stack Memory E}E‘:‘iug\:nﬁuctiun
SP—4 PCy_s Qse
t ¢
SP—3 PCisce SP+1
t t
Sp-—2 PSWL 8P+12
¢ ¢
SP—1 PSWH SP+3
[ ¥
s P Eb SF+4

Remarks: SP = Stack Pointer
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Figure 5-3 shows interrupt request service and macro service

processing sequences in which the DIVUX instruction is executed

when an interrupt is acknowledged as an example.

Interrupt Service Sequence

Figure 5-3
(a) Interrupt request service sequence
Intarrupt Request
Genaration
! ‘ RETI Fatch of
IV eson ntermupt | Ipreme- |FRSER o
ns rvicing
: I " ‘ d' [mj Naxt to DIVUX
: i '
Friority :';:m:“ "‘|
Scan Switching)
A
Interrupt Enable
Interrupt Request Flag Clear
Remarks: ( ): When interrupt service is made by
context switching function.

(b}

Macro service processing sequence

Interrupt Request

Ganaration
i —
DIVUX y ]'F_:_-:.:h -n-fim
; I | ;
Priority Macro Service
Scan . Processing
A Fa
Macro Service Interrupt Ragquest
Flag Clear

Remarks:

Enabla

Refer to Table 5-4 for the number of states
required for macro service processing.

the



Interrupt priority level scan is made by the 3-bit scan counter.
The scan counter performs count operaticn as 0 + 1 + ...7 »

0 + ... After an interrupt request occurs, if the scan counter
value matches the priority level of the interrupt, the scan
counter stops and the interrupt is acknowledged. Unless they
match, the interrupt request is held. When the interrupt is
acknowledged, after the instruction being executed terminates,
automatic save operation is performed and the interrupt service
routine is entered. Since the scan counter counts one when two
system clocks are input, two to 16 states are required for
priority level scan. When the interrupt request control register
or macro service control register is rewritten, the ISPR register
is reset when a return is made from the interrupt service
routine, or the IE flag is set to (1), the scan counter is
cleared and again starts counting at "O".

ia
Avtomatic
Save
—h
: -
Instruction Instruction g??' Priority Level 3
A Execution B Execution Interrupt Service
Scan
Counter 0 i 2 3 (Count Stop)
Value
Pr
Priority | N
Level of 7 3 o Priority Level 3
Interrupt Interrupt Acknowledgement
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Table 5-2

Interrupt Request Source List

Interrupt Default Macro | Yector
Request Type |Priority Interrupt Request Source Service Table
. Address
Software - BRE Break instruction - 003EH
Nonmaskable - NMI NMI pin input - 0002H
- WDT |wWatchdog timer - 000AH

Maskable 0 CRFOO0 [Count unit o 001aH
1 CRFO1 [Count unit - 001CH

2 CRF10 |Count unit o O01EH

3 CRF1l |Count unit - 0020H

Maskable &4 EXIFO |[INTEQO pin input o 0004H
5 EXIF1 |[INTEL pin input o} 0006H

6 EXIF2{INTEZ2 pin input o D008H

Maskable 7 TMFQ |Timer unit o O00EH
8 TMF1 |Timer unit o 0010H

9 TMF2 [Timer unit o Q012H

Maskable 10 SEF Serial interface - 0022H

error
11 SRF Serial reception o 0024H
12 STF Serial trans- o 0026H
mission

Maskable 13 ADF |A/D converter o 0028H
14 TBF |Time base counter - 000CH

Reset - RESET |Reset input - 0000H

Remarks: Default priority: Priority fixed by hardware




T

9.1
5.1.1

INTERRUPT REQUESTS

- INTERRUPT CONTROL HARDWARE DEVICES

(1)

Interrupt request control registers

The interrupt request control registers are provided
for interrupt request sources such as the serial
communication interface, pulse input/output unit, and
external interrupt pins and are used for interrupt
request priority level control and interrupt mask
control. Figure 5-4 shows the interrupt request
control register formats.

The PR2 to PRO bits are a bit field to specify the
group prilority level for maskable interrupts
clasgified into five groups. The bit field of the
interrupt request control register assigned the
highest default priority in the group is significant.
The bit fields (bits 2 to 0) of other interrupt
request control registers cannot be written. If the
bit is read, "1" is read. Up to eight priority
levels can be specified and the same priority level
can also be assigned to more than one group. Level 0O
is the highest priority level of maskable interrupt

regquests.

If more than one interrupt request occurs in a single
group or groups assigned the same priority level, the
interrupt requests are acknowledged in the default
priority order listed in Table 5-2.

The xxISMn bit is used to specify macro service or
normal interrupt service for interrupt request
processing. The bit isg fixed to "O0" for interrupt
regquests not causing a macro service reguest (normal
vectored interrupt service).

The xxXMKn bit is an interrupt mask bit of the
corresponding interrupt request flag. When the bit
1s set to (1), its corresponding interrupt reguest is
masked.

The xxFn bit is a peripheral hardware interrupt
request flag. The interrupt request flag remains set
until it is reset to (0) by software or interrupt

request 1s acknowledged.



The xxXCSEn bit is used to enable the context
switching function (register bank switching). If the
xxCSEn bit is set to (1), when interrupt service is
started, a change is made to the register bank of the
same value as the priority level specified in the PR2
to PRO bit field by hardware. (See "5.3 CONTEXT
SWITCHING FUNCTION".) When the xxCSEn bit is reset
to (0), the context switching function is disabled.

when RESET is input, every interrupt request control
register is set to 47H.
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Figure 5-4 Interrupt Request Control Register Formats

CRICOD
CRLCO
CRICtR

CRICIL

xico [erl ]
] o

] s

EXIC:

EXIC2

THICE

TMICL

™ICE

SEIC

ARIC

ATIC

THIC

Remarks: -

T

X

CRP lon

FR2

FRO

TR F e
oL fo1) ? lll .

e

CRIF jCma

19 W

Nk

TS
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™aFi
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T
|
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o]

g3

Mdrass After Resst
FFCOH 4TH

FFCIN 4TH

FFCaH i1H

FFC&H +TH

FFCaH 41TH

FFCAH iTH

FFCCH 4 TH

FFCEH 4+ TH
FFOtH 4TH
FFOIH +TH

FFOAH 4+ TH

FFDCH i7H

FFDEH 4 TH
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Write cannot be made. If the bit is read,
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(2)

In-service priority register (ISPR)

The in-service priority register (ISPR) is an B8-bit
register which retains the priority level assigned to
the group under which the interrupt request source
being acknowledged falls. When an interrupt request
is acknowledged, the bit corresponding to the
priority level of the group under which the interrupt
request falls is set to (1} and held (1) during the
interrupt service. When the RETI or RETCS
instruction is executed, the (1} bit corresponding to
the interrupt request of the highest priority level

is reset to (0).

The ISPR register is read-only and cannot be written.

ISPRy = L [SPR, = L ISPR, = 1

Interrupt

————" Request

Interrupt Request ), g Fupt .
(Priority Level 6)\Raquest {Prigcity
Prioricy *

vel 3}

RETI RETI

ISPRy =0 (SPRy=0 [SPR, = 0

Figure 5-5 In-Service Priority Register Format

6 5 4 3 2 1 ] 2ddress  After Reset

7
ISPR|IISPR|ISPR|ISPR|ISPR|ISPR|ISPR|ISPR|ISPR
7 6 5 4 3 2 1 0 FF4AH 00H

0 |Interrupt of
priority level n is
not acknowledged

1 |{Interrupt of
priority level n is
acknowledged

(n =0 to 7)
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5.

5.

1.

1.

NONMASKABLE INTERRUPT REQUESTS

A nonmaskable interrupt request is unconditionally
acknowledged although DI is set. A nonmaskable interrupt
request occurs from the watchdog timer or when a wvalid
edge 1s input to the NMI pin. Unlike other maskable
interrupt requests, programmable priority level control is
not applied to the nonmaskable interrupt requests. The
relative priority levels between interrupt request caused
when a valid edge is input to the NMI pin and interrupt
request occurring from the watchdog timer can be specified
by using the watchdog timer mode register. (See "4.6
TIME BASE COUNTER, WATCHDOG TIMER FUNCTIONS".)

MASKABLE INTERRUPT REQUESTS

Maskable interrupt requests are classified into five
groups and priority levels are programmable in group units
by using the interrupt request register (eight levels).

In one group, default priority levels are determined by
hardware. (See Table 5-2.)

When a number of maskable interrupt requests occur, the
interrupt request assigned the highest priority level is
selected by the priority level judgement circuit and
interrupt service or macro service processing is performed
for the interrupt request. Unselected interrupt regquests
are held.

For example, 1f the same priority level is assigned to two
or more groups, the priority levels are determined by the
intergroup priority levels listed in Table 5-3.

When an interrupt request is acknowledged, the DI state is
set and the subsequent maskable interrupts are disabled.
If the EI instruction is executed within the interrupt
service, the EI state is set. The interrupt request
assigned the higher priority level than the pricrity level
of the interrupt reguest being acknowledged is enabled.
The same or lower priority level of interrupt is not
acknowledged.

The maskable interrupt reguests are classified into
interrupt requests not causing a macro service interrupt
and those causing a macro service interrupt.

(1) Maskable interrupt reguests not causing a macro
service request

The type of maskable interrupt request causes
vectored interrupt service only. Interrupt request
control register is provided for each interrupt
request source.



(2) Interrupt requests causing a macro service request

This type of maskable interrupt request can cause
vectored interrupt and macro service request.
Interrupt request control register and macro service
control register are provided for each interrupt
request source.

Table 5-3 Intergroup Priority Levels

Intragroup Priority Levels

I Priority Level
(Fixed by Hardware) ntergroup Priority Le

CRICO0 > CRICOL 1
> CRIC10 » CRICI1l

EXICO > EXICl » EXICZ 2

TMICO » TMICL > TMIC2 3

SEIC » SRIC » STIC 4

ADIC > TBIC 5
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5.1.4

SOFTWARE INTERRUPT REQUESTS

A software interrupt request is caused by BRK instruction
execution causing a vectored interrupt or by BRKCS
instruction execution starting the context switching
function (register bank switching). The BRKCS instruction
is described in "5.3.2 CONTEXT SWITCHING FUNCTION WHEN
BRKCS INSTRUCTION IS EXECUTED".

" The interrupt regquest caused by BRK instruction execution

is also acknowledged in the DI state. Interrupt request
priority level control is not applied to the interrupt
regueast.

when the BRK instruction is executed, unconditionally the
vector table contents are set in the PC for a branch.

If the BRK instruction is executed within the BRK
instruction service routine, nesting can alsc be made in
its own routine.

If the in-service priority register (ISPR) is reset to (0)
when a return is made from the BRK instruction service
routine, interrupt nesting control is destroyed. Be sure
to set the CPU control word (CCW) EOS flag to (1) just
before the RETI instruction.

SET1 CCW. 0,EO0S Flag Set
RETI
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2.1.5

MULTIPLE INTERRUPTS

When the EI instruction is executed, the EI state is set
and all external and internal unmasked interrupt requests
are enabled. If the EI instruction is executed during
interrupt service routine execution, only interrupt
regquests assigned the higher priority level than the
interrupt request can be acknowledged. In this case, when
a number of interrupt requests occur at the same time, the
interrupt request of the higher priority level is
acknowledged and the interrupt request of the same or
lower priority level is held. When the EI state is set
later, the pending interrupt request is acknowledged
unless any other higher priority level interrupt request
occurs., However, nesting cannot be made in the higher
priority level interrupt service routine than the
interrupt request.

Other interrupts cannot be nested in the nonmaskable
interrupt (NMI or WDT) service routine.

The priority level of the nonmaskable interrupt request
is set by the watchdog timer mode register (WDM)

(see Figure 4-63).

Figure 5-6 3-Level Multiple Intarrupts

nte&rcupt
—— Reguast

Interrupt Reguest — (Priority
(Priority Level 6)\ZDRLeIFunt g gy 1)
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MACRO SERVICE FUNCTION

The macro service function is provided to lessen the
occurrence frequency of interrupts processed mainly by
gsoftware as much as possible, suppress such overheads as
interrupt service, register save, register restore, and
return from interrupt service routine, and improve the CPU
service time.

When a macro service regquest occurs, the CPU temporarily
stops program processing and 1- or 2-byte data transfer
processing is automatically performed between a given
special function register (SFR) and memory. A macro
service function operation example is described in 5.2.1.

MACRO SERVICE FUNCTION USE EXAMPLE

A use example in which analog-to-digital conversion is
performed six times by using an analog-to-digital
converter and the results are stored in the internal RAM
area of FE40H to FE45H is given below. In this example,
macro service channel 4 is used.

After data 1s transferred six times, the transferred data
is processed by the interrupt service program.
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Figure 5~7 Macro Service Operation Example

Igternnl
~= FEH
—= FELH a
—= FEALH Data Store -Jmﬂiﬂ_IEiﬂiiEI
Fourth Tra ar ADCH (8) FFEAH
== FEWQH Area prans er
piLEED e
— FEUH Trat
—= FEASH
Destination memory addressa
is specified. The address
1s incremented by one each
time one tranafer is made.
Macro Service Channel 4 r#f
S r‘t

FE«H | MSP!

GAH (5SFRM G6H 1 MECH o
L

! f

Low-order 8-bit Transfer count is ﬂpElelEd-
address of Each time one transfer is made, the count is
source SFR is

y 24 decremented . .
specified. by one. When the count reaches OCH,

4 normal interrupt is generated.

=

Prﬂgra‘n IEII. TArCY st " ary gl:.l:lp
Execut ion gu E“;’Hﬁ ’ uf“.ﬂ: ;—;:N Interrupt Service
| I I &
Macro Service !.DCB.—.FEII:I-I:I ADCR =1 FEASH) Egg:i:fﬁgd Data
d SFRP
First Data Sixth Data MSP, MSC, an
Transfer Transfer are again set, etc.
1 | (Macro Service Termination)
Analog-to-DRigital Analog-to-Digital Analeg-to-Digital
Termination Conversion Conversion Termination
Interrupt (Macro Termination Interrupt (Normal
Service Request Interrupt Interrupt Request
Generation (Macro Service Generation)

Request Generation)
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Figure 5-8 Macro Service Operation Example Flowchart

Ftﬂ! ram
execution The flow surrounded by the

ﬁr,brnknn line is automatically

processed by hardware.

AfD convezsion

termipacion interrupt
[macro sapvice
regquest) occurrence
+ ADF sat to (1)

(whnen the instruction being axecuted
terminates, progean axacution 1s
stopped and macre service is starcsd)

Transfer data from
ADCR to meamory

I
|
|
I
|
I
Enable Dacro sarvica reguest |
|
I
I
|
I
I
|

MEP=MIF+ 1

Transfers) | farminaticn intarrupt
r ast
[m = 1, ADISM + 0)

I
Y [5ix Ganarate A/D conversion }
|
|

¥ {Lass than
Eix Tranafacs]

When interrupt request is
acknow leadged, program flow
branches to interrupt service
rouzina. Transferred datas is
processed and MSPF, M5C, and
SFRP are again set.

Restart program
axecution

Faturn to the former
instruction sxecutlon addresa

Remarks: ADF: A/D conversion interrupt request flag
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5.2.2 MACRO SERVICE FUNCTION FEATURES

Unlike normal interrupt processing, macro service function
processing is automatically performed without starting an
interrupt service program. A sequence of steps such as
branch to the interrupt service routine by rewriting the
program counter (PC) and register save are not performed.
Thus, the CPU service time can be improved and the number
of program steps can be reduced. During the macro service
execution, the general purpose registers and instruction
queue in the CPU retain the state. The macro service
function is useful for simple data transfer by interrupt
request generation, such as A/D conversion result store
and serial transfer data setting.

Since a normal interrupt request is generated
automatically after data is transferred as many times as
specified, the transferred data can be processed by the
interrupt service program in batch.

9.2.3 MACRO SERVICE FUNCTION OPERATION

The interrupt request generated by setting the xxISMn bit
of the interrupt request register provided for each
interrupt request source to (1) is handled as a macro
service reguest.

When a macro service request occurs, the CPU temporarily
stops program execution and 1l-byte or 2-byte data is
transferred automatically between memory and special
function register (SFR). When the data transfer
terminates, the interrupt request flag is reset to (0) and
again the CPU returns to program execution. (See Figure
5-7.) Thus, user program execution is temporarily stopped
during data transfer processing started by macro service
reguest.

Whenever an interrupt request occurs, the destination/
source memory address is incremented and SFR data can be
stored in contiguous addresses of memory in sequence or
data stored in memory can be set in SFR in sequence. With
the destination/source memory address fixed, data at the
same address can be set in SFR repeatedly or SFR data can
be overwritten into the same address to make the most
recent data only wvalid.

. Source and destination SFR and memory addressing and
transfer count specification are made on macro service
channel mapped in internal RAM. (See 5.2.4.)

Macro service selection, channel transfer direction
specification, and transfer mode specification are made by
using the macro service control register. (See Figure 5-
12.)
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whenever data is transferred, the macro service counter
(MSC) is decremented by one. When the MSC is set to QOH,
that is, data is transferred as many times as the count
set in the MSC according to macro service request, the
interrupt request flag is not reset to (0), the xxISMn bit
ig reset to (0), and a normal interrupt request of the
gsame source as the macro service regquest 1s generated.
(The vectored interrupt processing or context switching
interrupt processing is performed by the xxCSEn bit.)

In the interrupt service, process the transferred data and

again set MSP, MSC, and SFRP as macro service completion
interrupt.

Figure 5-9 Macro Service Operation Flow

Interrupt Request
(Macro Service Request) (i) Eigﬁ:ﬁgzﬁi: Bits
Transfer data SFR Memory

e

¥ Eight or 16 Bits

Decrepent macro
service counter
(MSC)

M5C=00H? Macro Service Completion Interrupt

(Normal interrupt request
generation by interrupt request
gource causing macro service
request)

pointar (MSP)
ncresented?

MSP + HSP + 1

{B=bit transfar)
HEP + HESP + 2
{16=bit transfer)

Interrupt
eequast flag - O

Macro
sarvice end

NOTE: This flow is a general flow of macro service
function operation and differs from actual
operation flow.
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The number of states required for macro service processing
varies depending on the number of transfer data bits and
whether or not the MSP is incremented, as listed in Table
5-4. 1If the MPS points to external memory area, the

number of required states increases to the value enclosed
in parentheses in Table 5-4.

If the SFRP (SFR pointer) points to the timer unit, count
unit counter, or external access area, the number of

required state furthermore increases as listed in Table
5‘5-

Table 5-4 Number of Basic States Required for
Macro Service Operation

8-Bit Transfer | 16-Bit Transfer
MSP is incremented after 12 states 16 states
data is transferred (14 + m) (20 + 2m)
MSP is retained after ll states 15 states
data is transferred (13 + m) (19 + 2m)

Remarks: The value enclosed in parentheses is the
number of required states when external memory
is accessed as pointed to by MSP. m is the
number of wait states inserted as specified in
the MM register.

Table 5-5 HNumber of Added States Required for
Macro Service Operation

Accessed SFR (Special Function Register)|Number of Added States

Timer unit (TMO, TM1l, MDO, MD1) 0 to 5%

Counter unit (UDCOQO, UDC1l, CROO, CRO1, 0 to 2%
CR10, CR11l)

External access area (FFBOH to FFBFH) 1 +m

SFR other than the above 0

*: The number varies depending on the state when the
counter is accessed; it is not defined.
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5.2.4

MACRO SERVICE CHANNELS

Each macro service channel consists of pointers to control
macro service transfer processing and an 8-bit counter.
Eight macro service channels are provided in the internal
RAM afrea of FEEOH to FEFFH {(also used for register banks O
and 1).

Figure 5-10 Macro Service Channel Configuration

15 87 o
Macro Service Pointar
(M3SP)
SFR Pointer Macro Service
(SFRP) Counter {MSC)

Macro service pointer (MSP) ..... 16 bits

The macro service pointer (MSP)} points to the
destination or source memory address. After data is
transferred, the macro service pointer is incremented by
one or two according to the number of bytes of the
transferred data or retains the same value, as specified
in the macro service control register (see Figure 5-12).

Macro service counter (MSC) ..... 8 bits

The macro service counter (MSC) is used to control the
transfer count. whenever data is transferred, the
counter is decremented by one. When OlH is set in the
counter, data is transferred once; when OOH is set, data
is transferred 256 times.

. SFR pointer (SFRP) ..... 8 bits

The SFR pointer (SFRP) points to the low-order 8=-bit
address of the destination or source SFR, but cannot
point to any interrupt request control register or macro
service control register.
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Figure 5-11 Macro Service Channel Mapping

15 @
SR FEEOH |
Channel 4
FEE3IH SFRP4 MECa FEEIH |
MEPS FEE4H
Also Used Channel 5
for Register | FEETH SFRAPS MSC5 FEESH |
Bank 1
S PE FEESH
Channel &
FEEBH SFRPBE MaCe FEEAH
MEPT FEECH
Channel 7
FEEMH SPRP? MACY FEEEH
MSP0 FEFOH
Channel 0
FEFIH SFRPOD W3Co FEF7H
CELE FEF4H
Also Used Channel 1
for Register | FEFTH| SFRPI WSC | FEF&H
Bank O MSP2 FEFSH
Channel 2
FEFBH SFRP? W5C2 FEFAH
MSP3 FEFCH .
Channel 3
| FEFPMH | SFRP2 M3Ca | FEFEMH

5.2.5 MACRO SERVICE CONTROL REGISTER

The macro service control register is used to control the
macro service transfer mode and macro service channel
selection. The register is provided for each maskable
interrupt regquest source causing a macro service reguest.
Figure 5-=12 shows the macro service control register
format.

The macro service control register CHO to CH2 bits are a
bit field to select one of eight macro service channels on
internal RAM.

The DIR bit is used to specify the data transfer
direction. When the DIR bit is reset to (0), data is
transferred from memory to a given special function
register (SFR); when the bit is set to (1), data is
transferred from SFR to memory.

The MSMO to MSM2 bits are a bit field to specify the macro
service transfer mode; B-hit or l16-bit data transfer is
specified and whether the macro service pointer is
incremented or retained after data is transferred is

specified.

When RESET is input, the macro service control register
becomes undefined.
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Figure 5-12 Macro Service Control Register Format

7 6 =) 4 3 2 1 0

TMMS |MSM|MSM|MSM CH |CH | CH
0-2 2 1 0 DIR | O 2 1 0

Macro Service Channel Selection

0 0 0 | Macro service channel 0
selection

1k

33
[R 1
5y
L]

s
e

1 1 1 |Macro service channel 7
selection

Data Transfer Direction Specification

0 |Transfer from memory to SFR

1 |Transfer from SFR to memory

Macro Service Function Mode Specification

MSM | MSM |[MSM | Transfer Mode
2 1 0

0| O | O |After B-bit data is
transferred, MSP is
incremented.

0 0 1 |After 1l6-bit data is
transferred, MSP is
incremented.

1 0 0 |After 8-bit data is
transferred, MSP is retained.

1 0 1 {After 16-bit data is
transferred, MSP is retained.
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Remarks:

Address After Reset
TMMSO : FFCFH Undefined
TMMS1 : FFDlH Undefined
T™MSZ2 : FFD3H Undefined
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2.3 CONTEXT SWITCHING FUNCTION

When an interrupt request occurs or the BRKCS instruction
is executed, the context switching function selects a
given register bank by hardware and stacks the current PC
and PSW contents in the register bank at the same time as
branch to the vector address prestored in the register
bank.

The context switching function can be specified only for
maskable interrupts.

5.3.1 CONTEXT SWITCHING FUNCTION WHEN INTERRUPT REQUEST OCCURS

Context switching function start is enabled by setting the
xxCSEn bit of the interrupt request control register
provided for each interrupt request source to (l). When
an unmasked interrupt reguest for which the context
switching function is enabled occurs in the EI state, the
register bank corresponding to the priority level of the
group containing the interrupt request is selected. The
vector address prestored in the selected register bank is
transferred to the program counter (PC). At the same
time, the current PC and program status word (PSW)
contents are saved in the register bank and control
branches to the interrupt service routine.

11 states are required until branch to the interrupt

service routine after an interrupt request for which the
context switching function is enabled is enabled.
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Figure 5-13 Context Switching Operation when Interrupt
Request Occurs

I_I.
nEerru
ﬂlql-'l-iltpt
Qogurrence [
Prioricy Laval 1
nin =0 to 7
Register
Register Bank n Bank -
{n=0to 7) {0 to 7) n
A X =
PC ' B c
Exchange RS i R4
Save’ R? é RE
PSW VP
Up
0 E
R3S =10
H
L [E =40
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5.3.2

CONTEXT SWITCHING FUNCTION WHEN BRKCS INSTRUCTION IS
EXECUTED

The context switching function can be started by executing
the BRKCS instruction.

Specify the register bank selected by the context
switching function in the BRKCS instruction operand RBn.
When the BRKCS instruction is executed, the register bank
indicated by the 3-bit immediate data (N, to Ny) in the
operation code is selected and control branches to the
vector address prestored in the register bank. At the

same time, the current PC and PSW contents are saved in
the register bank. :

Figure 5-14 Context Switching Operation when BRKCS
Instruction is Executed

OP Code
{BRKCS3 :

OQF Code Ma| My | Mg

———= Register Bank Specification

000 —= Register Bank 0

1l —= Register Bank 7

~
-
|
|
L
Reglister
Register Bank n Bank .
{n=0to?7) (0 to 7) —
A X °
PC £ B c
Exchange RS . R4
EM:?,_...-- RT | Rs
PaSW vp
UP
D E
RSS—10
H L tE —0
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5.3.3

RETURN FROM CONTEXT SWITCHING FUNCTION BRANCH ADDRESS

A return from the context switching branch processing is
made by executing the RETCS instruction.

When the RETCS instruction is executed, the R4 and R5
register contents in the register bank selected at the
time are transferred to PC and the R6 and R7 register
contents are transferred to the PSW. At the same time,
the 16-bit immediate data specified in the RETCS
instruction operand is stored in the R4 and R5 registers
in the register bank. Thus, if the register bank is
selected again by the context switching function, the 16-
bit immediate data specified in the RETCS instruction
cperand becomes the branch address.

When a return is made from branch processing by executing
the RETCS instruction, the bit set to (1) in the in-
service priority register (ISPR) corresponding to the
highest priority level is reset to (0). When the context
switching function is started by executing the BRKCS
instruction, if the ISPR register is reset to {(0),
interrupt nesting control is destroyed. Be sure to set
CPU control word (CCW) bit O (E0S) to (1) just before the
RETCS instruction.

BRKCS

SETI CCW, 0 ; Set EOS flag
RETCS

5-28



CHAPTER 6. STANDBY FUNCTION

The uPD78312A provides three operation clock control modes for

the standby function.

o Clock varying mode:

o HALT mode

o STOP mode :

The uPD78312A can operate in the wide
supply voltage range by changing the
internal system clock (CLK) dividing ratio
for low speed operation.

The CPU operation clock is stopped. The
HALT mode and the normal operating mode
can be used in combination for
intermittent operation to reduce the total
power consumption of the system.

The oscillator is stopped.

Data can be retained by consuming low
pOWer.

6.1 STANDBY MODE SETTING AND OPERATION STATE

The standby mode
register (STBC).
standby state is
HALT is selected

instruction.

is selected by using the standby control

Three states are required until the
entered after the standby mode STOP or
by executing an STBC register write

6.1.1 STANDBY CONTROL REGISTER (STBC)

The standby control register (STBC) is used to control the
standby function mode. Figure 6-1 shows the STBC register

format.

Like the watchdog timer mode register (WDM), the STBC
register can be written only by executing a special
instruction to prevent carelessly entering the standby
mode because of program upset, etc.

The HLT bit is used to select the HALT mode. In the
normal operation state, the HLT bit is reset to 0. When
the HLT bit is set to 1, the HALT mode is selected.

The STP bit is used to select the STOP mode. In the
normal operation state, the STP bit is reset to 0. When
the STP bit is set to 1, the STOP mode is selected.

The CKO and CKl bits are a bit field to specify the
internal system clock dividing ratio. Oscillator output
is divided by the value specified in the CKO and CKl
bits, then supplied as internal system clock (CLK).
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STBC

The SBF bit is a standby flag that can be used for return
decision from the STOP mode. It cannot be reset to O by
software. If the RESET signal is input, the standby flag

is not affected.

When RESET is input, the STBC register is set to 0010 x
000CB, selecting the low speed operating mode.

Figure 6-1 Standby Control Register (STBC) Format

1 0 Address After Reset

0 |CKl|CKO|SBF| O

STP |HLT FF44H 0010 x 0OOB

STP|HLT |CPU Operating Mode Controcl

0 Normal operating mode

0 HALT mode

1 STOP mode *

Reset to 0 only on the supply voltage
rising edge.

CKl

CKO|Internal System Clock Freguency

'|: fCLK] Select iﬂn

fopg = oscillation frequency
(fxx) x 1/2

forg = oscillation frequency
(fyv) x 1/8
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6.1.2 USE OF SBF BIT

The SBF bit i1s reset (0) automatically when the uPD78312A
is powered on (when the V,, power supply rises from 0 V).
It cannot be reset by software.

The SBF bit can only be set (1) by software. This bit is
not affected by RESET input (its contents are retained).

SBF | 0 |Rise of Vppy power supply from O V

l |"1" written by MOV STBC, #byte instruction

The above functions enable identification of power-on or
standby release RESET input by testing the SBF bit by
software after RESET input. The SBF bit processing
routine is shown in Figure 6-3.

NOTE: The SBF bit may not be cleared if the supply
voltage rise time after powering on exceeds
the range given in the specifications. When
the SBF bit is used, therefore, the supply
voltage rise time must be kept within this
range (see Chapter 11 "Specifications").
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Figure 6-3 SBF Bit Processing Routine

( RESET input )

No (RESBET Input for
Standby Release)

SBF=0

Yas (Powar-On

HESET Input)
Processing
Set SBF = 1 after standby
release

Main routine

f

Sat STOP mode

6.1.3 CLOCK VARYING MODE

Etl-d

When the clock varying mode is selected, the uPD78312A can
be operated at the low speed by furthermore dividing the
internal system clock by four. '

In the clock varying mode, the internal system clock
frequency (frpx) can be set to 1/2 or 1/8 times the
oscillation frequency by setting standby control register
(STBC) bits 5 and 4 (CKl1l and CKO).

HALT MODE

In the HALT mode, the CPU operation clock is stopped.
The total power consumption of the system can be reduced
by selecting the HALT mode for the CPU idle time. The

HALT mode is selected by setting standby control register
(STBC) bit O (HLT) to 1.
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6.1.5

In the HALT mode, the CPU clock stops and program
execution is stopped, but all the register and internal
RAM contents just before the HALT mode 1s entered are
retained. Table 6-1 lists the hardware state.

STOP MODE
In the STOP mode, the oscillator is stopped.

When the entire application system stops, the STOP mode
enables very low power consumption. The STOP mode is
selected by setting standby control register (STBC) bit 1
(STP) to 1. In the STOP mode, all clocks stop. Although
program execution is stopped, all the register and
internal RAM contents just before the STOP mode 1s entered
are retained. Table 6-1 lists the hardware state.

NOTE: When the STOP mode is set, the X1 pin is
internally short-circuited to Vgg (ground

potential) to suppress clock generator
leakage. Thus, do not use the STOP mode in a
system which uses external clock.



Table 6-1 Operation State during HALT/STOP Mode

Itam HALT Mode STOP Mode

Oscillator Operation Stop

Internal system clock

CPU clock Stop

Pulse input/output unit Operation

Time base counter

Watchdog timer

Serial interface

Interrupt request control

A/D converter

I/0 lines Retention Retention

Bus lines A8 to AlS Retention Retention
ADO to AD7 Retention Retention

RD, WR output High High

ALE output Low Low

RFSH output Stop* Stop*

Internal CPU status and internal All retained |All retained

RAM contents

*: Set the power down refresh mode before setting the
standby mode (see B.3.2).
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6.2 STANDBY MODE RELEASE

6.2.1 HALT MODE RELEASE

When a nonmaskable interrupt request, unmasked maskable
interrupt request, macro service request occurs, or RESET
is input, the HALT mode i1s released.

(1) Release when interrupt request occurs

(1)

(11)

When HALT mode is set in interrupt service
routine

When an unmasked maskable interrupt assigned
the higher priority level than the current
interrupt in service or a nonmaskable interrupt
request occurs, the HALT mode is released.

Other than (1)

When a nonmaskable interrupt reguest or an
unmasked maskable interrupt request occurs

regardless of the priority level, the HALT mode
is released.

(2) Release when RESET is input

This is the same as normal reset operation except
that the internal RAM contents before the HALT mode
1s set are retained.

Figure 6-4 HALT Mode Release when Interrupt Request Occurs

Hormal Operating Mode

STEC Register Write I A
Internal System Clock [ | | 1 | [ | | i
(CLK) | - : | —
cpPu cLk - \ L e
1
. ik | !
HLT F/F —— | |
|
I
Interrupt Request — 3 ¥ :
:
|
'

CPU Clock Stop

I
1
1
1
1
|
1

e g —

CPU HALT Operation

1
-]
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Figure 6-5 Macro Service Start during HALT Mode

Macro Service Request

STBC Register Write ' {Jiacro Servicei HALT Mode
Internal System Clock Ly 1 L 1 S e O
(cLK) = P S Ly :
CPU CLK | ! ) : - L__l_"'l..g.l L
HLT F/T — i :
! l -
i
]
i

top '

- )

1

I

.= i
cPU Clock i
5 i
|

]

| CPU HALT Operation

6.2.2 STOP MODE RELEASE

When an NMI pin input interrupt reguest occurs or RESET is

input, the STOP mode is released.

(1)

(2)

Release when a valid edge is input to NMI pin

when a valid edge is input to the NMI pin, oscillator
oscillation is restarted. The time base counter and
watchdog timer start operation. The watchdog timer
counts time base counter tap output. After the
watchdog timer counts the time specified in the
watchdog timer mode register (WDM), that is, when the
watchdog timer overflows, CPU clock supply is
started.

The same state as the HALT mode is once entered, then
the same operation as the HALT mode release operation
is performed,

Release when RESET is input

This is the same as normal reset operation except

that the internal RAM contents before the STOP mode
is set are retained.
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Figure 6-6 STOP Mode Release when a Valid Edge is
Input to NMI Pin

STBC Register Write I jNormal Operation

Internal Systam Clock ' L«_J _.._I I

{CLK )

#F B
—

CPU CLK

STF F-Fl

STP F/F2

HMI Pin Input
Intesrrupt

Requestk

n
1

Oscillator
Stop

Watchdog Timer

]
|
|
d
|
I
|
|
i Count Time

- —— T ] .—..-._-.__...,.I -—

U IR —_——— -

:..__...u....cpu ETOP Operation
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6.3 OPERATION AFTER STANDBY MODE 15 RELEASED

(1)

(2)

If the STOP or HALT mode is released when RESET is
input, normal reset operation is performed except

that the internal RAM contents before the standby

mode is set are retained.

If the STOP mode is released when a valid edge is
input to the NMI pin (NMI pin input interrupt
request), vectored interrupt is executed after the
STOP mode is released.

The operation after the HALT mode is released when an
interrupt request occurs variles depending on whether
interrupts are enabled (EI) or disabled (DI) when the
CPU restarts instruction execution, as listed in
Table 6-2.

Table 6-2 Operation after HALT Mode 1s Released

when Interrupt Reguest Occurs

Release Source EI State DI State
Nonmaskable After standby mode is After standby mode is
— interrupt released, control released, control
request branches to wvector branches to wvector
address. address.
Maskable After standby mode is After standby mode is
interrupt released, control released, the next
request branches to vector instruction is executed.
address.
_ Macro service When macro service Macro service does not
request starts and the macro start. The next

gservice counter reaches|instruction 1s executed.
OH, control branches to
vector address. If the
macro service counter
does not reach OH, the
HALT mode is entered
again.
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CHAPTER 7. RESET FUNCTION

When a low pulse is input to the RESET input pin, the system is
reset and the hardware devices are placed in the state as listed
in Table 7-1. When the low-to~high transition of RESET input is
made, the reset state is released and the contents of reset
vector table (addresses 0000H and 000lH) are loaded into the
program counter (PC) for hranch. Program execution starts at the
branch destination address. The RESET input pin contains a noise
removal circuit using analog delay. The number of states
required until operation code prefetch is started after RESET
input rises and reset is released is 11 when the reset vector
table is set in internal ROM or 41 when the table is set in

external memory.

Initialize the register contents in a program as required.

Figure 7-1 Reset Signal Acknowledgement

RESET

LR

T L]
| ]
| 1
] 1
1 1
i

1 1
| 1
1 ]
i I

1l or 4l—=+—COperation Code

inalqé Analog Analog' States | Prafetch
Delay Delay Delay |
Removed as !
Hoise 4
Raset
Faleass

On reset operation when the power is turned on, take the
oscillation stable time of about 40 ms from power on to reset
acknowledgement, as shown in Figure 7-2.

Figure 7-2 Reset when Power is Turned on

L
Lk

Voo

RESET :
I F
L]

r

—— WA R &

- Oscillation .11 or 41___,  Operation Code
: Stable Time : . States ; FPrefatch
Analog
Delay
TAN
Reset
Relaase
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After reset operation,
. MM register PWO, PWl bits = 11
+ RFM register RFEN bit = 1

. STBC register CKl bit 1

are set as listed in Table 7-1. Thus, the 3-wait cycle insertion
mode, refresh pulse generation mode, and low speed operation mode
(fcLk = fxx x 1/8) are selected. To operate the uPD78312A at the

high speed, clear the bits to 0 shown above at the beginning of

a program.

Table 7-1 Hardware State after Reset

Hardware State after Reset
Program counter (PC) 00H
Stack pointer (SP) Undefined
Program status word {(PSwW) 00H
CPU control word (CCW) QOH
Internal RAM Data memory Undefined*
General register
(RO to R15
Ports Port register (PO to P5) Undefined
Mode registers (PMO to PM3 | FFH (input mode)
and PM5)
Mode control registers OFH
(PMC2 and PMC3)
Count unit Capture compare registers Undefined
(CROO, CROl, CR10, and
CR11)
Up/down count registers Undefined

(UDCO and UDC1)

(to be continued)

*: When the standby mode is released, the state before the

standby mode is set is retained.




Table 7-1 Hardware State after Reset (cont'd)

Count unit
(cont'd)

Hardware State after Reset
Input mocde register (CUIM) |0QO0H

UDC control registers 00H

(UDCCO0 and UDCCL)

Capture compare register 0OH

control register (CRC)

Capture PWM unit

Capture registers (CPTO and
CPT1)

Undefined

PWM registers (PWMO and Undefined
PWMl )
FRC control registers 00H
(FRCC)
Capture mode register QO0H
(CPTM)
PWM mode register (PWMM) 0O0H
- Real time output Control register (RTPC) 08H

port
Port 0 L buffer register Undefined
{(POL)
Port 0 H buffer register Undefined
(POH)

Timer unit Timer registers (TMO and Undefined
TM1)
Modulo/timer registers Undefined
(MDO and MD1)})
Timer control registers 00H
(TMCO and TMCl)

A/D converter Mode register (ADM) 00H
Conversion result register |Undefined

(ADCR)

1=-3

(to be continued)




Table 7=1

Hardware State after Reset {cont'd)

Hardware State after Reset
Serial Serial mode register (SCM) | OOH
communication
interface Serial control register 00H
(scc)
Baud rate generator setup O0H
value (BRG)
Receive buffer register Undefined
(RxB)
Transmit buffer register Undefined
(TxB)
Time base counter COH
Time base mode register (TBM) 00H
Standby control register (STBC) 2 xH*
Watchdog timer mode ragister (WDM) 00H
Memory expansion mode register (MM) 30H
Refresh mode register {RFM) 10H
Interrupt request | External interrupt mode 00OH
register (INTM)
In-service priority 00H
register (ISPR)
Interrupt request control 474
register
Macro service control Undefined

register

*: The STBC bits are not affected by RESET input. The low-
order four bits are set to O or 8.




CHAFPTER 8. LOCAL BUS INTERFACE FUNCTION

The local bus interface function is provided to connect external
memory (ROM, RAM) and I/0 in addition to internal memory.

8.1 uPD78312A, uPD78P312A EXTERNAL DEVICE EXPANSION FUNCTION
In addition to internal ROM and RAM, external device (data
memory, program memory, ©Or peripheral device) can be

added to the uPD78312A, uPD78P312A external 56-Kbyte area
{(addresses 2000H to FDFFH). To add external device, port
4 (P47 to P40) is used as multiplexed address/data bus
(AD7 to ADO) and port 5 (P57 to P50) is used as address
bus (A7 to AO) by setting the memory expansion mode

register (MM), and the external device is accessed by
using the RD, WR, and ALE signals.

The number of bits of the P57 to P50 pins which serve as
the address bus can be changed according to the external

memory size.
from 256 bytes to 56 Kbytes.
address bus can be used as general purpose input/output
port pins (see Table B8-1).

Table B-1

External memory can be expanded by stages
The pins not used as the

P57 to P50 Address Bus Selection

P57

P56

P55

P54

P53

P52

P51

P50

External Address Space

Port

Port

Port

Port

Port

Port

Port

Port

within 256 bytes

Port

Port

Port

Port

All

AlO

A9

a8

Within 4 Kbytes

Port

Port

Al3

AlZ

All

Al0

A9

A8

Within 16 Kbytes

AlS

Al4

Al3

Al2

All

AlQ

A9

A8

Within 56 Kbytes

When an external device reference instruction is executed

in the 256-byte expansion mode,

the high-order eight bits

of the le=-bit external reference address are masked and
address information in the range of O0OH to FFH is output
from the P47 to P40 (AD7 to ADO) pins.

Likewi s5e,

in the 4-Kbyte expansion mode,

the high-order

four bits of the lé-bit external reference address are
masked and address information in the range of O00H to

FFFH is output from the P53 to P50 (All to AB) and P47 to
P40 pins.



Likewise, in the 1l6-Kbyte expansion mode, the high-order
two bits of the 16-bit external reference address are
masked and address information in the range of 0000H to
3FFFH is output from the P55 to P50 (Al3 to A8) and P47 to
P40 pins.

Thus, in the 256-byte, 4-Kbyte, or 16-Kbyte expansion
mode, the high-order bits of the 16-bit address are
masked, and external device can be located in any 256~
byte, 4-Kbyte, or 16-Kbyte area within the external 56-
Kbyte area. However, note that if in the 16-Kbyte
expansion mode external ROM is connected to an expansion
area and the external ROM area is located in addresses
2000H to 5FFFH following the internal ROM, the program
counter (PC) contents differ from the actually output
address from the P35 to P50 and P47 to P40 pins as
follows:

PC Contents P55 to P50, P47 to P40 Output Address

2000H 2000H
i i
: :
3FFFH 3FFFH
4000H 0000H
E |
SFFFH 1FFFH

To use the external ROM addresses as consecutive
addresses, locate external ROM area in addresses 4000H to
7FFFH. In this case, external ROM and internal ROM
addresses are not consecutive, thus a branch instruction
must be used to move a program between the internal andg
external ROM areas. This is also applied when external
ROM area is located in addresses B000H to BFFFH.
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8.1.1 MEMORY EXPANSION MODE REGISTER (MM}

The memory expansion mode register {MM) is an 8-bit
register to control the address bus, address/data bus, and

control signals such as RD and WR when memory or I1/0 is
expanded to the external.

Figure B8-2 shows the memory expansion mode register {(MM)
format.

The MM2 to MMO bits are effective when the EA pin is high
(1); the bits are used to specify P47 to P40 pin port or
expansion mode and input or output and P57 to P50 pin
address output.

The PWl and PWO bits are used to specify the number of
waits inserted in external access cycle regardless of the
EA pin level.

When RESET is input, the MM register is set to 30H; P47 to
P40 are used as input port (output high impedance) and
three waits are inserted in external access cycle.



Figure 8~2 MM Reglister Format

5 4 2 1 0 Address After Reset
PWl| PWO | O | MM2| MM1| MMO| FF40H 30H
P47 to P40 and P57 to P50 Operation
0|0|0f Port Single|P47 to P40: Input port
mode chip P57 to P50: Port mode
mode
olo 1! P47 to P40: Output port
P57 to P50: Port mode
01| 1} Expansion|256 P47 to P40: Expansion
mode bytes mode
P57 to P50: Port mode
1|10|0 4K P47 to P40 & P53 to P50:
bytes |Expansion mode
P57 to P54: Port mode
1/0|1 16K P47 to P40 & P55 to P50:
bytes |Expansion mode
P57 and P56: Port mode
1:/1;1 S6K P47 to P40 & P57 to P50:
bytes |Expansion mode

Wait Insertion when External Access 1s Made

0/0No wait cycle is inserted in external
access cycle.

0| 1{0ne wait cycle is inserted in external
access cycle.

1|0 Two wait cycles are inserted in external
access cycle.

1/1iThree wait cycles are inserted in external
access cycle.
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8.1.2

MEMORY EXPANSION EXAMPLE

Figure B8-3 shows an expansion example of 16K-byte memory
when the 64K-byte PROM product uPD27C512* is connected.
Figure B8-4 shows the data set in the memory expansion mode
register in the example.

*: Maintenance product

Figure 8-3 Memory Expansion Example (for Reference)

Voo
e

«PDTBII2A
Qo=~1 iu.-uj_
RD OE pPD2TCS12 EE‘_.L
Ag ¥ Ag=-13 |

AVNEF (ADT~D ADT =0 /ani

OFE | upDTLHCITS

PS5—0 -
Vas  (ar13-g))AL3-8

A¥aa

l o
Yoo ALE j
LE
- < S,

System _ | gwoew

Reset
X1 X2
J_—Iﬂl—l Remarks: uPD27CS512 is used only in the 16K-byte
T T expansion mode,
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Figure 8-4

Memory Expansion Regilster Setting
(in Memory Expansion Example)

5 3 2 1 0 Address  After Reset
PW1l 0 1 0 0 FF40H 30H
L | [
P47 to PAQ : Expansion Mode
P55 to P50 : Expansion Mode

P57 and P56: Port Mode

PW1l|PW0 (Wait Cycle Insertion when External
Memory is Accessed

0 | 0 |No wait cycle is inserted

0 1l |One wait cycle is inserted

1 0 |[Two wait cycles are inserted

1 1 |Three wait cycles are inserted




8.2

uPD78310A EXTERNAL DEVICE ACCESS

Since the uPD78310A dces not contain ROM, external device
(data memory, program memory, or peripheral device) can be
located in the external 64-Kbyte area (0Q0O0OH to FDFFH) in
addition to internal RAM.

External device is accessed by using the P47 to P40 as
multiplexed address/data bus (AD7 to ADO) and the P57 to
P50 pins as the address bus (Al5 to AB) pins and using the
RD, WR, and ALE signals. Fix the EA pin low.

On the uPD78310A, specification in the memory expansion
mode register (MM) MM2 to MMO bits is uneffective and the

P47 to P40 and P57 to P50 pins always function as the AD7
to ADC and AlS5 to A8 pins.

The external expansion mode as with the uPD783123 cannutﬁ
be selected.

Figure 8-=5 uPD78310A Address Space

ﬂﬂﬂﬂﬂégjkf

A

o

External Device

N

\x\\\\

L3

Internal RAM

"
I
=
=
é #/

FEFFH
FFuOH

SFR Area

S S S

FFFFH
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8.3 PSEUDO-STATIC RAM REFRESH FUNCTION

The uPD78312A contains the pseudo-static RAM refresh
function to directly connect pseudo-static RAM equivalent
to uPD42818*. The refresh pulse output intervals are
specified by setting the refresh mode register (RFM), and
the external access cycle is changed to the refresh bus
cycla corresponding to the uPD428128 bus cycle.

The uPD78312A contains the following function to support
uPD428128 pulse refresh operation and power down self-
refresh operation:

*: Maintenance product
8.3.1 PULSE REFRESH OPERATION

To support uPD428128 lse refresh cycle, a refresh pulse
is output from the R pin in synchronization with the
bus cycle. :

If the access timing overlaps with the refresh pulse
output timing, the uPD428128 may malfunction. Thus, the
uPD78312A generates a refresh pulse 1in synchronization
with the bus cycle. I1f external memory access cycle
concurs with refresh bus cycle, the refresh bus cycle
takes precedence over the external memory access cycle and
external memory access operation is made to wait.

In the refresh bus cycle, 3-state wait condition occurs.

A refresh bus cycle is generated at the intervals
specified in the refresh mode register (RFM).



Figure 8-6 Pulse Refresh Operation when Memory is Accessed

|-— tcye —=d t

Pin Output A /

Wwrite Cycle 4 Refresh Bus Cycle ——m
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8.3.2 POWER DOWN SELF-REFRESH OPERATION

When RFSH pin output is set low by handling the refresh
mode reglster (RFM) on software, the power down self-
refresh mode is entered.

A return from power down self-refresh operation is made by
setting the RFSH pin high on software.

(1) Power down self-refresh operation specification
The power down self-refresh operating mode is set by
resetting refresh mode register (RFM) bit 7 (RFLV) to
0 on software.

Example:

CLR1 RFM.7 ; Reset RFLV bit
MOV STBC, #0AH; Set STOP mode and set standby flag

L3
1

NOTE: When the power down self-refresh mode is
set, be careful so as not to activate the
pseudo-static RAM CE pin.

(2) Return from power down self-refresh operation
Since refresh pulse to the uPD428128 is disabled for 2

us after the line rises, the RFSH pin rises in
synchronization with the time base counter.
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Figure 8-7 Return from Power Down Self-Refresh Operation

Fower Down Self-Refresh Mode

min. .G 8 1

r
RFSH / L—J

TBC Tap Output [ \

——
RFLV Bit "r —f

Set to 1 by Software

NOTE: Although the RFLV bit is set to 1 by
software, the internal hardware sets the
RFLV bit to 1 in synchronization with
time base counter tap output. In return
from power down self-refresh operation,

the following operation is regquired on
software:

Power Down Self-Refresh Mode

Exacuta RFLV
Bit Set
Instruction

-

Delay 2 us

Pulse Refresh Mode
{Normal Operation)
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8‘343

REFRESH MODE REGISTER {RFM)

The refresh mode register (RFM) is an B-bit register to
control pseudo-static RAM refresh intervals and change to
power down self-refresh cycle. Figure 8-8 shows the RFM
register format.

The RFTO and RFT1 (bits O and 1) are a bit field to
specify the refresh pulse interval. One of four time base
counter (TBC) tap outputs can be selected.

The RFEN bit (bit 4) is used to control refresh pulse
output. When the RFEN bit is reset to 0, no refresh pulse
is output and the RFSH pin functions as a l-bit output
port; when the RFEN bit is set to 1, a refresh pulse is
output at the specified intervals.

The RFLV bit (bit 7) specifies the RFSH pin level when the
RFEN bit is reset to 0. When the RFLV bit is set to 1,
the RFSH pin is set high; when the RFLV bit is reset to 0,
the RFSH pin is set low. If the RFEN bit is set to 1, the
RFLV bit is used to set the power down self-refresh mode.
When the RFLV bit is set to 1, pulse refresh operation in
operation state is performed; when the RFLV bit is reset
to 0, power down self-refresh mode is set. When the
standby mode is set, the RFLV bit is reset to O by
hardware.

When RESET is input, the RFM register is set to 1l0H,
setting the power down self-refresh mode.
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RFM

Figure B8-8 Refresh Mode Register (RFM) Format

7 4 3 2 1 Address After Reset
RFLV RFEN| O 0 RFTL1 |RFTO | FF41H 10H
RFT1 |RFTO|Refresh Pulse Output Interval
Specification
0 0 |16/fopx (TBC TBC3 tap output)
0 1 [32/fppk (TBC TBC4 tap output)
1 0 |(64/f- g (TBC TBC5 tap output)
1 1 128/f~ x (TBC TBC6 tap output)
RFLV |RFEN |RFGH Pin Output Control
o 0 Low cutput
1 High output
0 1 Power down self-refresh operation
(RFSH pin set low)
1 Refresh pulse output enable

If the refresh function is not used,
function during program initialization.

Example:

MOV RFM,
MOV STBC, #00H

#00H

8-14
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8.3.4 PSEUDO-STATIC MEMORY EXPANSION EXAMPLES

Figure 8-9 shows a configuration example when uPD27C512 of
64K-byte PROM product and 128K-byte pseudo-static RAM
uPD428128 are connected to the external. Figure 8-~10
shows the data set in the memory expansion mode register
in the example.
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Figure 8-9 Pseudo-Static Memory Expansion Example (for Reference)
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Figure 8-10 Memory Expansion Mode Register Setting
(in Pseudo-Static Memory Expansion Example)

1 0 Address  After Reset

0 1 FF40H 30H

7 & 5 4 3 2
0| O |PW1|PWO| O | 1
L1 I [

h

P47 to P40 : Expansion Mode

P57 to P50

Expansion Mode

PW1l| PWO|Wait Cycle Insertion when External
Memory is Accessed

0 No wait cycle is inserted

0 One wait cycle is inserted

Two walt cycles are inserted

=l ol »| O

Three walt cycles are inserted
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CHAPTER 9., uPD78P312A PROGRAMMING

The on-chip ROM of uPD78BP312A is a B192 x 8 bits electrically
programmable PROM. The pins listed in the Table 9-1 are used for
the programming of the PROM.

In the normal operating mode, 5 V +10% is applied to Vpp and Vgp,
and a voltage no more than Vpp is applied to all other pins.

The programming characteristics of uPD78P312A are compatible with

uPD27C256A

Table 9-1 Pin Functions in Programming Mode

Pin Name Functions
Vpp High-voltage input (for write/verify) and high-lewvel
input (for read)
PROG High-voltage input (for write/verify and read)
AQ to A7 Address input (lower B bits)
A8 to Al2 | Address input (for upper 5 bits)
DO to D7 Data input (for write) and data output (for verify)
CE Program pulse input
QE Output enable input
Voo Supply voltage input
NOTE 1l: Be sure to mask the window of the uPD78P312A with a

light-shielding cover film except when erasing
EPROM data.

Data erasure by ultra-violet light is not possible
in the uPD78P312A one-time PROM versions which have

no window.



9.1 OPERATING MODE FOR PROM PROGRAMMING
If +6 V is applied to Vpp pin and +12.5 V is applied to
PROG and Vpp pins, uPD78P312A is set to the program write/
verify mode. In this mode, the operating modes described
in Table 9-2 are available by setting CE and OE pins.

In the read mode, uPD78P312A can read the PROM contents.

Table 9-2 Operating Mode for PROM Programming

Operating Mode Setting
Operating Mode
Vpp Vop CE OE PROG
+12.5 V| +6 V L H +12.5 V | Write mode
H L Verify mode
H H Program inhibit mode
Vep = Vpp L/H L Read | Data output from pins
= +5 V mode | DO to D7
H Pins DO to D7 are in
high-impedance state.

Remarks: In the above table, H indicates high level and L,
low level.

NOTE: When Vpp and Vpp are set to +12.5 V and +6 V,
respectively, setting both CE and OE to L is
prohibited.



9.2

FROM WRITING PROCEDURE

Data write onto PROM can be carried out at high speed as
follows:

(1) Treat the unused pins as shown in directed in 1.3.2

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

"uPD78P312A Pin Configuration" and supply +6 V to Vp,
and +12.5 V to Vpp.

Supply an initial address.

Supply write data.

Supply CE pin with a 1 ms program pulse (active low).
Set the verify mode. Proceed to step (7) if data has
been written or repeat steps (3) to (5) if data has
not been written. Proceed to step (6) if data still

cannot be written after repeating 25 times.

Stop the write operation by judging the device to be
defective.

Supply write data and supply program pulses of (X:
The number of repetitions of steps (3) to (5)) x 3 ms
(additional write).

Increase the address by increments.

Repeat steps (3) to (B) up to the last address.
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Figure 9-1 PROM Write/Verify Timings

X-Tima Repetition
—_ —_— ditional
|— Write Verify —pdait —-|

AlZ=AB }{ Address (Upper 5 Bits) X

AT—A0 X Address (Lower B Bits) x
D7=-D0 —(Djta Inpunata Input)—
put
Ver
Ver /
Vin
+1
Yoo Yoo /
Voo
—_— ¥ ik
=\ \_/
Vi
o Viu \ / {

Vic




9.3

PROM READING PROCEDURE

The PROM contents can be read into the external data buses
(DO to D7) by using the following procedure:

(1) Treat the unused pins as directed in 1.3.2
"uPD78P312A Pin Configuration”.

(2) Supply +5 V to Vpp and Vpp pins and +12.5 V to the
PROG pin.

(3) Input the address of data to be read to pins A0 to
Al2.

(4) Set the read mode.
(5) Output data to pins DO to D7.
Figure 9-2 shows the timings for steps (2) to (5).

Figure 9-2 PROM Read Timings

Al=Al2 X Address Input X
OE \ /

Do-D7

Data Qutput \
/

N
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DATA ERASURE PROCEDURE (EPROM PRODUCT ONLY)

The programmed EFPROM data contents of the uPD78P312ADW/R
can be erased by irradiation with light having a
wavelength of less than approximately 400 nm. The EPROM
data contents may be erased 1f the uPD7BP312ADW/R is
exposed to direct sunlight or light from a fluorescent
lamp. To protect the data contents, mask the
uPD78P312ADW/R with light-shielding cover film to prevent
ultraviolet light from entering through the upper window.
Quality-guaranteed light-shielding cover film is available
from NEC together with on-chip EPROM products using a
package with a window.

To erase data, irradiate the uPD78P31ZADW/R window with
ultraviolet light of 254 nm. A minimum of 15 W-s/cm?
(ultraviolet intensity x erasure time) is required to
completely erase the EPROM contents of the uPD7BP312ADW/
R. For example, it will take about 15 to 20 minutes to
erase data using a 12000 uW/cm? ultraviolet lamp. The
erasure time may become slightly longer, depending on the

‘life of the ultraviolet lamp or dirt, etc. on the package

window. Allow a distance of no more than 2.5 cm between
the ultravioclet lamp and the uPD78312ADW/R window.
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9.5

ONE-TIME PRODUCTS SCREENING

The one-time product (uPD78P312ACW, 7BP312AGF-3BE,
78P312AGQ-36, 7BP312AL) cannot be tested completely by NEC
before it is shipped, because of its structure. It is
recommended to perform screening to verify PROM after
wrilting necessary data and performing storage under the
condition below.

Storage Temperature | Storage Time

1259C 24 hours

NEC is offering a pay service, called QTOPTM
microcomputer, which comprises one-~time PROM write,
marking, screening and verify operations. For deails,
contact our sales personnel.
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CHAPTER 10. INSTRUCTION SET

10.1 INSTRUCTION SET AND ITS OPERATION

(1)

Operand identifier and description

Operands are described in the operand field of each
instruction in accordance with the description for
the operand identifier of the instruction.

(Details conform to the assembler specification.)
When there are multiple elements in the description,
one of the elements is selected. Upper case
alphabetic characters and the symbols +, -, #, &, !
and [ ] are key words and are described unchanged.

For immediate data, a suitable value or label i=s
described. Also always describe the #, 5, !, and [ ]
symbols when describing immediate data by label.

Identifier Description

r RO, R1, R2, R3, R4, RS5, R6, R7, RB, R9, R10, R1l1,
R12, R13, Rl4, R15

rl RO, R1, R2, R3, R4, R5, R6, R7

- r2 cC, B

rp RPO, RPl, RP2, RP3, RP4, RP5, RP6, RP7

rpl RPO, RPl, RP2Z, RP3, RP4, RP5, RP6, RP7

rp2 DE, HL, VP, UP

sfr Special function register name (See Table 3-3.)

sfrp Special function register mame (16-bit handlieable
register; see Table 3-3.)

post RPO, RP1l, RPZ, RP3, RP4, RP5/PSW, RP6, RP7
[Multiple descriptions possible. However, RP5 is
limited to PUSH and POP instructions and PSW is
limited to PUSHU and POPU instructions.]

(to be continued)
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(cont'd)

Identifier Description
mem EDE], [HL], [DE+], [HL+], [DE-], [HL-]1, [VP], [UPI:
Register indirect mode
[DE+A], {HL+A], [DE+B], [HL+B], [VP+DE], [VP+HL]:
Base index mode
[DE+byte], [HL+bytel], [VP+bytel], [UP+bytel,
[sP+byte]: Base mode
word[A], word[B], word[DE)], word[HL]: Index mode
saddr FE20H to FF1FH Immediate data or label
saddrp FE20H to FFlEH Immediate data (however, bit 0 = ()
or label (with 16 bit handling)
Saddrlé 0O000H to FEFFH Immediate data or label; relative
addressing
laddrle O000H to FEFFH Immediate data or label; immediate
addressing
(However, for MOV instructions,
description up to FFFFH is
possible.)
addrll B00OH to FFFH Immediate data or label
addr5 40H to 7EH Immediate data (however, bit 0 = 0)
a label
word l6~bit immediate data or label
byte 8-bit immediate data or label
bit 3=bit immediate data or label

3-bit immediate data (0 to 7)
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Eight-bit register identifiers r and rl and 16-bit
register pair identifiers rp, rpl, and post can be

described by function name, as well as absolute name (RO

to R15, RPO to RP7).

Table 10-1

The absolute name function name
correspondence is shown in Table 10-1 and Table 10-2.

8-Bit Register Absolute Name/

Function Name Correspondence

Function Name

Function Name

Absolute Absolute

Name RSS = O | RSS = 1 Name RSS = O | RSS =
RO X RS VP, VP
R1 A R9 VPy VPy
R2 c R10 UPL UPy,
R3 B R11 UPy UPy
R4 X R12 E E
R5 A R13 D D
Rb6 C R14 L L
R7 B R15 H H
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Table 10-2 16-Bit Register Pair Absolute Name/
Function Name Correspondence

Absolute Function Name
Name RSS = O | RSS = 1
RPO AX
RP1 BC
RP2 AX
RP3 BC
RP4 VP VP
RP5 UP UP
RP6 DE DE
RP7 HL HL

R55 1s the register set select flag (PSW bit 5).
absolute name and function name correspondence is
by setting and resetting this bit.

(2) Operation description legend

L1 -y L1

I m O QO W o »x »

RO to R15

AX :

BC

LT3

DE

A register:

register
reglster
register
register

register

L M O 0O W e

register

L register

8-bit accumulator

Register 0 to register 15

(absolute name)

The
swiltched

Register pair (AX); 16-bit accumulator

Register pair (BC)

Register pair (DE)
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HL

RPO to RP7:

PC
SP
UP
P5SW
CY

AC

P/V

SUB
TPF
RBS
RS5
IE
EOS
STBC

wDM

(f ))

xxH

xH, xL

(L]

(1]

L1 ]

L1

LL]

Register pair (HL)

Register pair O to register pair 7
(absolute name)

Program counter

Stack pointer

User stack pointer

Program status word

Carry flag

Auxiliary carry flag

Zero flag
Parity/overflow flag

Sign flag

Subtraction flag

Table position flag

Register bank select flag
Register set select flag
Interrupt enable flag

End of software interrupt flag
Standby control register
Watchdog timer mode register

Contents of memory indicated by the
contents of the address or register in

( ).

-), after instruction
) are

For { +) and (
execution, the contents in (
incremented/decremented by one.

Contents of memory indicated by the
contents of memory indicated by the
address in (( }).
Hexadecimal number

High-order 8 bits, low-order 8 bits of

16-bit register.
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(3) State field symbols

(1) When n is described in the state field, its
value is determined as follows:

. Stack manipulation
instruction : Number of registers to be
saved/restored

. Shift rotate

instruction : Number of bits to be
shifted
. String
instruction : Number of instruction

executions until the
condition is satisfied

and the program exits
from the loop

(ii) The number in ( ) of the state field of a
conditional branch instruction is the minimum
number of execution states when not branched.

(ii1i) When a SFR is accessed by describing FFOOH to
FF1FH at saddr, saddrp in an instruction with
saddr, saddrp in the operand, the state count
is the latter separated by a /.

(iv) When an interrupt request is accepted during
execution of a string instruction, the number
in ( ) in the state field of a string
instruction is the number of execution states
until rewriting the program counter.
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(4)

mem in the operand

The byte count and state count differs with the mode
of the contents described at mem as follows:

Byte count and state count of instruction containing

Register Base
mem Mode Indirect | Index Base Index
Mode Mode
Mode Mode
Byte Count 1*/2 2 3 4
State MOV A, mem 5 & (2] 6
count
(differs mem, A
with the
instruc-|XCH A, mem 7 8 B8 8
tion)
mem, A
ADD, ADDC,| A, mem & 7 7 7
SUB, SUBC,
AND, OR, mem, A 7 8 8 8
XOR
CMP A, mem 6 7 7 7
mem, A

(5)

Becomes a dedicated l-byte instruction only when [DEI],
[DE-], or [HL-] was described at

[BL],

[DE+],

[HL+],

mem in a MOV instruction.

Description of symbols of flag operation field

Symbol

Description

(blank)

D C<THW O

No change
Cleared to O
Set to 1
Set/cleared according to result
P/V flag operates as parity flag
P/V flag operates as overflow flag
Undefined
Value saved previously restored
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InsFru::- Mrie— Idle Flag
tion monic| Operand |Bytes| State Stata Operation
Group 8 Z AC P/V SUB CY
B=bit MOV rl, 2 3 3 rt + byte
data #byte
transfer
instruc= saddr, 3 /4 0 (saddr)
tion #byte + byte
sfr, "3 4 0 sfr + byte
#byte
r, rl 2 3 3 r +ri
R, £1 1 3 3 A + xl
A, saddr|2 /4 1 A + [saddr)
saddr, Af2 3/4 0 (saddr) +A
saddr, 3 4/6 ] {gaddr)
saddr + (saddr)
A, sfr 2 4 1 A + sfr
sfr, A 2 4 G sfr + A
A, mem 1 to |5. 6 i, 4 A + (mem)
4
mem, A 1 to |5, & 2 (mem) + A
i
A, 2 5/6 1 A
[saddrp] + { (saddrp))
[saddrp] |2 4/5 0 ( (saddrp))
s A + A
A, 4 5 3 A+ (addris)
laddr1é
laddri6, |4 4 2 {addris) + A
A

{to be continued)

When STBC or WDM is described at sfr, the instructions
becomes a separate dedicated instructions. The byte
count and state count are different from this
instruction.
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(cont'd)

Instruc= Mne- Tdle Flﬂ.g
tion |ponic|Operand |Bytes| Statej o ... Cperation
Group S Z AC P/V SUB CY
8=bit MOV PSWL, 3 4 0 PSWr, *+ byte XX X X x x
data #byte
transfer
instruc— PSWH, 3 4 0 PSWy + byte
tion ¥byte
(cont'd)
PSWL, A |2 4 0 PSWp, * A X X X X X x
PSWH, A |2 4 D PswWwy * A
A, PSWL |2 4 1 A + PSWp,
A, PSWH |2 4 1 A + PSWy
XCH A, 1 1 4 4 A ++r1
r, rl 2 4 4 r ++rl
A, mem 2 to |7, B 3, 4 A ++ (mam)
4
A, saddri2 4/6 0 A ++ (saddr)
A, S.fl.' 3‘ a8 3 A ""‘Hfr
A, 2 6/7 0 A
[saddrpl| - ++{ { saddrp) )
saddr, 3 8/12 0 { saddr)
saddr ++(saddr)
16=bit [MOVW |rp1, 3 3 3 rpl + word
data #word
tranafer
instruc=- gaddrp, |4 3/4 0 (saddrp)
tion #word + word
sfrp, 4 4 0 sfrp + word
#word
rp, rpl |2 3 3 rp + rpl
RX, 2 3/4 1 AX + (saddrp)
saddrp
saddrp, |2 3/4 G (saddrp) + AX
AX
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(cont'd)

Instruc= Mna=- Idle Fllg
tion Inponie Operand |Bytes| State| gi.ia Operation
Group S Z AC P/V SUB CY
16=bit |MOVW |saddrp, |3 4/6 0 ( saddrp}
data saddrp + [saddrp)
tranafer
instruc- AX, sfrp|2 4 1 AX + sfrp
tion
{cont'd) sfrp, AX)2 4 0 sfrp + AX
laddri16 + (addr16)
laddri16 |4 8 4 {addr16)
rp1 + rpl
XCHW [AX, 2 4/6 0 AX ++ (saddrp)
saddrp
AX, sfrp|3 9 3 AX +—sfrp
saddrp, |3 8/12 0 (saddrp)
saddrp ++ (saddrp)
rp, rpl |2 5 5 rp ++ rpl
B=hit ADD A, #byte|2 3 3 A, CY + X x x V 0 x
opera- Atbyte
tion
instruc- saddr, 3 577 0 (saddr), CY +|x x x V 0 x
tion #byte { saddr }+byte
sfr, 4 10 3 sfr, CY Xx x V 0 x
#byte + sfr+byte
r, rl 2 3 3 r, CY « r+rl |x x x ¥V 0 x
A, saddr|2 3/4 1 A, CY + XX x V 0 x
A+{saddr)
|&, sfr |3 7 4 A, CY + A+sfr|jxx x V O x
saddr , 3 6/9 0 (gaddr), CY |xx x V 0 x
gaddr + {saddr)+
( saddr)
A, mem |2 to |6, 7 4, 5 | A, CY + xx x V 0 x
4 A+{mem}

10-10

(to
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{cont'4d)

Instruc= Mne-— Idle Fl-ag
tion |.onic|Operand |Bytes| State| g .:e Operation
Group S Z AC P/V SUB CY
B=bit ADD |mem, A |2 to |7, B 2, 3 | {mem), CY XX X V 0 x
opera= 4 + (mem)+A
tion
instruc=| ADDC |A, #byte(2 3 3 A, CY + A+ Xx X ¥V 0 x
tion byte+CY
(cont'd)
gaddr, 3 5/7 0 (saddr), CY XX X V 0 X
#byte + (saddr)+
bytet+lY
sfr, 4 10 3 sfr, CY XX x V 0 X
#byte + sfr+byte+CyY
r, ril 2 3 3 r, CY + r+ XX x V 0 x
r1+CY
A, saddr|2 /4 1 A, CY + XX X V 0 b
A+{saddr)+CyY
A, sfr 3 7 4 A, CY + A+ XX XV 0 X
sfr+CY
saddr, 3 6/9 0 {saddr}, CY |xx x V 0 x
saddr + (saddr)+
{ saddr)+CY
A, Mmam 2 to |6, 7 4, 5 A, CY + A+ X x X V 0 x
4 ({mem)+CY
mem, A 2 to |7, B 2, 3 {mem), CY XX X V 0 x
4 + (mem}+A+CY
SUB |A, #byte)2 3 3 A, CY + xx x V 1 X
A=byte
saddr, 3 5/7 0 (saddr), CY +|x x x V 1 X
f#byte { saddr)=byte
sfr, 4 10 3 sfr, CY XX x V 1 X
#byte + sfr=byte
r, ril 2 3 3 r, CY =+ r=r1 |x x x V 1 4
A, saddr|2 3/4 1 A, CY + Xx x V 1 X
A=(saddr)
A, sfr 3 7 4 A, CY + A-sfr|x x x V 1 X

10-11
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(cont'd)

Instruc=|yna=- Idle Flag
tion monic|Operand |Bytes| State | g.... Cperation
Group 2 AC P/V SUB CY
B=bit . |SUB saddr, 3 8/9 0 (saddr), CY X x V 1 x
opera- saddr + (saddr)-
tion { saddr)
instruc-
tion A, mem 2 to |6, 7 4, 5 A, CY + X x V 1 X
{cont"')} 4 A= (mem)
mem, A |2 to |7, B 2, 3 (mem), CY X X V 1 X
4 + (mem)=2
SUBC |A, #byte|2 3 3 A, CY + A- x x VvV 1 x
byte-CY¥
saddr, 3 2/7 H (saddr), CY X x V 1 x
#byte + (gaddr)-
byte=CY
sfr, 4 10 3 sfr, CY ¥ X vV 1 x
#byte + gfr-byte-CY
r, rl 2 3 3 r, CY + r= X x V 1 X
r1=-CY
A, saddr|2 3/4 1 A, CY +* X x V 1 X
A=({saddr)=-CY
A, sfr 3 7 4 A, CY + A= X X V 1 x
sfr-CY
saddr, 3 6./9 0 (saddr), CY X x v 1 X
saddr + (saddr)-
(saddr)=-CY
A, mam 2 to [6, 7 4, S A, CY + A= X X V 1 x
4 { mem)—-CY
mem, A 2 to |7, B 2, 3 (mem), CY X x V 1 %
4 + {mem)=A=CY
AND |A, #byte|2 3 3 A + Albyte X P O
saddr, 3 5/7 0 {saddr) + x P 0
#byte (saddr)Abyte
afr, 4 10 3 sfr + x P 0
#hyte sfribyte
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(cont'd)

tion monic|Operand |Bytes; State State Operation
Group Z AC P/V SUB CY
8-bit AND r, i 2 3 3 r + riri ® P 0
opera=-
tion A, saddr|2 3/4 1 A + AA({saddr) x P 0
instruc= :
tion A, sfr 3 7 4 A + AfAsfr X P 0
{cont'd)
saddr, 3 6/9 0 {saddr) « X P 0
saddr {saddr)p
{ saddr)
A, mem |2 to |6, 7 4, 5 | A + al(mem) x F 0
4
mem, A [2 to |7, 8 2, 3 {mem) + x P 0
4 (mem} AR
OR A, #byte|2 3 3 A + AYbyte X P 0
saddr, 3 5/7 0 (saddr) + X P 0
#byte (saddr)Vbyte
sfr, 4 10 3 sfr + X P 0
#byte sfribyte
r, r1 2 3 3 r + r¥r1 X P 0
A, saddr|2 3/4 1 A + AY (saddr) X P 0
A, sfr 3 7 4 A + AVsfr x P 0
saddr, 3 6/9 0 (saddr) + X P 0
saddr (saddr)V
{saddr)
A, mam |2 to |6, 7 4, 5 | A + AV (mem) X P 0
4
mem, A 2 ta |7, B 2, 3 (mem} + x P o
4 (mem}V A
XOR |A, #byte|2 3 3 A + Mfbyte x P 0
saddr, 3 5/7 0 {gaddr) + x P 0
¥byte (saddr)¥byte
sfr, 4 10 3 sfr + X B 0
#byte sfrifbyte
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(cont'd)

Instruc= Mne- Idle Fl-ﬂ.g
tion |ponic|Cperand |Bytes| State | go... Operation
Group S Z AC P/V SUB CY
8-bit XOR |r, 1 2 3 3 r + r¥r1 X X P 0
opera-
tion A, saddr|2 3/4 1 A + aA¥(saddr)| x x P O
instruc=
tion A, sfr |3 7 4 A + A¥sfr X X P 0O
(cont'd)
saddr, 3 &/9 0 {gsaddr) + x X P g
saddr (gaddr)¥
(saddr)
A, mem |2 to |6, 7 4, 5 | A + AYf({mem]} |x x F 0
4
mem, A 2 to |7, 8 2, 3 (mem; + X X ho] 0
4 { mam WA
CMP |A, #byte|2 3 3 A - byte X X v 1 x
saddr, 3 5/7 1 {saddr) = X X v 1 x
#byte byte
sfr, 4 10 4 sfr — byte X X v 1 X
#byte
r, rl 2 3 3 r - ri X X v 1 x
A, saddr|2 3/4 1 A - (saddr) X X v 1 X
A, afr 3 7 4 A = gfr X X v 1 x
saddr, 3 6,/8 1 (saddr) - X X v 1 X
saddr : ( saddr)
A, mem 2 to |6, 7 4, S A = (mem) X X v 1 x
4
mem, A [2 to |6, 7 3, 4 (mem) - A X X v 1 X
4
16=bit |ADDW |AX, 3 4 4 AX, CY x X ' 0 x
opera- #word + AX+word
tion
instruc=- saddrp, |4 5/7 0 (saddrp), CY | x x v 0 x
tion #word + {saddrp)+
word
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(cont'd)

InsStruc=| . .- 1dle Flag
tion |ponjclOperand |Bytes| State| gpaie Operation
Group Z AC B/V BUB CY
16=bit |ADDW |sfrp, 5 10 3 sfrp, CY X x Vv 0 4
opera= #word + gfrp+tword
tion
instruc- rp, rpl |2 4 4 rp, CY X x V 0 X
tion + rp+rp1
(cont'd)
AX, 2 4/5 2 AX, CY X X V 0 x
saddrp + AX+(saddrp)
RX, Efr'p 3 8 5 AX, CY X X V 0 x
+ AX+sfrp
saddrp, |3 6/9 0 (saddrp), CY x x VvV 0 x
saddrp + (saddrp)+
{saddrp)
SUBW |AX, 3 4 3 AX, CY X x V 1 x®
#word + AX-word
saddrp, |4 S/7 0 {saddrp), CY X x V 1 X
#word + (saddrp)-
word
afrp, 5 10 3 sfrp, CY x x V 1 x
#word + sfrp-word
rp, rpl |2 4 4 rp, CY X x Vv 1 x
+ rp~rpl
AX, 2 4/5 2 AX, CY Xx X V 1 x
saddrp + AX=-(saddrp)
AX, sfrp|3 B 5 AX, CY x x VvV 1 x
+ AX=sfrp
saddrp, |3 6/9 0 {saddrp}, CY x x Vv 1 x
saddrp + (saddrp)-
{saddrp)
CMPW |AX, 3 4 3 AX = word X x V 1 X
#word
saddrp, |4 4/5 1 {saddyp) = x x v 1 X
#word word
sfrp, 5 8 4 sfrp = word x x V 1 x
#word
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(cont'd}

InStruc=| .. Idle Flag
tion |ponic|Operand |Bytes| State | g ..e Cperation
Group AC BP/V SUB CY
16=bit |CMPFW |rp, rpl |2 4 4 rp = rpl x V 1 x
opera-
tion AX, 2 4/5 1 AX = (saddrp) x vV 1 X
instruc- saddrp
tion
{cont'd) AX, sfrpj3 8 4 AX - sfrp x v 1 x
saddrp, |3 5/7 1 (gaddrp) = x vV 1 x
saddrp { saddrp)
Multi= |MULU |r1 2 18 18 AX + Axrl
ply/
divide |[DIVUW|Z1 2 26 26 AX{quotient)},
instruc- ri1(remainder)
tion + AX+ri
MULUW | rp1 2 27 27 AX(high-order
16 bits), rp1l
{ low=order
16 bits)
+ AXxrpl
DIVUX|xrp1 2 50 50 AXDE ( quo=
tient), rpl
{ remainder)
+ AXDE #rpt
Incre- INC rl 1 3 3 rl + ri+i X Vv 0
ment/
decre=- saddr 2 4/6 0 {saddr) + x Vv 0
ment {saddr)+1
instruc-
tion DEC rl 1 3 3 r1 + ri-=1 x V 1
saddr 2 4/6 0 {saddr) + x v 1
{saddr)-1
INCW {rp2 1 3 3 rp2 * rp2+i
saddrp {3 6/8 2 (saddrp) +
{saddrp)+1
DECW |rp2 1 3 3 rp2 + rp2-1
saddrp |3 6/8 2 { saddrp) +
{saddrp)=-1

10-16

{to be continued)




(cont'd)

Instruc=| . 1dle Flag

tion |ponic|Operand | Bytes| State| gp.e0 Operation

Group § 2 AC P/V SUB CY
Shift/ |ROR |rl1, n 2 4+3n 4+3n (CY, r17 + P 0 x
rotate rloe, ¥lge: +
instruc- rlgplxn times
tion

ROL ri, n 2 4+3n 4+3n (CcY, r1, + P 0 x

1'.'1-,” r1m.1 +
riglixn times

RORC |r1, n 2 4+3n 4+3n (CY + r1,, P 0 x
riy +CY, rig— .
rip)xn times

ROLC |x1, n 2 4+3n 4+3n | (CY + r1,, P 0 x
ril; + CY, 1'.‘1n-|-1
rig)xn times

SHR |r1, n 2 4+3n 4+3n (CY + r1,, xx 0 P 0 X
ri, + 0,
I'lm_l +r1m}
%xn times

SHL ri, n 2 4+3n 4+3n (CY + rl,, xx 0 P 0 X
r1y, + 0,
rlgey +2lg)
®n times

SHRW |rpl, n 2 4+3n 4+3n (CY + rpl,, XxXx 0 P 0 ®
.1:];:.115 + 0,
rpipg-3 +rpip)
xn times

SHIW |zpl, n | 2 4+3n 4+3n | (CY < rpl ), |xx 0O P 0 x
rply, + 0,
rplige, + rpliy)
xn times

ROR4 | [rp1] 2 7 3 Ay to Ay +
{rpl1),y to
{rP\‘}u;
(rpt)s; to
(rpily . «
Az to Ay,
{rp1); to
{IP‘]n =
(rp1); to
{rp'”.

{to be continued)
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(cont'd)

Instruc={, o. 1dle Flag
tion monic Operand |Bytes| State| ci.+e Operation
Group 8 Z AC P/V SUB CY
shift/ |ROL4 |[rp1] 2 7 3 Ay to Ag +
rotate {xrp1) s to
instruc=- (rp1)y.,
tion {rp1)s to
{cont'd4) (rpllo, +
A3 to Ag,
(rp1)7 to
(rpl)s +
{rpl)s to
{rp1)o
BCD ad= |ADT4 1 3 3 Decimal xx x P X
justment Adjust
instruc- Accumalator .
tion
Bit MOV1 ICY, 3 &6/7 4 CY + x
opera- saddr. (saddr.bit)
tion bit
inatruc-
tion CcY, 3 7 4 CY + sfr.bit X
sfr.bit
CY, 2 6 B CY + A.bit x
A.bit
CY, 2 6 (2] CY +« X.bit x
X.bit
cY, 2 6 6 CY + PSWg.bit X
PSWH.bit
PSWL.bit
gaddr. 3 7/8 3 (saddr.bit) +
bit, CY CcY
sfr.bit,|3 8 3 sfr.bit + CY
cCY
A.bit, 2 8 8 A.bit + CY
CY
X.bit, 2 8 8 X.bit + CY
cY

10-18

(to be continued)




(cont'ad)

Instrucs |y - Idle Flag
tion monic| Operand |Bytes| State| gi,i+q Operation
Group & Z AC P/V SUB CY
Bit MOV1 | PSWH. 2 9 9 PSWy.bit + CY
opera= bit, CY
tion
ingtruc- PSWL. 2 9 9 PSWy,.bit + CY|x x X X
tion bit, CY
(cont'd)
AND1 |CY, 3 6/7 4 CY + CY x®
Eﬂ.ﬂdr M ﬁ{. Sa&dr W bit}
bit
cY,/ 3 6/7 4 CY + CY x
gaddr. Al saddr.bit)
bit
cY, 3 7 4 CY + CY "
afr.bit Asfr.bit
cY,/ 3 7 4 CY + CY x
sfr.bit Asfr.bit
CY, 2 6 (] CY + CY¥ x
A.bit Ma.bit
A.bit MA.Bit
CY, 2 6 6 cY + CY X
X.bit AX.bit
X.bit AX.bit
CY, 2 & 6 CY + CYA x
PSWH.bit PSWy.bit
':Yn"r 2 & [ CY *{:Yﬂ X
PSWH.bit PSWy.Dit
cY, 2 6 6 cY *+ CYA x
PSWL.bit PSWy .bit
cY,/ 2 6 3] CY * CYA X
PSWL.bit PSWy,.bit
OR1 CY, 3 6/7 4 CY +CY b4
saddr. V{saddr.bit)
bit
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(cont'd)

Instruc=|,.... Idle Flag
tion |panic|Operand |Bytes| State| gi.4a Operation
Group S Z AC P/V SUB CY
Bit OR1 cY,/ 3 6/7 4 CY + CY x
opera= saddr. Visaddr.bit)
tion bit
instruc=
tion CY, 3 7 4 CY « CY X
{cont'd) sfr.bit Vefr.bit
Y,/ 3 7 4 CY +« CY X
sfr.bit Vsfr.bit
cY, 2 6 6 CY + C¥ X
A.bit VA.bit
cY,/ 2 6 6 CY + CY *
A.bit ¥a.bit
CY, 2 & ) CY +CY x
X.bit VX.bit
Y,/ 2 6 B CY + CY¥ X
X.bit VX.bit
cY, 2 6 6 cy +cyV x
PSWH.bit PSWy.bit
cY,/ 2 6 6 CY + CYV x
PSWH.bit PESWy.bit
CY, 2 6 6 cy +¢cyV x
PSWL.Dbit PSWp,.bit
cY,/ 2 6 6 cy +cyV x
PSWL.bit PEHL.EIt
XOR1 |CY, 3 6/7 4 CY = CY x
gaddr. ¥ (gaddr.bit)
bit
CY, 3 7 4 CY = CY X
Efrthit *Sfrihit
BR.bit ¥a.bit
cY, 2 6 6 CY +«CY X
X.bit ¥X.bit
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(cont'd)

Instruc=|, ._ Idle Flag
tion |nonic|Operand |Bytes| State| gy.ia Operation
Group 5 2 AC P/V SUB CY
Bit XOR1 | CY, 2 6 [ CY + CY x
opera- PSWH.bit ¥pPswy.bit
tion
instruc= CY, 2 & 6 CY + CY x
tion PSWL.bit ¥pswy,.bit
(cont'd)
SETT |saddr. 2 5/7 1 {gaddr.bit) +
bit 1
sfr.bit |3 8 2 sfr.bit + 1
A.bit 2 7 7 A.bit + 1
X.bit 2 7 7 X.bit + 1
PSWH.bit |2 8 8 PSWy.bit « 1
PSWL.bit |2 8 B PSWr.bit * 1 jx x ®x X X b4
CLR1 |saddr. 2 5/7 1 {saddr.bit) +
bit 0
gfr.bit |3 8 2 sfr.bit + O
A.bit 2 7 7 A.bit « 0
X.bit 2 7 7 X.bit + 0
PSWH.bit |2 B A PSWy.bit + 0
PSWL.bit |2 8 8 Pswy.bit « 0 |x x x x x x
¥OoT1 |saddr. 3 6/8 2 (saddr .bit)
bit + (gaddr.bit})
gfr.bit |3 a 2 sfr.bit
-+ ﬂ!r |EIt
A.bit 2 7 7 A.bit + A.bit
X.bit 2 7 7 X.bit + X.bit
PSWH.bit |2 8 8 PSWy.bit
*‘PSHH-EIE
PSWL.bit |2 a8 8 PSWy,.bit X X x X X x
- PSHL iElt
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(cont'd)

Instruc=| u . o. 1dle Flag
tion | o ic|Operand | Bytes| State| gr.ie Operation
Group S Z AC P/V SUB CY
Bit SET1 |CY 1 3 3 CY + 1 1
opera-
tion CLR1 |CY 1 3 3 CY « 0 0
instruc-
tion WOT1 |CY 1 3 3 CY + CY x
(cont'd)
Call/ cALL |laddrié | 3 8 0 (SP=1) =+
return (PC+3)y,
instruc=- (5P=-2) «+
tion {(PC+3)y,, PC+
laddri16,
SP + S5p=2
CALLF| !addr11] 2 8 0 (SP=1) +
(PC+2)H,
{sp=2) +
(PC+2)y,,

PCys to PCy +
00001, PCy to
PCy + laddri1,
SP + Sp-2

CALLT/| [addr5] | 1 13 0 (SsP=1} +
[PE+1}H,
(5P=2) +
l:PE+1]L'
PCy + (TPF,
00000000,
addr5+1),
PC;, + (TPFF,
00000000,
addr5), SP +
Sp=-2

CALL {rp1 2 9 0 (sP=1) +
{(PC+2 ]H!
(sp=2) +
{PC+2)y,,
PCy + rply.
PCr, + 11,
SP + SP-2

(to be continued)
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(cont’d)

Instruc-
tion
Group

Mne=-
monic

Cperand

Bytes

Idle

State | grate

Operation

Flag

S Z AC P/V SUB CY

Call/
return
instruc-
tion
(cont'd)

CALL

[xp1]

11 0

(sp=1) +
[PE"': ]Hr
(5p=-2) +
(PC+2)1, .

PCy +
(rpi+1),

PCy, +'{rp1}r
SP + SP-2

BRK

20 0

{SP=-1} +
PSWyH +
(SF=2) + PSWi,
{SP—3) +
(PC+1)g,
(Sp=-4) +
(PC+1)y,,
PCp, +
(003EH),
PEH bl
(O03FH)},
SP + 5P=4,
IE + 0

PCy + (SP+1),

_SP + 5P+2

RET 1

14 0

pCy *+ (SP),
BCy + (SP+1),
{sp+2),

PSWy +
{sp+3),

SP + SP+4,
EOS + 0

RR R R R R

Stack
opera-
tion
instruc-
tion

PUSH

post

41+dn 41

{tsp=-1) +
P‘ﬂﬂ-th {8p=2}
+ posty,,

SP + SP=2 }xn
times*

* s

{to be, continued)

n is the number of registers described as post.
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(cont'd)

tion | ponic|Operand | Bytes| State | giape Operation
Group S 2 AC P/V SUB CY
Stack PUSH | PSW 1 5 1 (SP=1) +
opera- PSWy, (SP=2)
tion + PSWL,,
instruc— SP + S5P=2
tion
{cont'd) | PUSHU| post 2 42+4n | 42 {(up=1) +
posty, (up=-2)
+ posty,,
UP + UP-2}xn
tineg*
POP |post 2 41+5n | 41+n | {posty, +
(sP), posty
+ (SP+1),
SP + SP+2xn
timeag*
PSW 1 6 2 PSW;, + (5P), |RR R R R R
- PEHH o=
(sp+1),
SP + Sp+2
POPU | post 2 42+5n | 42+n {PﬂEtL +
(UP), posty+*
(UP+1),
Up + UP+2}xn
times*
ﬁﬁ¥ﬂ SP, 4 4 ] SP + word
#word
sSP, AX 2 4 0 SP + AX
AX, 5P 2 4 1 AX + SP
INCW | SP 2 5 5 SP + SP+1
DECW { SP 2 5 5 Sp + SP-1
Uncondi- [BR laddri16 | 3 4 0 PC + laddri16
tional.
branch rpl 3 5 0 PCy + rply,
instruc= PCy, *+ rplg,
tion

n is the number

(to be continued)

of registers described as post.
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(cont'd)

Instruc=|, .. Idle Flag
tion |penie|Operand |Bytes| State| gip.40 Operation
Group 5 2 AC P/V 8SUB CY
Condi= BLE Saddrie |3 9(5) (5} BPC + Saddri16
tional if (P/V¥sS)V
branch Z=1
instruc—-
tion BH Saddri16 |3 a9(5) 0(5) PC + Saddr16
{cont'd) if zVoy=0
BNH |5addri6 |3 2(5) 0(5) PC « 3addrié
if zVcy=1
BT gaddr. 3 9(6) 0(d) PC + 3addrie
bit, S10{7) if (saddr.
Saddrl1é bit)=1
sfr.bit,|4 11(8) | 0(s) | pc + saddarte
Saddri16 if sfr.bit=1
A.bit, |3 10(7) | ¢(7) | PCc + $addr16
saddri1é if A.bit=1
X.bit, 3 106(7) 0(7) PC «+ Saddri1é
$addr16 if X.bit=1
PSWH. 3 10(7) o(7} PC + Saddrié
bit, tf PSWy,
Saddr1é bit=1
PSWL . 3 10(7) {7} FPC + Saddrié
Saddrie bit=1
BF gaddr . 4 10(7) 0(5) PC + 5addrié
bit, A11(8) if (saddr.
Saddri1e bit}=0
sfr.bit, |4 11{8) 0(5) PC + Saddrié
S5addrie6 if gfr.bit=0
A.bit, 3 10(7) 0(7) BC + Saddr1ie
saddrie if A.bit=0
X.bit, 3 10{(7) 0(7) PC + Saddri1é
Saddri16 if X.bit=0
PSWH. 3 10(7) 0(7}) PC + Saddri16
bit, if PSWg-
Saddri1e bit=0
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(cont'd)

Instruc=|, ... Idle Flag
tion | - i-|Operand | Bytes| State | gp.¢a Operation
Group S Z AC P/V SUB CY
Uncondi=-|BR (rp1] 2 8 o PCy *
tional (rp1+1),
branch PCr, + {rpl)
instruc—
tion Saddr16 | 2 7 0 PC + Saddrié
{cont'd)
Condi- BC Saddrit | 2 T7(3) 0D{3) PO + Saddrie
tional if Cy=1
branch BL
ingtruc=
tion BNC Saddri16 | 2 7(3) 0(3} PC + Saddrié
if CY=0
BNL
BZ Saddrie | 2 7(3) 0(3) PC + S5addrié
if Z=1
BE
BNZ Saddrie | 2 7{3) D{3) PC + Saddrie
if z=0
BNE
BY S$addri6 | 2 7(3) 0{3) PC + Saddri1é
if P/V=1
BPE
BNV Saddrie | 2 7(3) 0{3) PC + $addr1é
if p/V=0
BPOD
BN $addr16 | 2 7(3) 0(3) PC + $addrie
if s=1
BP Saddrie | 2 7(3) 0(3) PC + 5addr16
if 5=0
BGT Saddrie | 3 9(5) 0(5) PC + $addr1é
if (p/v¥s)
Vz=0
BGE |Saddr16 | 3 9(5) 0(5) |PC + $addrié
if p/V¥s=0
BLT |%addr16 |3 9(5) 0(5) |PC + $addrié
if p/V¥s=1
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{cont'd)

Instruc=|, . 1dle Flag
tion monic |OPerand |Bytes| State | o ... Operation
Group S 2 AC P/V SUB CY

Condi- |BF PSWL. 3 10(7) | 0(7) | PC + Saddriée

branch Saddr16 bit=0

instruc=

tion BTCLR |saddr. 4 12(7) 0{5} PC + Saddrie
{cont'd) bit, /14 8) if (gaddr.

$addr16 bit)=1
then reset
(saddr.bit)
sfr.bit, |4 14(8} 0{5) | PC + S5addrie
Saddrie if sfr.bit=1
then reset
sfr.bhit
A.bit, 3 11(7) o(7) PC + $addrié
Saddr16 if A.bit=1
then reset
A.bit
X.bit, 3 11(7) o(7} PC + $addr1é
S5addrie if X.bit=1
then reset
X.bit
PSWH. 3 12(7) 0(7} PC + Saddri16
bit, if PswWy.
Saddrie bit=1
then resat
PSWy-bit
PSWL. 3 12(7) 0({7) PC * Saddrié6
bit, if PSW,.
Saddr16 bit=1
then reset
PEHL-hit
BFSET |saddr. 4 12(7} 0(5) PC + Saddri1é
|bit, /14(8) if {saddr.
Saddri16 ' bit)=0
then set
{saddr.bit)
gfr.bit, |4 14(8) 0(5) PC + Saddr16
5addr16 if sfr.bit=0
then set
sfr.bit
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(cont'd)

Instruc= |, . Idle Flag
tion |ponic|Operand | Bytes | State State Operation
Group S 2 AC P/V SUB CY
Condi- |BFSET|A.bit, 3 11(7) 0{7) | PC +« &addr16
tional Saddrié if A.bit=0
branch then set
instruc=- A.bit
tion
{cont'd) X.bit, 3 11 7) 0{7} PC + $addr1é6
S$addr1i1é if X.bit=0
than set
X.bit
PSWH. 3 12(7) 0{7) PC + Saddrie
bit, if PSWy.
$addr16 bit=0
then set
PSWy.bit
PSWL. 3 12{7) of/) PC + Saddrie
bit, if PSW,.
Saddrie bit=0
then set
PSW1.bit
DBNZ |[r2, 2 1B{5) 0(5) r2 + r2=1,
$addr16 then PC +
Saddrt1e if
r2%0
gaddr, 3 9 (6) 0{2) {saddr) =
$addr16 /11(8) (saddr)=-1,
then PC +
$addr16 if
{saddr )40
Context |(BRKCS|RBn 2 12 0 PCy +* R5,
awitch- PCy, +* R4,
ing R7 + P‘EHH
instruc- R6 + PSWr,
tion RBSZ to
RBS0 +n,
RSS + 0,
IE + 0
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{cont'ad)

Instruc=|,. .. Idle Flag
tion |,.nic|Operand |Bytes| State |gi.,, Operation
Group § Z AC B/V SUB CY
Context |RETCS|!addri1ée |3 & 0 BPCy + R5, BRRER B R R R
gwitch—- PEL + R":r
ing R5, R4 +
instruc= taddri16,
tion PSWy + R7,
(cont'd) PSWy, + R6,
EOS + 0
string [MOVM |([DE+], A|2 2+7n 2+5n (DE+) + A,
instruc- (4+7n) | {3+45n)|Cc *+ C=-1
tion End if C=0
[DE-], B2 2+7n 2+#5n | (DE=) * A,
(4+7n) | (3+5n)|C + C=1
End if C=0
movek| (DE+]l, |2 2+10n |2+6n | (DE+) +
[HL+] (4+10n) | (3+6n) | (HL+) ,
c + C-1
End if C=0
[DE=], 2 2+10n 2+6n {DE=} =+
[HL=] (4+10n) | {3+6n) | (HL=),
c + C=1
End if C=0
XCHM |[DE+], A|2 2+12n |2+6n | (DE+) +r A,
(4+12n) | (3+én)|C + C=1
End if C=0
[DE-]1, A|2 2+12n |2+6n |(DE-} +* A,
(4+12n}) | (3+6n)|C + C=1
End if C=0
XCHBK| [DE+] , 2 2+15n {2+7n {DE+) ++
[HL+] {4+15n) | (3+7n) | {HL*+) ,
c + C=-1
End if C=0
[(DE=-], 2 2+15n |2+7n (DE=) +*
[HL=] (4+15n) | {3+7n} | (HL~),
c +C=1
End if C=0
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(cont'd)

Instruc= Mne— Tdle Flag
tion |ponic|COperand |Bytes| State |giape Operation
Group 5 2 AC P/V SUB CY
String |CMPME| [(DE+], A{2 2+7n 245n (DE+) = A, Xxx x VvV 1 x
instruc- {4+7n) | (3+5n)|C + C-1
tion End if C=0
[cont'd) or Z=0
[DE=), A|2 2+7Tn 2+5n {DE=) - A, X X v 1 x
{4+7n) {(3+5n)|C + C=1
End if C=0
or Z=0
CMP [DE+] , 2 2+10n 2+6n (DE+) = X o v 1 x
BKE | [HL+] {(4+10n)| (3+6n)| (HL+),
C + C=1
End if C=0
or Z=0
[DE~] . 2 2+10n 2+6n (DE-) - X X v 1 x
[HL=] (4+10n) | (3+6n)| {HL-),
C + C=1
End 1f C=0
or Z={
CMP | [DE+], A|2 2+7n 2+5n | (DE+) - A, X X v 1 x
MNE (4+Tn) (3+5n)|C + C=1
End if C=0
or =1
[DE-], A|2 2+7n 2+5n (DE-) - A, X X v 1 X
(4+7n) (1 (345n)|C + C=-1
End if C=0
or =1
CMFE | [DE+*], 2 2+10n 2+6n (DE+) = X X v 1 x
BKE | [HL+*] {4+10n}| (3+6n) | (KL+),
C + C=1
End if C=0
or Z=1
[DE=], 2 2+10n |2+6n {DE=)} = X X v 1 X
[HL=] (4+10n) | {3+6n) | (HL-),
CcC + C=1
End if C=0
or Z=1
(to be continued)
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(cont'd)

Insatruc= Mn &= Idle Flag
tion |manic Operand |Bytes| State |o.... Operation
Group S Z AC B/V SUB CY
string |(CMPMC| [DE+], Aj2 2+Tn 2+5n | (DE+) = A, XX x vV 1 x
instruc- {4+7n) |{3+5n)fC + C-1
tion End if C=0
(cont'd) or CY=0
[DE=], A|2 2+7n 2+5n (DE~) = A, xx x V1 x
(4+7n) | {3+5n}|C + C=1
End if C=0
or CY¥=0
CMPE | [DE+], 2 2+10n |2+6n {DE+) = XX x V 1 X
BKC | [HL+] (4+10n) | {(3+6n)| (HL+),
C + C=1
End if C=0
or CY=0
[DE=], 2 2+10n 2+En (DE=) = XX x V 1 x
[HL=] {(4+10n) | {(I+6n}]| {HL-),
C « C=1
End 1f C=0
or CY=0
CMP (DE+] , 2 2+7n 2+5n ({DE+) - A, XX x V 1 x
MMNC (4+7n) |{(3+5n}{C + C-1
End if C=0
or CY¥=1
[DE=]1, 2 2+Tn 2+5n {DE=] = A, Xx x V 1 x
(4+7n} |{3+5n)|C + C-1
End if C=0
or CY¥=1
CMPE | [DE+], 2 2+10n | 2+6n {(DE+) = xx x V 1 X
KNC | [HL+] {4+10n) | (3+6n)] (HL+),
Cc *+C-1
End if C=0
or CY=1
[DE-], 2 2+10n | 2+6n (DE=) = XX x VvV 1 x
[BL~] {(4+10n) | (3+&n)}| (HL-},
CcC +C=1
End if C=0
or CY=1
(to be continued)
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(cont'd)

InSEruc=|yne- 1dle Flag
tion monic ﬂparamd Bytes| State State Dparatian
Group S Z AC P/V SUB CY
CPU MOV | STBC, 4 1 STBC + byte
control #byte .
instruc-
tion WDM , 4 1 WDM + byte
#byte
SWRS 1 3 RES +
SEL REn 2 4 RBS2 to
RBS0 +n,
RSS + (0
RBEn, ALT|2 4 RBS2 to
RBSO0 +n,
RSS + 1
CEPU HOP 1 3 No Operation
control
instruc=|EI 1 3 IE *+ 1
tion (Enable
{cont'd) Interrupt)
DI 1 3 IE + 0
(Disable
Interrupt)
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10.2

INSTRUCTION EXECUTION STATE COUNT ESTIMATION

The uPD78312A has a 3-byte instruction prefetch gqueue,.
Instructions are speeded up by piplining. The OP code is
fetched via a peripheral bus which accesses the on-chip
hardware. At instruction execution, when the peripheral
bus is idle, the OP code is fetched over the peripheral
bus concurrently with instruction execution.

The gtate count of each instruction shown in the table of
the preceding sectilon is the instruction execution state
count excluding the fetch cycle. The idle state count is
the number of instruction execution state at which the
peripheral bus was not accessed.

The instruction execution state count is estimated by
first computing the basic wvalue from the equation given

below.

However, when computed value < state count, the state
count becomes the basic wvalue of the state count required
at instruction execution.

. When program in internal ROM
(state count) + 1 x (execution instruction byte count)

- (idle state count)

. When program in external ROM
(state count) + (4 + m) x (execution instruction byte

count) - {idle state count)

m: Number of waits inserted by MM register
specification

When program in internal RAM

(state count) + 3 x (execution instruction byte count)

Next, whethar or not the instruction to be computed
corresponds to the following instructions is checked.

. When vector table and CALLT table in external memory,
CALLT and BRK instructions

. Instruction which access the special function register
(SFR) and external memory

when it does not correspond to these instructions, the
basic value becomes the instruction execution state count.
When it corresponds to these instructions, the instruction
execution state is increased over the basic value. The
state count which is added is shown on the next page.
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(1)

(11)

when vector table and CALLT table in external memory

Since the CALLT and BRK instructions fetch the
branch destination address from external memory, the
instruction execution state count is increased by
(12+4m) states. (m is the number of waits specified
by the MM register.)

when special function register (SFR) and external
memory accessed

When a special function register (S5FR) and external
memory were described in the operands, the
instruction execution state count is increased above
the equation above. The increase of the state count
per instruction execution is shown in Table 10-3.

(The number of times the SFR and memory are accessed
by each instruction is shown in Table 10-4 and Table
10-5.) '

Table 10-3 State Count Increase/Instruction Execution

Access Objective State Count Increase/

Instruction Execution

Internal memory (ROM, RAM) | O

Special function register Number of SFR accesses X k

(SFR)

External memory Number of external memory accesses

x (2+m)

k: Number of walts generated at timer unit and
count unit counter access. It is not fixed, but
changes within the range shown below with the
state of the counter at the time of access.

Accessed SFR Value of k
Timer unit (TMn, MDn) 0 to 5
Counter unit {(UDCn, CRnn) 0 to 2
Other SFR 0
(n =0, 1)

m: Number of waits at external memory access
specified by MM register
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when the internal system clock 1s specified as 6
MHz, 1 state time becomes approximately 167 ns.

Table 10-4 Number of SFR Accesses of Each Instruction

Mnemonic Operands H:;ﬂ::sgzn
MOV sfr, #byte 1
A, sfr
sfr, A
XCH A, sfr 2
MOVW sfrp, #word 1
AX, sfrp
sfrp, AX
XCHW AX, sfrp 2
ADD, ADDC, SUB, SUBC, sfr, #byte 2
AND, OR, XOR
A, sfr 1
CMP sfr, #byte 1
A, sfr
ADDW, SUBW sfrp, #word 2
AX, sfrp 1
CMPW sfrp, #word 1
AX, sfrp
MOV1 CY, sfr.bit 1
sfr.bit, CY 2
AND1, OR1l, XOR1 CY, sfr.bit 1
SET1, CLR1l, NOT1 sfr.bit 2
BT, BF sfr.bit, $addrlé 1
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(cont'd)
Mnemonic Operands No. of SFR
ACccesses
BTCLR, BFSET sfr.bit, Saddrlé 1/2%

*: When the condition is satisfied and the program

branches, the SFR 1s accessed twice.

Table 10-5 Number of Memory Accesses of Each Instruction

Mnemonic Operands HD.Agga:E::r?
MOV A, mem 1
mem, A
A, [saddr]
[saddr], A
A, laddrlé
'addrlé, A
XCH A, mem 2
mem, A
MOVW rpl, !adarlé 2
laddrlé, rpl
ADD, ADDC, SUB, SUBC, A, mem 1
AND, OR, XOR
mem, A 2
CMP A, mem 1
mem, A
ROR4, ROL4 [rpl] 2
CALL | laddrlé 2
rpl
[rpl] 4
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{cont'd)

No. of Memory

Mnemonle Cperands
Accagses

CALLF laddrll 2
CALLT [addrs5] 2
BRK 4
RET 2
RETI 4
PUSH, POP post 2 n

PSW 2
PUSHU, POPU post 2 n
BR [rpl] 2
MOVM, CMPME, CMPMNE, [DE+], A ln
CMPMC, CMPMNC

[DE']r A
MOVBK, CMPBKE, CMPBKNE, | [DE+], [HL+] 2 n
CMPBKC, CMPBENC

[DE‘Jr EHL‘]
XCHM [DE+], A 2 n

[DE-], A
XCHBK [DE+], [HL+] 4 n

[DE-], [HL-]

5

For PUSH/POP instructions,
described at post.

number of iterations.
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10.3

OP CODE OF EACH INSTRUCTION

{1) Description of OP code symbols

ol r2
Ry | R: R Re |reg Cs reg

6| 06 o 0 |Ro El 0 c

0| 0 0 1 |R1 1 B

0| 0 1 0 |R2

0 0 1 1 |R3 rl

0 1 0 0 |R4

0 1 0 1 |R3

0 ] 1 0 |R6

0 1 1 1 |R7 r

1 0 0 o |[R8 o

1 0 0 1 |R9

| 0 1 0 |R10

1 0 1 1 (R11

1 1 g ¢ |R12

1 i 0 1 |R13

1 1 1 0 |R14

1 1 1 1 |Eis 1
rp rol rpd

R B R reg=pair Qs Qi Qe | reg-pair 3, Ss | reg-pair
0O 0 0 REO 0 0 0 RPO o0 0 VP
0 0 1 RP1 e 0 1 RPs 0 1 Up
o 1 0 RP2 o 1 0 RP1 1 0 DE
0 1 1 RP3 o 1 1 RPS 11 HL
1 0 0 Rf4 1 0 0 REZ

1 0 1 REPS I 0 1 RP6

1 1 0 RP6 1 1 ¢ | RP3

1 1 1 RPT 1 1 1 RPT

Bn :+ Immediate data for bit

Nn + Immediate data for n

Data : B8-bit immediate data corresponding to

byte
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Low/High Byte :

saddr-offset

sfr-offset 1

Low/High offset:

16-bit immediate data corresponding to
word

Low-order 8 bits offset data of 16-bit
address corresponding to saddr

Low-order 8 bits data of 16-bit address
of special function register (sfr)

8/16 bit offset data at base mode/index
mode memory addressing

Low/High Addr. : 16-bit immediate data corresponding to

jdisp 2
fa :
ta H
Post Byte 3
Post Byte

addrlé

Signed two's complement data (8 bits) of
relative address distance with start
address and branch destination address
of next instruction

Low-order 11 bits of immediate data
corresponding to addrll

Low=order 5 bits of immediate data
corresponding to addr5 x 1/2

g-bit data which specifies reg-pair
which performs stack manipulation

Each reg-pair is assigned to a bit and
is specified by its contents (0/1).
(Ssee the figure below.)

bie?] bit6 | bies [bitd | bird] bit2

binlfbiw| Corresponding reg-pair

RPO (when RSS5=0, AX)
ERP1 (when RSS=0, BC)
RP2 (when RSS=1, AX)

RP3 {(when RSS=1, BC)

RPWIVE)

RP5 (UP)/PSW *

RPs(DE)
RPT(HL)

0 | Do not perform stack memory save/restore operation

1 | Perform stack

memory save/restore operation

*. Becomes RPS (UP) for PUSH/POP instruction and PSW
for PUSHU/POPU instruction.
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NOTE 1l: When the source and destination at the MOV r
or rl and ADD saddr or saddr, etc. operand
field are both registers or both are saddr,
saddrp, the code becomes:

. When the source and destination are both
registers, the destination code comes
first and the source code comes last.

(This also applies to register pairs.)

Exampla Ry Ry R, By, 0 Ry R, Ry

T ————————

JoUrce regeIier

destination regisier

. When the source and destination are both
saddr, saddrp, the first 1 byte data is
the offset data which specifies the source
and the last 1 byte data is the offset
data which specifies the destination.

Example - Saddr-offset - ||= Saddr-offseL -

— destinar,on saddr

— jource saddr

2: When a special function register (SFR)
mapped to FFOOH to FFLlFH was described as
the sfr, sfrp operands, short direct
addressing is used instead of SFR addressing
and the generated OP code becomes the OP
code of the saddr, saddrp instruction.

Examples AND A, P5

oPcode[1 0011100J][0000010T1

AND A, PM5

OP code [0 0 00000 1][T 0011100
001 00T 01

In this case, since the AND A, P5
instruction uses short direct addressing,

the OP code is shorter than for SFR
addressing.
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(2) OP code of each memory addressing mode

The code of the mod and mem parts of the OP code
field corresponding to the contents described at mem
of the operand field is shown below.

1 0110 1 0111|0 01100 1010
mod
Register
mem Indirect Eas;négda: Base Mode Index Mode
Mode
000 [DE+] * [DE+A] [DE+Dbyte] word [DE]
001 [HL+] * [HL+A] [SP+byte] word [A]
010 [DE-] * [DE+B] [HL+byte] word [HL]
011 [HL=-] * [HL+B] [UP+byte] word [B]
100 [DE] * [VP+DE] [VE+byte] -
101 [HL] * [VP+HL] - -
110 [VP] - - -
111 [UP] - - -
Remarks 1: For a MOV instruction, when the register

indirect mode marked with an asterisk is
described at mem, it becomes a dedicated 1
byte instruction.

2: When base mode/index mode is described at mem,

8-bit/16-bit offset data corresponding to
byte/word is added, starting from byte 3.
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OF Code
Inﬂtrmr-ﬂmﬁ_
tion | . .|Operand B1 B2 83
Group
B4 B5
B-bit MOV |1, 10117 1RRB;Ry|+ Data +
data #byte
transfer
instruc—- gaddr, 0011 1010 |+ saddr=offget + |+ Data +
tion #byte
sfr, 0010 1011 |+ 8Bfr-offset -+ |« Data +
#byte
r, ri 0010 0100 R!RERJ_RH 0 Rlnlnq
A, r1l 1101 0 RzRRg
A, saddr|{0 010 00 0 0 |+ saddr-offget =+
saddr, A|0 010 00 10 |+ saddr-offset +
saddr, 0011 1000 |+ saddr~offset + |+ Saddr-offset -+
gaddr
A, sfr 001 00000 |+ sfr-offget =+
sfr, A 0001 0010 |+ sfr-offsat -+
A, mem *|0 101 1 mem
00O mod 0 mem 0C000QC |+ Low Offset -+
+ High Offset
mem, A *|[0 101 0 mem
000 mod 1 mem 0000 |+ Low Offset =
+ High Offset =
A, 0001 1000 |+ saddr-offset +
[saddrp]
(to be continued)
*: When [DE], [HL], [DE+], [DE-], [HL+], or [HL-] is

described at mem, it becomes this 1 byte code.
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(cont'd)

OF Code
Instruc=| . o=
tion |ponie Operand B1 B2 B3
Group
B4 BS
8-bit MOV [gaddrp] [0 0 G 1 100 1 |+ saddr-offset ~
data : A
transfer
instruc= A, o o0oo0O0 100117111 0000 |+ Low Addr. -+
tion taddrie
(cont'd) + High Addr. =
taddr16,|0 0 00 1001|1111 0001 |+ Low Addr. -+
A
+ High Addr. *
PSWL, co010 1011|1111 1110 |* Data +
#byte
PSWH; o010 101117 1t11 1111 |+ Data *
#byte
PSWL, 24 |0 001 001101111 11110
PSHH_»&'CIGU1DI]1G1111|111
A, PSWL |0 0 01 pooo (1111 11140
A, PSWH|0 001 000D 1111 1111
XCH |A, r1 1101 1ERR R,
r, rt a0 10 0101 |RsRzR1Re 0 RzRa1Rp
A, mem 000 mod 0 mem D100 |+ Low QOffset +
+ High Offset -+
A, saddr|/0 010 00 0 1 |+ saddr-offset *
A, sfr o600 0001|0010 0001 |+ sSfr-offset =+
A, 0010 0011}« saddr-offgset +
[saddrp]
saddr, o011 1001 |+ saddr-offset + |+ Saddr-offset =+
saddr
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(cont'd)

OP Code
Instruc=- Mne=
tion | onicfCperand B1 B2 B3
Group
B4 BS
16=bit MOVW |rpl, 0110 0 Q010+ Low Byte + |+ High Byte +
data $word
tranasfer
instruc— saddrp, |00 00 1100 |+ saddr-offset + |+ Low Byte -
tion #word
+ High Byte +
sfrp, ¢coo00 1011 |+ sSfr-cffset -+ [+ Low Byte +
#word
+ High Byte =+
Ep, I’.'P1 0010 0100 |PzP1Pe0 1 D20100
AX, 0001 1100 |+ saddr-coffset +
saddrp
saddrp, |0 001 1010 |+ saddr~offset +
AX
saddrp, |00 11 1100 |+ Saddr-offset + |+ Saddr-offset +
saddrp
AX, sfrp|0 001 0001 |+ Sfr-offset -+
gfrp, AX|O 0O 01 0011 |+ Sfr-offgset -+
rp1, DOOO0 1001|1000 0 Q20100]+* Low Addr. =+
laddrie
+ High Addr. =+
laddr16,|0 O 00 1001|1001 0 Q20100/* Low Addr. +
rpl
+ High Addr. =+
XCHW |AX, coo0ot1 1011 |+ saddr-offset *
saddrp
AX, sfrpl0 000 0O OO0O1T|000Q1T 1011 |+ Sfr-offset ~+
saddrp, (0010 10 10|+ saddr-offgset + | + Saddr-offset +
saddrp
rp, rpl |00 10 0 10 1 |P2B1Po0 1 Q20100
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(cont'd)

OP Code
Imi:ruc- Mne-
tion | 4. |Operand B1 B2 B3
Group
Bl BS
B=bit ADD |A, #byte{1 010 1000 |+ Data -+
opera-
tion gaddr, 0110 1000 |+ saddr-offset + |+ Data +
instruc- #byte
tion
sfr, o000 0O0OC 0110 1000 |+ Sfr-cffset =+
#byte
-+ Data >
r, ri 1 000 1000 |R3RzR1Ra 0 RaRi1Rs
A, saddr|1 0 01 10 0 0 |+ saddr-offget +
A, sfr o000 OODOD1|717001 10001+ sSfr-offset =+
saddr, 0111 1000 |+ saddr-offset + |+ Saddr-offset +
saddr
A, mem |0 0 O mod 0 mem 1000 |+ Low Offset *
+ High Cffset -+
mem, A |0 0O mod 1 memn 1000 |+ Low Offgset =+
+ High Offset =+
ADDC |A, #byte|1 010 100 + pata -
saddr, o110 100 + Saddr-offset + |+ Data -+
#hyte
sfr, ocoo0 0001|0110 1001 |+ Sfr-offset =
#byte
o+ Data &
Ir, 1 1000 10CG0 RiRzR1Ro 0 RzR1Ro
A, saddr {1 0 01 10 0 1| + Saddr-offset +
A, sfr Q0000 00O 1001 1001 |+ sSfr-cffset =+
saddr, o111 100 + Saddr-offset =+ | + saddr-offget +
saddr
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(cont'd)

OP Code
Zhutrmr-HmE_
tion monic|Operand B1 B2 B3
Group
B4 B3
8=bit ADDC |A, mem O O O mod 0 mem 1001 |+ Low Offset =+
opera=-
tion + High Offset =+
instruc=
tion mem, A 000 mod 1 mem 1001 |+ Low Offget =+
{eont'd)
+ High Offset <+
SUB A, #byte|1 0 10 10 10 |+ Data +
saddr, 0110 1010 |+ saddr-offset + |+ Data +
#byte :
sfr, 0000 00CT|0D1T10 1TD10 |+ sfr-offset -+
#byte
+ Data -
X, 1 1 ﬂ 00 1 ﬂ 10 RERERIRU 0 RERIRU
A, saddr |1 0 0 1 10 10 |+ Saddr-offget -
A, sfr G000 0DO0O0DT1T[1T001 1010 |+ sfr=offset =
saddr, 0111 1010 |+ saddr-offset + |+ Saddr-offset -+
saddr
A, Mmam 0Co mod 0 mem 1010 |+ Low Offgset -+
+ High Offset -+
mem, A 000 mode 1 mem 1010 |+ LlLow Offset =+
+ High Offset =«
SUBC |A, #byte(1 0 1 0 10 11 |+ Data -
gsaddr, 0110 10117 {+ saddr-offset + | + Data -
#byte '
sfr, 0000 0001|0110 1011 |+ sSfre-offset -+
#byte
+~ Data +
r, ri 1000 1011 Ry Rz R Ry 0 Rz Ry Ry
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(cont'd)

QP Code
Inatruc= Mne—
tion |,.nieo)Cperand B1 B2 B3
Group
B4 B5
B-bit SUBC |A, saddre|1 0 01 10 1 1 |+ Saddr-offset +
opera=
tion R, sfr 0000 O0O1]10011 1011 |+ Sfr-offset -+
instruc=
tion gaddr, D111 1011]|+ saddr-offset + |+ Saddr-offset =+
{cont'd) saddr
A, mem D00 mod 0 mem 1011 |+ Low Offset -+
+ High Offset -+
mem, A [0 O O mod 1 mem 10 11|+ Low Offset =+
+ High Offset =
AND |A, #byte|1 0 10 1100 |+ Data >
saddr, 0110 1100 )]+ saddr-offset + |+ Data -+
$byte
sfr, DOoOO0OO0D 00QO0O1T}0110 1100 |+ Sfr-offset =+
#byte
+ Data -+
r, rl 1000 1100C¢|RsRzR1Re 0 RzR1Ro
A, saddri1 0 01 110 0|+ saddr-offset +
A, sfr o000 OO0DO0D1}1001 1100 |+ sSfr-offset =+
saddr, 0111 1100 |+ saddr-offset + |+ Saddr-offset =+
saddr
A, mem 000 mod 0 mem 1100 |+ Low Offset +
+ High Offset -
mem, A |0 0 O mod 1 mem 1100 |+ Low Offset =+

+ High Offset -+
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{cont'd)

OP Code
Instruc=- Mn &=
tion |ponie |OPeTrand B1 B2 B3
Group
B4 BS
8=bit OR A, #byte|1 010 1 11 + Data +
opera=
tion saddr, 2110 111 + Saddr-offset + | + Data +
instruc= #byte
tion
{cont'd) sfr, 0 000 000 0110 1110 |+ Sfr-offset =+
#byte
+ Data
r, r1 1000 1110 |RsR2Ri1Ro 0 R2RiRo
A, saddr|1 00 T 1 11 + Saddr=offget =+
A, sfr 0000 0O0O0OO0 1001 1110 |+ Sfr-offgset -+
gaddr, o111 111 + Saddr-cffset + | + Saddr-offset -+
gsaddr
A, mem 000 mod 0 mem 1110 |+ Low Offset =+
+ High Offset
mem, A 000 mod 1 meam 1110 |+ Low Offset =+
+ High Offset
XOR |A, #byte|1 0 1 0 1 10 + Data +
saddr, o1T1T0 110 + Saddr-offset + | + Data -+
#byte
sfr, 0000 0CGO 0110 11061+ Bfr-offset -+
#byte
+ Data
r, rl 1000 110 RiR2R1Rg 0 RzR1Rgp
b
A, saddr|1 00T 110 + Saddr-cffaet +
A, sfr 0000 000D 1001 1101 |+ Sfr-offset -+
saddr, 0111 110 + Saddr-offset + | + Saddr-offset =+
saddr
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(cont'd)

OP Code
Instruc-
M a=
tion | .ji-{Operand B1 B2 B3
Group
B4 B5
B=bit XOR (A, mem [0 0 O mod 0 mem 1101 |+ Low Offset =+
opera=-
tion + High Offset -
instruc-
tion mem, A |0 00 mod 1 mem 1101 |+ Low Offset -+
(cont'd)
+ High Offset =+
cMP |A, #byte|1 0 10 1 1 11 |+ Data -+
saddr, 0110 1111 |+ S5addr-offget + |+ Data -+
#byte
sfr, o000 COO0OT|OT10 1111 |+ Sfr-offset *
#byte
+- Data -+
r, rl 1000 111171 |RsRz2R1En 0 R2R1Rp
A, saddr|1 001 11 11|+ Saddr-offset -+
A, sfr 0000 0OCGO1T(1001T 1111 |+ Sfr-offset =<
saddr, 0111 1111 ]|+ Saddr-offget + | + Saddr-offset +
saddr
A, mam |O O O mod 0 mem 1111 )|+* Low Offset *
+ High Offset -+
mem, A |0 0O D mod 1 mem 1111 ]|+ Low Qffset -+
+ High Dffget -
16=-bit ADDW |AX, 0010 1T1T01 |+ Low Byte + | + High Byte -+
opera= fword
tion
instruc= gsaddrp, [0 000 1101 |+ saddr-cffset * |+ Low Byte +
tion #word
+ High Offset
sfrp, 0000 0OO0CO0O1T|00CGCD 110 1|+sfr-ocffset >
#word
=

+« Low Byte -+

+ High Byte
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(cont'd)

OF Code
Instruc= Mne=
tion |nonic|Cperand B1 B2 B3
Group
B4 BS
16=hbit ADDW |rp, rpl 000 10 BP0 1 Q20105
opera=
tion AX, 001 11 + Saddr-offset +
instruc- saddrp
tion
(cont'd) AX, sfrp|0 0 00O 0 O 000171 1101 |+ Sfr-offset =+
saddrp, 11 11 + Saddr-offset + | + saddr-offset +
saddrp
SUBW |AX, o010 11 + Low Byte + | + High Byte +
#word
saddrp, 00 11 * Saddr-cffset * |+ Low Byte -
#word
High Byte
sfrp, 000 OO0 0000 1110 |+ sSfr-offset =+
#word
Low Byte + High Byte -+
rp, rpl 000 10 PPPiPo0 1 QO Qo
AX, co1 11 + Saddr-offset -+
saddrp
AX, sfrp 000 OO 000171 1110 |+ sgfr-offset -+
gaddrp, or1-11 + Saddr-offset + | + Saddr-offset »
saddrp
CMPW |AX, c1c 11 + Low Byte + | + High Byte +
#word
saddrp, (00 00 11 + Saddr-offset + | + Low Byte +
#word
+ High Byte
sfrp, 0000 00O 0000 1111+ sSfr-offset =+
#word
+ Low Byte + High Byte +
rp, rpl |10 00 11 PP Pp0 1 Q2010
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(cont'd)

OP Code
Instruc= ju. o -
tion | -jc|Operand B1 B2 B3
Group
B4 BS
16=bit CMPW |AX, oo1 1111 Saddr=-cffset »
opera- saddrp
tion
instruc- AX, D00 CODYT{OODO0OD1T 1111 )+ Sfr-offset -
tion sfrp
(cont'd)
saddrp, o111 111 Ssaddr-offset + |+ Saddr-offset -+
gsaddrp
Multiply [MULU |z 000 0101 000 % R;R1BRp
Jdivide
instruc— |DIVUW |1 001 1 R;RjRy
tion
MULUW rp‘l 010 1 Q0100
DIVUX |[rp1 110 1 Q20100
Incre- INC |x1 100 0 R;Ry4Ry
ment/
decre= gaddr 010 0110 Saddr-offset +
ment
instruc= |DEC ri 100 1 R;R1Rp
tion
saddr 010 0111 saddr-cffset +
INCW |rp2 100 91 8158
saddrp o000 0111 110 1000 |+ saddr—offset +
DECW |rp2 100 11 8;50
saddrp o660 0111 110 1001 |+ saddr-offset +
shift/ ROR ri, n o111 0000 1 N3N HogRzR1Rp
rotate
instruc= |ROL ri, n 0001 1 N3Ny MgRzRiRp
tion
RORC |r1, n 0000 0 NzN; NgRzR1Rg
ROLC [r1, n 0001 0 NNy NgRzR1Ry
SHR rt, n oo00O0 0 HaN; NpRzRiRg
SHL r1, n 0001 0 M3N;: HgRzRi1Rp
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(cont'd)

OP Code
Instruc—- Mne=
tion monic|Operand B1 B3
Group
B4
shift/ SHRW |rp!, n 0011 000011 NaN1 NoQ20100
rotate
instruc= |SHLW [zpl, n |0 0 1 1 0 0 0 1|1 1 N2N1 NeQ201Q0
tion
(cont’d) |ROR4 | [rp1] 0000 0101|1000 1 Q20100
ROL4 |(xpi] 0000 0101[1001 10,00
BCD ad= |ADJ4 OO0 1TO0O0O0
Justment
instruc-
tion
Bit MOV1 | CY, 0000 1T000|000CGO0 0 ByBBy|+ saddr-offset +
manipu- saddr.
lation bit
instruc-
tion CY, 1000 1 BgB1 By |+ Sfr-offset -+
gfr.bit
cY, 0011 T B2B1 By
A.bit
CY, 0011 0 BzB; By
X.bit
cY, 0010 1 BaB1 Bg
PSWH.bit
CY. 00O 1O 0 BaB By
PSWL.bit
saddr. 1000|0001 0 Bz2BBy|+ saddr-offget ~+
bit, CY
sfr.bit, 1000 1 BagB;Byg | + Sfr-offset -+
CY
A.bit, 0011 1 B2B1Bg
CcY
X.bit, 0011 0 BzB1Bo
cY
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(cont'd)

OP Code
tion |.onic|Operand B1 B2 B3
Group
B4 BS
Bit MOV1 | PSWH. 000 0O0O0DO191OQ0 01 1 B:B1Bg
manipu- bit, CY
lation
instruc=- PSWL. 000CO0 0O0O0TUTTO 01 0 B2B1Ep
tion bit, CY
{cont'd)
AND1 [CY, 0000 1000 10 0 BaByBy |+ Saddr=offset *
saddr .,
bit
cY.,/ 11 0 B2B1By |+ Saddr-offaet +
saddr. :
bit
CY, sfr. 10 1 B2B1Bg |+ Sfr-offset -+
bit
cyY,/ 11 1 BsB1By|+ Sfr-offgset =+
sfr.bit
I
cY, o011 T0 1 Bz2B1Bg
A.bit
cY,/ 11 1 BsB1Byg
A.bit
cY, 10 0 BzB;By
X.bit
cY,/ 11 0 BzB1Byg
X.bit r
CY, 0010 10 1 Bz2B1Bg
PSWH.bit
cY,/ 11 1 Bz2B1Bp
PSWH.bit
cY, 10 0 BzB1Bo
PSWL.bit
cY,/ 11 0 Bz2B;Bg
PSWL.bit
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(cont'ad)

OF Code
Instruc= |, .
tion monic |[OPerand B1 B2 B3
Group
B4 BS
Bit XOR1 |CY, 0000 CO01T1T|0C110 1B;B B
manipu= A.bit
lation
instruc— CY, 0o 11 0 B:B; By
tion X.bit
(cont'd)
CY, 0010 1 B; By By
PSWH.bit
cY, 0010 0 B;B;Bg
PSWL.bit
¥
SET1 |saddr. 10171 0 BzB;Byg|+ Saddr-offset +
bit
sfr.bit [0 0 00 1000 {1000 1 BsBjBy|+ BSEfr-offset -+
A.bit ood11 T BzB1Bo
X.bit 00 11 0 BzB;Bg
PSWH.bit 0010 l B2B,Bg
PSWL.bit 00T1TO : 0 BzB1Be
CLR1 |saddr. 1010 0 BzB|Bg|l+ Saddr-offset =+
bit
afr.bit OO0 00 1000|1001 1 B3B;Bgl+ Sfr-offset =+
A.bit 0011 1 B2B1Bg
X.bit 0011 0 B2B1Bo
PSWH.bit 00180 1T B3B1Byp
PSWL.bit r 0010 0 BzB1Bo
NOT1 |saddr. G000 1000 )0111 0 BB1Bg|+ Saddr-offset +
bit
sfr.bit 1000 1 BzB1Bo|+ Sfr-offset -
A.bit 00 11 1t B3BBg
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(cont'd)

Instruc—
tion
Group

Mne—
monic

Operand

OF Code

B1

B2

B3

B4

B5

Bit
manipu-
lation
ingtruc=
tion
{cont'd)

OR1

CY,
gaddr.
bit

D0Co0O

1000

00 O

Bz By Bp

=

Saddr-offaset »

cY,/
saddr.

bit

Bz By By

e

Saddr=offget -+

CY,
afr.bit

B, B; By

+

Sfr-offset =+

cY,/
sfr.bit

B2 B Bg

=

Sfr-offset +

cy,
A.bit

o011

B2 B) By

cY,/
A.Dit

Bz B By

CY,
X.bit

Bz B1 By

cY,/
X.bit

Bz2B1Bo

cY,
PSWH.bit

ooc10

BzB1Bp

cY,/
PSWH.bit

Bz B) By

ICY,
PSWL.bit

Bz B1 By

icy,/
PSWL.bit

|

BaB By

XOR1

CY,
saddr.
bit

co000

1000

Bz B By

+ Saddr—offset -+

CY,
sfr.bit

1000

b

By BBy

+ Sfr-offsat -+
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(cont'd)

OP Code
In:Fruc- Mne=
tion monic | Cperand B1 B2 B3
Group
B4 B5
Bit NOT1 |X.bit O0CO0O OO 1 0111 0 B2B1 By
manipu=-
lation PSWH.bit 00 1 1 B2B By
instruc-
tion PSWL.bit 001 0 B3B;B;
{cont'd)
SET!1 |CY c100 000
CLR1 |CY 000
NOT1 |CY 001
Call/ |CALL [laddr16 [0 0 10 100 0 |+ Low Addr. + |+High addr. =+
return
instruc=|CALLF|!laddxr11 |1 0 0 1 0 + fa +
tion
CALLT|[addr5) |1 1 1 « ta
CALL |rpl O0O0O0 0OD10 0107 1Q:0:0
irpil 0000 D10 0117 1000
BRK o101 111
RET a101 011
RETI 01011 011
Stack PUSH |post o011 010 + Post Byte +
opera=
tion PSW 0100 100
instruc=}
tion PUSHU | post o0 tT1 011 + Post Byte -+
POFP |post 6011 010 + Post Byte -+
PSW O100 100
POPU |post o011 011 + Post Byte +
MOVW |SP, oo0Go 101 1111 1100 |+ Low Byte -+
#word b
4+ High Byte
SP, AX Oo001T 0OA1 1111 1100
{to be continued)
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(cont'ad)

OP Code
Ingtruc= Mn e
tion monicl Cperand B1 B2 B3
Group
B4 BS
Stack MOVW | AX, SP 0001 00O 1111 11400
opera=
tion INCW | SP 0000 O10 1100 17000
instruc—
tion DFCW | SP Cooo0o 010 17100 1001
(cont'd)
Uncondi-|BR 'addrie {0 0 10 1100 |+ Low Addr. + |+ High Addr. +
tional
branch rpl 0000 010 0100 1Q,01Q
instruc-
tion [xp1]) 0oo0OQ0CO0 010 0110 10,00
$addr16 |0 D 0O 1 0100 |+ jdisp +
Condi=- |BC $addrt6 (100D 00 1 + jdisp +
tional
branch |BL
instruc=
tion BNC |$addri6 0010 |- jdisp -+
BNL
BZ Saddri16 000 - jdisp -+
BE
BNZ | $addrié 0000 |+ jdisp +
BNE
BV Saddri1é 10 + jdisp -+
BPE
BNV Saddrie 0100« jdisp +
BPFO
BN Saddrie 011 + jdisp +
BP Saddrie ! 0110+ jdiap -+
BGT Saddr1e |0 0O OO0 0 11 1111 1011 ]+ jdisp +
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{cont'd)

OP Code
Instruc=| yne-
tion |, .jc|OPperand B1 B2 B3
Group
B4 B5
Condi= BGE ($addr1é [0 000 O011T1[|1T1T11 1001 jdisp -
tional
branch |[BLT |$addr16é 1000 jdisp -+
instruc-
tion BLE |faddri1é 1010 jdisp +
{cont'd)
BH $addr1é 1101 jdisp +
BNH [Faddxr16 ! ! r 1100 jdisp +
BT saddr. 0111 0 BBBy|+ Saddr=-offset -+ jdisp +
[bit, -
$addri16
sfr.bit, [0 000 1000|1011 1B,;B;B, Sfr-offset -+
Saddr16é
+ jdisp -
A.bit, 0000 0011|1011 1 B2B1Bg jdisp +
$addr16
X.bit, 0011 0 B;B1By jdisp -+
Saddrie
PSWH. 0010 1 B:B1Bg jﬂiﬂp -+
bit,
$addr16
PEWL. o010 0 EzB]Hu Jdlﬂp =+
bit,
$addris
BF saddr. 0000 1000|1010 0 BzB3Bg Saddr-offset +
bit,
$addrie |+ jdisp +
sfr.bit, [0 000 1000 |1 010 1 BzB1Bg sfr-offset -+
$addr1é
+ jdisp +
A.bit, 0000 0OO0D1T1[|1010 1 EBzB;Bg jdisp -+
saddr1e
X.bit, o011 0 BzB; By jdisp -+
$addr16 !
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(cont'd)

OP Code
Instruc=| .. o
tion |, nic|Operand Bl B2 B3
Group
B4 BS
Condi- BF PSWH. 0 00O0C 0010 010 1 BxBBg|+ jadisp *
tional bit,
branch Saddr16
instruc-
tion PSWL. 0000 0010 0 10 O BygByBg|+ jdisp -
{cont'd) bit,
$addri1e
BTCLR |saddr. c000 1000 101 0 B,B;By|+ saddr-offset -»
bit,
$addri6 |+ jdisp +
sfr.bit, (0 O 0O Q0 100 0 101 1 BsBBy|+ Sfr-offset =+
Saddri16
*- jdisp +
A.bit, [0000 00 1 1 101 1ByBBg|+  3jdisp +
Saddr16
X.bit, 0011 0 B2B1Bgl+ jdisp -
$addri16
PSWH. 0010 1 BB By + jdisp -+
bit,
Saddr16
bit,
$addr16 '
BFSET|saddr. [0 000 1000 100 0 ByB;By|+ Saddr-offget +
bit,
$addrie |+ jdisp +
gfr.bit, |00 0 O 100 0 100 1 8B;8Byg]+ Sfr-offset =+
3addr16
+ jdisp +
A.bit, 0000 CO1T1 100 1 BaBBg|+ jdisp -
$addr16
X.bit, 0000 CO0O11 100 0 B2B1Bg|+ jdisp -
Saddri16

10=-59

(to be continued)




(cont'd)

OP Code
Imﬂm-mr
tion [ponic|Operand B1 B2 Bl
Group
B4 B5
Condi- BFSET |PSWH. 00 0010|1100 1 ByB B+ dis
tional bit, B Jaiep T
branch Saddr16
instruc-
tion PSWL. 0 00 10| 1100 0O ByByBEy + 1dis +
(cont' d) bit, 2 B) By| ] P
$addris
DBNZ |r2, 1 001Gy + jdisp -
Saddri1e
saddr, 1 101 1|+« saddr-offset + | + jdisp +
Saddr16
Context |BRKCS |RBEn 0 01 01]1 101 1 NyNyNy
awitch-
ing RETCS | laddri1ée 0 1001+ Low aAddr. + |+ High addr. =
instruc=
tion
String |MOVM |{DE+], A 1 0101|0000 0O0O0O
instruc-
tion (DE=], A a001
MOVBEK | [DE+], 0010
[HL+]
(DE-], 0011
[HL=]
1
XCHM | [DE+], A 000G O0O0DOQ1
I (DE-], A 0001
XCHBK | [DE*+] , 0ODT1TO
[HL+]
(DE=], 0011
[HL=]
¥
CMPME | [DE+], A 0000 0100
[DE-1, A r r C001t1T G100

(to be continued)
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{(cont'd)

OP Code
Ingstruc= Mne=
tion monic |OPerand B1 B2 B3
Group
B4 BS
String CMP {DE+1, 0001 0101|0010 0100
instruc=- BEE | [HL+]
tion
{cont'd) [DE-~], D011 0100
(HL=]
CMP [CE+]), A 0000 D101
MNE
[DE=], A o001
CMPB | [DE+], 0010
KNE | [HL+]
[DE-], 00 11
[HL~] 1
CMPMC {[DE+], A Doo0Q 0111
[CE~-], A 0001
CMP [DE+], 0010
BEC | [HL+]
[(DE-], o011
[HL~]
CMP [DE+], A Doo0O0 0110
MNC
[CE-], A 0001
CMPE |[DEt] ., o010
KNC | [HL+]
[DE=], 0011
[HL=]
L Y ]
CPU MOV STBC, OCO0OO0 1T001T)01T00 01100 + Data +
control #byte
instruc= - Data -+
tion
WDM, Nnoa00 1001|0t00C D010 + Data -+
#byte
-+ Data -+
SWRS o100 0O0OT1

({to be continued)

10-61




(cont'd)

OP Code
Instruc= Mne-
tion monic [Operand B1 B2 B3
Group
B4 B5

cCPU SEL RBn o000 010 1010 1 WiMiNo
control
instruc= RBn, ALT 000 010 1011 1 NzMiNg
tion

NOP 000 0OOCOOD

EI 100 101

DI 100 1010
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10.4 INSTRUCTION ADDRESS ADDRESSING

The contents of the program counter (PC) determine the
instruction address and the address is usually incremented
(by one for one byte) automatically according to the byte
count of the instruction fetched each time an instruction
is executed. However, when an instruction with a branch
is executed, the branch destination address information is
get in the PC and the program is branched by the
addressing described below.

10.4.1 RELATIVE ADDRESSING

The sum of the B-bit immediate data (displacement: Jdisp)
of the OP code and the start address of the next
instruction is transferred to the program counter (PC) and
the branch is executed. The displacement is treated as
two's complement data (-128 to +127). Bit 7 is the sign
bit. .

Relative addressing is performed when executing a BR
$Saddrlé instruction or conditional branch instruction.

I5 i

...b is the byte count of

PC+b that instruction.

L3 876 0

G

15 0

pC

When 5=0, X is all bits 0.
When S=1, X is all bits 1.
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10.4.2 IMMEDIATE ADDRESSING

The immediate data in the instruction word is transferred
to the program counter (PC) and the branch is executed.

Immediate addressing is performed when executing a CALL
laddrlé, BR laddrlé, or CALLF laddrll instruction.

For a CALLF laddrll instruction,
the fixed address determined by the high-order 5 bits

address.

T 0

CALL or BR

Law Addr,

High Addr,
15 I a7

PC

T i 2

0

CALLF fan

~

fac

15 11 m(a—j

PC | O DODI
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10.4.3 TABLE INDIRECT ADDRESSING

The contents (branch destination address) of the table of
the specific location addressed by the immediate data of
the low-order 5 bits of the OP code are transferred to the
program counter (PC) and the branch is executed.

Table indirect addressing is performed when executing a
CALLT [addr5] instruction.

OP Codef1 11 ta
LS 14 8 165 Lo
Effective Address = 0000000 |01 ta 0
TPF
Memory
Effective Address Low Addr. —,
Effective Address+l High Addr.
15 g8 7 0
PC

10.4.4 REGISTER ADDRESSING

The contents of the register pair (RP7 to RPO) specified
the instruction word are transferred to the program

counter (PC) and the branch is executed.

Register addressing is performed when executing a BR rpl
or CALL rpl instruction.

rpl

'3 !

=i
=]

PC
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10.4.5 REGISTER INDIRECT ADDRESSING

The continuous 2 byte data of the memory addressed by the
contents of the register pair (RP7 to RP0O) specified by
the instruction word are transferred to the program
counter (PC) and the branch is executed.

Register indirect addressing is performed when executing a
BR [rpl] or cALL [rpl] instruction.

11!

Effective Addresss=

. Memory
Effective Aﬂdreaﬂ! Low Addr, —

Effective Address+1; High Addr,

pe F
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10.5

10.5.1

OPERAND ADDRESS ADDRESSING

When executing an instruction, the cbjective registers and
memory can be addressed by the methods described below.

REGISTER ADDRESSING

This addressing accesses the general register

specified by the register set select flag (RSS) in the
register bank specified by the register bank select flag
(RBS2Z to RBSO) and the register select code (Rn, Pn, on)
in the instruction word as the operand.

Register addressing is performed when executing an
instruction having the operand format shown below. When
addressing an 8-bit register, 8 is specified by 3 bits in
the OP code and 16 is specified by 4 bits. when
addressing a 16-bit register pair, 8 are specified by 3
bits in the OP code. :

Identifier Description

r RO, R1, R2, R3, R4, R5, R6, R7, R8, R9, RI10,
R1l, R12, R13, R14, R15

rl RO, R1, R2Z, R3, R4, R5, R6, R7

r2 C, B

rp RPO, RPl, RP2, RP3, RP4, RP5, RP6, RF7

rpl RPO, RP1, RP2, RP3, RP4, RP5, PR6, RP7

rp2 DE, HL, VP, UP

r, rl, rp, and rpl can be described by function name (X,
A, C, B, E, D, L, H, AX, BC, DE, HL, VP, UP) as well as
absolute name (RO to R15, RPO to RP7). The function name
corresponding to each absolute name is shown in Table 10-1
and Table 10-2.
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Example 1: MOV A, rl

OP code [1 1 0 1 "0 R3R, Ryl

When the R2 register is selected as rl, it is
described as shown below. (When RSS = (&, the
R2 register becomes the C register.)

MOV A, R2

The OP c¢ode for this is:

OP code (1 1 01 0010

Example 2: INCW rp2

OP code [0 1 0 0 '0 1 8; S

When the DE register pair is selected as rp2,
it is described follows:

INCW DE

The OP code for this is:

OP code [0 1 00 'O 11 0]
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10.5.2 IMMEDIATE ADDRESSING

This addressing has 8-bit data and 16-bit data as the
operation objective in the OP code.

Immediate addressing is performed when executing an
instruction having the operands shown below.

Identifier Description
byte Label, numerical value within 8 bits
word Label, numerical value within 16 bits

Example 1l: ADD A, #byte

OP code (1 01 0'1 00O

Data
When 77H is taken as byte, it is described as
follows:
ADD A, #77H

The OP code for this is:

OP code[1 010 '100 D]

0111 0111
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10.5.3 DIRECT ADDRESSING

With this addressing, the immediate data in the
instruction word becomes the operand address and the
memory to be manipulated is accessed.

Direct addressing is performed when executing an
instruction having the following operands:

Identifier Description

addrlé Label, numerical value within 16 bits

Example l: MOV A, laddrls

OP code [0 0O OO0 1001

1111 0000]

Low Addr.

High Addr.

When FEOOH is taken as addrlé, it is described
as follows:

MOV A, I0OFEQQH
The OP code for this is:
OP code [0 0 O 0 100 1]

1111000 0]

0 000 00CGO0OQ

1111 1110]
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10.5.4 SHORT DIRECT ADDRESSING

This addressing directly accesses the objective memory of
the fixed space by the B-bit immediate data in the
instruction word.

The addressing is applicable to the FE20H to FFLFH 256-
byte space. The internal RAM (short direct memory) is
mapped to FE20H to FEFFH and the special function register
(SFR) is mapped to FFOOH to FF1FH.

When the 8-bit immediate data is 20H to FFH, bit B8 of the
effective address becomes 0 and when the 8-bit immediate
data is 00H to 1PH, bit 8 of the effective address becomes

1.

|7 0
OF code

Saddr —offset —l :
Short Direct Memory

i

15 9 A 78

5
Effective Address| 1111111 | ?|
BTN

Y

4 5

This addressing is performed when executing instructions
with saddr, saddrp in the operand. For an instruction
with saddrp, the 2-byte data (data of even number minus
odd number address, disregarding the least significant bit
of the effective address) of the memory addressed by
effective address and the memory of the next address is
accessed.

Identifier Description
saddr Label, numerical value within FE20H to FFlFH
saddrp Label, numerical value within FE20H to FFlEH

(even number)
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Example 1: MOV saddr, saddr

OFP cnde] 0011 100 D|

I Saddr-offset

Saddr-offset

When FE30H is taken as saddr of the first
operand and FES0H is taken as saddr of the

second operand, they are described as
follows:

MOV OFEZ20H, OFES0H

The OP code for this is:

OP code {0 0 11 1 Q00

[O01 0000 0]

[0O1 10 0000
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10.5.5 SPECIAL FUNCTION REGISTER (SFR) ADDRESSING

This addressing addresses the special function register
(SFR)} memory mapped by the 8-bit immediate data in the
instruction word.

The mapping space of the SFR which can be addressed by
this addressing is the 256 bytes from FFOOH to FFFFH.
However, the SFR mapped to FFOOH through FF1lFH is accessed
by short direct addressing instead of SFR addressing.

T 0
0P code

Sfr—offser

15 87 0 SFR
Effective Address]| 11111111
Identifier Description
sfr Special function register abbreviation
sfrp 16~bit handleable special function register

abbreviation

Example 1: MOV sfr, A

OP code [0 O 01 "00 10

Sfr-offset

When PMO is specified as sfr, it is described
as follows:

MOV PMO, A

The OP code for this is:

QP code |Q O 01 "0 C1 O

001 ﬁ_'D 0 0 0]
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10.5.6 MEMORY INDIRECT ADDRESSING

This addressing addresses the objective memory with the
contents of the 2-byte continuous short direct memory
addressed by the 8-bit immediate data in the instruction
word as the operand address.

This addressing is performed when executing an instruction
with [saddrp] in the operands.

7 0|
OP code
Saddr—offiser =\
Short Direct
Addressing_
J

Short Direct Memory
7 0

Low Addr,

High Addr.
| ]

15 [ 8 7 , 0 Memory
Effective Address
Identifier Description
[saddrp] [Label, numerical wvalue within FE20H to FF1lFH

(even number)]
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Example 1l: XCH A, [saddrp]
OP code [0 01 0 '0 0 1 1

Saddr-offset

When FEAOH is taken as sddrp, it is described
as follows:

XCH A, [OFEAOH]

The OP code for this is:

OP code | O 01 0 0011

10 0000O0]
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10.5.7 REGISTER INDIRECT ADDRESSING

This addressing addresses the cbjective memory with the
contents of the register set select flag (RSS) in the
register bank specified by the register bank select flag
(RBS2 to RBS0) and the register pair specified by the
register pair code in the instruction word as the operand
address.

This addressing is performed when executing an instruction
having the operand format shown below.

Identifier Description

mem [DE], (HL], (DE+], [HL+], [DE-], [HL-], [VP],
[uP]

[rpl]) [rrP0], [RP1], [RP2], [RP3], [RP4], [RP5],

[rP6], [RP7]

Register indirect addressing by register pair DE, HL is
addressing with a function which prepares for the next

addressing by incrementing/decrementing the contents of
the register pair by one after memory 1s addressed.

In this case, [DE+], [HL+], [DE-], [HL-] is described at
mem ©of the operand field.

Example 1l: MOV A, mem
OP code . When register indirect mode [DE],

[HL]: [DE"’]: [HL"‘]r [DE_]J [H-L_:I
described as mem

0101 1 mem

. When a register indirect mode other
than the above described as mem

[O0O01" 0110

O mem ' 00O O]

When [DE] is specified as mem, the instruction
is described as follows:

Mov A, [DE]

The OP code for this is:

OP code [0 1 0 1 ' 1 10 ©
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Example 2:

Example 3:

ROR4 [rpl]

OP code[0O0 0 0 ' 0101

(10001 020100

When RPO 1s selected as rpl, it is described
as follows:

ROR4 [RPO]

The OP code for this is:

OP code |C 0O 0O 0D 010 1

10001000

ADD A, mem

OP code (when register indirect mode
described)

0001 0110

[0 mem "1 00 0]

When [HL+] is specified as mem, it is
described as follows:

ADD A, [HL+]

The OP code for this is:

OP code [0 0 01 0110

Q001 1000
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10.5.8 BASE ADDRESSING

This addressing addresses the objective memory with the
sum of the contents of the 16-bit register and register
pair (DE, SP, HL, UP, VP) specified by the register set
select flag (RSS) in the register bank specified by the
register bank select flag (RBS2 to RBSQ) and the
addressing code (mem) in the instruction word and the 8-
bit immediate data of the operand as the operand address.

This addressing is performed when executing an instruction
having the operand format shown below.

Identifier Description
mem [DE+byte], [SP+byte], [HL+bytel, [UP+bytel,
[vP+byte]

Example l: AND A, mem

OP code (when base mode described)

0O 00O0'011 0]

[0 mem '1 100

Offset

When base addressing of the sum of register
pair VP and 10H is selected as mem, it is
described as follows:

AND A, [VP+10H]

The OP code for this is:

OP code [0 0 0 0'0 1 1 0]

10

00010000
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10.5.9

INDEX ADDRESSING

This addressing addresses the objective memory with the
sum of the contents of specified by the register set
select flag (RSS) in the register bank specified by the
register bank select flag (RBS2 to RBSO) and the 8-bit
register and 16-bit register pair (A, B, DE, HL) specified
by the addressing code (mem) in the instruction word and
the 16-bit immediate data of the operand as the operand
address.

This addressing is performed when executing an instruction
having the operand format shown below.

Identifier Description

mem word[DE], word[A], word[HL], word[B]

Example l1: ADDC A, mem

OP code {(when index mode described)

0 000 1 01O0)]

[0 mem ' 10CO0 1

Low " Offset

High “Offset

When index addressing of the sum of register
pair DE and 4010H is selected as mem, it is
described as follows:

ADDC A, 4010H[DE]

The OP code for this is:

OP code[OO 0O O 1 010

[C0O00"100 1|

[0 01" 0000]

0100 0000
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10.5.10 BASE INDEX ADDRESSING

This addressing addresses the objective memory with the
sum of the contents of the 16-bit register (DE, HL, VP)
specified by the register set select flag (RSS) in the
register bank specified by the register bank select flag
(RBS2 to RBSO) and the addressing code (mem) in the
instruction word and the 8/16 bit register (A, B, DE, HL)
as the operand address.

This addressing is performed when executing an
- instruction having the operand format shown below.

Identifier Description

mem [DE+A], [HL+A], [DE+B], [HL+B], [VP+DE],
[VP+HL]

Example 1: OR A, mem

OP code (when base index mode described)

0001 0111

[0 mem 1001

When base index addressing of the sum of
register pair HL and register B 1s selected
as mem, 1t is described as follows:

SUBC A, [HL+B]

The OP for this is:

OPcode [00 01 0111

[00T1T1 1011
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10.6
10.6.1

DESCRIPTION OF INSTRUCTIONS

8-BIT DATA TRANSFER INSTRUCTIONS

MOV rl, #byte

Function: rl + byte byte = QO0H to FFH
Transfers the 8-bit immediate data specified by the second
operand to the 8-bit register addressed by the first
operand. .

Flag operation: Unchanged

Coding example: MOV Rl, #4DH; Set 4DH in register RIl.

MOV saddr, #byte

Function: (saddr) + byte saddr = FE20H to FF1lFH
byte = QOH to FFH

Transfers the 8-bit immediate data specified by the second
operand to the short direct memory addressed by the first
operand.

Describe the short direct memory address or label directly
at saddr of the first operand.

Flag operation: Unchanged

Coding example: MOV OFE40H, #40H; Store 40H in address
FE40H.

MOV sfr, #byte

Function: sfr + byte byte = O0OH to FFH

Transfers the 8-bit immediate data specified by the second

operand to the special function register sfr specified by

the first operand.

NOTE: Wwhen STBC, WDM is described as sfr, a
dedicated OP code different from this
instruction i1s generated. (See paragraph
10.6.16 CPU control instructions.)

Flag operation: Unchanged

Coding example: MOV PMO, #0H; Specifies port 0 as an
output port.
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MOV r, rl
Function: r + rl
Transfers the contents of the B-bit register specified by
the second operand to the 8=bit register specified by the
first operand.
Flag operation: Unchanged
Coding examples: SEL RBO ; Select bank 0.
MOV R15, Rl; Transfer contents of the R1
(A) register to the R15 (H)
register.
MOV A, rl

Function: A «+ rl

Transfers the contents of the 8-bit register specified by
the second operand to the A register.

Flag operation: Unchanged

Coding example:

MOV A, saddr

Function: A + (saddr) saddr = FE20H to FFlFH

Transfers the contents of the short direct memory
addressed by the second operand to the A register.

Describe the short direct memory address or label directly
at saddr of the second operand.

Flag operation: Unchanged
Coding example: MOV A, OFE40H; Transfer the contents of
address FE40H to the A

register of the specified
bank.
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MOV saddr, A
Function: (saddr) + A saddr = FE20H to FF1lFH

Tfansfers the contents of the A register to the short
direct memory addressed by the first operand.

Describe the short direct memory address or label directly
at saddr of the first coperand.

Flag operation: Unchanged
Coding examples: SEL RB2 : Select bank 2.
MOV R1, RO i Transfer the contents of
the X register to memory
MOV OFE30H, A address FE30H.

MOV saddr, saddr

Function: (saddr) + (saddr) saddr FE20H to FF1lFH

Transfers the contents of the shart direct memory (source)
addressed by the second operand to the short direct memory
(destination) addressed by the first operand.

Describe the short direct memory address or label directly
at saddr of the first and the second operands.

Flag operation: Unchanged

Coding example: MOV OFE18H, OFEC2H; Transfer the contents
of address FECZH to
address FEI18H.

MOV A, sfr

Function: A + sfr

Transfers the contents of the special function register
specified by the second operand to the A register.

Flag operation: Unchanged
Coding example: MOV A, ADCR: Transfer the A/D converted
result to the A register of

the currently selected
register bank.
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MOV sfr, A
Function: sfr + A

Transfers the contents of the A register to the special
function register specified by the first operand.

Flag operation: Unchanged

Coding examples: MOV PM1, #00H; Specify port 1 as output
. port mode.

MOV P1l, A ; Cutput the contents of
the A register from port
1.

MOV A, mem
Function: A + (mem)

Transfers the contents of memory addressed by the memory
addressing specified in the second operand to the A
register.

When auto increment ([DE+]), [HL+])/auto decrement ([DE-],
[HL-]) was specified as mem, the contents of register pair
DE or register pair HL are automatically incremented or
decremented by one after data transfer.

Flag operation: Unchanged
Coding examples: MOVW RP6, #3000H; DE (RP6) + 3000H

MOV A, [DE+] ; Transfer the contents
of memory address
3000H to the A
register. (After
transfer, increment
the contents of DE by
one. )
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MOV mem, A
Function: (mem) + A

Transfers the contents of the A register to the memory
addressed by the memory addressing specified in the first
operand.

When auto increment ([DE+], [HL+])/auto decrement ([DE-],
[HL-]) was specified as mem, the contents of register pair
DE or register pair HL are automatically
incremented/decremented by one after data transfer.

Flag operation: Unchanged

Coding examples: MOV R2, #0FFH : Set FFH into the C
(R2) register.

MOVW RP6, #3000H; Set 3000H into
register pair DE.

MOV R1l, #0H Set OH into the A (R1)

register.

-

LOoOP:MOV [DE+], A Set the contents of
the A register into
address 3000H. (After
transfer, increments
the contents of DE by

one.)

ol

Initialize the
contents of memory
addresses 3000H to
3O0FFH to OH.

DBNZ C, SLOOP

By

MOV A, [saddrpl

Function: A + ((saddrp)) saddrp = FE20H to FFlEH
Transfers the contents of memory addressed by the contents
of short direct memory addressed by the second operand to
the A register.

Describe the short direct memory address or label directly
at saddrp of the second operand. However, this is limited
to even numbered addresses.

Flag operation: Unchanged

Coding example:
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MOV [saddrp], A

Function: ((saddrp)) + &4 saddrp = FE20H to FF1lEH
Transfers the contents of the A register to the memory
addressed by the contents of the short direct memory
addressed by the first operand.

Describe the short direct memory address or label directly
at saddrp of the first operand. Howewver, this is limited
to even numbered addresses.

Flag operation: Unchanged

Coding example:

MOV A, laddrlé
Function: A «+ (addrlé) addrlé = 0000H to FFFFH

Transfers the contents of memory addressed by the 1l6-bit
immediate data specified by the second operand to the A
register.

Flag operation: Unchanged

Coding example: MOV A, EXAM; Transfer the contents of
memory indicated by label
EXAM to the A register.

MOV laddrle, A

Function: (addrlé) + A addrle = 0000H to FFFFH

Transfers the contents of the A register to the memory

addressed by the 16-bit immediate data specified by the

first operand.

Flag operation: Unchanged

Coding example:
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MOV PSWL #byte
Function: PSW; + byte byte = Q0H to FFH

Transfers the 8-bit immediate data specified by the second
operand to the low-order 8-bits of the PSW.

Flag coperation:

|
s 'z AC 'P/V SUB Y

X X X X X X

Coding example:

MOV PSWH, #byte
Function: PSWy + byte byte = 00H to FFH

Transfers the 8-bit immediate data specified by the second
operand to the high-order 8 bits of the PSW.

Flag operation: Unchanged

Coding operation:

MOV PSWL, A

Function: Pswi + A

Transfers the contents of the A register to the low-order
B8 bits of the PSW.

Flag operation:

s 'z 'Ac 'P/V SUB CY

X X X X X X

Coding example:

MOV PSWH, A
Function: PSWH + A

Transfers the contents of the A register to the high-order
8 bits of the PSW.

Flag operation: Unchanged

Coding example:
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MOV A, PSWL

Function: A «+ PEWL

Transfers the contents of the low-order 8 bits of the PSW
to the A register.

Flag operation: Unchanged

Coding example:

MOV A, PSWH

Function: A + PSWy

Transfers the contents of the high-order 8 bits of the PSW
to the A register.

Flag operation: Unchanged

Coding example:

XCH A, rl
Function: A +—rl

Swaps the contents of the A register and the contents of
the B-bit register specified by the second operand.

Flag operation: Unchanged

Coding example:

XCH r, rl

Function: r +rl

Swaps the contents of the B-bit register specified by the
first operand and the contents of the 8-bit register
specified by the second operand.

Flag ﬁparatiun: Unchanged

Coding example:
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XCH A, mem
Function: A + (mem)

Swaps the contents of the A register and the contents of
the memory addressed by the memory addressing specified in
the second operand.

When auto increment ([DE+], [HL+])/auto decrement ([DE-],
[HL-]) was specified as mem, the contents of register pair
DE or register pair HL are automatically incremented or
decremented by one after the data is swapped.
Flag operation: Unchanged
Coding examples: MOV R2, #0FH : C (R2) « 10H
MOVW RP7, #FElOH; HL (RP7) + FE1lO0H
MOV R1l, #O0H :+ A (R1) « OOH
LOOP:XCH [HL-], A ;1 Swap the contents of
the A register and the
contents of address
FE10H. (Decrement the

contents of HL after
data transfer.)

DBNZ C, SLOOP : Shift the contents of
FEO1lH to FEl1OH forward
one address at a time.
(Address FE10H: 0QOH)
XCH A, saddr
Function: A + (saddr) saddr = FE20H to FF1FH

Swap the contents of the A register and the contents of
the short direct memory addressed by the second operand.

Describe the short direct memory address or label directly
at saddr of the second operand.

Flag operation: Unchanged

Coding example:
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XCH A, sfr

Function: A ++ sfr

Swaps the contents of the A register and the contents of
the special function register specified by the second
cperand.

Flag operation: Unchanged

Coding example: XCH A, RXB; Swap the contents of the A

register and the contents of
the serial receive buffer.

XCH A, [saddrp)

Function: A ++ ((saddrp)) saddrp = FE20H to FF1EH
Swaps the contents of the A register and the contents of
memory addressed by the contents of the short direct
memory addressed by the second operand.

Describe the short direct memory address or label directly
at saddrp of the second operand. However, this is limited
to even numbered addresses.

Flag operation: Unchanged

Coding example:

XCH saddr, saddr
Function: (saddr) ++ (saddr) saddr = FE20H to FF1lFH

Swaps the contents of the short direct memory addressed by
the first operand and the contents of the short direct
memory addressed by the second operand.

Describe the short direct memory address or label directly
at saddr of the first and second operands.

Flag operation: Unchanged

Coding example:
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10.6.2 16-BIT DATA TRANSFER INSTRUCTIONS
MOVW rpl, #word
Function: rpl + word word = 0000H to FFFFH
Transfers the 16-bit immediate data specified by the
second operand to the 16-bit register pair specified by
the first operand.

Flag operation: Unchanged

Coding example: MOVW RPO, #0AAS55H; Transfer AASS5H to the
AX register pair.

MOVW saddrp, #word

Function: (saddrp) + word saddrp = FE20H to FFlEH
word = 0000H to FFFFH

Transfers the 16-bit immediate data specified by the
second operand to the 2-byte area of the short direct
memory addressed by the first operand.

Describe the short direct memory address or label directly

at saddrp of the first operand. However, this is limited
to even numbered addresses.

Flag operation: Unchanged

Coding example:

MOVW sfrp, #word

Function: sfrp + word word = 0000H to FFFFH
Transfers the 16-bit immediate data specified by the
second operand to the 16-bit special function register
specified by the first operand.

Flag operation: Unchanged

Coding example: MOVW PWMO, #0FFOOH; Set FFOOH into the
PWMO register.
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MOV1 PSWH.bit, CY

Function: PSWy.bit +« CY bit = 0 to 7

Transfers the contents of the carry flag to the bit
addressed by the 3-bit immediate data of the first operand
of the high-order 8 bits of the program status word (PSW).

Flag operation: Unchanged

Coding example:

MOV1 PSWL.bit, CY

Function: PSWp.bit + CY bit = 0 to 7

Transfers the contents of the carry flag to the bit
addressed by the 3-bit immediate data of the first operand
of the low-order 8 bits of the program status word (PSW}.

Flag operation: The flag addressed by the first operand
becomes the same value as the carry flag.

Coding example:

AND1 CY, saddr.bit

Function: CY + CYA(saddr.bit) saddr = FE20H to FFlFH
bit = 0 to 7

ANDs the contents of the short direct memory bit addressed
by the second cperand and the contents of the carry flag
and places the result into the carry flag.

Specify the short direct memory bit address or label
directly in the saddr.bit operand.

Flag operation: : | r r T
S Z AC P/V SUB CY

X

Coding example:
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AND1 CY, /[saddr.bit

Function: CY + CYA{saddr.bit) saddr = FE20H to FF1FH
bit = 0 to 7

ANDs the inverted contents of the short direct memory bit
addressed by the second operand and the contents of the
carry flag and places the result into the carry flag.

Specify the short direct memory bit address or label
directly at the saddr.bit operand.

Flag operation:

T T T Y T
S Z AC P/V SUB CY

b
Coding example:
AND1l CY, sfr.bit
Function: CY + CYAsfr.bit bit = 0 to 7

ANDs the contents of the bit addressed by the 3-bit
immediate data of the second operand of the special
function register specified by the second operand and the
contents of the carry flag and places the result into the
carry flag.

Flag operation:

I | | I |
5 Z AC P/V SUB CY

X

Coding example:
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MOV1 CY, X.bit
Function: CY < X.bit bit = 0 to 7
Tranafers the contents of the bit addressed by the 3-bit

immediate data of the second operand of the X register to
the carry flag.

Flag operation: l

T 1 T ]
S Z AC P/V SUB CY

X
Coding example:

MOV1 CY, PSWH.bit

Function: CY + PSWyg.bit bit = ¢ to 7

Transfers the contents of the bit addressed by the 3=-bit
immediate data of the second operand of the high-order 8
bits of the program status word (PSW) to the carry flag.

Flag operation: .

| I | |
s Z AC P/V SUB CY

X
Coding example:

MOV1 CY, PSWL.bit

Function: CY + PSWp.bit bit = 0 to 7

Transfers the contents of the bit addressed by the 3-bit
immediate data of the second operand of the low~order 8
bits of the program status word (PSW) to the carry flag.

Flag operation:

s 2 AC P/V SUB CY

X

Coding example:
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MOV1 saddr.bit, CY

Punction: (saddr.bit) +« CY saddr = FE20H to FFlFH
bit = 0 to 7

Transfers the contents of the carry flag to the bit of the
short direct memory addressed by the first operand.

Describe the short direct memory bit address or label
directly at saddr.bit of the operand.

Flag operation: Unchanged

Coding example:

MOV1 sfr.bit, CY

Function: sfr.bit +« CY bit = 0 to 7
Transfers the contents of the carry flag to the bit
addressed by the 3-bit immediate data of the special
function register specified by the first operand.

Flag operation: Unchanged

Coding example:

MOVl A.bit, CY

Function: A.bit + CY bit = 0 to 7

Transfers the contents of the carry flag to the bit
addressed by the 3-bit immediate data of the first operand
of the A register.

Flag operation: Unchanged

Coding example:

MOV1 X.bit, CY

Function: X.bit + CY bit = 0 to 7
Transfers the contents of the carry flag to the bit
addressed by the 3-bit immediate data of the first
operand of the X registers.

Flag operation: Unchanged

Coding example:

10-158



Coding example: MOV A, #88H
ADD A, #79H; A = OlH, CY = 1, AC =1
ADJ4 ; A + A+66H, A = 67H, CY = 1
+ BB+79 = 167

10001000 88H

ADD { +J)0lll1lo001 79H
1“_.:{rl'!!fll'n'.:!i;n.w‘iill._:lllillllll1
CcY AC

ADJ4 |

+)01100110 66H

01100111 67H
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10.6.9 BIT HAHIPUL&TIDH INSTRUCTIONS
MOV1 CY, saddr.bit

Function: CY + (saddr.bit) saddr = FE20H to FFlFH
bit = 0 to 7

Transfers the contents of the short direct memory bit
addressed by the second operand to the carry flag.

Specify the short direct memory bit address or label
directly in the saddr.bit operand.

Flag operation:

s 'z 'Ac P/V SUB CY

X

Coding example:

MOV1 CY, sfr.bit

Function: CY + sfr.bit bit = 0 to 7

Transfers the contents of the bit addressed by the 3-bit
immediate data of the special function register specified
by the second operand to the carry flag.

Flag operation:

I i ] |
8 Z AC P/V SUB CY

X
Coding example:
MOV1 CY, A.bit
Function: CY + A.bit bit = 0 to 7

Transfers the contents of the bit addressed by the 3-bit
immediate data of the second operand of the A register to
the carry flag.

Flag operation: |

| | | |
5 Z AC P/V SUB CY

X

Coding example:
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ROR4 [rpl]

— Function: A3 to A¢ «{rpl)s to {(rpl)e, (rpl)s to {rpl)s «
Ay to Ag, (rpl)s to (rpl)y +(rpl); to (rpl),

T 4 3 0 T 4 3 0

A |Unchanged {rpl)

Rotates the low=order 4 bits of the A register and the
high-order 4 bits and low-order 4 bits of the memory

addressed by the operand to the right in 4 bit units.
Bits 7 to 4 of the A register are not affected.

~ Flag operation: Unchanged

Coding example: ROR4 [HL]; A (HL)
7 4 3 1] T 4 3 1]
Before o 00 0o o 1 0 610 1/l0 0 1 1
After
Exeoetion |0 0 0 0[0 0 1 1 00 10fl0 1 0 1
ROL4 [rpl]

Function: A; to A, +(rpl), to (rpl),, (rpl), to (rpl), +
A, to Ay, (rpl), to (rpl), « (rpl); to {(rpl),

_ 7 4 3 0 7 4 3 0

L

A |Unchanged {rpl)

Rotates the low-order 4 bits of the A register and the
high-order 4 bits and low-order 4 bits of the memory
addressed by the operand to the left in 4 bit units.
Bits 7 to 4 of the A register are not affected.

Flag operation: Unchanged

Coding example:

106-153



10.6.8 BCD ADJUSTMENT INSTRUCTION

ADJ4

Function:

Judges the contents of the A register, carry flag (CY),

auxiliary carry flag (AC), and subtraction flag (SUB) and
performs decimal adjustment as shown below.
instruction is meaningful only after operation between
decimal (BCD) data was executed.

This

Condition Operation

SUB = 0| Ag to Agft 9 Ay tOo A, £ 9 and CY = A + A
AC = 0 A, to A, 2 10 or CY = A + A+01100000B
By to Rg2 10| A7 to A, < 9 and CY = A + A+00000110B
AC = 0 A tO A, 2 9 or C(CY = A + A+01100110B
AC =1 By to A, £ 9 and CY = A + A+Q0000110CB
Ay to A, 2 10 or CY = A + A+01100110B

SUB =1 |AC =0 CY =0 A + A
CY =1 A + A-01100000B
AC = 1 CY =0 A + A-00000110B
cYy =1 A +« A-01100110B

Flag operation: , , ' l :
S Z AC P/V SUB CY

X X P
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SHRW rpl, n
Function: (CY « rply, rplis +« 0, rplp-1 « rply) x n times

n =0 to 7

15 0

0 —» - = CY

Shifts the contents of the lé-bit register pair specified
by the first operand to the right the number of bits
specified by the 3-bit immediate data given as the second
operand. The contents of the LSB of the 16-bit register
pair are shifted to the carry flag and 0 is set in the
MSB. However, when n = 0, the above cperation is not
performed.

Flag operation:

] 1 I [
5 Z AC P/V SUB CY

X X #] P 0 x

Coding example:

10-151



SHLW rpl, n
Function: (CY « rplis, rpleo + O, rplp4; « rplp) x n times

n=0to 7

13 0

Shifts the contents of the 16-bit register pair specified
by the first operand to the left the number of bits
specified by the 3-bit immediate data given as the second
operand. The contents of the MSB of the 16-bit register
pair are shifted to the carry flag and O is set in the
LEE. However, when n = 0, the operation above is not

performed.

Flag operation:

L | ] 1
S Z AC P/V SUB CY

x X 0 P 0 x

Coding example: SHLW RP0O, l; Double the contents of the
' AX register pair.
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ROLC rl, n
Function: (CY + rl;, rlg + CY, rlps, + rlp) x n times

n=0 toe 7

= :

Rotates the contents, including the carry flag, of the 8-
bit register specified by the first operand to the left

the number of bits specified by the 3-bit immediate data
given as the second operand.

Flag operation: 4

| | | |
s Z AC P/V SUB CY

P 0 X

Coding example:

SHR rl, n
Function: (CY + rl,, rl, + 0, rlp-; + rlp) x n times

n =0 to 7

0 — = CY

Shifts the contents of the B-bit register specified by the
first operand to the right the number of bits specified by
the 3-bit immediate data given as the second operand. The
contents of the LSB of the 8-bit register are shifted to
the carry flag and the 0 is set in the MSB. However, when
n =0, the above operation is not performed.

Flag operation:

] I 1 1 0
S %z AC P/V SUB CY

X X 0 P 0 X

Coding example: SHR R1l, 1:; Half the contents of the A
register. (Remainder is
placed into CY.)
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SHL rl, n
Function: (CY + rl;, rlg+« 0, rlpe + rlp) x n times

n =0 to 7

=1

0

Shifts the contents of the 8-bit register specified by the
first operand to the left the number of bits specified by
the 3-bit immediate data given as the second operand. The
contents of the MSB of the 8 bit register are shifted to
the carry flag and the 0 is set in the LSB. However, when
n = 0, the operation above is not performed.

Flag operation:

L i I I |
5 % AC P/V SUB CY

X X O P o X

Coding example: SHL R14, 3; Shift the contents of the L
register 3 bits to the left.
Set the contents of bit 5
before the shift into the
carry flag.
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10.6.7 SHIFT/ROTATION INSTRUCTIONS
ROR rl, n
Function: (CY, rl; +rly, Tly-; +rly) X n times

n=090to 7

Rotates the contents of the 8-bit register specified by
the first operand to the right the number of bits
specified by the 3-bit immediate data written as the
second operand. The contents of the LSB of the B-bit
register are transferred to the MSB and are set in the
carry flag. However, when n = 0, the operation above 1is
not performed.

Flag operation:

| I ] ] 1
S 72 AC P/V SUB CY

P 0 X

Coding example:
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ROL rl, n
Function: {CY, rlyg +rls, rlpsy, *+ rlp) x n times

n =0 to 7
7 B

CY - -]

Rotates the contents of the B8-bit register specified by
the first operand to the left the number of bits specified
by the 3-bit immediate data written as the second operand.
The contents of the MSB of the 8-bit register are
transferred to the LSB and are set in the carry flag.
However, when n = 0, the operation above is not performed.

Flag operation:

1 1 | 1 [
S Z AC P/V SUB CY

P 0 X

Coding example:

RORC rl, n
Function: (CY + rl,, rl, « CY, rlg-; «rlp) x n times

n==a to 7
T 0

= =l

Rotates the contents, including the carry flag, of the B-
bit register specified by the first operand are shifted to
the right the number of bits specified by the 3-bit
immediate data given as the second operand.

Flag operation: — ; I | |
s 2 AC P/V SUB CY

P 0 X

Coding example:
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DEC saddr
Function: (saddr) + (saddr)-l1 saddr = FE20H to FFlFH

Decrements the contents of the short direct memory
addressed by the operand.

Specify the short direct memory address or label directly
in the saddr operand.

Flag operation: :

1 i
s 'z 'AC P/V SUB CY

x X X v |

Coding example:

INCW rp2
Function: rp2 + rpi+l

Increments the contents of the 16-bit register pair
specified by the operand.

Flag operation: Unchanged

Coding example: INCW DE; DE DE+1

INCW saddrp
Function: (saddrp) + (saddrp)+l

saddrp = FEZ20H to FFlEH

Increments the contents of the 2-byte area of the short
direct memory addressed by the operand.

Specify the short direct memory address or label directly
in the saddrp operand. However, this is limited to even
numbered addresses.

Flag operation: Unchanged

Coding example:
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DECW rp2
Function: rp2 + rp2-l

Decrements the contents of the 16-bit register pair
specified by the operand.

Flag operation: Unchanged

Coding example: DECW HL; HL + HL-1

DECW saddrp
Function: {saddrp) + {(saddrp)-1
saddrp = FE20H to FFlEH

Decrements the contents of the 2-byte area of the short
direct memory addressed by the operand.

Specify the short direct memory address or label directly
in the saddrp operand. However, this is limited to even
numbered addresses.

Flag operation: Unchanged

Coding example:
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DIVUX rpl
Function: AXDE, rpl + AXDE:irpl

Divides the contents (32-bit data) of register pair AX
{high-order 16 bits) and register pair DE (low-order 16
bits) by the contents of the 16 bit register pair
specified by the operand and places the quotient into
register pair AX (high-order 16 bits) and register pair DE
(low-order 16 bits) and the remainder into the 16-bit
register specified by the operand.

Flag operation: Unchanged

Coding example:
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10.6.6 INCREMENT/DECREMENT INSTRUCTIONS
INC rl
Function: rl + rl+l

Increments the contents of the 8-bit register specified by
the operand.

Flag operation:

S 32 'AC P/V SUB CY

x x x v ]

Coding example:

INC saddr
Function: (saddr) + (saddr )+l saddr = FEZ0H to FF1lFH

Increments the contents of the short direct memory
addressed by the operand.

Specify the short direct memory address or label directly
in the saddr operand.

Flag operation: I I T T |
S % AC P/V SUB CY

X x X v 0

Coding example: INC TBl; Increments by 1 the contents of
the label TBl short direct
memory .

DEC r1l
Function: rl + rl-1

Decrements the contents of the B-bit register specified by
the operand.

Flag operation: T 1 T T |
3 Z AC P/V SUB CY

p 4 X x v 1

Coding example:
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CMPW saddrp, saddrp
Function: (saddrp)-(saddrp) saddrp = FE20H to FFlEH

Subtracts the contents of the 2-byte area of the short
direct memory addressed by the second operand from the
contents of the 2-byte area of the short direct memory
addressed by the first operand. When a subtraction result
borrow occurs, the carry flag is set. When a borrow does
not occur, the carry flag is reset.

After instruction execution, the contents of the short
direct memory are unchanged.

Specify the short direct memory address or label directly
in the first and second saddrp operands. However, this is
limited to even numbered addresses.

Flag operation: i I T I 1
s Z AC P/V SUB CY

x x X v 1 x

Coding example:
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10.6.5 MULTIPLY/DIVIDE INSTRUCTIONS
MULU rl
Function: AX + A x rl
Multiplies the contents of the A register and the contents
of the 8-bit register specified by the operand and places
the product into register pair AX.

Flag operation: Unchanged

Coding example;:

DIVUW rl

Function: AX, rl + AXirl

Divides the contents of register pair AX by the contents
of the 8-bit register specified by the operand and places
the guotient into register pair AX and the remainder into
the register specified by the operand.

Flag operation: Unchanged

Coding example:

MULUW rpl

Function: AX, rpl + AX x rpl

Multiplies the contents of register pair AX and the
contents of the 16-bit register pair specified by the
operand and places the high-order 16 bits of the product
into register pair AX and the lower~order 16 bits into the
16-bit register pair specified by the operand.

Flag operation: Unchanged

Coding example:
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CMPW sfrp, #word
Function: sfrp-word word = O000H to FFFFH

Subtracts the 16-bit immediate data specified by the
gsacond operand from the contents of the 16-bit special
function register specified by the first operand. Wwhen a
subtraction result borrow occurs, the carry flag is set.
When a borrow does not occur, the carry flag is reset.

After instruction execution, the contents of the 16-bit
special function register specified by the first operand
are unchanged.

Flag operation: r , 1 T I
S Z AC P/V SUB CY

X X X V' 1 X

Coding example:

CMPW rp, rpl
Function: rp-rpl

Subtracts the contents of the 16-bit register pair
specified by the second operand from the contents of the
l16-bit register pair specified by the first operand. When
a subtraction result borrow occurs, the carry flag is set.
When a borrow does not occur, the carry flag is reset.

After instruction execution, the contents of the register
palr specified by the first and second operands are
unchanged.

Flag operation:

S  Z 'AC PB/V SUB CY

x x X v 1 x

Coding example:
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CMPW AX, saddrp
Function: AX-(saddrp) saddrp = FE20H to FF1lEH

Subtracts the contents of the 2-byte area of the short
direct memory addressed by the second operand from the
contents of the register pair AX. When a subtraction
result borrow occurs, the carry flag is set. When a
borrow does not occur, the carry flag is reset.

After instruction execution, the contents of register pair
AX and the short direct memory are unchanged.

Specify the short direct memory address Or label directly
in the second saddrp operand. However, this is limited to
even numbered addresses.

Flﬂg ﬂpﬂrﬂtiﬂn 4 | | | | |
5 Z AC P/V SUB CY

x X X v 1 x

Coding example:

CMPW AX, sfrp
Function: AX-sfrp

Subtracts the contents of the 16-bit special function
register specified by the second operand from the contents
of register pair AX. When a subtraction result borrow
occurs, the carry flag is set. When a borrow does not
occur, the carry flag 1is reset.

After instruction execution, the contents of register pair
AX and the 16-bit special function register specified by
the second operand are unchanged.

Flag operation:

| | | 1 |
S Z AC P/V sUB CY

x x x v 1 x

Coding example:

10-140



SUBW AX, sfrp
Function: AX, CY + AX-sfrp

Subtracts the contents of the 1l6-bit special function
register specified by the second operand from the contents
of register pair AX. When a subtraction result borrow
occurs, the carry flag is set. When a borrow does not
occur, the carry flag is reset.

Flag operation: — , , ,
S Z AC P/V SUB CY

X X X vV 1 x

Coding example:

SUBW saddrp, saddrp
Function: (saddrp), CY + (saddrp)-(saddrp)
saddrp = FE20H to FFlEH

Subtracts the contents of the 2-byte area of the short
direct memory addressed by the second operand from the
contents of the 2-byte area of the short direct memory
addressed by the first operand. When a subtraction result
borrow occurs, the carry flag is set. When a borrow does
not occur, the carry flag is reset.

Specify the short direct memory address and label directly
in the first and second saddrp operands. However, this is
limited to even numbered addresses.

Flag operation: r T T T T
S Z AC P/V SUB CY

X x x v 1 X

Coding example:
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CMPW AX, f#word
Function: AX-word word = O000H to FFFFH

Subtracts the 1l6-bit immediate data specified by the
second operand from the contents of register pair AX.

When a subtraction result borrow occurs, the carry flag is
set. When a borrow does not occur, the carry flag is
reseat.

After instruction execution, the contents of register pair
AX are unchanged.

Flag operation: r

! T T [
S Z AC P/V SUB CY

X b4 X v 1 x

Coding example:

CMPW saddrp, #word

Function: (saddrp)-word saddrp = FEZ20H to FF1lEH
word = O0000H to FFFFH

Subtracts the 16-bit immediate data specified by the
second operand from the contents of the short direct
memory addressed by the first operand. When a subtraction
result borrow occurs, the carry flag is set. When a
borrow does not occur, the carry flag is reset.

After instruction execution, the contents of the short
direct memory are unchanged.

Specify the short direct memory address or label directly
in the first saddrp operand. However, this is limited to
even numbered addresses.

Flag operation:

S ' Z 'AC P/V SUB CY

x x X v 1 x

Coding example: CMPW OFE50H, #8000H

BGT SIMP : When the contents
of memory
addresses FES51H,
FE50H are greater
than those branch
of 8000H to the
address indicated
by label JMP.
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SUBW saddrp, #word
Function: (saddrp), CY + (saddrp)-word

saddrp = FE20H to FFlEH
word = Q000H to FFFFH

Subtracts the 16-bit immediate data specified by the
second operand from the contents of the 2-byte area of the
short direct memory addressed by the first operand. When
a subtraction result borrow occurs, the carry flag is set.
When a borrow does not occur, the carry flag is reset.

Specify the short direct memory address or label directly
in the first saddrp operand. However, this is limited to
even numbered addresses.

Flag operation:

sz AC P/V SUB CY

x X X v 1 b 4

Coding example:

SUBW sfrp, #word
Function: sfrp, CY + sfrp-word
word = Q000OH to FFFFH

Subtracts the 16-bit immediate data specified by the
second operand from the contents of the 16-bit special
function register specified by the first operand. When a
subtraction result borrow occursg, the carry flag is set.
Wwhen a borrow does not occur, the carry flag is reset.

Flag operation: ] I ] [ 1
S Z AC P/V SUB CY

X x x v 1 b4

Coding example:
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SUBW rp, rpl
Function: rp, CY + rp-rpl

Subtracts the contents of the l6-bit register pair
specified by the second operand from the contents of the
16-bit register pair specified by the first operand. When
a subtraction result borrow occurs, the carry flag is set.
When a borrow does not occur, the carry flag 1s reset.

Flag operation: I I , i I
S I AC P/V SUB CY

x x x v 1 x

Coding example:

SUBW AX, saddrp
Function: AX, CY + AX-(saddrp)
saddrp = FE20H to FFlEH

Subtracts the contents of the 2-byte area of the short
direct memory addressed by the second operand from the
contents of register pair AX. When a subtraction result
borrow occurs, the carry flag is set. When a borrow does
not occur, the carry flag is reset.

Specify the short direct memory address or label directly
in the second saddrp operand. However, this is limited to
even numbered addresses.

Flag operation: |

| | 1 |
5 Z AC P/V SUB CY

x X X v 1 X

Coding example:
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ADDW AX, saddrp
Function: AX, CY +« AX+(saddrp)
saddrp = FE20H to FF1lEH

Binary adds the contents of the 2-byte area of the short
direct memory addressed by the second operand to the
contents of register pair AX. When an addition result
carry occurs, the carry flag 1s set. When a carry does
not occur, the carry flag is reset.

Describe the short direct memory address or label directly
in the saddrp second operand. However, this is limited to
even numbered addresses.

Flag operation:
S Z AC P/V SUB CY

x X x v 0 x

Coding example:

ADDW AX, sfrp
Function: AX, CY + AX+sfrp

Binary adds the contents of the 16-bit special function
register specified by the second operand to the contents
of register pair AX. When an addition result carry
occurs, the carry flag is set. When a carry does not
occur, the carry flag is reset.

Flag cperation: | | , | ;
= Z AC P/V SUB CY

X x x v 0 x

Coding example:
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ADDW saddrp, saddrp
Function: (saddrp), CY + (saddrp)+(saddrp)
saddrp = FE20H to FF1lEH

Binary adds the contents of the 2-byte area of the short
direct memory addressed by the second operand to the
contents of the 2-byte area of the short direct memory
addressed by the first operand. Wwhen an addition result
carry occurs, the carry flag is set. When a carry does
not occur, the carry flag is reset.

Specify the short direct memory address or label directly
in the first and second saddrp operands. However, this is
limited to even numbered addresses.

Flag operation:

l T l !
S Z AC P/V SUB CY

x x X v 0 x

Coding example:

SUBW AX, #word
Function: AX CY + AX-word word = 0000H to FFFFH

Subtracts the 16-bit immediate data specified by the
second operand from the contents of register pair AX.

when a subtraction result borrow occurs, the carry flag is
set. When a borrow does not occur, the carry flag is
reset.

Flag operation: .

S ' 7 AC  P/V SUB CY

X x x v 1 p 4

Coding example:
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10.6.4 16-BIT OPERATION INSTRUCTIONS
ADDW AX, #word
Function: AX, CY + AX+word word = Q000H to FFFFH
Binary adds the 16-bit immediate data specified by the
second operand to the contents of register pair AX. When

an addition result carry occurs, the carry flag is set.
When a carry does not occur, the carry flag is reset.

Flag operation: . T I | |
S Z AC P/V SUB CY

x X x v 0 x

Coding example:

ADDW saddrp, #word
Function: (saddrp), CY + (saddrp)+word

saddrp = FE20H to FF1lEH
word = O000H to FFFFH

Binary adds the 16-bit immediate data specified by the
second operand to the contents of the 2-byte area of the
short direct memory addressed by the first operand. When
an addition result carry occurs, the carry flag is set.
when a carry does not occur, the carry flag is reset.

Specify the short direct memory address or label directly
in the saddrp first operand. However, this 1s limited to

aeven addresses.

Flag operation: T ¥ 1 | T
S zZ AC P/V SUB CY

x x X v 0 x

Coding example:
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ADDW sfrp, #word

Function: sfrp, CY + sfrp+word

word = 0Q00H to FFFFH

Binary adds the 16-bit immediate data specified by the
second operand to the contents of the 16-bit special
function register specified by the first operand. When
an addition result carry occurs, the carry flag is set.
When a carry does not occur, the carry flag is reset.

Flag operation:

S Z AC P/V SUB CY

x X X v 0 X

Coding example:

ADDW rp, rpl
Function: rp, CY + rp+rpl

Binary adds the contents of the 16-bit register pair
specified by the second operand to the contents of the 16~
bit register pair specified by the first operand. When an
addition result carry occurs, the carry flag is set. When
a carry does not occur, the carry flag is reset.

Flag operation: : | | | T
S Z AC P/V SUB CY

x x X v 0 4

Coding example:
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CMP A, sfr
Function: A-sfr

Subtracts the contents of the special function register
specified by the second operand from the contents of the A
register. When a subtraction result borrow occurs, the
carry flag is set. When a borrow does not occur, the
carry flag is reset.

After instruction execution, the contents of the A
register and special function register are unchanged.

Flag operation:

s ' z 'ac p/V SUB CY

x x X v 1 X

Coding example:

CMP saddr, saddr
Function: (saddr)-(saddr) gaddr = FE20H to FFlFH

Subtracts the contents of the short direct memory
addressed by the second operand from the contents of the
short direct memory addressed by the first operand. When
a subtraction result borrow occurs, the carry flag 1s
set. When a borrow does not occur, the carry flag is
reset.

After instruction execution, the contents of the short
direct memory are unchanged.

Specify the short direct memory address or label directly
in the first and second saddr operands.

Flag operation:

s ' 2z 'AC 'P/V SUB CY

x x X v 1 X

Coding example:
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CMP A, mem
Function: A-{mem)

Subtracts the contents of the memory addressed by the
addressing memory described at the second operand from the
contents of the A register. When a subtraction result

borrow occurs, the carry flag is set. When a borrow does
not occur, the carry flag is reset.

When auto increment ([DE+], [HL+])/auto decrement ([DE-],
[HL-]) was specified as mem, the contents of register pair
DE or register pair HL are automatically incremented or
decremented by 1 after the operation is executed.

After instruction execution, the contents of the A
register and memory are unchanged.

Flag operation:

| ! n 1
S Z AC P/V SUB CY

X X X A 1 X

Coding example:

CMP mem, A
Function: (mem)-A

Subtracts the contents of the A registers from the
contents of the memory addressed by the memory addressing
given as the first operand. When a subtraction result
borrow occurs, the carry flag is set. When a borrow does
not occur, the carry flag is reset.

When auto increment ([DE+], [HL+])/auto decrement ([DE-],
[HL-]) was specified as mem, the contents of register pair
DE or register pair HL are automatically incremented or
decremented by 1 after the operation is executed.

After instruction execution, the contents of the A
register and memory are unchanged.

Flag operation:

1

! | | |
S Z AC P/V SUB CY

X X X vV 1 X

Coding example:
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CMP saddr, #byte

Function: ({saddr)-byte saddr = FE20H to FF1FH
byte = O00H to FFH

Subtracts the 8-bit immediate data specified by the second
operand from the contents of the short direct memory
addressed by the first operand. When a subtraction result
borrow occurs, the carry flag is set. When a borrow does
not occur, the carry flag is reset.

After instruction execution, the contents of the short
direct memory are unchanged.

Described the short direct memory address or label
directly at saddr of the first operand.

Flag operation:

s ' 2 AC 'P/V SUB CY

X x X v 1 x

Coding example:

CMP sfr, #byte
Function: sfr-byte byte = 00H to FFH

Subtracts the 8-bit immediate data specified Dby the second
operand from the contents of the special function register
specified by the first operand. When a subtraction result
borrow occurs, the carry flag is set. When a borrow does
not occur, the carry flag is reset.

After instruction execution, the contents of the special
function register are unchanged.

Flag operation:

s ' 7z 'AC 'B/V SUB CY

X X X v 1 X

Coding example:
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CMP r, rl
Function: r=-rl

Subtracts the contents of the 8-bit register specified by
the second operand from the contents of the 8-bit register
specified by the first operand. When a subtraction result
borrow occurs, the carry flag is set. When a borrow does
not occur, the carry flag is reset.

After instruction execution, the contents of 8-bit
registers r and rl are unchanged.

Flag operation;:

s 2 AC 'P/V SUB cy

X X X v 1 X
Coding example:
CMP A, saddr
Function: A-(saddr) saddr = FE20H to FF1FH

Subtracts the contents of the short direct memory
addressed by the second operand from the contents of the A
register. When a subtraction result borrow occurs, the
carry flag is set. When a borrow does not occur, the
carry flag is reset.

After instruction execution, the contents of the A
register and the short direct memory are unchanged.

Describe the short direct memory address or label directly
at saddr of the second operand.

Flag operation:

s 'z 'AC 'P/vV'SUB' cY

X X X v 1 X

Coding example:
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XOR saddr, saddr
Function: (saddr) + (saddr)¥(saddr)

saddr = FE20H to FFlFH
EXCLUSIVE-ORs the contents of the short direct memory
addressed by the first operand and the contents of the
short direct memory addressed by the second operand and
places the result into the short direct memory addressed
by the first operand.

Describe the short direct memory address or label directly
at saddr of the first and second operands.

Flag operation:

s ' z 'ac 'p/V SUB CY

X X P 0

Coding example:

XOR A, mem
Function: A + A¥(mem)

EXCLUSIVE-ORs the contents of the A register and the
contents of the memory addressed by the memory addressing
specified in the second operand and places the result into
the A register.

When auto increment ([DE+], [HL+])/auto decrement (CDE-1],
[HL-]) was specified as mem, the contents of register pair
DE or register pair HL are automatically incremented or
decremented by one after the operation is executed.

Flag operation:

s | z 'ac 'p/V' SUB CY

X X P 0

Coding example:

10-125



XOR mem, A
Function: (mem) + (mem)¥A

EXCLUSIVE-ORs the contents of the memory addressed by the
memory addressing specified in the first operand and the
contents of the A register and places the result into the
memory addressed by the first operand.

When auto increment ([DE+], [HL+])/auto decrement ([DE-],
[HL-],) was specified as mem, the contents of register
pair DE or register pair HL are automatically incremented
or decremented by one after the operation is executed.

Flag operation:

s ' 2z Ac 'p/v'suB' cy

X X P 0
Coding example:
CMP A, #byte
Function: A-byte byte = 00H to FFH

Subtracts the 8-bit immediate data specified by the second
operand from the contents of the A register. When a
subtraction result borrow occurs, the carry flag is set,
When a borrow does not occur, the carry flag is reset.

After instruction execution, the contents of the A
register are unchanged.

Flag operation:

s' z 'AC 'p/V'SUB cY

b 4 X X v 1 X

Coding example:
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XOR saddr, #byte
Function: (saddr) + (saddr)¥byte

saddr = FE20H to FFlFH
byte = 00H to FFH

EXCLUSIVE-ORs the contents of the short direct memory
addressed by the first operand and the B-bit immediate
data specified by the second operand and places the result
into the short direct memory addressed by the first
operand.

Describe the short direct memory address or label directly
at saddr of the first operand.

Flag operation: |

-
s ' 2z Ac 'P/V SUB CY

X X P 0
Coding example:
XOR sfr, #byte
Function: sfr + sfribyte byte = 00H to FFH

EXCLUSIVE-ORs the contents of the special function
register specified by the first operand and the B8-bit
immediate data specified by the second operand and places
the result into the special function register specified by
the first operand.

Flag operation:

s ' z 'ac 'p/v suB cy

X X P O

Coding example:
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XOR r, rl

Function: r + r¥rl

EXCLUSIVE-ORs the contents of the 8-bit register specified
by the first operand and the contents of the 8-bit
register specified by the second operand and places the
result into the 8-bit register specified by the first
operand.

Flag operation:

s' z 'Ac 'p/v suB'cy

x X =} 0
Coding example:
XOR A, saddr
Function: A + A¥(saddr) saddr = FE20H to FFlFH

EXCLUSIVE-ORs the contents of the A register and the
contents of the short direct memory addressed by the
second operand and places the result into the A register.

Describe the short direct memory address or label directly
at saddr of the second operand.

Flag operation:

s ' z 'Aac 'P/V SUB CY

X X P 0

Coding example:

XOR A, sfr
Function: A + A¥sfr
EXCLUSIVE-ORs the contents of the A register and the

contents of the special function register specified by the
second operand and places the result into the A register.

Flag operation: ;

s' z ac 'p/V SUB CY

X X P 0

Coding example:
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QR saddr, saddr
Function: (saddr) « (saddr)V(saddr)

saddr = FE20H to FFlFH
ORs the contents of the short direct memory addressed by
the first operand and the contents of the short direct
memory addressed by the second operand and places the
result into the short direct memory addressed by the first
operand.

Describe the short direct memory address or label directly
at saddr of the first and second coperands.

Flag operation:

s ' 7 'AC P/V SUB CY

X X p 0

Coding example:

OR A, mam
Function: A + AV(mem)

ORs the contents of the A register and the contents of the
memory addressed by the memory addressing specified in the
second operand and places the result into the A register.

when auto increment ([DE+], [HL+])/auto decrement ([DE-],
[HL-]) was specified as mem, the contents of register pair
DE or register pair HL are automatically incremented or
decremented by one after the operation is executed.

Flag operation:

|
s ' z 'ac 'p/vV SUB CY

X X P 0

Coding example:
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OR mem, A
Function: (mem) + (mem)VA

ORs the contents of the memory addressed by the memory
addressing specified in the first operand and the contents
of the A register and places the result into the memory
specified by the first operand.

When auto increment ([DE+], [HL+])/auto decrement ([DE-],
[(HL-]) was specified as mem, the contents of register pair
DE or register pair HL are automatically incremented or
decremented by one after the operation is executed.

Flag operation:

S % AC P/V SUB CY

X X P 0
Coding example:;
XOR A, #byte
Function: A + A¥byte byte = 00H to FFH

EXCLUSIVE-ORs the contents of the A register and the 8-bit
immediate data specified by the second operand and places
the result into the A register.

Flag operation:

s 2z 'AC p/V SUB cy

x X P 0

Coding example: XOR A, #0FFH; Invert the contents of the
A register.
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OR saddr, #byte
Function: (saddr) + (saddr)vVbyte

gsaddr = FE20H to FFlFH
byte = 00H to FFH

ORs the contents of the short direct memory addressed by
the first operand and the 8-bit immediate data specified
by the second operand and places the result into the short
direct memory addressed by the first operand.

Describe the short direct memory address or label directly
at saddr of the first operand.

Flag operation:

s 2 AC P/V SUB CY

X X P 0
Coding example:
OR sfr, #byte
Function: sfr + sfr¥byte byte = 00H to FFH

ORs the contents of the special function register
specified by the first operand and B-bit immediate data
specified by the second operand and places the result into
the special function register specified by the first
operand.

Flag operation:

S 3z AC P/V SUB CY

X x P O

Coding example: MOV PM1l, #OOH
OR Pl, #FOH ; Output 1 from the high-
order 4 bits of port 1.

(Low-order 4 bits are
unchanged)
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OR r, rl

Function: r =+ rVrl

ORs the contents of the 8-bit register specified by the
first operand and the contents of the 8-bit. register
specified by the second operand and places the result into
the B-bit register specified by the first operand.

Flag ageratiun:

s ' 2z AC P/V sSUB'cy

4 x P 0
Coding example:
OR A ¥ !add r
Function: A <+ AV(saddr) saddr = FE20H to FF1FH

CRs the contents ©of the A register and the contents of the
short direct memory addressed by the second operand and
places the result into the A register.

Describe the short direct memory address or label directly
at saddr of the second operand.

Flag operation:

1 | | | |
] Z AC p/V SUB CY

X X P 0

Coding example:

OR A, sfr

Function: A + AVsfr

ORs the contents of the A register and the contents of the
gapecial function register specified by the second operand
and places the result into the A register.

Flag operation:

s 27 'Ac

Ff?IEUEICY

X X P D

Coding example:
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AND saddr, saddr
Function: (saddr) « (saddr)a{saddr)

saddr = FE20H to FF1FH
ANDs the contents of the short direct memory addressed Dby
the first operand and the contents of the short direct
memory addressed by the second operand and places the

result into the short direct memory addressed by the first
operand.

Describe the short direct memory address or label directly .
at saddr of the first and second operands.

Flag operation:

s | z 'ac p/V SUB'CY

X X P 0

Coding example:

AND A, mem
Function: A + Apjp({mem)

ANDs the contents of the A register and the contents of
the memory addressed by the memory addressing specified in
the second operand and places the result into the A
register.

when auto increment ([DE+], [HL+])/auto decrement (LDE-1],
[(HL-]) was specified as mem, the contents of register pair
DE or register pair HL are automatically incremented or
decremented by one after the operation is executed.

Flag operation:

s ' z 'Aac 'p/v SUB CY

X X P 0

Coding example:
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AND mem, A
Function: (mem) + (mem)AA

ANDs the contents of the memory addressed by the memory
addressing specified in the first operand and the contents

of the A register and places the result into the memory
specified by the firat operand.

When auto increment ([DE+], [HL+])/auto decrement ([DE-].
[HL-]) was specified as mem, the contents of register pair
DE or register pair HL are automatically incremented or
decremented by one after the operation is executed.

Flag operation:

] | | b
s Z AC P/V SUB' CY

x X P 0
Coding example:
OR A, #bfta
Function: A + AVbyte byte = 00H to FFH

ORs the contents of the A register and the 8-bit immediate
data specified by the second operand and places the result
into the A register.

Flag operation:

s 'z 'ac 'p/V SUB CY

x X P (VI

Coding example:
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AND sfr, #byte
Function: sfr + sfribyte byte = 0CH to FFH

ANDs the contents of the special function register
specified by the first operand and the B-bit immediate
data specified by the second operand and places the result
into the special function register specified by the first
operand.

Flag operation:

s 'z 'AC 'p/V SUB CY

X X P O

Coding example: AND MM, #0FH; Reset only the high-order
4 bits of the MM register.

{Low=order 4 bits are not
changed.)
AND r, rl
Function: r + rArl
ANDs the contents of the 8-bit register specified by the
first operand and the contents of the B-bit register
specified by the second operand and places the result into
the 8-bit register specified by the first operand.

Flag operation:

s z aAc Pp/V SUB CY

X X P 0

Coding example:
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AND A, saddr

Function: A + AA(saddr) saddr = FE20H to FF1FH
ANDs the contents of the A register and the contents of
the short direct memory addressed by the second operand
and places the result into the A register.

Describe the short direct memory address or label directly
at saddr of the second operand.

Flag operation: |

| | | I
5 Z AC P/V SUB CY

x X P 0

Coding example:

AND A, sfr
Function: A + AAsfr
ANDs the contents of the A register and the contents of

the special function register specified by the second
operand and places the result into the A register.

Flag operation: ;

I | i |
S Z AC P/V SUB CY

x x P 0]

Coding example:
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SUBC A, mem
Function: A, CY + A-(mem)-CY

Subtracts the contents, including the carry flag, of the
memory addressed by the memory addressing specified in the
second operand from the contents of the A register. When
a subtraction result borrow occurs, the carry flag is set.
When a borrow does not occur, the carry flag is reset.

When auto increment ([DE+]}, [HL+])}/auto decrement ([DE-],
[HL-]) was specified as mem, the contents of register pair

DE or register pair HL are automatically incremented or
decremented by one after the subtraction is executed.

Flag operation:

s ' 2 IAC-TPK?ISUEIEY

x X X v 1 X

Coding example:

SUBC mem, A
Function: (mem), CY + (mem)=A-=CY

Subtracts the contents, including the carry flag, of the A
register from the memory addressed by the memory
addressing specified in the first operand. When a
subtraction result borrow occurs, the carry flag is set.
When a borrow does not occur, the carry flag is reset.

when auto increment ([DE+1}, [HL+])}/auto decrement {([DE-],
[HL-]) was specified as mem, the contents of register pair
DE or register pair HL are automatically incremented or
decremented by one after the subtraction is executed.

Flag operations: | I T
s Z AC P/V SUB CY

X X X ' 1 X

Coding example:
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AND A, #byte
Function: A + AAbyte byte = 00H to FFH
ANDs the contents of the A register and the 8-bit

immediate data specified by the second operand and places
the result into the A register.

Flag operation: T

s ' 2 AC P/V SUB CY

X X P 0

Coding example:

AND saddr, #byte
Function: (saddr) + (saddr)ibyte

saddr = FE20H to FF1lFH
byte = O0H to FPH

ANDs the contents of the short direct memory addressed by
the first operand and the 8-bit immediate data specified
by the second operand and places the result into the short
direct memory addressed by the first operand.

Describe the short direct memory address or label directly
at saddr of the first operand.

Flag operation:

| | | I
g ! 72 AC P/V SUB CY

x X P 0

Coding example:
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SUBC r, rl
Function: r, CY + r-rl1=-CY

subtracts the contents, including the carry flag, of the
8-bit register specified by the second operand from the
contents of the B-bit register specified by the first
operand. When a subtraction result borrow occurs, the
carry flag is set. When a borrow does not occur, the
carry flag is reset.

Flag operation:

s ' z 'ac 'p/V SUB CY

X x X v 1 x

Coding example:

SUBC A, saddr
Function: A, CY + A-(saddr)-CY
saddr = FE20H to FF1FH

Subtracts the contents, including the carry flag, of the
short direct memory addressed by the second operand from
the contents of the A register. When a gubtraction result
borrow occurs, the carry flag is set. When a borrow does
not occur, the carry flag is reset.

Describe the short direct memory address Or label directly
at saddr of the second operand.

Flag operation: | | |
s 2 AC P/V SUB CY

X x b 4 v 1 X

Coding example:
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SUBC A, sfr
Function: A, CY + A-sfr-CY

Subtracts the contents, including the carry flag, of the
special function register specified by the second operand
from the contents of the A register. When a subtraction
result borrow occurs, the carry flag is set. When a
borrow does not occur, the carry flag is reset.

Flag operation:

s 'z 'ACc P/V SUB CY

X X x v 1 x

Coding example:

SUBC saddr, saddr
Function: (saddr), CY + (saddr)-(saddr)-CY
saddr = FEZ20H to FFlFH

Subtracts the contents, including the carry flag, of the

short direct memory addressed by the second operand from
the contents of the short direct memory addressed by the

firat operand. When a subtraction result borrow occurs,

the carry flag is set. When a borrow does not occur, the
carry flag is reset.

Degscribe the short direct memory address or label directly
at saddr of the first and second operands.

Flag operation:

) |
s 'z 'Ac 'p/V SUB CY

x X x v 1 X

Coding example:
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SUB mem, A
Function: (mem), CY + (mem)-=A

Subtracts the contents of the A register from the contents
of the memory addressed by the memory addressing specified
in the first operand. When a subtraction result borrow
occurs, the carry flag is set. When a borrow does not
occur, the carry flag is reset.

When auto increment ([DE+], [HL+])/auto decrement ([DE-],
[HL-]) was specified as mem, the contents of register pair
DE or register pair HL are automatically incremented or
decremented by one after the subtraction is executed.

Flag operation:

s ' z 'ac 'p/V SUB CY

b4 4 X A 1 x

Coding example:

SUBC A, #byte
Function: A, CY + A-byte=CY byte = O0H to FFH

Subtracts the 8-bit immediate data, including the carry
flag, specified by the second operand from the contents of
the A register. When a subtraction result borrow occurs,
the carry flag is set. When a borrow does not occur, the
carry flag is reset.

Flag operation:

s z AC 'BP/V SUB CY

X b 4 X v 1 x

Coding example:
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SUBC saddr, #byte
Function: (saddr), CY + (saddr)-byte-CY -

saddr = FE20H to FF1FH
byte = 00H to FFH

Subtracts the B-bit immediate data, including the carry
flag, specified by the second operand from the contents of
the short direct memory addressed by the first operand.
When a subtraction result borrow occurs, the carry flag is
set. When a borrow does not occur, the carry flag is
reset.

Describe the short direct memory address or label directly
at saddr of the first operand.

Flag operation: |

s' z Ac 'p/V'SUB'CY -

X X X v 1 X

Coding example:

SUBC sfr, #byte
Function: sfr, CY + sfr-hfte—CY
byte = 00H to FFH

Subtracts the 8-bit immediate data, including the carry
flag, specified by the second operand from the contents of
the special function register specified by the first
operand. When a subtraction result borrow occurs, the
carry flag is set. When a borrow does not occur, the
carry flag is reset.

Flag operation: I 1 i T T
§ 2 AC P/V SUB CY

X X X v 1 X

Coding example:
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SUB A, saddr
Function: A, CY + A-{saddr) gaddr = FE20H to FFlFH

Subtracts the contents of the short direct memory
addressed by the second cperand from the contents of the A
register. When a subtraction result borrow occurs, the
carry flag is set. When a borrow does not occur, the
carry flag 1s reset.

Describe the short direct memory address or label directly
at saddr of the second operand.

Flag operation: ] | | l |
S Z AC P/V SUB CY

X X X v 1 X

Coding example:

sSUs A, sfr
Function: A, CY <+ A-sfr

Subtracts the contents of the special function register
specified by the second operand from the contents of the A
register. When a subtraction result borrow occurs, the
carry flag is set. When a borrow does not occur, the
carry flag is reset.

Flag coperation:

s ' 7 'AC 'P/V 'SUB' CY

X x X Vv 1 X

Coding example:
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SUB saddr, saddr
Function: (saddr), CY + (saddr)-(saddr)

saddr = FE20H to FFlFH

Subtracts the contents of the short direct memory
addressed by the second operand from the contents of the
short direct memory addressed by the firat operand. When
a subtraction result borrow occurs, the carry flag is set.
When a borrow does not occur, the carry flag is reset.

Describe the short direct memory address or label directly
at saddr of the first and second operands.

Flag cperation: |

| |
§ 2 AC Tpfv'sua cY

X X X v 1 x

Coding example:

SUB A, mem
Function: A, CY « A-(mem)

Subtracts the contents of the memory addressed by the
memory addressing specified in the second operand from the
contents of the A register. When a subtraction result
borrow occurs, the carry flag is set. When a borrow does
not occur, the carry flag is reset.

When auto increment ([DE+], [HL+])/autc decrement ([DE-],
[HL-]) was specified as mem, the contents of register pair
DE or register pair HL are automatically incremented or
decremented by one after subtraction is executed.

Flag operation:

s ' 2 AC P/V SUB CY

X X x v 1 X

Coding example:
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SUB A, #byte
Function: A, CY + A-byte byte = 00H to FFH

Subtracts the 8-bit immediate data specified by the second
operand from the contents of the A register. If a
subtraction result borrow occurs, the carry flag is set.
When a borrow does not occur, the carry flag is reset.

Flag operation: T I : ! J
S %2 AC P/V SUB CY

X x X v 1 X

Coding example:

SUB saddr, #byte
Function: (saddr), CY + (saddr)-byte

saddr = FE20H to FFLlFH
byte = 00H to FFH

Subtracts the 8-bit immediate data specified by the second
operand from the contents of the short direct memory
addressed by the first operand. When a subtraction result
borrow occurs, the carry flag is set. When a borrow does
not occur, the carry flag is reset.

Describe the short direct memory address or label directly
at saddr of the first operand.

Flag operation:

|
s 'z 'ac 'p/vV SuUB CY

X X X v 1 X

Coding example:
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SUB sfr, #byte
Function: sfr, CY + sfr-byte byte = 00H to FFH

Subtracts the 8-bit immediate data specified by the second
operand from the contents of the special function register
specified by the first operand. When a subtraction result
borrow occurs, the carry flag is set. When a borrow does
not occur, the carry flag is reset.

Flag operation:

s 'z 'ac 'p/V SUB CY

X X X v L X

Coding example:

SUB r, rl
Function: r, CY + r-rl

Subtracts the contents of the B-bit register specified by

the second operand from the contents of the 8-bit register
specified by the first operand. When a subtraction result
borrow occurs, the carry flag is set. When a borrow does

not occur, the carry flag 1is reset.

Flag operation: i

s Z 'ac 'Ffv'suﬁTCY

x X X v 1 X

Coding example:
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ADDC A, sfr
Function: A, CY + A+sfr+CY

Binary adds the contents, including the carry flag, of the
special function register specified by the second operand
to the contents of the A register. When an addition
result carry occurs, the carry flag is set. When a carry
does not occur, the carry flag is reset.

Flag operation: r 1 . .
: S Z AC P/V SUB CY

x X X v 0 X

Coding example:

ADDC saddr, saddr
Function: (saddr), CY + {(saddr)+(saddr)+CY
saddr = FE20H to FF1lFH

Binary adds the contents, including the carry flag, of the
short direct memory addressed by the second operand to the
contents of the short direct memory addressed by the first
operand. When an additional result carry out occurs, the
carry flag is set. When a carry does not occur, the carry
flag is reset.

Describe the short direct memory address or label directly
at saddr of the first and second operands.

Flag operation: r T T . .
S Z AC P/V SUB CY

X X X v 0 X

Coding example:
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ADDC A, mem
Function: A, CY +« A+(mem)+CY

Binary adds the contents, including the carry flag, of the
memory addressed by the memory addressing specified in the
second operand to the contents of the A register. When an
addition result carry occurs, the carry flag is set. When
a carry does not occur, the carry flag is reset.

When auto increment ([DE+], [HL+1l)/auto decrement ([DE-],
[HL=]) was specified as mem, the contents of register pair

DE or register pair HL are automatically incremented or
decremented by one after the addition is executed.

Flag operation: |

s 'z 'ac 'P/V SUB &Y

X X X v 0 X

Coding example:

ADDC mem, A
Function: (mem), CY + (mem)+A+CY

Binary adds the contents, including the carry flag, of the
A register to the contents of the memory addressed by the
memory addressing specified in the first operand. When an
addition result carry occurs, the carry flag is set. When
a carry does not occur, the carry flag is reset.

When auto increment ([DE+], [HL+])/auto decrement ({DE-],
[HL-]) was specified as mem, the contents of register pair
DE or register pair HL are automatically incremented or
decremented by one after the addition is executed.

Flag operation:

s ' 7 AC 'va'SUB'C?

X X X v 4] X

Coding example:
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ADDC saddr, #byte
Function: (saddr), CY + (saddr)+byte+CY

saddr = FE20H to FF1FH
byte = 00H to FFH

Binary adds the 8-bit immediate data, including the carry
flag, specified by the second operand to the contents of
the short direct memory addressed by the first operand.
When an addition result carry occurs, the carry flag is
set. When a carry does not occur, the carry flag is
reset.

Describe the short direct memory address or label directly
at saddr of the first operand.

Flag operation:

s ' z 'ac 'p/V'SUB CY

X X X v O X

Coding example:

ADDC sfr, #byte
Function: sfr, CY + sfrt+byte+CY
byte = 00H to FFH

Binary adds the B-bit immediate data, including the carry
flag, specified by the second operand to the contents of
the special function register specified by the first
operand. When an addition result carry occurs, the carry
flag is set. When a carry does not occur, the carry flag
is reset.

Flag operation: |

S % AC P/V SUB CY

X X X A 0 X

Coding example:

10-101



ADDC r, rl
Function: r, CY + r+rl+CY

Binary adds the contents, including the carry flag, of the
B-bit register specified by the second operand to the
contents of the B-bit register specified by the first
operand. When an addition result carry occurs, the carry
flag is set. When a carry flag does not occur, the carry
flag is reset.

Flag operation:

s ' 2z 'AC 'p/V'SUB'CY

x X X v 0 X

Coding example:

ADDC A, saddr
Function: A, CY + A+(saddr)+CY
saddr = FEZ20H to FFlFH

Binary adds the contents, including the carry flag, of the
short direct memory addressed by the second operand to the
contents of the A register. When an addition result carry
occurs, the carry flag is set. When a carry does not
occur, the carry flag is reset.

Describe the short direct memory address or label directly
at saddr of the second operand.

Flag operation: I | 1
S Z AC P/V SUB CY

x b4 X v 0 X

Coding example:
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ADD saddr, saddr
Function: (saddr), CY « (saddr)+(saddr)
saddr = FE20H to FFlFH

Binary adds the contents of the short direct memory
addressed by the second operand to the contents of the
short direct memory addressed by the first operand. Wwhen
an addition result carry occurs, the carry flag is set.
When a carry does not occur, the carry flag is reset.

Describe the short direct memory address or label directly
at saddr of the first and second operands.

Flag operation: , | ,
§ 2Z AC P/V SUB CY

X X X v 0 X

Coding example:

ADD A, mem
Function: A, CY + A+{(mem)

Binary adds the contents of the memory addressed by the
memory addressing specified in the second operand to the
contents of the A register. When an addition result carry
occurs, the carry flag is set. When a carry does not
occur, the carry flag is reset.

When auto increment {[DE+], [HL+])/auto decrement ({DE-],
[HL-]) was specified as mem, the contents of register pair
DE or register pair HL are automatically incremented or
decremented by one after the addition is executed.

Flag operation:

s ' 2 AC 'P/V SUB CY

X X x v 0 x

Coding example:
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ADD mem, A
Function: {(mem), CY + (mem)+A

Binary adds the contents of the A register to the contents
of the memory addressed by the memory addressing specified
in the first operand. When an addition result carry out
occurs, the carry flag is set. When a carry does not
occur, the carry flag is reset.

Wwhen auto increment ([DE+], [HL+]}/auto decrement ([DE-J,
[HL-]) was specified as mem, the contents of register pair
DE or register pair HL are auntomatically incremented or
decremented by one after the addition is executed.

Flag operation: . . . . .
: § 2 AC P/V SUB CY

X X X v 0 x

Coding examples: MOV RZ, #0FH ; C + OFH
MOV RP7, #FE20H; HL +* FE20H
LOOP:MOV A, #l0H
aDD [HL+80H], A; Add 10H to the
contents of FEAOCH to
FEAFH.

DBNZ C, S$LOOP

ADDC A, #byte
Function: A, CY + Atbyte+CY byte = O0OH to FFH

Binary adds the B-bit immediate data, including the carry
flag, specified by the second operand, to the contents of
the A register. When an additional result carry OCCUrS,
the carry flag is set. When a carry does not occur, the
carry flag is reset.

Flag operation: L . . . ;
s Z AC P/V SUB CY

X x X v 0 b

Coding example:
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ADD sfr, #byte
Function: sfr, CY + sfr+byte byte = 00H to FFH

Binary adds the B-bit immediate data specified by the
second operand to the contents of the special function
register specified by the first operand. When an addition
result carry occurs, the carry flag is set. When a carry
does not occur, the carry flag is reset.

Flag operation:

s ' z 'ac 'p/v 'suB cY

X X X v 9] X

Coding example: ADD CROOL #1H; Binary add the low-order
8 bits of the CROO
register and 1H and place
the result into the CROO
register.

ADD r, rl
Function: r, CY + r+rl

Binary adds the contents of the register specified by the
second operand to the contents of the register specified
by the first operand. When an additional result carry
occurs, the carry flag is set. When a carry out does not
occur, the carry flag is reset.

Flag operation: |

s ' 2z 'aAc P/V'SUB CY

X X X v 0O X

Coding example:
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ADD A, saddr
Function: A, CY + A+(saddr) saddr = FE20H to FF1lFH

Binary adds the contents of the short direct memory
addressed by the second operand to the contents of the A
register. When an addition result carry occurs, the carry
flag is set. When a carry does not occur, the carry flag
is reset.

Describe the short direct memory address of label directly
at saddr of the second operand.

Flag operationt

S ! Z 'ac 'va'SUB'cY

X x x v 0 X

Coding example:

ADD A, sfr
Function: A, CY + A+sfr

Binary adds the contents of the special function register
specified by the second operand to the contents of the A
register. When an addition result carry occurs, the

carry flag is set. When a carry does not occur, the carry
flag is reset.

Flag operation:

s ' % 'ac 'P/V SUB'CY

x X X v 0 x

Coding example:
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XCHW AX, sfrp
Function: AX + sfrp

Swaps the contents of register pair AX and the contents of

the 16-bit special function register specified by the

second operand.

Flag operation: Unchanged

Coding example: XCHW AX, PWMOL: Swap the contents of the
PWMO register and the AX
register pair.

XCHW saddrp, saddrp

Function: (saddrp) ++ (saddrp) saddrp = FE20H to FFlEH

Swaps the contents of the 2-byte area of the short direct

memory addressed by the first operand and the contents of

the 2-byte area of the short direct memory addressed by

the second operand.

Describe the short direct memory address or label directly

at saddrp of the first and second operands. However, . this

is limited to even numbered addresses.

Flag operation: Unchanged

Coding example:

XCHW rp, rpl

Function: rp ++ rpl

Swaps the contents of the 1l6-bit register pair specified
by the first operand and the contents of the l6-bit
register pair specified by the second operand.

Flag operation: Unchanged

Coding example:
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10.6.3 8-BIT OPERATION INSTRUCTIONS
ADD A, #byte
Function: A, CY + A+byte byte = ODH to FFH
Binary adds the 8-bit immedlate data specified by the
sacond operand to the contents of the A register. When an
addition result carry occurs, the carry flag is set. When
a carry does not occur, the carry flag is reset.

Flag operation:

S Z AC P/V SUB CY

X b4 X v 0 x

Coding example: ADD A, #40H; Binary add 40H to the
contents of the A register.

ADD saddr, #byte
Function: (saddr), CY + (saddr)+byte

saddr = FE20H to FFlFH
byte = OCH to FFH

Binary adds the 8-bit immediate data specified by the
second operand to the contents of the short direct memory
addressed by the first operand. When an addition result
carry occurs, the carry flag is set. When a carry does
not occur, the carry flag is reset.

Describe the short direct memory address or label directly
at saddr of the first operand.

Flag operation:
. = Z AC P/V 5UB CY

x X X v O X

Coding example:
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MOVW saddrp, saddrp

Function: (saddrp) + (saddrp) saddrp = FE20H to FFlEH
Transfer the 2-byte area of the short direct memory
addressed by the second operand to the contents of the 2-
byte area of the short direct memory addressed by the
first operand.

Describe the short direct memory address or label directly
at saddrp of the first and second operands. However, this
is limited to even numbered addresses.

Flag operation: Unchanged

Coding example:

MOVW AX, sfrp

Function: AX + sfrp

Transfers the contents of the l6-bit special function

register specified by the second operand to register pair

AX.

Flag operation: Unchanged

Coding example: MOVW AX, CPTO; Transfer the contents of
the CPT0 register to
register pair AX.

MOVW sfrp, AX

Function: sfrp + AX

Transfers the contents of register pair AX to the 16-bit
special function register specified by the first operand.

Flag operation: Unchanged

Coding example:
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MOVW rpl, !addrlé

Function: rpl + (addrlé) addrl6 = O000H to FDFEH
(enable to any address)
addrlé = FEOOH to FFFEH
(limited to even address)

Transfers the contents of the 2-byte area of the memory
addressed by the second operand to the 16-bit register
palr specified by the first operand. Describe the address
or label directly at addrl6 of the second operand.

Flag operation: Unchanged

Coding example: MOVW DE, !TST; Transfer the contents of
the memory indicated by
label TST to the DE
register pair.

MOVW !addrlé6, rpl

Function: (addrlé) + rpl addrl6 = O0000H to FDFEH
(enable to any address)
addrl6é = FEOOH to FFFEH
(limited to even address)

Transfers the contents of the 16-bit register pair

specified by the second operand to the 2-byte area of the

memory addressed by the first operand. Describe the

address or label directly at addrlé of the first operand.

Flag operation: Unchanged

Coding example: MOVW !TABLE, DE; Transfer the contents of
the DE register pair to

the memory indicated by
label TABLE.

XCHW AX, saddrp

Function: AX +(saddrp) saddrp = FE20H to FFlEH
Swaps the contents of register pair AX and the contents of
the 2-byte area of the short direct memory addressed by
the second operand.

Describe the short direct memory address or label directly
at saddrp of the second operand. However, this is limited
to even numbered addresses.

Flag operation: Unchanged

Coding example:
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10.6.2 16—BIT DATA TRANSFER INSTRUCTIONS
MOVW rpl, #word
Function: rpl + word word = Q000H to FFFFH
Transfers the l6-bit immediate data specified by the
second operand to the 16-bit register pair sgpecified by
the first operand.

Flag operation: Unchanged

Coding example: MOVW RPO, #0AAS55H; Transfer AAS5H to the
AX register pair.

MOVW saddrp, #word

Function: (saddrp) + word saddrp = FE20H to FFlEH
word = 00D00H to FFFFH

Transfers the l6-bit immediate data specified by the
second operand to the 2-byte area of the short direct
memory addressed by the first operand.

Describe the short direct memory address or label directly
at saddrp of the first operand. However, this is limited
to even numbered addresses.

Flag coperation: Unchanged

Coding example:

MOVW sfrp, #word

Function: sfrp + word word = 0000H to FFFFH
Transfers the 16-bit immediate data specified by the
second operand to the l6-bit special function register
gspecified by the first operand.

Flag operation: Unchanged

Coding example: MOVW PWMO, #0FFO0H; Set FFOOH into the
PWMO register.

10-921



AND1 CY, /sfr.bit
Function: <CY + CYAsfr.bit bit = 0 to 7

ANDs the inverted contents of the bit addressed by the 3-
bit immediate data of the second operand of the special
function register specified by the second operand and the
contents of the carry flag and places the result into the
carry flag.

Flag operation: , . I I .
S 2 AC P/V SUB CY

X
Coding example:
AND]1 CY, A.bit
Function: CY + CYAA.bit bit = 0 to 7

ANDs the contents of the bit addressed by the 3-bit
immediate data of the second operand of the A register and
the contents of the carry flag and places the result into
the carry flag.

Flag operation:

| | | |
] Z AC P/V SUB CY

X
Coding example:
ANDl1 CY, /A.bit
Function: CY +A A.bit bit = O to 7

ANDs the inverted contents of the A register bit addressed
by the 3-bit immediate data of the second operand and the
contents of the carry flag and places the result into the
carry flag.

Flag operation: ; | l , |
S Z AC P/V SUB CY

X

Coding example:
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ANDL CY, X.bit

Function: CY + CYAX.bit Bit =0 to 7

ANDs the contents of the X register bit addressed by the
3-bit immediate data of the second operand and the

contents of the carry flag and places the result into the
carry flag.

Flag operation:

| | | ]
5 Z AC P/v SUB CY

X
Coding example:
AND1l CY, /X.bit
Function: CY + CYAX.bit bit = 0 to 7

ANDs the inverted contents of the X register bit addressed
by the 3-bit immediate data of the second operand and the
contents of the carry flag and places the result into the
carry flag.

Flag operation:

T | | 1 |
S Z AC P/V SUB CY

X
Coding example:

ANDl CY, PSWH.bit

Function: CY + CYAPSWy.bit bit = 0 to 7

ANDs the contents of the bit addressed by the 3-bit
immediate data of the second operand of the high-order 8
bits of the program status word (PSW) and the contents of
the carry flag and places the result into the carry flag.

Flag operation:

S 'z AC P/V SUB CY

X

Coding example:
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AND1l CY, /PSWH.bit

Function: CY +« CYAPSWy.bit bit = 0 to 7

ANDs the inverted contents of the bit addressed by the 3~
bit immediate data of the second operand of the high-order
8 bits of the program status word (PSW) and the contents

of the carry flaqg and places the result into the carry
flag.

Flag operation:

S 2 AC P/V SUB CY

Coding example:

AND1 CY, PSWL.Dbit
Function: CY + CYAPSW.bit bit = 0 to 7

ANDs the contents of the bit addressed by the 3-bit
immediate data of the second operand of the low-order 8
bits of the program status word (PSW) and the contents of
the carry flag and places the result into the carry flag.

Flag operation: . | : r ;
S Z AC P/V SUB CY

X

Coding example:

AND1 CY, /PSWL.bit

Function: CY + CYAPSWL.bit bit = 0 to 7

ANDs the inverted contents of the bit addressed by the 3-
bit immediate data of the second operand of the low-order
B8 bits of the program status word (PSW) and the contents
of the carry flag and places the result into the carry
flag.

Flag operation: |

I | | |
s Z AC Pp/v SUB CY

Coding example:
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OR1 CY, saddr.bit

Function: CY + CYV(saddr.bit) saddr = FE20H to FF1FH
bit = 0 to 7

ORs the contents of the short direct memory bit addressed
by the second operand and the contents of the carry flag
places the result intoc the carry flag.

Specify the short direct memory bit address or label
directly in the saddr.bit operand.

Flag operation:

| k 1 1 |
S Z AC P/V SUB CY

X

Coding example:

OR1l CY, /[saddr.bit

Function: CY + CYV(saddr.bit) saddr = FE20H to FFLlFH
bit = 0 to 7

ORs the inverted contents of the short direct memory bit
addressed by the second operand and the contents of the
carry flag and places the result into the carry flag.

Specify the short direct memory bit address or label
directly in the saddr.bit operand.

Flag operation:

k

I i | |
8 Z AC P/V SBUB CY

X

Coding example:
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ORl1 CY, sfr.bit
Function: CY + CYVsfr.bit bit = 0 to 7

ORs the contents of the bit addressed by the 3-bit
immediate data of the second operand of the special
function register specified by the second operand and the
contents of the carry flag and places the result into the
carry flag.

Flag coperation:

S ' Z  AC Tpfv'suarcf

x
Coding example:
ORl CY, /sfr.bit
Function: CY + CYVefr.bit bit = 0 to 7

ORs the inverted contents of the bit, addressed by the 3-
bit immediate data of the second operand, specified by the
second operand of the special function register and the
contents of the carry flag, and places the result into the
carry flag.

Flag operation:

1 ] ] 1
s Z AC P/V SUB CY

X

Coding example:

ORl CY, A.bit
Function: CY + CYVA.bit bit = 0 to 7

ORs the contents of the A register bit addressed by the 3-
bit immediate data of the second operand and the contents
of the carry flag and places the result into the carry

flag. '

Flag operation: , , F . 1
5 2 AC P/V SUB CY

X

Coding example:
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ORl CY, /A.bit

Function: CY + CYVA.bit bit = 0 to 7

ORs the inver?ad contents of the A register bit addressed
by the 3-bit immediate data of the second operand and the
contents of the carry flag and places the result into the
carry flag.

Flag operation:

S 2z AC P/V SUB CY

b 4
Coding example:
OR1l CY, X.bit
Function: CY + CYVX.bit bit = 0 to 7

ORs the contents of the X register bit addressed by the 3=
bit immediate data of the second goperand and the contents
of the carry flag and places the result into the carry
flag.

Flag operation:

1 | ] ] |
S Z AC P/V SUB CY

X

Coding example:

OR1l, CY, /X.bit
Function: CY + CYVX.bit bit = 0 to 7

ORs the inverted contents of the X register bit addressed
by the 3-bit immediate data of the second operand and the
contents of the carry flag and places the result into the
carry flag.

Flag operation:

] ] ] ] ]
S Z AC P/V SUB CY

X

Coding example:
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CRl, CY, PSWH.bit

Function: CY + CYVPSWy.bit bit = 0 to 7

ORs the contents of the bit addressed by the 3-bit
immediate data of the second operand of the high~order 8
bits of the program status word (PSW) and the contents of
the carry flag and places the result into the carry flag.

Flag operation:

S 2 AC P/V SUB CY

Coding example:

ORl CY, /PSWH.bit
Function: CY + CYVPSWy.bit bit = 0 to 7

ORs the inverted contents of the bit addressed by the 3-
bit immediate data of the second operand of the high-order
B bits of the program status word (PSW) and the contents
of the carry flag and places the result into the carry
flag.

Flag operation: :

I | | ]
S Z AC P/V SUB CY

Coding example:

OR1 CY, PSWL.bit
Function: CY + CYVPSWL.bit bit = 0 to 7

ORs the contents of the bit addressed by the 3-bit
immediate data of the second operand of the low-order 8
bits of the program status word (PSW) and the contents of
the carry flag and places the result into the carry flag.

Flag operation: . ; : . |
§ Z AC P/V SUB CY

X

Coding example:
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OR1 CY, /PSWL.bit
Function: CY * CYVPSWp.bit bit = 0 to 7

ORs the inverted contents of the bit addressed by the 3-
bit immediate data of the second operand of the low-order
8 bits of the program status word (PSW) and the contents
of the carry flag and places the result into the carry
flag.

Flag cperation: 1

s 'z AC P/V SUB CY

X

Coding example:

XOR1 CY, saddr.bit

Function: CY + CY¥(saddr.bit) saddr = FE20H to FF1FH
bit = 0 to 7

EXCLUSIVE=ORs the contents of the short direct memory bit
addressed by the second operand and the contents of the
carry flag and places the result into the carry flag.

specify the short direct memory bit address or label
directly in the saddr.bit operand.

Flag operation: |

] H ] ]
S Z AC P/V SUB CY

X

Coding example:
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XOR1 CY, sfr.bit
Function: CY + CY¥sfr.bit bit = 0 to 7

EXCLUSIVE-ORs the contents of the bit addreased by the 3-
bit immediate data of the second operand of the special
function register specified by the second operand
addressed and the contents of the carry flag and places
the result into the carry flag.

Flag operation:

T T T 1 1
S Z AC P/V SUB CY

X
Coding example:
XOR1 CY A.bit
Function: CY + CY¥A.bit bit = 0 to 7

EXCLUSIVE-ORs the contents of the A register bit addressed
by the 3-bit immediate data of the second operand and the
contents of the carry flag and places the result into the
carry flag.

Flag operation: | v ; ! :
s Z AC P/V SUB CY

X

Coding example:

XOR1l CY, X.bit
Function: CY + CY¥X.bit bit = 0 to 7

EXCLUSIVE-ORs the contents of the X register bit addressed
by the 3-bit immediate data of the second operand and the
contents of the carry flag and places the result into the
carry flag.

~ Flag operation: i , | | ]
S 2 AC P/V SUB CY

Coding example:
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XORl CY, PSWH.bit
Function: CY + CY¥PSWh.bit bit = 0 to 7

EXCLUSIVE~ORs the contents of the bit addressed by the 3-
bit immediate data of the second cperand of the high-order
8 bits of the program status word (PSW) and the contents
of the carry flag and places the result into the carry
flag.

Flag operation:

] ] ] ] i
s 2z AC P/V SUB CY

X
Coding example:
XOR1l CY, PSWL.bit
Function: CY + CY¥PSWi,.bit bit = 0 to 7

EXCLUSIVE-ORs the contents of the bit addressed by the 3-
bit immediate data of the second operand of the low-order
8 bits of the program status word (PSW) and the contents
of the carry flag and places the result into the carry
flag.

Flag operation:

I 1 ] ] i
S Z AC P/V SUB CY

x

Coding example:

SET1 saddr.bit

Function: (saddr.bit) + 1 saddr = FE20H to FF1lFH
bit = 0 to 7

Sets the short direct memory bit addressed by the operand
to 1.

Specify the short direct memory bit address or label
directly in the saddr.bit operand.

Flag operation: Unchanged

Coding example:
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SET1 sfr.bit

Function: sfr.bit + 1 bit = 0 to 7

Sets the bit of the special function register specified by
the operand, addressed by the 3-bit immediate data of the
operand to 1.

Flag operation: Unchanged

Coding example:

SET]1 A.bit
Function: A.bit + 1 bit = 0 to 7

Sets the A register bit addressed by the 3-bit immediate
data of the operand to 1.

Flag operation: Unchanged

Coding example:

SET]1 X.bit
Function: X.bit + 1 bit = 0 to 7

Sets the X register bit addressed by the 3-bit immediate
data of the operand to 1.

Flag operation: Unchanged

Coding example:

SET1 PSWH.bit

Function: PSWh.bit + 1 bit = 0 to 7

Sets the bit addressed by the 3-bit immediate data of the
operand of the high-order 8 bits of the program status
word (PSW) to 1.

Flag operation: Unchanged

| Coding example:
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SET1 PSWL.bit

Function: PSWp.bit + 1 bit = 0 to 7

Sets the bit addressed by the 3-bit immediate data of the
operand of the low-order 8 bits of the program status word
(PSW) to 1.

Flag operation: Flag addressed by the operand is set to

{(1).
Coding example:
CLR1 saddr.bit
Function: (saddr.bit) « O saddr = FE20H to FF1FH

bit = 0 to 7

Clears the short direct memory bit addressed by the
operand to 0.

Specify the short direct memory address or label directly
in the saddr.bit operand.

Flag operation: Unchanged

Coding example:

CLR1 sfr.bit
Function: sfr.bit + 0 bit = 0 to 7

Clears the bit of the special function register specified
by the operand, addressed by the 3-bit immediate data of
the operand to 0.

Flag operation: Unchanged

Coding example:

CLR1 A.bit
Punction: A.bit + 0 bit = 0 to 7

Clears the A register bit addressed by the 3-bit immediate
data of the operand to 0.

Flag operation: Unchanged

Coding example:
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CLR1l X.bit
Function: X.bit + 0O bit = 0 to 7

Clears the X register bit addressed by the 3-bit immediate
data of the operand to 0.

Flag operation: Unchanged

Coding example:

CLR1 PSWH.bit

Function: PSWyg.bit + 0 bit = 0 to 7

Clears the bit addressed by the 3-bit immediate data of
the operand of the high-order 8 bits of the program status
word (PSW) to O.

Flag operation: Unchanged

Coding example:

CLR1 PSWL.bit

Function: PSWr.bit + O bit = 0 to 7

Clears the bit addressed by the 3-bit immediate data of
the operand of the low-~order 8 bits of the program status
word (PSW) to O.

Flag operation: The flag addressed by the operand is
cleared to 0.

Coding example:

NOT1 saddr.bit

Function: (saddr.bit) + (saddr.bit)

saddr = FE20H to FFlFH
bit = 0 to 7

Inverts the contents of the short direct memory bit
addressed by the operand.

Specify the short direct memory address or label directly
in the saddr.bit operand.

Flag coperation: Unchanged

Coding example:
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NOT1 sfr.bit

Function: sfr.bit +« sfr.bit bit = 0 to

7

Inverts the contents of the bit' addressed by the 3-bit
immediate data of the operand of the special function

register specified by the operand.
Flag operation: Unchanged

Coding example:

NOT1 A.bit
Function: A.bit +« A.bit bit = 0 to

Inverts the contents of the A register bit
the 3-bit immediate data of the operand.

Flag operation: Unchanged

Coding example:

NOT1l X.bit

Function: X.bit + X.bit bit = 0 to

Inverts the contents of the X register bit
the 3-bit immediate data of the operand.

Flag operation: Unchanged

Coding example:

NOT1 PSWH.bit

Function: PSWyg.bit +« PSWH.bit bit = 0 to

7

addressed by

7

addressed by

7

Inverts the contents of the bit addressed by the 3-bit
immediate data of the operand of the high-order 8 bits of

the program status word (PSW).
Flag operation: Unchanged

" Coding example:
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NOT1 PSWL.bit

Function: PSWy.bit + PSWr.bit bit = 0 to 7

Inverts the contents of the bit addressed by the 3-bit
immediate data of the operand of the low-order B bits of
the program status word (PSW).

Flag operation: The contents of the flag addressed by the
operand are inverted.

Coding example:

SET]1 CY
Function: CY + 1

Sets the carry flag to 1.

Flag operation: F ] 4 ;
5 Z AC P/V SUB CY

1

Coding example:

CLR1 CY
Function: CY * O
Clears the carry flag to 0.

Flag operation:

| I
s 2 AC P/V SUB CY

0

Coding example:

10-175



NOT1 CY
Function:; CY + CY
Inverts the contents of the carry flag.

Flag operation:

s % AC P/V SUB'CY

X

Coding example:

10-176



10.6.10 CALL/RETURN INSTRUCTIONS
CALL !addrlé6

Function: (SP-1) + (PC+3)y, (SP-2) + (PC+3)y,.
PC + addrl6é, SP + SP-2

addrl6é = 0000H to FEFFH
After saving the start address (return address) of the
next instruction to the memory (stack) addressed by the
stack pointer (SP) and decrementing the SP, branches to
the location addressed by the 16-bit immediate data
specified by the operand.

NOTE: Addresses FFOOH to FFFFH cannot be
instruction-fetched. Therefore, do not write
them in addrlé.

Flag operation: Unchanged

Coding example:
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CALLF laddrll

Function: (SP-1) + (PC+2)y, (SP-2) + (PC+2)i,
PC“, to PCp + ﬂﬂﬂﬂl, PCi to PCo + fﬂ.p SP +« 5Pp=2

addrll = 0B00H to OQFFFH

=]
[V
d
L=

o P fanm

faL

13 Ir1o} 8 7 0

PC|0O0ODD1

After saving the start address (return address) of the
next instruction to the memory (stack) addressed by the
atack pointer {(SP) and decrementing the SP, branches to
the location addressed by the effective address consisting
of 1ll-bit immediate data fa in the OP code.

The range which can be called is limited to addresses
0800H to OFFFH. Consider the entry address range and
write the branch destination address directly in the
addrll operand by label or numeric.

Flag operation: Unchanged

Coding example:
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CALLT [addr5])

Function: (SP-1) « (PC+l)y, (SP-2) <« (PC+l)y,
PCy + (TPF, 000000001, ta, 1)
PC;, + (TPF, 000000001, ta, 0), SP + Sp-2

addr5 = 40H to 7EH

13 14 BTES 1 0
Effective Addrass = |TPF(0000000|01 La 0

7 0

Effective Address Low Addr.
Memory (Branch Destination
Effective Address + 1 High Addr. address Table)

15 B 7 0

PC ]

After saving the start address (return address) of the
next instruction to the memory (stack) addressed by the
stack pointer (SP) and decrementing the SP, sets the
contents of the memory (branch destination address table)
addressed by the effective address consisting of the 5-bit
immediate data ta in the OP code into the program counter
(PC) and branches to the address specified by its
contents.

The branch destination address table must be located at
addresses 0040H to Q007FH. Write the branch destination
address table directly in the addr5 operand by label or

numeric.

Remarks: The branch destination address table can be
installed at external memory area (8040R to
BO7FH) by setting the TPP flag to 1.

Flag operaticn: Unchanged

Coding example: CALL [TBL1]; Branch to the location
addressed by the contents of

the table specified by label
TBL1.
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CALL rpl

Function: (SP-1) « (PC+2)y, (SP-2) + (PC+2)r., PCH * rply,
PC, + rply, SP « SP=2

After saving the start address (return address) of the
next instruction to the memory (stack) addressed by the
stack pointer (SP) and decremeting the 5P, sets the
contents of the 16-bit register pair specified by the
operand into the program counter (PC) and branches.

Flag operation: Unchanged

Coding example:

CALL [rpl]

Function: (SP=1) « (PC+2)y, (SP-2) + (PC+2)1,
pCcyg + (rpl+l), PCp, + (rpl}, SP + SP-2

After saving the start address (return address) of the
next instruction to the memory (stack) addressed by the
stack pointer (SP) and decrementing the SP, sets the
contents of the 2-byte area of memory addressed by the
contents of the 16-bit register pair specified by the
operand into the program counter (PC) and branches.

Flag operation: Unchanged

Coding example:

BRK

Function: (SP-1) « PSWy, (SP-2) + PSWL,
(sp-3) + (PC+l)H, (SP-4) + (PC+l)y,,
PC;, + (QO3EH), PCH + (OO03FH), SP + SP-4, 1E +« O

Saves the start address (return address} of the next
instruction and the program status word (PSW) to the
memory (stack) addressed by the stack pointer (SP) and
decrements the SP sets the contents of the BRK instruction
branch destination address table (003EH, 003FH) in the
program counter (PC) and branches. The IE flag is reset
to 0 and subsequent maskable interrupts are disabled. The
BRK instruction is also accepted in the DI state (IE = 0).

Flag operation: Unchanged

Coding example:
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RET

Function: PCp + (SP), PCy + (SP+l1), SP + SP+2

Restores the contents of the memory (stack) addressed by
the stack pointer {(SP) to the program counter (PC) and
increments the SP.

Flag operation: Unchanged

Coding example:

RETI

Function: PCp, + (SP), PCy + (SP+l1), PSWy + (SP+2),
PSWy + (SP+3), SP + SP+4, E05 + 0

Restores the contents of the memory (stack) addressed by
the stack pointer (SP) to the program counter (PC) and the
program status word, then increments the SP. It also
clears the EOS flag.

This instruction 1s used when returning from an interrupt
service routine.

NOTE: When returning from an interrupt service
routine by BRK instruction, always set the EOS
flag by SET1l EOS instruction immediately
before the RETI instruction.

Flag operation:

| | | | 1
S Z AC P/V SUB CY

R R R R R R

Coding example:
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10.6.11 STACK MANIPULATION INSTRUCTIONS
PUSH post _

Function: {(SP-1) +« posty, (SP-2) . posty, SP « SP-2}
x n times

(n: number of register pairs described as
post)

Saves the contents of the 16-bit register pair specified
by the operand to memory (stack) and decrements the SP.

Multiple register pairs can be specified in the post
operand.

The save operation is performed sequentially from the

register pair assigned to bit 7 of the B-bit immediate
data of the second byte (Post Byte). The high-order side .
of the register pair is saved to the stack addressed by
(SP-2,4 ) and the low-order side is saved to the stack

addressed by (SP-2p).

Flag operation: Unchanged

Coding example:

FUSH PSW | -
Function: (SP-1) + PSWy, (SP-2) + PSWp, SP + SP-2
saves the contents of the program status word (PSW) to
the memory (stack) addressed by the stack pointer (SP)
and decrements the SP.

Flag operation: Unchanged

Coding example:

10-182



PUSHU post

Function: {(UP-1) + posty, (UP-2) * posty, UP + Up~2]
X n times

(n; number of register pairs written as post)

Saves the contents of the 16-bit register pair specified
by the operand to the memory addressed by the user stack
pointer (UP) and decrements the UP.

Multiple register pair names can be specified in the post
operand.

Save operation is performed sequentially from the register
pair assigned to bit 7 of the 8-bit immediate data of the
second byte (Post Byte}. The high-order side of the
register pair is saved to the memory addressed by (UP-
2n+1) and the low-order side is saved to the memory
addressed by (UP-2p).

Flag operation: Unchanged

Coding example:

POP post

Function: {postp, « (SP), posty + (SP+l), SP +« SP+2} «x
n times

(n: number of register pairs written as post)

Restores the contents of the memory (stack) addressed by
the stack pointer (SP) to the 16-bit register pair
specified by the operand and increments the SP.

Multiple register pair names can be specified in the post
operand.

Transfer is performed sequentially from the register pair
assigned to bit 0 of the 8 bit immediate data of the
second byte (Post Byte). The contents of the stack
addressed by (SP+2p.:) are restored to the low-order side
of the register pair and the contents of the stack
addressed by (SP+2p-,) are restored to the high-order
side.

Flag operation: Unchanged

Coding example:
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POP PSW

Function: PSWp, + (SP), PSWy + (SP+l1), SP + SP+2
Restores the contents of the memory (stack) addressed by
the stack pointer (SP) to the program status word (PSW)
and decrements the SP.

Flag operation:

s 'Z AC P/V SUB CY

R R R R R R

Coding example:

POPU post

Function: ({posty + (UP), posty + (UP+l), UP + UP+2} x
n times

(n; number of register pairs written as post)

Restores the contents of the memory (stack) addressed by
the user stack pointer (UP) to the register pair specified
by operand and increments the UP.

Multiple register pair names can be specified in the post
operand.

Transfer 1s performed sequentially from the register pair
assigned to bit 0 of the 8-bit immediate data of the
second byte (Post Byte). The contents of the stack
addressed by (UP+2,.,) are restored to the low-order side
of the register pair and the contents of the stack
addressed by (UP+2,.,) are restored to the high-order
side.

Flag operation: Unchanged
Coding example:

MOVW SP, #word

Function: SP + word word = QOOOH to FDFEH
(enable to any data)
word = FEQOOH to FFFEH
(limited to even data)

Transfers the 16-bit immediate data specified by the
second operand to the stack pointer (SP).

Flag operation: Unchanged
Coding example:
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MOVW SP, AX
Function: SP + AX

Transfers the contents of the 16-bit register pair AX to
the stack pointer (SP). Any data is possible when the
contents of AX are QO0OO0OH to FDFEH, but only even data is
possible when the contents are FEOOH to FFFEH.

Flag operation: Unchanged

Coding example:

MOVW AX, SP
Function: AX + SP

Transfers the contents of the stack pointer (SP) to the
16-bit register pair AX.

Flag operation: Unchanged

Coding example:

INCW SP

Function: SP + SP+l

Increments the contents of the stack pointer (SP).
Flag operation: Unchanged

Coding example:

DECW SP

Function: SP + SP-1

Decrements the contents of the stack pointer (SP).
Flag operation: Unchanged

Coding example:
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10.6.12 UNCONDITIONAL BRANCH INSTRUCTIONS

BR !addrlé
Function: PC + addrlé addrlé = Q000H to FEFFH
Transfers the 16-bit immediate data specified by the
operand to the program counter (PC) and branches to the
location addressed by the PC.
Branching to memory addresses 0000H to FEFFH is possible.
Flag operation: Unchanged

NOTE: Since addresses FFOOH to FFFFH cannot be

instruction-fetched, do not write them at
addrilé.
Coding example: BR BLK3; Branch to the address specified
specified by label BLK3.

BR rpl
Function: PCy + rply, PCp, + rplg,
Transfers the contents of the 16-bit register pair
specified by the operand to the program counter (PC) and
branches to the location addressed by the PC.
Branching to memory addresses 0000H to FEFFH is possible.
Flag operation: Unchanged

NOTE: Since addresses FFOOH to FFFFH cannot be
instruction-fetched, do not set them are rpl.

Coding example:
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BR [rpll

Function: PCy + {(rpl+l), PCp + {rpl)

Transfers the contents of the 2-byte area addressed by the
contents of the 16-bit register pair specified by the
operand to the program counter (PC) and branches to the
location addressed by the PC.

Branching to memory addresses 0000H to FEFFH is possible.

Flag operation: Unchanged

NOTE: Since addresses FFO0H to FFFFH cannot be

instruction-fetched, do not set them at the
memory addressed by rpl.

Coding example:

BR $addrle

Function: PC +« PC+2+jdisp addrlé = (PC-126) to
(PC+129)

Transfers the sum of the B-bit displacement value jdisp of
the second byte of the OP code and the start address of

the next instruction to the program counter (PC) and
branches to the location addressed by the PC.

jdisp is treated as signed two's complement data (-128 to
127). Bit 7 is the sign bit.

Consider the branch range and specify the branch
destination address directly in the addrlé operand by
label or numeric.

Flag operation: Unchanged

Coding example:

10-187



10.6.13 CONDITIONAL BRANCH INSTRUCTIONS

BC Saddrlé
BL Saddrlé

Function: PC + PC+2+jdisp 1f CY = 1

addrlé = (PC-126) to
(PC+129)

When the carry flag is 1, transfers the sum of the B-bit
displacement value jdisp of the second byte of the 0P
code and the start address of the next instruction to the
program counter (PC) and branches to the location
addressed by the PC.

jdisp is treated as signed two's complement data (-128 to
+127). Bit 7 is the sign bit.

Consider the branch range and specify the branch
destination address directly in the addrl6 operand by
label or numeric.

Flag operation: Unchanged

Coding example:

BNC Saddrlé

BNL Saddrlé6

Function: PC + PC+2+jdisp 1if CY = 0

addrlé = (PC-126) to
(PC+129)

When the carry flag is 0, transfers the sum of the 8-bit
displacement value jdisp of the second byte of the OP
code and the start address of the next instruction to the
program counter (PC) and branches to the location
addressed by the PC.

Jdisp 1is treated as signed two's complement data (-128 to
+127). Bit 7 is the sign bit.

Consider the branch range and specify the branch
destination address directly the addrlb6 operand by label
or numeric.

Flag operation: Unchanged

Coding example:
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BZ $addrlée
BE Saddrlé

Function: PC + PC+2+jdisp if Z =1

addrlé = (PC-126) to
(PC+129)

When the zero flag is 1, transfers the sum of the B-bit
displacement value jdisp of the second byte of the OP c¢ode
and the start address of the next instruction to the
program counter (PC) and branches to the location
addressed by the PC.

jdisp is treated as signed two's complement data (-128 to
+127)., Bit 7 is the sign bit.

Consider the branch range and specify the branch
destination directly in the addrlé operand by label or

" numeric.

Flag operation: Unchanged

Coding example: DEC OFEZ0H

BZ $JMP : Decrement by 1 the contents
of the memory addressed by
FE20H and when the contents
reach 0, branch to the
address indicated by the
label JMP. (However, the
branch destination is limited
to the (-128 toc +127) range
from the start address of the
next instruction.)
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BNZ $addrlé
BNE 5$addrlé

Function: PC + PC+2+jdisp if 2z = 0

addrlée = {PC-126) to
(PC+129)

When the zero flag is 0, transfers the sum of the 8-bit
displacement value jdisp of the second byte of the OP code
and the start address of the next instruction to the
program counter (PC) and branches to the location
addressed by the PC.

Jdisp is treated as signed two's complement data (-128 to
+127}. Bit 7 is the sign bit.

Consider the branch range and write the branch destination
address directly in the addrlé operand by label or
numeric.

Flag operation: Unchanged

Coding example:

BV Saddrlé

BPE §addrlé

Function: PC + PC+2+jdisp if p/Vv = 1

addrlé = (PC-126) to
(PC+129)

When the parity/overflow flag is 1, transfers the sum of

the 8-bit displacement value jdisp of the second byte of

the OP code and the start address of the next instruction
to the program counter (PC) and branches to the location

addressed by the PC.

jdisp is treated as signed two's complement data (=128 to
+127). Bit 7 is the sign bit.

Consider the branch range and specify the branch
destination address directly in the addrlé operand by
label or numeric.

Flag operation: Unchanged

Coding example:
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BNV $addrlé
BPO $addrlé

Function: PC +« PC+2+jdisp if P/V = 0

addrle = (pPC-126) to
(PC+129)

When the parity/overflow flag is 0, transfers the sum of
the 8-bit displacement value jdisp of the second byte of
the OP code and the start address of the next instruction
to the program counter (PC) and branches to the location
addressed by the PC.

jdisp is treated as signed two's complement data (-128 to
+127). Bit 7 is the sign bit.

Consider the branch range and write the branch destination
address directly in the addrlé operand by label or
numeric.

Flag operation: Unchanged

Coding example:

BN $addrlé
Function: PC + PC+2+jdisp if 8 = 1

addrlé = (PC-126) to
(PC+129)

When the sign flag is 1, transfers the sum of the B-bit
displacement value jdisp of the second byte of the OP code
and the start address of the next instruction to the
program counter (PC) and branches to the location
addresses by the PC.

jdisp is treated as signed two's complement data (-128 to
+127). Bit 7 is the sign bit.

Consider the branch range and written the branch
destination address directly in the addrlé operand by
label or numeric.

Flag operation: Unchanged

Coding example:
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BP Saddrlé
Function: PC + PC+2+jdisp if 5§ = 0

addrlée = (PC=126) to
(PC+129)

When the sign flag is 0, transfers the sum of the 8-bit
displacement value jdisp of the second byte of the OP code
and the start address of the next instruction to the
program counter (PC) and branches to the location
addressed by the PC.

jdisp is treated as signed two's complement data (=128 to
+127). Bit 7 is the sign bit.

Consider the branch range and written the branch
destination address directly in the addrlé operand by
label or numeric.

Flag operation: Unchanged

Coding example:

BGT $addrlé
Function: PC + PC+3+jdisp if (p/v¥s)Vz =0

addrlée = (PC-125) to
(PC+130)

EXCLUSIVE-ORs the contents of the parity/overflow flag and
the contents of the sign flag and when the OR of the
result and the contents of the zero flag is 0, transfers
the sum of the 8-bit displacement value jdisp of the third
byte of the OP code and the start address of the next
instruction to the program counter (PC) and branches to
the location addressed by the PC.

jdisp is treated as signed two's complement data (=128 to
+127). Bit 7 is the sign bit.

Consider the branch range and write the branch destination
address directly in the addrlé operand by label or
numeric. '

Flag operation: Unchanged

Coding example: CMP A, #0FH; If the two's complement data
BGT $MR2 in the A register is larger
than FH, branch to the
address specified by the
label MR2.
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BGE S$addrle
Function: PC + PC+3+jdisp 1f P/V¥5 = O

addrlé = (PC-125) to
(PC+130)

EXCLUSIVE-ORs the contents of the parity/overflow flag and
the contents of the sign flag and when the result is 0,
transfers the sum of the B-bit displacement value jdisp of
the third byte of the OP code and the start address of the
next instruction to the program counter (PC) and branches
to the location addressed by the PC.

jdisp is treated as signed two's complement data (=128 to
+127). Bit 7 is the sign bit.

Consider the branch range and specify the branch
destination address directly in the addrlé operand by
label or numeric. .

Flag operation: Unchanged

Coding example:

BLT $addrlé
Function: PC +« PC+3+jdisp if pP/Vv¥s = 1

addrle = (PC-125) to
(PC+130)

EXCLUSIVE-ORs the contents of the parity/overflow flag and
the contents of the sign flag and when the result is 1,
tranafers the sum of the B-bit displacement value jdisp of
the third byte of the OP code and the start address of the
next instruction to the program counter (PC) and branches
to the location addressed by the PC.

jdisp is treated as signed two's complement data (-128 to
+127}. Bit 7 is the sign bit.

Consider the branch range and specify the branch
destination address directly in the addrlé operand by
label or numeric.

Flag operation: Unchanged

Coding example:
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BNH Saddrleé
Function: PC + PC+3+jdips if ZVCY =1

addrlé = (PC-125} to
(PC+130)

ORs the contents of the zero flag and the contents of the
carry flag and when the result is 1, transfers the sumof
the 8-bit displacement value jdisp of the third byte of
the OP code and the start address of the next instruction
to the program counter (PC) and branches to the location
addressed by the PC.

jdisp is treated as signed two's complement data (-128 to
+127). Bit 7 is the sign bit.

Consider the branch range and specify the branch
destination address directly in the addrlé operand by
label or numeric. .

Flag operation: Unchanged

Coding example:

BT saddr.bit, Saddrlé
Function: PC + PC+3+jdisp if (saddr.bit) =1

addrle = (PC-125) to
(PC+130)

gsaddr = FE20H to FFlFH

bit = 0 to 7

when the contents of the short direct memory bit addressed
by the first operand are 1, transfers the sum of the 8-bit
displacement value jdisp of the third byte of the OP code
and the start address of the next instruction to the
program counter (PC) and branches to the location
addressed by the PC.

jdisp is treated as signed two's complement data (=128 to
+127). Bit 7 is the sign Dbit.

specify the short direct memory bit address or label
_directly at saddr.bit of the first operand and consider
the branch range and specify the branch destination
directly in the second operand addrlé by label or numeric.
Flag operation: Unchanged

Coding example:
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BLE Saddrleé
Function: PC + PC+3+jdisp if (P/V¥S)VZ = 1

addrleé = (PC-125) to
(PC+130)

EXCLUSIVE-ORs the contents of the parity/overflow flag and
the contents of the sign flag and when the OR of the
result and the contents of the zero flag is 1, transfers
the sum of the 8-bit displacement value jdisp of the third
byte of the OP code and the start address of the next
instruction to the program counter (PC) and branches to
the location addressed by the PC.

jdisp is treated as signed two's complement data (=128 to
+127). Bit 7 is the sign bit.

Consider the branch range and specify the branch
destination address directly in the addrlé operand by
labkel or numeric.

Flag coperation: Unchanged

Coding example:

BH Saddrlé
Function: PC + PC+3+ijdisp if zVCY = 0

addrlée = (PC-125) to
(PC+130)

ORs the contents of the zero flag and the contents of the
carry flag and when the result is 0, transfers the sum of
the 8-bit displacement value of the third byte of the OP
code and the start address of the next instruction to the
program counter (PC) and branches to the location
addressed by the PC.

jdisp is treated as signed two's complement data (-128 to
+127). Bit 7 is the sign bit.

Coneider the branch range and specify the branch
destination address directly in the addrlé operand by
label or numeric.

Flag operation: Unchanged

Coding example:
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BT sfr.bit, $addrlsé
Function: PC + PC+4+jdisp if sfr.bit = 1

addrlé = (PC=124) to
(PC+131)
bit = 0 to 7

When the contents of the bit addressed by the 3-bit
immediate data of the first operand of the special
function register specified by the first operand are 1,
transfers the sum of the 8-bit displacement value jdisp of
the fourth bit of the OP code and the start address of the
next instruction to the program counter (PC) and branches

to the location addressed by the program counter.

Jdisp is treated as signed two's complement data (-128 to
+127). Bit 7 is the sign bit.

Consider the branch range and specify the branch
destination address directly in the second operand addrlé

by label or numeric.
Flag operation: Unchanged

Coding example:

BT A.bit, $addrlé
Function: PC + PC+3+jdisp if A.bit = 1

addrlée = (PC-125) to
(PC+130)
bit = 0 to 7

When the contents of the A register bit addressed by the
3-bit immediate data of the first operand are 1, transfers
the sum of the 8-bit displacement value jdisp of the third
byte of the OP code and the start address of the next
instruction to the program counter (PC) and branches to
the location addressed by the PC.

jdisp is treated as signed two's complement data (~128 to
+127). Bit 7 is the sign bit.

Consider the branch range and specify the branch
destination address directly in the operand addrlé by
label or numeric. _

Flag operation: Unchanged

Coding example: BT A.3, ; If A register bit 3 is "1",

$JIMP1 branch to the address specified
by the label JMPI.
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BT X.bit, $addrlé

Function: PC + PC+3+jdisp if X.bit =1

addrlé = (PC-125) to
(PC+130)
bit = 0 to 7

When the contents of the X register bit addressed by the
3-bit immediate data of the first operand are 1, transfers
the sum of the B-bit displacement value jdisp of the third
byte of the OP code and the start address of the next
instruction to the program counter (PC) and branches to
the location addressed by the PC.

disg is treated as signed two's complement data (~128 to
127). Bit 7 is the sign bit.

Consider the branch range and specify the branch
destination address directly in the operand addrlé by
label or numeric.

Flag operation: Unchanged

Coding example:

BT PSWH.bit, Saddrlé
Function: PC + PC+3+jdisp if PSWyg bit = 1

addrle = (PC-125) to
(PC+130)
bit = 0 to 7

When the contents of the bit addressed by the 3-bit
immediate data of the first operand of the high-order 8
bits of the program status word are 1, transfers the sum
of the B-bit displacement value jdisp of the third byte of
the OP code and the start address of the next instruction
to the program counter (PC) and branches to the location
addressed by the PC.

jdisp is treated as signed two's complement data (-128 to
+127). Bit 7 is the sign bit.

Cansidef the branch range and specify the branch
destination address directly in the operand addrlé by
label or numeric.

Flag operation: Unchanged

Coding example:
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BT PSWL.bit, $addrle
Function: PC + PC+3+jdisp if PSWr,.bit = 1

addrlé = (PC-125) to
(PC+130)
bit = 0 to 7

When the contents of the bit addressed by the 3-bit
immediate data of the first operand of the low-order 8
bits of the program status word are 1, transfers the sum
of the 8-bit displacement value jdisp of the third byte of
the OP code and the start address of the next instruction
to the program counter (PC) and branches to the location
addressed by the PC.

jdisp is treated as signed two's complement data (-128 to
+127). Bit 7 is the sign bit.

Consider the branch range and specify the branch
destination address directly in the operand addrlé by
label or numeric.

Flag operation: Unchanged

Coding example:
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BF saddr.bit, $addrlé
Function: PC + PC+4+ijdisp if (saddr.bit) = 0

addrlé = (PC=-124) to

(PC+131)
saddr = FE20H to FFlFH
bit = 0 to 7

when the contents of the short direct memory bit addressed
by the first operand are 0, transfers the sum of the 8-bit
displacement value of the fourth byte of the OP code and
the start address of the next instruction to the program
counter (PC) and branches to the location addressed by the
PC.

jdisp is treated as signed two's complement data {-128 to
+127). Bit 7 is the sign bit.

Specify the short direct memory bit address or label
directly at saddr.bit of the first operand and consider
the branch range and specify the branch destination
address directly in the second operand addrlé by label or
numaeric.

Flag operation: Unchanged

Coding example:

BF sfr.bit, $addrlé
Function: PC + PC+4+jdisp if sfr.bit = 0

addrlé = (PC-124) to
(PC+131)
bit = 0 to 7

When the contents of the bit addressed by the 3-bit
immediate data of the first operand of the special
function register specified by the first operand are O,
transfers the sum of the 8-bit displacement value of the
fourth byte of the OP code and the start address of the
next instruction to the program counter (PC) and branches
to the location addressed by the PC.

jdisp is treated as signed two's complement data (-128 to
+127). Bit 7 is the sign bit.

Consider the branch range and specify the branch
destination address directly in the operand addrlé by
label or numeric.

Flag operation: Unchanged

Coding example:
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BF A.bit $addrlé
Function: PC + PC+3+jdisp if A.bit = 0

addrlé = (PC-125) to
(PC+130)}
bit = 0 to 7

When the contents of the A register bit addressed by the
3-bit immediate data of the first operand are 0, transfers
the sum of the 8-bit displacement value jdisp of the third
byte of the OP code and the start address of the next
instruction to the program counter (PC) and branches to
the location addressed by the PC.

jdisr}: is treated as signed two's complement data (-128 to
+127). Bit 7 is the sign bit.

Consider the branch range and specify the branch
destination address directly in the operand addrlé by
label or numeric.

Flag operation: Unchanged

Coding example:

BF X.bit, $addrlé
Function: PC + PC+3+jdisp if X.bit = 0

addrle = (PC-125) to
(PC+130)
bit = 0 to 7

When the contents of the X register bit addressed by the
3-bit immediate data of the first operand are 0, transfers
the sum of the 8-bit displacement value jdisp of the third
byte of the OP code and the start address of the next
instruction to the program counter (PC) and branches to
the location addressed by the PC.

jdisp is treated as signed two's complement data (=128 to
+127). Bit 7 is the sign bit.

Consider the branch range and specify the branch
destination address directly in the operand addrl6é by
label or numeric.

Flag operation: Unchanged

Coding example:
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BF PSWH.bit, $addrlé
Function: PC + PC+3+jdisp if PSWy.bit = 0

addrlé = {PC-125) to
(pPC+130)
bit = 0 to 7

When the contents of the bit addressed by the 3-bit
immediate data of the first operand of the high-order 8
bits of the program status word are 0, transfers the sum
of the 3-bit displacement value jdisp of the third byte of
the OP code and the start address of the next instruction
to the program counter (Pc) and branches to the location

addressed by the PC.

jdisp is treated as signed two's complement data (-128 to
¥127). Bit 7 is the sign bit.

Cconsider the branch range and specify the branch
destination address directly in the operand addrlé by
label or numeric.

Flag operation: Unchanged

Coding example:

BF PSWL.bit, $addrlé
Function: PC + PC+3+jdisp if PSWr.bit = 0

addrle = [PE—IEE} to
(PC+130)
bit = 0 to 7

When the contents of the bit addressed by the 3-bit
immediate data of the first operand of the low-order 8
bits of the program status word are O, transfers the sum
of the 8-bit displacement value jdisp of third byte of the
OP code and the start address of the next instruction to
the program counter (PC) and branches to the location
addressed by the PC.

jdisp is treated as signed two's complement data (~128 to
+127). Bit 7 is the sign bit.

Consider the branch range and specify the branch
destination address directly in the operand addrl6é by
label or numeric.

Flag operation: Unchanged

Coding example:
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BTCLR saddr.bit $addrle
Function: PC + PC+4+jdisp if (saddr.bit) = 1 then clear

addrle = (PC=124) to

(PC+131)
saddr = FE20H to FFlFH
bit = 0 to 7

When the contents of the short direct memory bit addressed
by the first operand are 1, transfers the sum of the 8-bit
displacement value jdisp of the fourth byte of the OP code
and the start address of the next instruction to the
program counter (PC) and branches to the location
addressed by the PC.

jdisp is treated as signed two's complement data (=128 to
+127). Bit 7 is the sign bit.

Specify the short direct memory bit address or label
directly at saddr.bit of the first operand and consider
the branch range and specify the branch destination
address directly in the second operand addrl6é by label or
numeric.

Flag operation: Unchanged

Coding example:
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BTCLR sfr.bit, $saddrlé
Function: PC + PC+4+jdigp if sfr.bit = 1 then clear

addrle = {PC-124) to
(PC+131)
bit = 0 to 7

When the contents of the bit addressed by the 3-bit
immediate data of the first operand of the special
function register specified by the first operand are 1,
transfers the sum of the 8-bit displacement value jdisp of
the fourth byte of the OP code and the start address of
the next address to the program counter (PC) and branches

to the location addressed by the program counter and
clears that bit to 0.

jdisp is treated as signed two's complement data {-128 to
+127). Bit 7 is the sign bit.

Consider the branch range and specify the branch
destination address directly in the operand addrlé by
label or numeric.

Flag operation: Unchanged

Coding example:

BTCLR A.bit, $addrlé
Function: PC + PC+3+jdisp if A.bit =1 then clear

addrle = (PC-125) to
(PC+130)
bit = Q0 to 7

When the contents of the A register bit addressed by the
3-bit immediate data of the first operand are 1, transfers
the sum of the B-bit displacement value jdisp of the third
byte of the OP code and the start address of the next
instruction to the program counter (PC) and branches to
the location addressed by the PC and clears that bit to O,

jdisp is treated as signed two's complement data (=128 to
+127). Bit 7 is the gign bit.

Consider the branch range and specify the branch
destination address directly in the operand addrlé by
label or numeric.

Flag operation: Unchanged

Coding example:
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BTCLR X.bit, Saddrlé
Function: PC + PC+3+jdisp if X.bit = 1 +then clear

addrlé = (PC-125) to
(PC+130)
bit = 0 to 7

When the contents of the X register bit addressed by the
3-bit immediate data of the first operand are 1, transfers
the sum of the 8-bit displacement value of the third byte
of the OP code and the start address of the next address
to the program counter {(PC) and branches to the location
addressed by the PC and clears that bit to 0.

jdisp is treated as signed two's complement data (-128 to
+127). Bit 7 is the sign bit.

Consider the branch range and specify the branch
destination address directly in the operand addrl6 by
label or numeric.

Flag operation: Unchanged

Coding example:

BTCLR PSWH.bit, Saddrlé
Function: PC + PC+3+jdisp if PSWy.bit = 1 then clear

addrlt = (PC-125) to
( PC+130)
bit = Q0 to 7

When the contents of the bit addressed by the 3-bit
immediate data of the first operand of the high-order 8
bits of the program status word are 1, transfers the sum
of the B-bit displacement value jdisp of the third byte of
the OP code and the start address of the next instruction
to the program counter (PC) and branches to the location
addressed by the program counter and clears that bit to O.

Jdisp is treated as signed two's complement data (-128 to
+127). Bit 7 is the sign bit.

Consider the branch range and specify the branch
destination address directly in the operand addrl6 by
label or numeric.

Flag operation: Unchanged

Coding example:
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BTCLR PSWL.bit, S$Saddrlé
Function: PC + PC+3+jdisp if PSWp.bit = 1 then clear

addrlé = (PC=125) to
(PC+130)
bBit = 0 to 7

When the contents of the bit addressed by the 3-bit
immediate data of the first operand of the low-order 8
bits of the program status word are 1, transfers the sum
of the 8-bit displacement value jdisp of the third byte of

the OP code and the start address of the next instruction
to the program counter (PC) adn branches to the location

addressed by the program counter and clears that bit to 0.

jdisp is treated as signed two's complement data (=128 to
+127). Bit 7 is the sign bit.

Consider the branch range and specify the . branch
destination address directly in the operand addrlé by
label or numeric.

Flag operation: If the specified flag is "1", it is reset
(0).

Coding example: BTCLR PSWL.3, 50F6EH; If the UF flag is
"1", reset (0) and
branch to address
FGEH.
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BFSET saddr.bit, S$addrlé
Function: PC + PC+4+jdisp if (saddr.bit) = 0 then set

addrlé = (PC-124) to

(PC+131)
saddr = FEZ20H to FF1lFH
bit = 0 to 7

When the contents of the short direct memory bit addressed
by the first operand are 0, transfers the sum of the 8-bit
displacement value jdisp of the fourth byte of the OP code
and the start address of the next address to the program
counter (PC) and branches to the location addressed by the
PC and sets the addressed bit to 1,

jdisp is treated as signed two's complement data (-128 to
+127). Bit 7 is the sign bit.

Consider the branch range and specify the branch
destination address directly in the operand addrlé by
label or numeric.

Flag operation: Unchanged

Coding example:

BFSET sfr.bit, $addrlé
Function: PC + PC+4+jdisp if sfr.bit = 0 then set

addrle = {PC-124) to
(PC+131)
bit = O to 7

When the contents of the bit addressed by the 3-bit
immediate data of the first operand of the special
function register specified by the first operand are O,
transfers the sum of the 8-bit bit displacement value
jdisp of the fourth byte of the OP code and the start
address of the next instruction to the program counter
(PC) and branches to the location addressed by the program
counter and sets that bit to 1.

jdisp is treated as signed two's complement data (-128 to
- +127). Bit 7 is the sign bit.

Consider the branch range and specify the branch
destination address directly in the operand addrlé by
label or numeric.

Flag operation: Unchanged

Coding example:

10-206



BFSET A.bit, $addrlé
Function: PC + PC+3+jdisp if A.bit = 0 then set

addrle = {(PC-125) to
(PC+130)
bit = 0 to 7

When the contents of the A register bit addressed by the
3-bit immediate data of the first operand are 0, transfers
the sum of the 8-bit displacement value of the third byte
of the OP code and the start address of the next
instruction to the program counter (PC) and branches to
the location addressed by the PC and sets the addressed

bit to 1,

jdisp is treated as signed two's complement data {(-128 to
+127). Bit 7 is the sign bit.

Consider the branch range and specify the branch
destination address directly in the operand addrlé by
label or numeric.

Flag operation: Unchanged

Coding example:

BFSET X.bit, $addrlé
Function: PC <+ PC+3+jdisp if X.bit = 0 then set

addrle = (PC-125) to
(PC+130)
bit = 0 to 7

When the contents of the X register bit addressed by the
3~bit immediate data of the first operand are 0, transfers
the sum of the B-bit displacement value jdisp of the third
byte of the OFP code and the start address of the next
instruction to the program counter (PC) and branches to
the location addressed by the PC and sets the addressed
bit to 1.

jdisf is treated as signed two's complement data (-128 to
+127). Bit 7 is the sign bit.

Consider the branch range and specify the branch
destination address directly in the operand addrlé by
label or numeric.

Flag operation: Unchanged

Coding example:
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DBNZ r2, $addrlé
Function: 2 + r2-1, then PC + PC+2+ijdisp if r2 # 0

addrlé = (PC-126) to
(PC+129)
bit = 0 to 7

Decrements the contents of the 8-bit register specified by
the first operand and if the result is not 0, transfers
the sum of the 8-bit displacement value jdisp of the
second byte of the OP code and the start address of the
next instruction to the program counter (PC) and branches
to the location addressed by the program counter.

jdisp is treated as signed two's complement data (~128 to
+127), Bit 7 is the sign bit.

Consider the branch range and specify the branch
destination address directly in the operand addrlé by
label or numeric. '

Flag operation: Unchanged

Coding example:

DBNZ saddr, $addrlé

Function: (saddr) + (saddr)-1, then PC + PC+3+jdisp if
(saddr) # O

addrle = {FC—lZE] to
(PC+130)
saddr = FEZ20H to FF1lFH

Decrements the contents of the short direct memory
‘addressed by the first operand and if the result is not 0,
transfers the sum of the 8-bit displacement value jdisp of
the third byte of the OP code and the start address of the
next instruction to the program counter (PC) and branches
to the location addressed by the program counter.

jdisp is treated as signed two's complement data (-128 to
+127). Bit 7 is the sign bit.

Consider the branch range and specify the branch
destination address directly in the operand addrlé by
label or numeric.

Flag operation: Unchanged

Coding example:
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BFSET PSWH.bit, $addrlé
Function: PC + PC+3+jdisp if PSWy.bit = 0 then set

addrle = (PC=-125) to
(PC+130)
bit = 0 to 7

When the contents of the bit specified by the 3-bit im-
mediate data of the first operand of the high-order 8 bits
of the program status word are 0, transfers the contents
of the B8-bit displacement value jdisp of the third byte of
the OP code and the start address of the next instruction
to the program counter (PC) and branches to the location

addressed by the PC and sets the addressed bit to 1.

jdisp is treated as signed two's complement data (-128 to
+127). Bit 7 is the sign bit.

Consider the branch range and specify the branch
- destination address directly in the operand addrlé by
- label or numeric.

Flag operation: Unchanged

Coding example:

BFSET PSWL.bit, $addrlé
Function: PC + PC+3+jdisp if PSWp.bit = 0 then set

addrlt = (PC-125) to
(PC+130)
bit = 0 to 7

When the contents of the bit -specified by the 3-bit im-
mediate data of the first operand of the low-order B bits
of the program status word are O, transfers the contents
of the 8-bit displacement value jdisp of the third byte of
the OP code and the start address of the next instruction
to the program counter (PC) and branches to the location
addressed by the PC and sets the addressed bit to 1.

jdisp is treated as signed two's complement data (=128 to
+12?€. Bit 7 is the sign bit.

 Consider the branch range and specify the branch
destination address directly in the operand addrlé by
label or numeric.

Flag operation: If the specified flag is "0", it is set
(1).

Coding example:
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RETCS laddrleé

Function: PCy + R5, PCp, + R4, R5 + addrléy, R4 + addrléy,
PSWy + R7, PSW[, + R6, EOS + O

addrleé = O0000H to FEFFH

Transfers the contents of 8-bit registers R7, R6, R5, R4
in the register bank specified at execution of this
instruction to each program status word (PSW) and the
program counter (PC) and returns to the address set at R5,
R4. The l6-bit immediate data specified by the operand is

then transferred to R5, R4 and the ECS flag is cleared to
0.

The RETCS instruction is used when returning from branch
processing by context switching. addrlé specified at the
operand becomes the branch destination address when the
same register bank was specified again by the context
switch function.

NOTE: At return from an interrupt by BRKCS
instruction, always set the EOS flag by SET1
E0OS instruction immediately before the RETCS
instruction.

Flag operation: : 1 I . .
. 8 Z AC P/V SUB CY

R R R R R R

NOTE: Since addresses FFOOH to FFFFH cannot be
instruction—fetched, do not specify them at
addrlé.

Coding example:
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10.6.14 CONTEXT SWITCH INSTRUCTIONS
BRKCS RBn

Function: RBS2 to RBSO + n, PCx+ R5, PCp+ R4,
R7 + PSWy, R6 « PSWy, RSS + 0, IE + O
n=0t 7

Sets 3-bit immediate data N; to Ny in the OP code into
the register bank select flag (RBS2 to RBSO) and selects
the register bank n specified in the operand and swaps
the contents of B-bit registers R5, R4 of that register
bank and the contents of the program counter (PC) and
saves the contents of the program status word (PSW) to 8-
bit registers R7, R6 and branches to the address set at
R5, R4 and then clears the RSS flag and IE flag.

Flag operation: Unchanged

Coding example:
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10.6.15 STRING INSTRUCTIONS

MOVM [DE+], A
MOVM [DE-], A

Function: {(DE) + A, DE + DE+l1/-1, C + C-1}

End if C = @
Transfers the contents of the A register to the memory
addressed by register pair DE and increments/decrements
the contents of register pair DE. Then it decrements the

contents of the C register and repeats the oparation
above until the contents of the C register reach 0.

Flag operation: Unchanged

Coding example: MOV R2, #00H C « OOH

wn

MOV R1l, #0O0OH A + DOOH

.

MOVW RP6, #FEOQOH; DE + FEOQOOH

MOVM [DE+], A ; Clear the FEOOH to
FEFFH RAM.

MOVBK [DE+], [HL+]
MOVBK [DE-], [HL-]

Function: {(DE) + (HL), DE + DE+l/-1, HL + HL+l1/-1,
C « C-1}

End if C = O

Transfers the contents of memory addressed by register
pair HL to the memory addressed by register pair DE and
increments/decrements the contents of register pairs DE
and HL. Then it decrements the contents of the C
register and repeats the operation above until the
contents of the C register reach 0.

Flag operation: Unchanged

Coding example: MOV  R2, #10H C + 10H

e

MOVW RP6, #3000H ; DE + 3000H

MOVW RP7, #5000H ; HL + 5000H

MOVBK [DE+], [HL+]; Transfer the
contents of memory
5000H to 500FH to
memory 3000H to
300FH.
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XCHM [DE+], A
XCHM [DE-], A

Function: {[(DE)+ A, DE + DE+l/~1, C + C-1}
End if C = 0

Swaps the contents of the A register and the contents of
the memory addressed by register pair DE and increments/
decrements the contents of register pair DE. Then it
decrements the contents of the C register and repeats the

operation above until the contents of the C register reach
0.

Flag operation: Unchanged

Coding example: MOV R2, #10H : C + 10H
MOV R1l, #00H ; A+ OOH
MOVW RP6, #3050H; DE + 3050H

XCHM [DE+], A : Shift the contents of
memory 3050H to 305FH
back one address at the
time. (Contents of
address 3050H become
0.)

XCHBK [DE+], [HL+]
XCHBK [DE-], [HL-]

Function: [(DE) « (HL), DE « DE+l1/-1, HL + HL+l/-1,
c + C-1}

End if C = 0
Swaps the contents of the memory addressed by register
'pair HL and the contents of memory addressed by register
pair DE and increments/decrements the contents of register
pairs DE and HL. Then it decrements the contents of the C
register and repeats the operation above until the
contents of the C register reach O.
Flag operation: Unchanged

Coding example:
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CMPME [DE+], A
CMPME [DE-1, A

Function: {(DE)-A, DE +« DE+l1/-1, C + C-1]}
End if C =0 or 2 =20

Compares the contents of the A register and the contents
of the memory addressed by register pair DE and
increments/decrements the contents of register pair DE and
decrements the contents of the C register. This operation
is repeated until the result of comparison is not a match
or the contents of the C register become 0.

The contents of the A register and the contents of the
memory address of register pair DE are not changed by
execution of this instruction.

Flag operation: r . T r .
5 Z AC P/V SUB CY

x X X v 1 x

Coding example:

CMPBEKE [DE+], [HL+]
CMPEKE [DE-], [HL-]

Function: {(DE)-(HL), DE + DE+l/-1, HL + HL+1/-1,
¢ +« c-1}

End if C = 0 or 2 = O

Compares the contents of the memory addressed by register
pair HL and the contents of the memory addressed by the
register pair DE and increments/decrements the contents of
register pairs DE and HL and decrements the contents of
the C register. This operation is repeated until the
result of comparison is not a match or the contents of the
C register become O.

The contents of the memory addressed by register pairs DE
and HL are not changed by execution of this instruction.

Flag operation:

S Z AC P/V'SUB CY

X X x v 1 x

Coding exampie:
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CMPMNE [DE+], &
CMPMNE [DE-], A

Function: [(DE)-A, DE +« DE+l1/-1, C + C-1}
End if C =0 or Z =1

Compares the contents of the A register and the contents
of the memory addressed by register pair DE and
increments/decrements the contents of register pair DE
and decrements the contents of the C register. This
operation is repeated until the result of comparison is a
match or the contents of the C register become O.

The contents of the A register and the contents of the
memory addressed by register pair DE are not changed by
execution of this instruction.

Flag operation:

s 'z AC P/V SUB CY

X X X Vv 1 X

Coding example: MOV R2, #00H ; ¢ + O0H
MOVW RPG6, #3000H; DE + 3000H

CMPMNE [DE+], A ; If the contents of .

BZ SIMP 3000H to 30FFH are the
same value as the A
registers, branch to
the address indicated
by the label JMP.
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CMPBKNE [DE+], [HL+]
CMPBKNE [DE-], [HL-]

Function: {(DE)}-(HL), DE « DE+l/-1, HL + HL+l/-1,
C « c-1}

End if C = 0O or Z2 =1

Compares the contents of the memory addressed by register
pair HL and the contents of the memory addressed by
register pair DE and increments/decrements the contents of
register pairs DE and HL and decrements the contents of

the C register. This operation is repeated until the
result of comparison is a match or the contents of the C

register become 0.

The contents of the memory addressed by register pairs DE
and HL are not changed by execution of this instruction.

Flag operation:

s 'z AC PJ/V SUB CY

x X X v 1 x

Coding example:

cMpMc [DE+], A
cMPMC [DE-1, A

Function: {(DE)-A, DE + DE+1/-1, C + C~-1}
End if C = 0 or CY = 0

Compares the contents of the A register and the contents
of the memory addressed by pair register DE and
increments/decrements the contents of register pair DE and
decrements the contents of the C register. This operation
is repeated until the result of comparison is that the
contents of the memorty addressed by register pair DE are
larger or the contents of the C register become 0.

The contents of the A register and the contents of the
memory addressed by register pair are not changed by
execution of this instruction.

Flag operation:

s 'Z 'AC 'P/V SUB CY

X X x V' 1 x

Coding example:
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cMPBKC [DE+], [HL+]
cMPBKC [DE-], [HL-1]

Function: {{(DE)-(HL), DE + DE+l1/-1, HL + HL+l/-1,
c + C-1

End if ¢ = 0 or CY = 0

Compares the contents of the memory addressed by register
pair HL and the contents of the memory addressed by
register pair DE and increments/decrements the contents of
register pairs DE and HL and decrements the contents of
the C reqister. This operation is repeated until the
result of comparison is that the contents of the memory
addressed by register pair DE are larger or the contents
of the C register become O.

The contents of the memory addressed by register pairs DE
and HL are not changed by execution of this instruction.

Flag operation: :

s 'z AC P/V SUB CY

X X X v 1 X

Coding example:
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CMPMNC [DE+], A
cMPMNC [DE-], A

Function: {(DE)=A, DE « DE+l/-1, C + C-1}
End if C = 0 or CY = 1

Compares the contents of the A register and the contents
of the memory addressed by register pair DE and
increments/decrements the contents of register pair DE and
decrements the contents of the C register. This operation
is repeated until the result of comparison is that the
contents of the A register are larger or the contents of
the C register become 0.

The contents of the A register and the contents of the
memory addressed by register pair DE are not changed by
execution of this instruction.

Flag operation:

S % AC P/V SUB CY

X X X vV 1 X

Coding example: MOV RZ2, #GOH ; C + 00H
MOVW RP6, #B000H; DE + B8000H
CLR1 CY 1 CY + 0

CMPMNC [DE+], A
BC $IMP If the value of 8000H
to BOFFH is larger
than the contents of
the A register, jump
to the address
indicated by the label

JMP.

L ]
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cMEBENC [DE+], [HL+]
CMPRKNC [DE-], [HL-]

Function: {(DE)-(HL), DE + DE+1/-1, HL + HL+1/-1,
C + C-1}

End if C = 0 or CY = 1

Compares the contents of the memory addressed by register
pair HL and the contents of the memory addressed by
register pair DE and increments/decrements the contents of
register pairs DE and HL and decrements the contents of
the C register. This operation is repeated until the
result of comparison is that the contents of the memory
addressed by register pair HL are larger oOr the contents
of the C register become 0,

The contents of the memory addressed by register pairs HL
and DE are not changed by execution of this instruction.

Flag operation:

s ' z AC P/V SUB CY

4 X x V') 1 X

Coding example:
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SEL RBn, ALT

Function: RBS52 to RBSO + n, RSS + 1 n =0 to 7

Selects the register bank specified at the operand by
setting the 3-bit immediate data N; to Ny in the OP code
into the register bank select flag (RBS2 to RBS0O) and sets
the register set selection flag (1).

Flag operation: Unchanged

Coding example:

NOP

Function:

Expends three states without performing any operation.
Flag operation: Unchanged |

Coding example:

EI

Function: IE <1

Sets (1) the interrupt request enable flag (IE).
Reception of maskable interrupts is controlled by each
interrupt request control register.

Flag operation: Unchanged

Coding example:

DI
Function: IE + 0

Clears the interrupt request enable flag (IE). Reception
~of maskable interrupts is disabled.

Flag operation: Unchanged

Coding example:
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10.6.16 CPU CONTROL INSTRUCTIONS
MOV STBC, #byte
Function: STBC + byte byte = O0H to FFH

Sets the B-bit immediate data specified by the second
operand into the standby control register (STBC).

This instruction is a special OP code for setting the
STBC register.

Flag operation: Unchanged

Coding example: MOV STBC, #01lH: Set the HALT mode.

MOV WDM, #byte
Function: WDM + byte byte = OOH to FFH

Sets the 8-bit immediate data specified by the second
operand into the watchdog timer mode register (WDM).

This instruction is a special OP code for setting the WDM
register.

Flag operation: Unchanged

Coding example:

SWRS

Function: RSS +« RSS

Inverts the contents of the register set flag (RSS).
Flag operation: Unchanged

Coding example:

SEL RBn

Function: RBS2 to RBSO + n, RSS + 0 n = 0 to 7

Selects the register bank specified at the operand by
setting the 3-bit immediate data N, to N, in the OP code
into the register bank select flag (RBSZ to RBSO) and
clears (0) the register set selection flag (RSS).

Flag operation: Unchanged

Coding example:
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CHAPTER 11. SPECIFICATIONS
11.1 ELECTRICAL SPECIFICATIONS (uPD78310A, uPD78312A)

Absolute Maximum Ratings (Ta = 25°C)

Parameter Symbol | Test Conditions Rating Unit
Powar supply Vpp -0.5 to +7.0 v
voltage AV 0.5 to V v

-0. o
REF +0.3 DD
Input voltage | Vj -0.5 to +Vpp v
+0.5
Qutput voltage | Vj -0.5 to +Vpp v
+0.5
Qutput current | Iy 1 pin 4.0 mA
low
All output pins | 100 mA
total
Output current | Igy 1 pin -2 mA
high
All output pins | -25 mA
total
Operating Topt -10 to +70 Sc
temperature
Storage Tgtg -65 to +150 °c
temperature

Recommended Operating Conditions

Parameter
Oscillation Ta "B'DD
Frequency
4 MHz g fyy § 12 MHz -10 to +70°C | +5.0 V +10%
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Capacitance (Ta = 259C, Vpy = Vgg = 0O V)

Test
Parameter Symbol Conditions MIN.| TYP.| MAX, | Unit
Input capacitance C: £f = 1 MHz 10 pF
Output capacitance Co Unmeasured 20 pF
i pins returned
I/0 capacitance Cio0 to OV 20 pF

Oscillator Characteristics (Ta = -10 to +70°C, Vpp =
+5.0 V +10%, Vgg = AVgg = 0V, 4.0 V £ AVppp £ Vpp)

Recommended
Oscillator |  oiprcuit Parameter MIN. | TYP.| MAX. | Unit
Ceramic Oscillation frequency 4 12 | MHz
or crystal | X1 Xz | (fyx)
resonator ; n
= —Tu ]
' |
I-._a.....-_;r__..__ =l
External X1 input frequency 4 12 | MHz
clock (fy)
x1 X2
X1 input rise and fall 0 30 | ns
times l' tm » th}
HCMOS X1l input high, low- 30 130 ns
tyxL)

NOTE 1l: Place the oscillator circuit as close to the X1, X2
pins as possible.
2: Do not pass other signals within a range of dotted

area.
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Recommended Oscillator Constants

Ceramic Resonator

Manufacturer | Product Name Frequency | External Capacitance [pF]
[MHz ]
Cl Cc2
Murata Mfg. CSAB.00OMT 8.0 30 30
Co., Ltd, CSAL10.0MT 10.0
CSA12.0MT 12.0
CST10.0MT 8.0 On-chip On=-chip
CST10.0MT 10.0
CST12.0MT 12.0
Kyocera KBR-8.0M 8.0 33 33
Corp. KBR-10.0M 10.0
KBR-12.0M 12.0
TDK FCR10.0MC 10.0 On-chip On-chip
FCR12.0MC 12.0
Crystal Resonator
Manufacturer | Product Name Frequency | External Capacitance [pF]
- [(MHz ]
Cl Cc2
Kinseki Ltd. | HC-49U 8.0 22 22
10.0
12.0
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DC Characteristics (Ta = -10 to +70°C, Vpp = +5.0 V +10%,

vss = V}

Parameter Symbol Test Conditions MIN. | TYP.| MAX. |Unit
Input voltage | Vi Except for EA 0 0.8 | V
low
Input voltage | Viyy Except for P20/NMI, | 2.2 Vop v
high X1, X2, RESET

Vinz P20/NMI, X1, X2, 3.8 Vbp v
voltage low
Output Vou Iog = =1.0 mA Vop v
voltage high -1
Input current II P20/NMI, RESET +10 UA

0.45 V < V; < V
I DD

Input leakage | It +10 uA
current
I/0 leakage Iio +10 | uA
current
AVggr current | Algep | forg = 6 MHz 1.5 |5 mA
Vpp power Inn1 Operating mode, 30 60 mA
supply fopg = 6 MHz
current

1 HALT mode, S 15 mA
voltage
current : mode

+10%
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AC Characteristics

Read/Write Operation (Ta = -10 to +70°C, Vpp = +5.0 V
ilﬂ'*, ?55 = V)

Parameter Symbol Test Conditions MIN.| MAX.| Unit
Internal system teyr 166 | 1000| ns
clock cycle time *1
Address setup time tsaL 150 ns
(to ALE+)

Address hold time tyLa Cp = 100 pF, 30 ns
(from ALEY) R = 2 ko *4

RD+ delay time from |tpap 233 ns
address

Address float time |tpg, 0 ns
from RD+

Data input time tpa1D 413 | ns
from address

Data input time tpLID 233 | ns
from ALE+

Data input time tpRID 180 | ns
from RDy

RDy delay time from |tppp 63 ns
ALE 4

Data hold time tHRID 0 ns
(from RD+)

Address active thrA 53 ns
time from RD+

from RO+

RD low-level width |typr 200 ns
ALE high-level tyLH 126 ns
width

WR+ delay time from thaw 233 ns
address

(to be comrtinued)
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(cont'd)

Parameter Symbol Test Conditions MIN.| MAX.| Unit
Data output time tpLOoD 193 | ns
from ALE+
Data output time tphwon 100 |ns
from WR+ DO
WR+ delay time from | tpry 63 ns
ALE+ *2
Refresh mode 116 ns
Data setup time tS0DWR 150 ns
{to WRt)
Data setup time tsopwr| Refresh mode 33 ns
(to WRy) *3
(from WR+)
ALE+ delay time towL 116 ns
from WR+
WR low-level width | tyyr, 200 ns
Refresh mode 116 ns

X1+

Internal system clock (f-;x) is the oscillation clock
(f4x) divided by 2 or 8 as specified by STBC register.
The value in this table is the value when fy, = 12 MHz,
focrk = fxx/2.

At pulse refresh operation, tppy 1s one stage lower
because WR signal falls after a 1/2 clock delay.

For a pseudo-static RAM (uPD428128 etc.) of a type that
reads data by the falling edge of the WR signal, the
data setup time is not tgopwrs PYt TsopwF-

The hold time includes the time for holding Vgy and Vgp
at C;, = 100 pF, Ry = 2 kii load conditions.

Remarks: This table shows the AC characteristics when the

number of walt cycles is 0.
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Serial Operation (Ta =

=10 to +70°C, Vpp = +5.0 V +10%,

Parameter Symbol Test Conditions MIN.| MAX.| Unit
Serial clock cycle |toygg | Output | STK *1 | 1.33 us
time

TS *2 | 1.33 us
Input CTS *3 | 1 us
Serial clock low- tyskr, | Output | SCK x1 | 580 ns
level width
CTS *2 | 580 ns
Input | CT3 *3 | 420 ns
Serial clock high- tysky | Output | SCK *] | 580 ns
level width
CTS *2 | 580 ns
Input | CTS *3 | 420 ns
CTS high, low-level |tycecy. *4 | 3 tevk
RxD setup time (to tsrxsk 80 ns
CTS+)
RxD hold time (from CuSKRX 80 ns
CTS4+)
TxD delay time from tDEKTE 210 | ns

SCK+

*1:

750 kbps
2:

750 kbps
3:

1 Mbps
4

Asynchronous mode

11-7

I/0 interface mode reception, data transfer speed

I/0 interface mode reception, data transfer speed

I/0 interface mode transmission, data transfer speed




A/D Converter Characteristics (Ta = -10 to +70°C, Vp, =

Parameter Symbol | Test Conditions | MIN.| TYP. | MAX. |Unit
Resolution 8 bit
Total error* 4.0 V g AVpgr § 0.4 |%

VoD- 166 ns g

teyk § 500 ns
Quantization +1/2 | LSB
error

250 ns

250 ns g toyx s | 120 t

500 ns = - YK
Sampling time tgamp | 166 ns g toyg 3 | 36 tovk

250 ns

500 ns . 'K
Analog input VIAN -0.3 AVRerF| V
voltage +0.3
Analog input Ran 1000 MQ
impedance
voltage

* -

Quantization error not included.

11- 8
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Count Unit Operation (Ta = -10 to +709C, Vpp = +5.0 V
110%, VES = 0 V)

Parameter Symbol Test Conditions MIN.| MAX.|Unit

CIO, CI1 high, low- twern- 3 t
level width twoTL CYK
CTRLO, CTRL1 high, tweTH. 3 tovk
CTRLO, CTRL1 setup tgerer |Specifies count 2 tovk
time (to CIt) unit operation

mode 3, and CI pin

input rising edge

effective.
CTRLO, CTRL1 hold t Specifies count 5 t

’ HCICT CYK

time (from CIt) unit operation

mode 3, and CI pin

input rising edge

effective.
CLRO, CLR1 high, CWCRH 3 tevk
low-level width tWCRL
(to CI+t) unit operation

mode 4
CIO, CI1 hold time tuacicr| Specifies count 6 tevk
(from CIt) unit operation

mode 4
CIO, CI1l, CTRLO, toved Specifies count 4 us

CTRL1 cycle time

unit operation
mode 4
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Other Operations (Ta = -10 to +70°C, Vpp =

+5.0 V +10%,

Parameter Symbol Test Conditions MIN.|MAX.|Unit
width tWNIL
INTEO high, low- tyIOH 3 t
level width ToL c¥K
IHTE]. high ’ low= t-HI 1H+ 3 tcm
INTE2 high, low- tyr2u- 3 toyk
lavel width twizL
RESET high, low- tuRSH- 10 us
level width t“REL
v rise time t 4 ms
D ROVD
[?nr using SBF bit)
Vop rise, fall time thD! 200 us
trvD
External Clock Timing (Ta = -10 to +70°C, Vpp = +5.0 V
Parameter Symbol Tast Conditions MIN.|MAX.|Unit
X1l input high-level 30 130 |ns
width “uxH
X1l input low-level 30 130 |ns
width WXL
Xl input rise time txr 0 30 ns
X1 input fall time |typ 0 |30 [ns
X1l input cycle time |teyy 83 250 |ns
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toyg Dependent Bus Timing Definition

Parameter Expression MIN./MAX. | Unit
TsarL 1.5 T-100 MIN. ns
tpar 2 T-100 MIN. ns
tpAID (3.5+n) T=-170 MAX. ns
toLIDp (2+n) T-100 MAX. ns
tprID (1.5+n) T-70 MAX. ns
toLr 0.5 T-20 MIN. ns
tprL T-50 MIN. ns
tora 0.5 T-30 MIN. ns
twRL (1.5+n) T-50 MIN. ns
Ty T-40 MIN. ns
toaw 2 T=-100 MIN. ns
tpLop 0.5 T+110 MAX. ns
toLw 0.5 T-20 (normal operation) MIN. ns
T-50 (refresh mode) MIN. ns
tsoDwr {(l1.5+n) T-100 MIN. ns
teopwr 0.5 T-50 MIN. ns
towL T-50 MIN. ns
twwL (1.5+n) T-50 (normal operation) MIN. ns
(1+n) T-50 (refresh mode) MIN. ns
Remarks 1: n is the number of wait cycles inserted by MM

register specification.

2z T = tm = lfchK {fCLK':
frequency)

Internal system clock

3: Items not in this table does not depend on the
internal system clock frequency (fryy)-
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AC Timing Test Point

V-1V

T45V

22V
g e Tp!.iﬁt. '{::u.av

X

Timing Waveform

Read operation:

Tox

PST-Ps0

Uppar Address

X
XK

tauo
| -
PAT-Pé0 Lowar Address B ad Dat [—D
Towrp lgam === P
I i 1 tes " Lom, {
ALE y '8 tr o k
] Im—-
D L - y
B N £

Write operation:

P37-P30 3 XI'

PaT-F40 H a

Write Data

ri— e,

s tma
" P e
1 - I Lww tpw
= [ txow
e 4
L ! i $
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Serial Operation

I1/0 interface mode transmission:

terx

T e

~

T«D ><

I1/0 interface mode reception:

fom

Y loiza

RxD j
lomax ~—

Transmit enable input timing {asynchronous mode):

| lwcan

S W
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Count Unit Input Timing

clo.CI1

CTRLo, CTRL1

CLRO, CLR1

Clo. CI1

CTRLO, CTRL1

i

Taem

e
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Interrupt Input Timing

INTE0Q

INTE1

INTEZ

lumm

Twanin,

a8V

iwion

e

twriL

lenim

ﬁ*ff::::

iwmL

twian

-

Reset Input Timing
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External Clock Timing

8V
X1 0BV

Power On Timing

Voo

Data Hold Timing

fux
tm
Y-
ap%
10%
0%
10% Voo
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11.2 ELECTRICAL SPECIFICATIONS (uPD78P312A)

Absolute Maximum Ratings (Ta = 25°C)

Parameter Symbol | Test Conditions Rating Unit
FPower supply Vop -0.5 to +7.0 v
voltage

AvREF '0-5 t'u vnn v
+0.3
Avss _0!5 tﬂ' +D|-5 v
‘UPP =0.5 to +13.5 v
Input voltage Vi1 Except for =0.5 to +Vpp v
RESET +0.5
v:z EEEET —EME tﬂ +1315 V
Output voltage | V, =0.5 to +Vpp
+0.5
Output current | Vgq, 1l pin 4.0 mA
low
All output pins | 60 mA
total
Output current | Igy 1 pin -2 mA
high
All output pins | =15 mA
total
Operating Topt -10 to +70 O¢c
temperature
Storage Tatg -65 to +150 °c
temperature
Recommended Operating Conditions
Parameter
Oscillation Ta Vpp
Fregquency
4 MHz g fyy § 12 MHz -10 to +70°C | +5.0 V +10%
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Capacitance (Ta = 259C, Vpp = Vgg = 0 V)

Test
Parameter Symbol Conditions MIN.| TYP.| MAX. | Unit
Input capacitance Cq f = 1 MHz 10 pF
Output capacitance Co Unmeasured 20 pPF
pins returned
1/0 capacitance C1o to O V 20 pF

Oscillator Characteristics (Ta = -10 to +70°C,

vDD = ‘.'5-0 v

commended
Oscillator Hﬂcircuita Parameter MIN.| TYP.| MAX.| Unit
Ceramic Oscillation frequency 4 12 | MHz
or crystal | x1 X2 | {fxx}
resonator ' .
| ==c1 ::cé
L'-"it _____ ;
External X1 input frequency 1 12 | MHz
clock l (Fy)
Xi X2
X1 input rise and fall 0 30 | ns
> times (tygp. txp)
Inverter Iuwultudﬂ1[qﬂmﬁ
tuxL)
'‘NOTE 1: Place the oscillator circuit as close to the X1, X2
pins as possible.
2: Do not pass other signals within a range of dotted

area.
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Recommended Oscillator Constants

Ceramic Resonator

Manufacturer | Product Name Frequency | External Capacitance [pF]
[MHz ]
Cl c2
Murata Mfg. CSA8.00MT 8.0 30 30
Co., Ltd. CSALl0.OMT 10.0
CSAL2.0MT 12.0
CST10.0MT 8.0 On-chip On-chip
CST10.0MT 10.0
CST12.0MT 12.0
Kyocera KBR-8§.0M 8.0 33 33
Corp. KBR-10.0M 10.0
KBR-12.0M 12.0
TDK FCR10.0MC 10.0 On-chip On-chip
FCR12.0MC 12.0
Crystal Resonator
Manufacturer | Product Name Frequency | External Capacitance [pF]
[MHz ]
Cl c2
Kinseki Ltd. | HC-49U 8.0 22 22
10.0
12.0
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DC Characteristics (Ta = -10 to +70°C, Vpp = +5.0 V +10%,

Parameter Symbol Test Conditions MIN.|TYP.| MAX.|Unit
Input voltage | Vyp4 Other than EA 0 0.8 | v
low —

“ILE EA 0 0.5 | V
Inpu'l.'. voltage ?IHI Except for PED;HH-I | 2.2 vnn Vv
high X1, X2, RESET

V P20/NMI, X1, X2 3.8 Vv v

IH2 . ' ' D
RESET D
voltage low
ﬂutput ‘a"ﬂH IDH = =1.0 mA "L"DD Vv
voltage high -1
Input current II P20/NMI, RESET +10 | uA
0.45 V ¢ ?I Y Ubn
Input leakage | I; ¢ +10 | uA
current
I/0 leakage I1o +10 | uA
current
MFREF current HIREF f':LH = 'Ei MHz 1.5 5 mA
Vpp power Inp1 Operating mode, 30 |60 mA
supply forg = 6 Miz .
current
Data hold vDDDH STOP mode 2.5 V
voltage
current mode
+10%

11-20




AC Characteristics

Read/Write Operation (Ta = -10 to +70°C, Vpp = +5.0 V

Parameter Symbol Test Conditions MIN.| MAX.|Unit
Internal system tevk 166 | 1000| ns
clock cycle time *1
Address setup time tEAL 150 ns
(to ALE+)

Address hold time tyLa 30 ns
(from ALE+ )

RD+ delay time from |tpap 233 ns
address

Address float time trra 0 ns
from RD+

Data input time chID 413 ns
from address

Data input time t 233 | ns
from ALE+ DLID

Data input time tDRID 180 ns
from RD+

FD+ delay time from |tprp 63 ns
ALE ¢

Data hold time tyRID 0 ns
{ from RD+)

Address active tDRA 53 ns
time from RD+

ALE{" ﬂ_ﬂlﬂr time tDRL 115 ns
from RD+

RD low-level width tyRL 200 ns
ALE high-level tyLH 126 ns
width

WR+ delay time from |tpay 233 ns
address

(to be continued)
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(cont'd)

Parameter Symbol Test Conditions MIN.| MAX.| Unit
Data output time tprop 193 | ns
from ALE+
Data output time towo 100 | ns
from WR+ D
WR+ delay time from tDLH 63 ns
ALE+ %2
Refresh mode 116 ns
Data setup time tsopwr 150 ns
(to WER*t)
Data setup time tsopwr | Refresh mode 33 ns
(to WRY) *3 SOPW
Data hold time tuwon 20 ns
(from WR+t)
ALE+ delay time t 116 ns
from WR+t DWL
WR low-level width | tyn.r 200 ns
Refresh mode 116 ns

*1: Internal system clock (f~rg) is the oscillation clock
(fxx) divided by 2 or 8 as specified by STBC register.
The value in this table is the value when fyy = 12 MHz,

ferk = fxx/2- |
2: At pulse refresh operation, tppy 1s one stage lower

because WR signal falls after a 1/2 clock delay.
3: For a pseudo-static RAM (uPD42B128 etc.) of a type that

reads data by the falling edge of the WR signal, the

data setup time is not tgopwr: PYt Tgopwr-

Remarks: This table shows the AC characteristics when the
number of wait cycles is 0.

11-22



Serial Operation (Ta =

=10 to +'?D°C, ‘J’DD - +5,0V ilﬂ%,

Parameter Symbol Test Conditions MIN, | MAX.| Unit
Serial clock cycle |teygk | Output | 5CK *] | 1.33 us
time

CTS *2 (1,33 us
Input | CTS *3 |1 us
level width
CTS *2 | 580 ns
Input | CTS *3 | 420 ns
Serial clock high- |[tyggy | Output | STK *1 | 580 ns
level width
CTS *2 | 580 ns
Input | CTS ®3 | 420 ns
width tycsL
RxD setup time (to toRXSK B8O ns
CTS+) '
CTS+)
SCR + DS
*]: I/0 interface mode transmission, data transfer speed
750 kbps
2: I/0 interface mode reception, data transfer speed
750 kbps
3: 1I1/0 interface mode reception, data transfer speed
1 Mbps
4: Asynchronous mode
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A/D Converter Characteristics (Ta = -10 to +70°C, Vpp =
+5 V 110%, 4.0 v L4 AvREF < ?DD, ﬁvss e ?EE - v}

Parameter Symbol | Test Conditions | MIN.| TYP.|MAX. |Unit
Resolution 8 bit
Total error¥ 4.0 V 5 AVperp 3 0.4 | %

Vpp. 166 ns g
teyg & 500 ns
Quantization +1/2 | LSB
error -
Conversion time | t 166 ns ¢ t s | 180 t
CONV 250 ne CYK CYK
500 ns
Sampling time tSAHP 166 ns 3 tEYE L 36 tCYK
250 ns
250 ns g t g | 24 t
500 ns CYK CYK
Analog input VIAN -D.3 AVREF| V
voltage +0.3 | -
Analog input Ran 1000 M
impedance
Reference AV 4.0 v v
voltage REF DD

*s

L

Quantization error not included.
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Count Unit Operation (Ta = -10 to +70°C, Vpp = +5.0 V
+10%, Vgg = O V)

Parameter Symbol Test Conditions MIN.| MAX.|Unit
CIO, CI1 high, low- ’ 3 t
level width Eﬁﬂ CYK
CTRLO, CTRL1 high, | t , 3
low=level width t:g:E tovk
CTRLO, CTRL1 setup t Specifies count 2 t
time (to CIt) SCTCI unit operation CYK
mode 3, and CI pin
input rising edge
affective.
CTRLO, CTRL1 hold t Specifies count 5 t
time (from CI+) HCICT unit operation - CYK
mode 3, and CI pin
input rising edge
effective,
CLRO, CLR1 high, twerH . 3
CIO, CI1 setup time | ¢ Specifies count 6 t
(to CI+) S4CTCI unit operation CYK
mode 4
CI10, CI1 hold time t Specifies count 6 t
(from CI+) H4CICT unit operation CYK
mode 4
CI0, CI1, CTRLO, teves Specifies count 4 us

CTRL1 cycle time

unit operation
mode 4
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Other Operations (Ta = -10 to +70°C, Vpp =

+5.0 V +10%,

Vss = 0 'U]

Parameter Symbol| Test Conditions MIN. MAX.|Unit
NMI high, low-level 10 us
width t"milf_'
INTEQ high, low- t , 3 t
level width tzigg cYK
INTEl1 high, low- ’ 3 t
level wigth Rt oYK
INTE2 high, low- 3 t
level width t"igﬁf CYK
RESET high, low- tWRSH 10 us
Von Tise time t 4 ms
(?Br using SBF bit) ROVD
Vpp rise, fall time |tgup, 200 us

trvd

External Clock Timing (Ta = -10 to +70°C, Vpp = +5.0 V
Parameter Symbol Test Conditions MIN.| MAX.|Unit
X1l input high-level 30 130 |ns
width “wxH
X1l input low-level tuxrL 30 130 | ns
width
X1l input rise time tyr 0 30 ns
X1l input fall time typ 0 30 ns
X1l input cycle time |tayy 83 250 | ns
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tcyx Dependent Bus Timing Definition
Parameter Expression MIN./MAX. | Unit
tsarL 1.5 T-100 MIN. ns
tpAR 2 T-100 MIN. ns
tparp (3.5+n) T-170 MAX. ns
tpLID (2+n) T-100 MAX. ns
tpRID (1.5+n) T-70 MAX. ns
tprr 0.5 T-20 MIN. ns
tpRI, T-50 MIN. ns
tora 0.5 T=-30 MIN. ns
tyRL (1.5+n) T-50 MIN, ns
tuLH T-40 MIN. ns
toaw 2 T-100 MIN. ns
tpLop 0.5 T+110 MAX. ns
toLw 0.5 T-20 (normal operation) MIN. ns
T=50 (refresh mode) MIN. ns
t50DWR (1.5+n) T-100 MIN. ns
tsopwr 0.5 T-50 MIN. ns
towL T-50 MIN. ns
twwL (1.5+n) T-50 (normal operation) MIN. ns
(1+n) T-50 ( refrash mode) MIN. ns

Remarks 1:

register specification.

T = teyk = 1/ferk (fork:
frequency)

n is the number of wait cycles inserted by MM

Internal system clock

Items not in this table does not depend on the

internal system clock frequency (frryx)-
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AC Timing Test Point

Ym=-1¥

sV

Test

Points

<<

X

L435Y

Timing Waveform

Read operation:

P37-P30 Upper Address }{ '}(
{ mun
PaT-P4a0 :X X Lowar Address Jﬂ Data
faat l — tmn tna —= e .
= T
Ll T E——
]
p 118
R X £
loaa

Write operation:

CLEK

PsT-Pa0

Upper Address

¥ ow
par-rio XN Lover Addrass write oata ¥ X
LI s d -'-_t-'l"_"-""-'l
=1 ovor—=
ALE
 —_— - —f
i

i %_’q‘ 5 7

Loaw
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Sarial Operation

I/0 interface mode transmission:

fomx

L

ta
E]
~

TxD )(

I/0 interface mode reception:

1emx

= _/ Y il ‘l\x /

RxD

1 maxnx

Transmit enable input timing (asynchronous mode):

i e
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Count Unit Input Timing

Clo.ClI1

CTRLG, CTRL1

CLRO, CLEL

CIO. CIl

CTRLO, CTRL1

e [EC

ST

J[T
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Interrupt

INTED

INTE1

INTE2

Input Timing

] Lairi

a8y
o8V

pﬂ#-
S —

i wiox Lok

Y- e
*‘f'

twiim lwiih ——

A
<

Y

Reset Input Timing

L || o, |

IBY
oaV

-
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External Clock Timing

b
8V
X1 L8V
ta

Tox

Power On Timing
0%
Voo 1086
Data Hold Timing
0%

Vow 108 Viooom

tRaVD
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DC Programming Characteristics (Ta = 25 +5°C, V;p = 12.0
ip'Eii;f.uss.'l‘D ?}

11-33

Parameter Symbol | Symbol®* Test Conditions MIN. [TYP.{MAX. | Unit
Input voltage VIy Vin 2.2 Vppp | V
high +0.3
low
Input leakage ILIF ILI 0 ‘ “I ‘ ?DDP 10 uA
current
Qutput voltage Vou Vol Ipg = =1.0 mA VoD v
high -1
low
Output leakage 1o — 0 £ Vo & Vppp, 10 uA
current OE = Vry
PROG pin input Itp e +10 uA
current high

- Vopp supply Vpop Voo Program memory 5.75(6.0 {6.25 | V
voltage write mode
Program memory read | 4.5 |5.0 |5.5 v
mode
Vpp supply Vpp Vpp Program memory 12.2|12.5|12.8 | V
voltage write mode
. Program memory read Vep = Vopp v
node
Vppp Supply Ipp Inp Program memory 10 |30 mA
current write mode
Program memory read 10 |30 mA
mode
EE = \"IL.. vI = HIH
Vpp supply Ipp Ipp Program memory 10 |30 mA
current write mode
EE - ?IL. ﬁE = ?IH
Program memory read 1 100 uA
mode
*; Eyﬁbal of corresponding uPD27C256A




AC Programming Characteristics (Ta = 25 +5°C, Vip = 12.0
10-5 V, vss = D v}

Parameter Symbol | Symbol®* Test Conditions MIN.|TYP.| MAX, |Unit
Address setup tsac tag 2 us
time (to CE+)
ﬁE*lr dﬂlljf time tnm tﬂE 2 us
from data
Input data setup IDC t 2 us
time (to CE+) s DS
Address hold t tay 2 us
time (from CEt) HCA
time (from CEt) .

'ﬂ'l.'l.tp'l.lt- data hold tHDDD tDF 0 130 ns
time (from OEt)

Vpp setup time tsvee t 2 us
(to CE+) VS

“bnp gsetup time tsvpe typs 2 us
(to CE+)

pulse width

Additional pro= tHLE tm 2-35 ?E.TE ms
gram pulse width

PROG h.'l.gh- t-spc — 2 us
voltage input

setup time (to

CE+)

from address

Data output time tpoop tog 1 us
from DE+

Data hold time tucop tpe 0 130 ns
(from OE+)

Data hold time tmnn t‘Dﬂ OE = '-FIL 0 ns

{ from address}

W% .
-

Symbol

of corresponding uPD27C256A
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PROM Write Mode Timi

ngs

- Al12=A0 ,‘,!.‘,| Effective Addrass x
lsac 1 jyoop tuca
D7T=D0 Pase Butput PRBas ’D__
'sinc tuCID ts1pC tucm
Vip
PROG
Vi —/ '
L
Yer
Vrer
Voor tgvpc
Yoo +1
Yoor
Voow
—ll--lli—*lm
Viu =
CE ViL topoo
: v
; | poop
¥
T Y
ViL
— NOTE 1: Apply Vppp before Vpp and cut it off after Vpp.

2: BSet Vpp to +13 V or less including an overshoot.

PROM Read Mode Timings

AlZ2Z—A0 Effectiva Addrass

fi HCOD

I

E.-F.":E--..
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11.3 ELECTRICAL SPECIFICATIONS (uPD78310A(A), uPD78312A(A))

Absolute Maximum Ratings (Ta = 25°C)

Parameter Symbol | Test Conditions Rating Unit
Power supply Vop -0.5 to +7.0 v
voltage

+0.3
ﬁvss =0.5 to +0.5 v
Input voltage | Vy =0.5 to +Vpp v
+0.5
Qutput voltage | V, -0.5 to +Vpp v
+0.5
Cutput current | I, 1 pin 4.0 mA
low
All cutput pins | 100
total
Output current | Iny 1l pin -
high
All output pins | -25 maA
total
Operating Topt -40 to +85 ¢
temperature
Storage Tstg -65 to +150 9c
temperature

Recommended Operating Conditions

Parameter
Oscillation Ta Vop
Fregquency
4 MHz g fgy 5 12 MHz -40 to +85°C | +5.0 V +10%
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Capacitance (Ta = 25°C, Vpp = Vgg = 0 V)

T
Parameter Symbol | conditions | MIN.|TYP.|MAX. | Unit
Input capacitance Cr £f = 1 MHz 10 pF
Output capacitance Co Unmeasured 20 pF
pins returned
I1/0 capacitance Cio to OV 20 pF
Oscillator Characteristics (Ta = -40 to +85°C, Vpp = +5.0 V
Recommended
Oscillator Circuit Parameter MIN, | TYP. | MAX. | Unit
Ceramic | | Oscillation frequency 4 12 | MHz
or crystal | | X Xz | {ka}
resonator | !
0
L ==e f:cﬁ
External X1l input frequency 4 12 | MHz
clock I 1 x3 (fx]
X1 input rise and fall 0 30 |ns
A HeMos L X1 input high, low- 30 130 |[ns
level width (twm,
tuxe)
NOTE 1l: Place the oscillator circuit as close to the X1, X2

pins as possible.

23
area.
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DC Characteristics (Ta = -40 to +85°C, Vpp = +5.0 V +10%,

Parameter Symbol Test Conditions MIN.|TYP.| MAX, (Unit
Input voltage | Vyr; Except for EA 0 0.8 | v
low
Input voltage | Viyy Except for P20/NMI, | 2,2 Voo | V
high X1, X2, RESET

Vin2 Pzwgm, X1, X2, 3.8 Vpp | V
voltage low
Output VoH Ipg = -1.0 mA VDD v
voltage high -1
Input current | I P20/NMI, RESET +10 | uA

0.45 V < “I < UDD

Input leakage | Iy g +10 | uaA
current
I/0 leakage Ito +10 uh
current
Vpp power Inpi Operating mode, 30 60 mA
supply fCLK = 6 MH=z
current

Ipp2 HALT mode, 5 15 mhA,
voltage
current mode

+10%
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AC Characteristics

Read/Write Operation (Ta = -40 to +85°C, Vppy = +5.0 V
:10*, vss = O V)

Parameter Symbol Test Conditions MIN.|MAX,| Unit
Internal system tovi 166 | 1000| ns
clock cycle time *]1
Address setup time tsaL 150 ns
(to ALE+)

Address hold time turA Cy = 100 pF, 30 ns
(from ALE+) RL = 2 ki *4

FD+ delay time from tpaAR 233 ns
address

Address float time |(tppa - 0 |ns
from RD+

Data input time tpaID 413 | ns
from address

Data input time t 233 | ns
from ALE+4 DLID '
Data input time t 180 | ns
from RD+ DRID

RD+ delay time from |t 63 ns
ALE+ DLR

Data hold time t 0 ns
(from RD+) HRID

Address active toRa 53 ns
time from RD+

ALE + delay time tpRL 116 ns
from RD+

RD low-level width |typr 200 ns
ARLE high-level t 126 ns
width WLH

WR+ delay time from |[tpay 233 ns
address

(to be continued)
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(cont'd)

Parameter Symbol Test Conditions MIN.| MAX.| Unit
Data output time tproo 193 | ns
from ALE¢4
Data output time tpwob 100 | ns
from WR+
WRy delay time from |tppu 63 ns
ALE+ *2
Refresh mode 116 ns
(to WR+t)
Data satup time t p| Refresh mode 33 ns
(to WRY) *3 SODW
Data hold time thwob 1 20 ns
(from WRt)
ALE+ delay time tDWL 116 ns
from WR+
WR low-level width twwL 200 ns
Refresh mode 116 ns
*1: Internal system clock (fopx) 1s the oscillation clock

(fyy) divided by 2 or 8 as specified by STBC register.
The value in this table is the value when fyy = 12 MHz,
forx = £xx/2.

At pulse refresh operation, tppy is one stage lower
because WR signal falls after a 1/2 clock delay.

For a pseudo-static RAM of a type that reads data by
the falling edge of the WR signal, the data setup time
is not tgpopwr: PYt tgopur-

The hold time includes the time for holding Vgoy and Vg
at C; = 100 pF, Ry = 2 k! load conditions.

Remarks: This table shows the AC characteristics when the

number of wait cycles is 0.
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Serial Operation (Ta =

-40 to +859C, Vpp = +5.0 V +10%,

?55 - D v}

Parameter Symbol Test Conditions MIN.| MAX.| Unit
Serial clock cycle |teygg | Output | SCK *1 |1.33 us
time

CTS %2 1,33 us
Input | CTS *3 |1 us
Serial clock low- tHSKL Output SCK *]1 | 580 ns
lavel width
CTS *2 | 580 ns
Input | CTS *3 | 420 ns
Serial clock high- |tyucgy | Output | SCK *1 | 580 ns
lavel width
CTS *2 | 580 ns
Input | CTS *3 1420 ns
width tycsL
CTS+)
TIS+)

SCK+

*]1:

750 kbps
r4:

750 kbps
3:

1 Mbps
4:

Agynchronous mode
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A/D Converter Characteristics (Ta = -40 to +85°C, Vpp =

Parameter Symbol | Test Conditions | MIN, |TYP. |[MAX. |Unit
Resolution 8 bit
Total error* 0.4 ¥
Quantization +1/2 |LSB
error
Conversion time | teogny | 166 nNs g toyk s | 180 tevi

250 ns
250 ns g toyg S | 120 teovk
500 ns
Sampling time toamp | 166 ns g toyp 5 | 36 tevk
250 ns
500 ns
Analog input VIAN -0.3 AVRer|V
voltage +0.3
Analog input Ran 1000 M
impedance
Reference AVReR 4.0 Vbp v
voltage
AVppp current Alper forg = 6 MHz 1.5 |5.0 mA

*:

Quantization error not included.

Expressed as a

percentage of the full-scale value.
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Count Unit Operation (Ta = -40 to +85°C, Vpp = +5.0 V

110%, ‘U’Es = 0 V)

Parameter Symbol Test Conditions MIN.| MAX. | Unit
CIO, CI1 high, low- | t IH" 3 tevk
lavel width t:EIL
CTRLO, CTRL1 high, CweTH 3 tovk
low=-level width t“c$§
CTRLO, CTRL1 setup tgoper | Specifies count 2 tovk
time (to CIt) unit operation
mode 3, and CI pin
input rising edge
effective.
- CTRLO, CTRL1 hold tycrcr | Specifies count 3 tevk
time (from CIt) unit operation '
mode 3, and CI pin
input rising edge
effective.
low-level width tmL
- CIO, CI1 setup time | tgucpcr| SPecifies count 6 toyk
(to CI+) unit operation '
mode 4
CrIﬂ, CIl hold time tHdCICT spﬂﬂifiﬁﬂ count 6 tCYK
(from CI+) unit operation
mode 4
CIO, CIl, CTRLO, teves Specifies count 4 us
_ CTRL1 cycle time unit operation
mode 4
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Other Operations (Ta = -40 to +85°C, Vpp *

+5.0 V +10%,

vss = () V]

Parameter Symbol Test Conditions MIN,.| MAX.| Unit
NMI high, low-level |tywry- 10 us
width EANTL
level width turoL
INTEl1 high, low- turing- 3 tovk
level width turin
INTE2 high, low- tyI2H 3 tevk
Vv rise time t 4 ms

D ROVD
{?nr using SBF bit)
Vpp rise, fall time |tgyp, 200 us
trvp

External Clock Timing (Ta = -40 to +85°C, Vpp = +5.0 V

Parameter Symbol Test Conditions MIN.|MAX.| Unit
X1 input high-level |tyyy 30 130 | ns
width
X1l input low-level twxL 30 130 | ns
width
X1l input rise time |typ 0 30 |ns
X1 input fall time txp 0 30 ns
X1l input cycle time |toyy 83 250 Ins
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register specification.

frequency)

teyx Dependent Bus Timing Definition

N Parameter Expression MIN./MAX. | Unit
tsaL 1.5 T-100 MIN. ns

tpAR 2 T-100 MIN. ns

tpaID (3.54n) T-170 MAX. ns

tpLID (2+n) T-100 MAX. ns

tprID (1.5+n) T-70 MAX. ns

tprR 0.5 T-20 MIN. ns

tpRL T-50 MIN. ns

B torA 0.5 T-30 MIN. ns
turL (1.5+n) T=50 MIN. ns

tyLE T-40 MIN. ns

tpAw 2 T-100 MIN. ns

_ tporobp 0.5 T+110 MAX, ns
toLw 0.5 T-20 (normal operation) MIN. ns

T-50 (refresh mode) MIN. ns

ts0DWR (1.5+n) T-100 MIN. ns

tSoDWF 0.5 T-50 MIN. ns

- touL T-30 MIN. ns
TwwL (1.5+n) T-50 (normal operation) MIN. ns

(1+n) T-50 (refresh mode) MIN. ns

Remarks 1: n is the number of wait cycles inserted by MM

Internal system clock

3. Ttems not in this table does not depend on the
internal system clock frequency (fopk)-
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AC Timing Test Point
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Read operation:
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Serial Operation

I1/0 interface mode transmission:

Term

= _JF—i_/—

TxD X

I/0 interface mode reception:

158 Lo

« S~ b\

RxD j
LY

Transmit enable input timing (asynchronous mode):

e W

11-47



Count Unit Input Timing

A ]

CIe.CIl ,“I

—I-!—lm

/ b
CTRLO, CTRL1 .a"
e e

1wemm
CLR0O, CLR1
11518

CIo. CI1

CTRLoO. CTRL1

JLV 5
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Interrupt Input Timing

} Twenn | TrwnL
NM I EJ‘J{
08vV %
| twiow I twint
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External Clock Timing

Tem
A8V
X1 Lev
— e Iy |
(=
Tom
Power On Timing
Yoo
trRovD
Data Hold Timing
0%
Vi 108 Veeon
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11.4 PACKAGE INFORMATION

64-pin plastic shrink DIP (750 mil) (unit: mm)

I'.lI'Il'I.I"'II'IE'If"II"II"'II'II'II'II'II'Il'II'II'II"'Il"IrII'IHﬂI'Ii'II'I-I"II'II'II'Iﬂ

LY

12'° 508 MAX.

64-pin plastic QUIP (unit: mm)

16.5

41*“ :'Ij'"

PRGQ = 100-M
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64-pin plastic QFP (14 x 20) (unit: mm)

23.640.4
20,0402
Detall Drawing of
Pi
n Tip Shape
=== 1 ===]
(= = =T
=== === - .;
- - EEE— g 55 - l >2ﬁ
| = = = - {r= oy = t
o= — -~ It L
o === =
o O I === ﬁ E
[ = = &4 =
]
1.0 0400.10(p{o20@ [ 10

0.1538

PG4CF-100-3B8,3BE,3BR-1
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68-pin plastic QFJ ([J950 mil) (unit: mm)

= 232302
24.20

OO mmr

Ao OoOooOoomMmOonnOnNOonrr
+
I [ N N [ O [ N ¥ g g gy
24.20
25.240.2

=

- | N [ gy gy g g 8 N g S gy oy gy
0.6 1.9440.

el
LY ]

34

—3

—3
|

0.20°343

B30.2
/l
0
,If__

0.15

(
0.9 MIN.
§
0

0.4020.10[]0.12

P68L-30A1-2
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64-pin ceramic shrink DIP (750 mil) (unit: mm)

¢ 8.89

56.68 MAX. *
, K
8.8

wd ——

i []
= [
3 ! ! I
- '

Ll &) 178 MAXL 0250 M -15'

PS4DW — 70— TIA

64-pin ceramic QUIP (with window) (unit: mm)

41.91 MAX,
$8.89
X "‘
) S
W/ 2
GE8]
=
= |
- 0.92 MIN. 127 MAX. =
0.46"°% BB T Ea) 0.25700¢
PHAQ-100—-A
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12.1

CHAPTER 12, PRECAUTIONS FOR USE

PRECAUTIONS REGARDING SERIAL COMMUNICATION INTERFACE
FUNCTION

When transmitting data in asynchronogus mode, be sure not
to change the CTS pin input signal level or the TXRDY bit
(bit 7) in the serial communication mode register.

When the TTS pin input level changes from low to high, or
when the TXRDY is set (1), extra transmission complete
interrupt may be generated, resulting in duplicate writing
of data to the transmit buffer register (TxB) and loss ©of
the transmit data.

The following procedure is recommended to avoid this
problem.

[Remedies]

(1) Fix the CTS pin input level low and leave the TXRDY
bit set (1) during serial communication.

(2) Perform polling of the transmission complete
interrupt by software.
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Figure 12-1 Flowchart of Polling Processing

Transmission
procaessing

@

Yes

| TXRDY+0 |

X

| T:B—d:tll

TXRDY+1
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12.2 PRECAUTIONS FOR EXPANSION BY THE USE OF EXTERNAL DEVICES

In an access to an external memory using uPD78310A, 78312A
or 78P312A, a glitch output of around 2.0 V max. may come
out of the ALE pin depending upon the type of the
application system.

(1) Glitch output

The glitch output is likely to occur at a timing at
which the address/data multiplexed bus (port 4)
changes from the output state of address FFH to that
of data OOH. Due to this glitch, the address latch
circuit may malfunction to latch in the data as the
low-order address part, thus causing a defect in the
application product.

Figure 12-2 Glitch Output of ALE Pin

aPDTB312A

Bs } ) 4 Upper Address

X
C> N aaress X T G

ALE }— {EE}
N\

P4

Glitch

(2) Measures

In order to suppress the glitch ocutput down to a
nonproblematic level for the application system, care
should be paid to the following points in device
installation.

@ Reinforcement of power supply grounding pattern
(e.g. use of multilayer board)
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@ Direct installation of device to board, not
socket insertion

@ Reduction of load capacitance on bus
What is more, as the most direct measure, use of a
countermeasure circuit as shown in Figure 12-3 is

effective to avoid any malfunctioning.

Figure 12-3 Example of Countermeasure Circuit

EPDTE312ZA
P4 § Rafarance Valusa
a8
i H F
ALE—"'";"."'-T— P
R ;L"

(3) Possible causes

A glitch becomes more likely to occur mainly on
account of following factors.

(D Factor due to device

Switching noise becomes more likely to occur due
to higher operation speed.

(2 Factor due to system

. The greater the load capacitance on the bus,
the more the momentary charge shift. Thus,
glitch becomes more likely to occur.

. The higher the impedance of the power line,
the more likely the glitch output.
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12.3

Precautions Regarding Instruction Combinations

If an instruction which accesses an saddr area is executed
immediately after a specific special function
register(SFR) has been manipulated by an arithmetic/logic
operation instruction, the SFR area(FF20H to FFFFH) is
accessed instead of the saddr area(FE2Z0H to FEFFH)
specified by the operand.

This operation is not caused by a specific condition such
as the supply voltage or operating frequency, but only by
a combination of instructions.

For instance, if instructions are structured as shown in
the example, an access is made to OFF21H.OH, and not to
OFE2Z1H.OH. To avoid this problem, an NOP instruction must
be inserted after an arithmetic/logic operation
instructions.

As one remedy, use of a Ver, 4.10 or later assembler is
recommended. Ver. 4.10 and later assemblers detect the
instruction combination, and insert an automatically
generated NOP instruction after an arithmetic/logic
operation instruction (see the example below).
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Example: Source file

ADDW CR11, #0Q1H
BF OFE21H.OH, SJMP

Assemblear
(Ver.4.10) l:l'
Object module file

ADDW CR11l, #O0l1lH _
NOF ; Automatically inserted
BF OFE21H.0HSJIMP NOP instruction

When the assembler executes this remedial action, a message is
displayed which indicates that an NOP instruction has been
inserted in the assembly list file(*.PRN). An indication is
also given of the total number of NOP instructions inserted.

Tables 12-1 to 12-3 show the SFRs, arithmetic/logic operation
instructions, and saddr instructions concerned.
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Table 12-1 Relevant sfr's and sfrp's

sfr | CR11L (OFFOEH }
UDC1L (OFF1EH)
CCW (OFF4EH }
MD1L (OFFBEH }

EXTSFR14* (OFFBEH)
TMICO {OFFCEH}

STIC {OFFDEH)
sfrp| CR11 {OFFOEH)
uDC1 (OFF1EH)
MD1 (OFF&EH)

*: External SFR

Remarks: Addresses are shown in ( ).

Table 12-2 Relevant Instructions

Mnemonic Operands

XCH A, sfr

ADD sfr, #byte
ADDC
SUB
SUBC

A0R

XCHW AX, sfrp

ADDW sfrp, #word
SUBW

12-7



Table 12-3 saddr Instructions

Mnemonic Operand Mnemonic Operand
MOV saddr, #byte MOVW AX, saddrp
ADD XCHW
ADDC ADDW
SUB SUBW
SUBC CMPW
AND
OR MOVW saddrp, AX
XOR
CMP MOVW saddrp, saddrp
XCHW
MOV A, saddr ADDW
XCH SUBW
ADD CMPW
ADDC
SUB INC saddr
SUBC DEC
AND
CR INCW saddrp
XOR DECW
CMP
MOV1 CY, saddr. bit
MOV gsaddr, A AND1
OR1
MOV saddr, saddr XOR1
XCH
ADD AND1 CY, /saddr. bit
ADDC OR1
SUB
SUBC MOV1 saddr. bit, CY
AND
OR SET1 gaddr. bit
XOR CLR1
CMP NOT1
MOV A, [saddrp] BT saddr. bit,
XCH BF $addrlb
BTCLR
MOV [saddrp], A BFSET
MOVW saddrp, #word DBNZ saddr, $addrlb
ADDW
SUBW
CMPW
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12.4 POP PSW INSTRUCTION RELATED CAUTION

If an interrupt is generated (an interrupt is acknowledged
and an interrupt request is issued to the CPU) immediately
after execution of the POP PSW instruction, and the next
instruction is of 2 bytes or more, the CPU may overrun.

In order to avoid this, insert a l-byte instruction such
as_an NOP instruction after the POP PSW instruction.

Whether or not this bug occurs depends on the internal
state of the instruction prefetch gqueue before execution
of the POP PSW instruction.

Example:

MOVW RP2, #1234H

POP PSW Even if an interrupt reguest is
generated, the interrupt is not
serviced.

CLR1 CRIC11.6 -— An illegal sfr address 1s

: generated and executed without

: accessing CRIC11 (FFC6H).

L

<Remedy>

MOVW RP2, #1234H

POP PSW -—— If an interrupt request is
generated, the interrupt is
serviced.

NOP -—— A l-byte instruction such as an

NOP instruction is inserted.
Normal sfr access is performed.

CLR1 CRIC11.6

L L]
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CHAPTER 13. CAUTIONS IN CHAFPTERS

This chapter puts together the cautions described in each
chapter. Please use this for application product design. The
page number in the parentheses indicates the page relevant to
each caution.

13.1 CHAPTER 3 "CPU ARCHITECTURE" RELATED CAUTION

(1) Any of addresses FFOOH to FFFFH to which SFR 1is not
allocated cannot be accessed. Attempting to access it
may cause misoperation. (3-13)

13.2 CHAPTER 4 "PERIPHERAL HARDWARE FUNCTIONS" RELATED CAUTION

(1) when the digital input/output port is used in the
input mode or control signal input/output mode,
writing to the output latch by a bit manipulation
instruction makes the output latch contents undefined
for all bits. (4-11)

(2) When using the system clock oscillator, wiring should
be performed as follows to avoid effects of wiring
capacitance, etc. (4-16)

. Use the shortest possible wiring.

. Wiring should not cross other signal lines or be
placed close to a varying high current.

. The grounding point potential of the oscillator
capacitor should always be the same as Vgg-

' It should not be grounded to a ground pattern where.

a varying high current flows.

. Do not fetch a signal from the oscillator.
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(3)

(4)

(5)

(6)

(7)

The STOP mode should not be set in a system using the
external clock. (4-16)

The CRO0O (CR10) register and CRO1l (CRll) register can
be set to the compare preset mode/capture mode
independently by specification of the capture/compare
register control register (CRC). (4-27)

Timer operation external trigger control by the timer
control register (TMCO) TRG bit is valid only in the
interval timer mode. The one-shot timer cannot be
started by an external trigger. (4-51)

When the TMCO (TMCl) register TSO (TS1l) bit is set
(1), if the TS0 (TS1) bit is set again, the MDO (MD1l)
register value is set in the TMO (TMl) register again
and the timer is restarted. (4-54)

When the TMO (TMl1l) register is used as an interval
timer, if the timer is started with 0000H written to
the TMO (TMl) register, the following operation occurs
in the first countdown.

. Generation of a timer underflow interrupt request
. Inversion of the output level of the TO0 (TOl) pin
(ENTOO (ENTOLl) = 1)

Therefore, when setting intervals, it is necessary to
write a value other than 0000H to the timer register

(™0, T™™1) before the timer i1s started.

Note that after RESET input, the TMO (TM1l) register is
undefined. (4-55)
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(8)

(9)

(10)

(11)

(12)

(13)

If port 0 is specified as an B8-bit real-time output
port, 8-bit data is written to POH or POL by accessing
either POH or POL. (4-65)

If the serial interface transfer mode is switched from
the I/0 interface mode to the asynchronous mode, or
from the asynchronous mode to the I/0 interface mode,
ensure that the reception is disabled (RXE bit = Q)
before switching the mode. (4-69)

If the serial interface transfer mode is set to the
asynchronous mode, be sure to set the CTS/P27 pin to
the control mode (set port 2 mode control register
(PMC2) bit 7 (PMC27) to 1). If it is set to the port
mode, the serial communication interface cannot be
achieved. (4-70)

when the serial communication mode register (SCM) (in
the I/0 interface mode) RSCK bit is 0 (external clock
reception mode), do not set the reception clock output
trigger bit (TSK) to 1. If the TSK bit is set to 1,
the reception clock counter is reset unconditionally,
preventing a normal count of the external clock.
(4-71}

If the serial interface transfer mode is set to the
1/0 interface mode, set two or more values in the baud
rate generator (BRG). (The transfer baud rate is 750
Kbps with the internal system clock of 6 MHz, BRG =

2). (4-77)

Ensure that a voltage outside the range of AVgg to
AVpeprp 1s not applied to pins AN3 to ANO irrespective
of whether A/D conversion is used or not. (4-87)
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13.3

13.4

(14)

(15}

Connect a capacitor to the analog input pins (AN3 to
ANO) and reference voltage input pin (AVggpp) to avoid
misoperation due to noise. (4-87)

Analog .
Input ° . _L AN
]EIE'IHIF;
uPD783124
Refarence
Yoltage Input © J_ AVREF
1&EEEF;];

The time immediately after the time base mode register
(TBM) setting until generation of the first interrupt
request is undefined. (4-95)

CHAPTER 6 "STANDBY FUNCTION" RELATED CAUTION

(1)

(2)

If the supply voltage rise time upon powering-on
exceeds the specified range, the standby control
register (STBC) SBF bit may not be cleared.
Therefore, when using the SBF bit, ensure that the
supply voltage rise time is within the specified

range. (6-4)

If the STOP mode is set, the X1 pin is internally
shorted to Vgg (ground potential) in order to suppress _
the leakage in the clock generator. Therefore, the
use of the STOP mode is prohibited in a system using
the external clock. (6-6)

CHAPTER B "LOCAL BUS INTERFACE" RELATED CAUTION

(1)

When setting the power down self refresh mode, ensure
that the pseudo-static RAM CE pin is not activated.
(8-11)
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13.5

(2) In the internal hardware, the RFLV bit is set (1) in

synchronization with the time base counter tap output
even if the refresh mode register (RFM) RFLV bit is
set (1). Therefore, when restoring from the power
down refresh operation, the following operation by
software is required. (8-12)

Power-Down Salf Rafrash Moda

Exacution of
RFVL bit set
instruction

RFLV=]

2 us delay

CE)HMJHR&H%N1MHH
(Normal Oparation)

CHAPTER 9 "uPD78P312A PROGRAMMING" RELATED CAUTION

(1) Extend a shielding cover film over the uPD78P312A with

(2)

(3)

an erasure window except for EPROM erasure. (9-1)

UV erasure cannot be applied to the one-time PROM
version uPD78P312A which is not provided with an
erasure window. (9-1)

Driving both CE and OE low is prohibited if Vpp and

Vpp are set to +12.5 V and +6 V, respectively during
PROM programming. (9-2)
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13-6

CHAPTER 10 "INSTRUCTION SET" RELATED CAUTION

(1) If both the source and destination are registers or
saddr, saddrp in an operand field such as MOV r, rl or
ADD saddr, saddr, the code is as follows. (10-40)

. In the case of registers, a destination
specification code comes first, followed by a
source specification code (the same applies to a
register pair).

Example:

R;R:R, Ry 0 R:R,Ro

source register

destination register

+ In the case of saddr, saddrp, the code comprises
offset data whose first l-byte data specifies a
source, and second l-byte, a destination.

Example:

- Saddr—-offset - - Saddr—of faet -

— gource saddr —— destination saddr

(2) If the special function register (SFR) mapped at FFOOH
to FF1FH is written as operand sfr, sfrp, not the SFR
addressing but the short direct addressing is applied
and the operation code generated is the one for an
instruction whose operand is saddr, saddrp. (10-40)
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Example:

AND A, PS
oparation codas

AND A. PM35

oparation codes

In this case,

10011100

gooo00101

00000001

1og11100{] 00100101

the short direct addressing is applied

to the AND A, P5 instructions and therefore the
operation code is shorter than that in the SFR

addressing.

13.7 CHAPTER 11 "SPECIFICATIONS" RELATED CAUTION

(1) The oscillator should be located as close as possible
to the X1 and X2 pins. (11-2, 11-18, 11-37)

(2) No other signal lines should cross the area enclosed

by a dotted line.

(11-2, 11-18, 11-37)
]xl xz!
| '
anlime i
: =1Cl ::cz:
! I
L_-_ﬂ;_+-1

(3) In the PROM write mode, Vppp should be applied before
Vpp and cut after Vpp. (11-35)

(4) In the PROM write mode, Vpp, including overshoot
should not exceed +13 V. (11-33)

13-7



APPENDIX A. INSTRUCTION INDEX (ALPHABETIC ORDER)
Instruction Page Instruction Page

ADD A, mem 10-99 | BE $addrl6 10-189
ADD A, saddr 10-98 | BF A.bit, $addrlb 10-200
ADD A, sfr 10-98 | BF PSWH.bit, $addrlé | 10-201
ADD A, #byte 10-96 | BF PSWL.bit, $addrl6 | 10-201
ADD mem, A 10-100 | BF saddr.bit, $addrlb | 10-199
ADD gaddr, saddr 10-99 | BF sfr.bit, $addrlé 10-199
ADD saddr, #byte 10-96 | BF X.bit, $addrlé 10-200
ADD afr, #byte 10-97 | BFSET A.bit, $addrlé 10-207
ADD r, rl 10-97 | BFSET PSWH.bit, $addrl6 | 10-208
ADDC A, mem 10-104 | BFSET PSWL.bit, $addr1é | 10-208
ADDC A, saddr 10-102 | BFSET saddr.bit, $addrl6 | 10-206
ADDC A, sfr 10-103 | BFSET sfr.bit, $addrlb 10-206
ADDC A, #byte 10-100 | BFSET X.bit, $addrlé 10-207
_ ADDC mem, A 10-104 | BGE $addrlb 10-193
ADDC saddr, saddr 10-103 | BGT $addrilb 10-192
ADDC saddr, #byte 10-101 | BH $addrlb 10=-19Y4
ADDC sfr, #byte 10-101 | BL 2addrlb 10-188
ADDC r, rl 10-102 | BLE $addrlb 10-194
ADDW  AX, saddrp 10-133 | BLT $addrlé 10-193
ADDW  AX, sfrp 10-133 | BN $addrl6 10-191
ADDW  AX, #word 10-131 | BNC $addr16 10-188
ADDW saddrp, saddrp 10-134 | BNE $addri6 10-190
ADDW  saddrp, #word 10-131 | BNH $addrlb 10-195
— ADDW sfrp, #word 10-132 | BNL $addrl6 10-188
ADDW rp., rpl 10-132 | BNV $addrilb 10-191
ADJY 10-154 | BNZ $addrlb 10-190
AND A, mem 10-117 | BP $addrlb 10-192
AND A, saddr 10-116 | BPE $addrltb 10=190
AND A, sfr 10-116 | BPO $addrl6 10-191
AND A, #byte 10-114 | BR rpl 10-186
AND mem, A 10-118 | BR taddrl6 10-186
AND saddr, saddr 10-117 | BR $addrl6 10-187
_ AND saddr, #byte 10-114 | BR [rpl] 10-187
AND sfr, #byte 10-115 | BRK 10-180
AND r, rl 10-115 | BRKCS HRBn 10-210
AND1 CY, A.bit 10-161 | BT A.bit, Saddrlb 10-196
AND1 CY, PSWH.bit 10-162 | BT PSWH.bit, $addrlé ( 10-197
AND1I CY, PSWL.bit 10-163 | BT PSWL.bit, $addrif | 10-198
AND1 CY, saddr.bit 10-159 | BT saddr.bit, $addrl6 | 10-155
AND1 CY, sfr.bit 10-160 | BT sfr.bit, $addrlb 10-196
AND1 CY, X.bit 10-162 | BT X.bit, $addrib 10-197
AND1 CY,/A.bit 10-161 | BICLE A.bit, $addrlb 10-203
AND1 CY,/PSWH.bit 10-163 | BTCLR PSWH.bit $addrib 10=204
AND1 CY,/PSWL.bit 10-163 | BTCLR PSWL.bit $addrif 10-205
AND1 CY,/saddr.bit 10-160 | BTCLR saddr.bit 3$addri6 | 10-202
ANDL CY,/sfr.bit 10-161 | BTCLR sfr.bit, $addrlé 10-203
AND1 CY,/X.bit 10-162 | BTCLR X.bit, $addrilé 10-204
_ BV $addrlé 10-190

_ BC $addrl6 10-188 | BZ $addrié 10-189

(to be continued)




(cont'd)

Instruction Page Instruction Page
CALL rpl 10-180 | DECW saddrp 10-146
CALL taddrl6 10-177 | DECW SP 10-185
CALL [rp1] 10-180 | DI 10-221
CALLF 1laddril 10-178 | DIVUW rl 10-142
CALLT [addr5] 10-179 | DIVUX rpl 10-143
CLR1  A.bit 10-172
CLR1 CY 10-175 | EI 10-221
CLR1 PSWH.bit 10-173
CLR1  PSWL.bit 10-173 | INC rl 10-144
CLR1 saddr.bit 10-172 | INC saddr 10-144
CLR1 sfr.bit 10-172 | INCW rp2 10-145
CLR1 X.bit 10-173 | INCW saddrp 10-145
CMP A, mem 10-130 | INCW SP 10-185
CMP A, saddr 10-128
CMP A, sfr 10-129 | MOV A, taddrl6 10-86
CMP A, #byte 10-126 | MOV A, mem 10-84
CMP mem, A 10-130 | MOV A, PSWH 10-88
CMP gsaddr, saddr 10-129 | MOV A, PSWL 10-88
CMP saddr, #byte 10-127 | MOV A, rl 10-82
CMP sfr, #byte 10-127 | MOV A, saddr 10-82
CMP r, rl 10-128 | MmOV A, sfr 10-83
CMPBKC [DE+], [HL+] 10-217 | MOV A, [saddrp] 10-85
CMPBKC [DE-], [HL-] 10-217 | MOV mem, A 10-85
CMPEKE [DE+], [HL+] 10-214 | MOV PSWH, A 10-87
CMPBKE [DE-], [HL-] 10-214 | MOV PSWH, #byte 10-87
CMPBKNC [DE+], [HL+] 10-219 | MOV PSWL, A 10-87
CMPBKNC [DE-], [HL-] 10-219 | MOV PSWL, #byte 10-87
CMPBKNE [DE+], [HL+] 10-216 | MOV rl, #byte 10-81
CMPBKNE [DE-], [HL-] 10-216 | MOV r, rl 10-82
CMPMC [DE+], A 10-216 | MOV saddr, A 10-83
CMPMC [DE-], A 10-216 | MOV saddr, saddr 10-83
CMPME [DE+], A 10-214 | MOV saddr, #byte 10-81
CMPME [DE-], A 10=-214 | MOV sfr, A 10-84
CMPMNC [DE+], A 10-218 | MOV sfr, #byte 10-81
CMPMNC [DE-], A 10-218 | MOV STBC, #byte 10-220
CMPMNE [DE+], A 10-215 | MOV WDM, #byte 10-220
CMPMNE [DE-], A 10-215 | MOV laddrlb, A 10-86
CMPW AX, saddrp 10-140 | MOV [saddrp], A 10-86
CMPW AX, sfrp 10-140 | MOVBK [DE+], [HL+] 10-212
CMPW  AX, #word 10-138 | MOVBK [DE-], [HL-] 10-212
CMPW saddrp, saddrp 10-141 | MOVM [DE+], A 10-212
CMPW saddrp, #word 10-138 | MOVM  [DE-], A 10-212
CMPW sfrp, #word 10-139 | MOVW  AX, saddrp 10-92
CMPW rp, rpl 10-139 | MOVW  AX, sfrp 10-93
MOVW  AX, SP 10-185
DBNZ r2, $addrlé6 10-209 | MOVW rp, rpl | 10-92
DBNZ saddr, $addrlé 10-209 | MOVW rpl, #word 10-91
DEC rl 10-144 | MOVW rpl, laddrlé 10-94
DEC saddr 10-145 | MOVW  saddrp, AX 10-92
DECW rp2 10-146 | MOVW  saddrp, saddrp 10-93

A-2

(to be continued)




(cont'd)

Instruction Page Instruction Page
MOVW  saddrp, #word 10-91 | OR1 CY,/X.bit 10-166
MOVW sfrp, AX 10-93
MOVW sfrp, #word 10-91 | POP post 10-183
MOVW SP, AX 10-185 | POP PSW 10-184
MOVW SP, #word 10-184 | POPU post 10-184
MOVW  laddrlf, rpl 10-94 | PUSH post 10-182
MOVLI A.bit, CY 10-158 | PUSH PSW 10-182
MOV1 CY, A.bit 10-156 | PUSHU post 10-183
MOV1 CY, PSWH.bit 10-157
MOV1 CY, PSWL.bit 10-157 | RET 10-181
MOV1 CY, saddr.bit 10-156 | RETI 10-181
MOV1 CY, sfr.bit 10-156 | RETCS !addrlb 10-211
MOV1L CY, X.bit 10-157 | ROL rl, n 10-148
MOV1 PSWH.bit, CY 10=159 | ROLC rl, n 10-149
MOV1  PSWL.bit, CY 10-159 | ROLY  [rpl] 10-153
MOV1  saddr.bit, CY 10-158 | ROR rl, n 10-147
MOV1I sfr.bit, CY 10-158 | RORC rl1, n 10-148
MOV1 X.bit, CY 10-158 | ROR4 [rpl] 10-153
MULU r1 10-142
MULUW rpl 10-142 | SEL  RBn 10-220
SEL RBn, ALT 10-221
NOP 10-221 | SET1  A.bit 10-171
NOT1 A.bit 10-174 1 SET1  CY 10-175
NOT1 CY 10-176 | SET1  PSWH.bit 10-171
NOT1 PSWH.bit 10-174 | SET1  PSWL.bit 10-172
NOT1 PSWL.bit 10-175 | SET1  saddr.bit 10-170
NOTT  saddr.bit 10-173 | SET1  sfr.bit 10-170
NOT1 afr.bit 10-174 | SET1  X.bit 10-171
NOT1 X.bit 10-174 | SHL rl, n 10-150
SHLW rpl, n 10-152
OR A, mem 10-121 | SHR rl. n 10-149
OR A, saddr 10-120 | SHRW rpl, n 10-151
OR A, sfr 10=120 | SUB A, mem 10-108
OR A, #byte 10-118 | SUB A, saddr 10-107
OR mem, A 10-122 | SUB A, sfr 10-107
OR saddr, saddr 10-121 | SUB A, #byte 10-105
OR gaddr, #byte 10-119 | SUB mem, A 10-109
OR afr, #byte 10-119 | SUB saddr, saddr 10-108
OR r, rl 10-120 | SUB saddr, #byte 10-105
OR1 CY, A.bit 10-165 | SUB sfr, #byte 10-106
OR1 CY, PSWH.bit 10-167 | SUB r, rl 10-106
OR1 CY, PSWL.bit 10-167 | SUBC A, mem 10-113
OR1 CY, saddr.bit 10-164 | SUBC A, saddr 10-111
OR1 CY, sfr.bit 10-165 | SUBC A, sfr 10-112
OR1 CY, X.bit 10-166 | SUBC A, #byte 10-109
OR1 CY,/A.bit 10-166 | SUBC mem, A 10-113
OR1 CY, /PSWH.bit 10-167 | SUBC saddr, saddr 10-112
0OR1 CY, /PSWL.bit 10-168 | SUBC saddr, #byte 10-110
OR1 CY, /saddr.bit 10-164 | SUBC sfr, #byte 10-110
OR1 CY,/sfr.bit 10-165{ SUBC r, rl 10-111

{to ba continued)
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Instruction Page Instruction Page
SUBW AX, saddrp 10-136 | XCHW AX, saddrp 10-94
SUBW AX, sfrp 10-137 | XCHW AX, sfrp 10-95
SUBW AX, #word 10-134 | XCHW rp, rpl 10-95
SUBW saddrp, saddrp 10-137 | XCHW saddrp, saddrp 10-95
SUBW saddrp, #word 10-135 | XOR A, mem 10=125
SUBW sfrp, #word 10-135 | XOR A, saddr 10-124
SUBW rp, rpl 10-136 | XOR A, sfr 10-124
SWRS 10-220 | XOR A, #byte 10-122
XOR mem, A 10-126
XCH A, mem 10-89 | XOR saddr, saddr 10-125
XCH A, rl 10-88 | XOR  saddr, #byte 10-123
XCH A, saddr 10-89 | XOR sfr, #byte 10-123
XCH A, sfr 10-90 | XOR r, rl 10-124
XCH A, [saddrp] 10-90 | XORL CY, A.bit 10-169
XCH r, rl 10-88 | XOR1 CY, PSWH.bit 10-170
XCH gaddr, saddr 10-90 | XOR1 CY, PSWL.bit 10=-170
XCHBK [DE+], [HL+] 10-213 | XOR1 CY, saddr.bit 10-168
XCHEK [DE-]., [HL-] 10-213 | XOR1 CY, sfr.bit 10-169
XCHM [DE+], A 10-213 | XOR1 CY, X.bit 10-169
XCHM [DE-], A 10-213




APPENDIX B. DEVELOPMENT TOOLS

The following development tools are available for system
development using the uPD78310A, 78312A and 78P312A.

‘Hardware
IE-78310A-R The IE-78310A-R is an in-circuit emulator which can be
: used for application system development and debugging.

Debugging is performed with the IE-78310A-R by
connecting to a host machine.
Object file transfer to/from the host machine is
possible, enabling debugging to be performed
efficiently.

EP-78310CW Emulation probe for connecting the IE-78310A-R to the

EP-78310GF user's systen.

EP-78310GQ

EP-78310L

PG-1500 The PG-1500 is a PROM programmer which allows
programming, in standalone or via operation from a host
computer, of a single-chip microcomputer with on-chip
PROM by connection of the board provided and a
separately available PROM programmer adapter.
It can also program typical 256K-bit to 4 M-bit PROMs.

PA-TBP312CW PROM programmer adapter for writing a program to the

PA-T78P312GF uPD78P312A with a general-purpose PROM program such

PA-T8P312GQ as the PG-1500.

PA-T78P312L PA-78P312CW ... For uPDT8P312ACW & T8P312ADW
PA-78P312GF ... For uPD78P312AGF-3BE
PA-T78P312GQ ... For uPD78P312AGQ-36 & T8P312AR
PA-T78P312L .... For uPD78P312AL

Other PROM Programmer

The following PROM programmer can also be used to uPD78P213A
programming.

Manufacturer Product Name

Data IO Japan UNISITE 2900




Software

IE-78310A-R

Ordering Code

control program Host Machine 0sS Supply [Pfﬂﬂﬂﬂt NE.IH'E]
" {IE controller) = Medium
PC-9800 MS-DOS 8-inch 2D* uS5A11E78310-P0O1
series
3.5-inch 2HD | uS5A131E78310
5=inch 2HD uS5A10IE78310-P01
18M pc/aT™ | pc DOS™ | 5-inch 2HC | uS7B10IE78310
T8K/III Series Ordering Code
relocatable Host Machine 05 Supply (Product Name)
assembler Medium
PC-9800 MS-DOS 8-inch 2D* uSSA1RATEK3
series
3.5~-inch 2HD uS5A13RAT8K3
5-inch 2HD uS5A10RATEKS
IBM PC /AT PC DOS 5=inch Z2HC uSTB10RATEK]
PC-1500 Ordering Code
controller Host Machine 05 Supply (Product Name)
Medium
PC-9800 MS-D0S 3.5~inch 2HD | uS5A13PG1500
series
S=inch 2HD uS5A10PG1500
IBM PC /AT PC DOS 5=inch 2HC uS7B10PG1500

*: No new shipments are currently being made on 8-inch 2D
Either 5-inch 2HD or 3.5-inch 2HD should be

medium.

selected.

If you have already purchased 8-inch 2D software, future
version upgrades will be issued on 5-inch 2HD floppies.

Remarks:

Software operation is guaranteed only with the
host machines and operating systems listed above.



SuUOTEpUE]}S SU pasn §7 pue @TOSU0D 03 PBjosuucd uIUM
sujyoew 3soy o3 Hujjosuuco Aq pasn USYM

walsis
Ias()

Development Tools Configuration

INZTEdBLOdN I0d : TIZTIEdBLA-Vd
MYZTEd 9L "9E-DOVZTIEABLQAN X0d :DOHZTELBL-Yd
JHE-AONZIEdRLAAN I0OF TADZTELBL=Yd
MOY/MOYZIEdBLOQdN I04 IMIZTEdBL-Vd

vzicdetiddd

(1]

L]

UOFEISA WOHd
dTyd-uo

T01c8l—J3
J001TE0L-d3

bhottgL—d3
MIoregL—d3

2q0xd UOTIRTNWH

IRTqURSE
T U/ A0-MIZT1EJBL-Vd ﬂﬂnuwnunﬁuﬂ
/005 1-04d / O
i
! zewwezborg .
3-zez-gu | WOHd J-TEI-5U
:
k nawwuunm
0
tbbnga
.f{ o Y IOquUAS
ulm I¥/od HAI
H-YOlERL-d] - -mmmm 5971099
- 0086-2d
v u:ﬂnuntﬁumez
...._...
b’
Jo3eTnwg JFNOATI-UT fﬁ pp—
LY

B

b

8708U0)

I!IIIIIIIJIII




Reference Materials on Development Tools

Reference Material

Document Number

IE-78310A-R Hardware EEU-645
User's Manual
Software EEU-637
IE-78310-R PC-9800 series EEM-646
System Software (CP/M-86, MS-DOS based)
Instruction Manual
IBEM PC series EEM-~-756
(PC DOS based)
RA7BK Series Operation EEU-809
Assembler Package
User's Manual
Language EEU=- 815




