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The uPD70108H (V20HL) and uPD70116H (V30HL) are CMOS 16-bit microprocessors developed from the
HPD70108 (v20™) and uPD70116 {V30™). It offers higher processing speed and lower power consumption than
the uPD70108 and uPD70116.

The uPD73108H and uPD70116H are capable of operating at 16 MHz. In addition to the conventional standby
function, fully static internal circuits are emptoyed in the gPD70108H and uPD70116H. This aliows the
4PD70108H and uPD70116H to have the clock stop function. Therefore, power consumption is significantly
reduced in the uPD70108H and #PD70116H. Additionally, the uPD70108H and 4uFD70116H can operate at 5 V.
However, the yPD70108H and uPD70116H are designed to also cperate at 3 V.,

FEATURES
+ High-spesd, low-power consumption versien of uPD70108 and uPD70116
» Single power supply (5 V or 3 V)
= 125-ns minimum instruction axecution time at 16 MHz (5 V)
250-ns minimum instruction execution time at 8 MHz (3 V)
» High-speed multiplicetion/division instructions:
1.2 to 3.6 us (at 16 MHz, 5 V)
2.4 t0 7.1 us {(at 8 MHz, 3 V)
« High-speed block transfer instructions:
uPD70108H: 2M bytes/second (at 16 MHz, 5 V)
1M bytes/second (at 8 MHz, 3 V}
uPD70118H: 2M words/sacond {at 16 MHz, 5 V)
1M words/second {at 8 MHz, 3 V)

The information in this decument is subject tc change without natice.
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#PD70108H, 70116H

a

NEC ase-out/Discontiny

ORDERING INFORMATION

{1} uPD701Q8H

Part number Package Maximum operating frequency (MHz}
MPD70108HCZ-10 40-pin plastic DIP (600 mil) 10
UPD70108HCZ-12 40-pin plastic DIP (600 mil) 12.5
UPD70108HCZ-16 40-pin plastic DIP (600 mif) 16
uPD70108HGC-10-3B6 52-pin plastic QFP (L_14 mm} {resin thickness: 2.70 mm) 10
HPD70108HGC-12-3B6 52-pin plastic QFP {[_]14 mm) (resin thicknass: 2.70 mm) 12,5
HPD70108HGC-16-3B6 52-pin plastic QFP {[_}14 mm) (resin thickness: 2.70 mm} 16
4PD70108HG-10-22 52-pin plastic QFP ([_]14 mm) (resin thickness: 1.50 mm) 10
pPD70108HG-12-22 52-pin plastic QFP ([_]14 mm) (resin thickness: 1.50 mm} 125
HPD7010BHG-16-22 §2-pin plastic QFP {__114 mm) (resin thickness; 1.60 mm) 16
LPDT0108HLM-10 44-pin plastic QFJ ([ ]650 mil) 10
4PDTO108HLM-12 44-pin plastic QFJ ({650 mil} 12,5
uPD70108HLM-16 44-pin plastic QFJ ([_]650 mil) 16

Remark Plastic QFJ is a new name for PLCC.
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{2) uPD70116H

Part number

Package

Maximum operating frequency (MHz)

©PD70116HCZ-10
4PD70116HCZ-12
uPD70116HCZ-16
4PD70116HGC-10-386
4PD70116HGC-12-3B6
4PD70118HGC-16-386
4PD70116HG-10-22
4PD70116HG-12-22
4PD70116HG-16-22
LPD70116HLM-10
4PD70116HLM-12
uPD70116HLM-16

40-pin plastic DIP {600 mil}

40-pin plastic DIP (600 mil}

40-pin plastic DIP (600 mil)

52-pin plastic QFP {{_114 mm) (resin thickness
52-pin plastic QFP (14 mm) {resin thickness
52-pin plastic QFP {[_]14 mm) {resin thickness
52-pin piastic OFP ([_]14 mm) (resin thickness
52-pin plastic QFP ({_]14 mm) (resin thickness
52-pin plastic QFP {14 mm} {resin thickness
44-pin plastic QFJ (650 mil)

44-pin plastic QFJ ({1650 mil}

44-pin plastic QFJ (8650 mil)

Remark Plastic OFJ is a new name for PLCC.

: 2,70 mm)
: 2.70 mm)
: 2,70 mm)
: 1,60 mm)
: 1.50 mm}
: 1.50 mm)

10
125
16
10
125
16
10
125
16
10
12.86
16




NEC

B@@m@ﬁm@@ 4PD70108H, 70116H

PIN CONFIGURATIONS (Top View)

(1) uPD70108H

./
L O—— A0—FC Voo
A4 oe—] 2 39 |—=c A5
A13 ce—d] 3 38}—=o Ar6/PS0
Al2 C=—1 4 37 —=C A17/PST
A1 o] & 36 |—=0 A18/PS2
A0 Oe—] & as—wo A19/PS3
A9 Ce—1 7 34 |—=0 Lase™™
A8 Ge—1 B E §§ 33je—o 58
ADT ceel 8 3 g B2}—0 RD
apg ce—l10 88 E 31 f*—=0 HLORQ {RQ/AKD)
ADS ce—s11 E E 30 je—=0 HLDAK (RQ/AKT)
AD4 ce—el12 @ N 8 20—+ WR BUSLOCR
AD3 ce—el13 28 |—=0 10/M (852)
AD2 Ol 14 27 |—=0 BUF RAW (B51)
AD1 Ow—sl15 26 |—=o FUFEN (850!
ADG oa—w{ 18 26 |—=0 ASTB 10S0)
NMI o—ad17 24 |—»0 iNTAK QST
INT o—={18 23 +—0 POLL
cLk o—sl19 22 j+—o READY
GND o—{20 21 j+—o RESET
2 Eg z_
g 2528
gl ¢ 1BSEg
L CEREL EHE
RAEARaEARA
52 51 50 49 4B 47 46 45 44 43 42 41 40
AlgRS2 O 1 39 |—=0 ASTB (QS0)
apst oe— 2 O 38 |——=0 INTAK (QS1}
AtGPS0 oe—] 3 37 +—o POLL
A15 ow—A 4 ERRERERR 36 j+——0 READY
Voo o0— & gggggg 45 p—0 RESET
Vo 0— 6 = 3 = 34 |—©0 GND
GND o——] 7 §§§%§§ 33 |—0 GND
oo o 5 BeERER 22— onc
Ico— 9 §ﬁ§§§? 31 }—o0 GND
a4 ce—{ 10 .,,.§ 20 [+——0 CLK
A13 Ce— 11 20 p+—0O INT
A2 oe—{12 28 [+—0 NMI
a1 oe—113 27—ONC
14 1516 17 18 19 20 21 22 23 24 25 26
257238535538¢

Note Outputs high level in large-scale mode.

NC: No conngction
IC : Internally connacted to GND.
{) : Inlarge-scale mode




NEC

uPD70108H, 70116H

o ——= Al
o ——e0 Al12
& —e0 A13

Al O——r 7
Ag Ce—— 8

AR Ce——1 9
AD? Ore—m
ADE Cre—= 11
ADS Cra—t
AD4 Oa—-—n
AD3 Cra—
ADZ Cra—mm
AR Cre—

ADO Ow—

w0 Al4

PH—CO Vo

&1——=0 ats

4 PDTO108HLM-10
4 PD70108HLM-12
4 PD7010BHLM-16

&—*=C A16/PS0

=10 A17/PST

]
~d

B =0 AI18/PS2

39
38
37
36
35
34
33
32
K]
30
29

————O NC

——=C A19/PS3
>0 BS( New
le——O SiG

—=O RD

«——=0 HLORQ (RG/AKO)
O HLDAK (RO/AKT)
——=O WR (BUSLCCK)
——=O |O/M (B52)
F—O sUF RAW (BS1)
——O BUFEN (BSO)

NC O—&
NMI O——= &
INT O—= 3
ik O—™

Note

NC: No connection

GND O——IB

Qutputs high level in large-scale mode.

IC : Internally connacted to GND.

{) : In large-scale mode

GND O—— 8

RESET O——+{ &

READY O——= 1}

POLL O—= &

INTAK {QS1) O+—

ASTB (050} O+—] 5
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{2) wuPD70116H

o/
IC /1 1 40— Von
ADVL Cu—e] 2 39 fe—o ADIS
AD1Z ca—sl 3 38 |—»o a1s/PSC
AD1Z el 4 370 a17/P81
AD11 ce—sl B 36 |—=0 A1B/PS2
AD10 c=—] & as{—=0 A19/PS3
ADG Cw—ef 7 341—=0 UBE
ADS cw—s] B §§§ 33f—o 56
AD7 Da—al 9 § § § 32 |0 FD
ADE Ow—110 § § f!? 31 [+—=0 HLDRQ (RCYAKDI
a5 ool B R D 300 HLDAK ROVAKT
aDa ow—a{12 3 B 2 200 WA (BUSLOCK)
AD3 Cw—sd13 28 |—»o 10/M (BS2)
AD2 ow—sl14 27 |—»o BUF AW BS1)
AD1 oe—sl15 26 —=o BUFEN (BSQ)
ADD ow—nl 18 25 |—=0 ASTB (QS0)
NMI 0—=d17 24 |—0 INTAK {QS1)
INT o—l18 23 f+—o0 POLL
cLK o—»d1g 22 j+—o READY
GND o——20 - 21 j—o RESET
2 Eg =,
2 B5s28
g w |2 g % a §I§ é
L PEIT
[PELEfTgteese
52 51 50 49 48 47 46 45 44 43 42 41 40
AlEPS? Ce—q 1 39 [—*0 ASTB (S0)
mapst oe— 2 O 38 =0 INTAK (QS1}
A16/PS0 Oe— 3 37 j«——o FOLL
A1S Ow—sd 4 EEEERR 36 [«—0 READY
Veo 00— § gggggg 35 p+—0 RESET
Voo O—1 6 o QoS-G 34 ——0 GND
GND o— 7 §§%§§§ 33 f——o0 GND
GND o—— & _:-’9:5-?»:‘:._‘ 32+—0 NC
ICo—— g Nmnzzz 31 F—© GND
Al4 ce—el 10 ERE 30 je—o CLK
A13 Ow—m1 1 29 f—0O INT
A12 oe—alq3 28 [+——0 NMI
A1l oe—sl13 27—o0 NC
14 15 16 17 18 19 20 21 22 23 24 2526
[
Lygadibstiidl
[S =] 0 ™~ [Te] [3e B o
=£8858838838°

NC: No connection
IC : Internaliy connected to GND.
{) : In large-scale mode
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o fa—=) AD1Y

a fe—=O AD12
b f—0 AD13
w he—») ADV4
00 IC

= F—0O GND
EFFH—0O Ve
alk—0 a5
sl w0 atEPsO
&0 AT7/PSI
& |—+0O Amgmrs2

ADY Cre— g 38 |—O Arg/Ps3
ADg De—wf g 37 F—0 UBE
AD7 O——f 0 35 l——O SAG
ADE Cre— 11 35 |—=Q AD
4 PDT0116HLM-10 o

ADE Cra——t 12 4 PD70116HEM-12 34 f+——_ HLDRQ (ROVAKQ)

: #PDT0116HLM-16 o
AD4 Oe—»l 13 33 = HL.DAK (RQ/AKT)
ADI Cre—wf 14 32 —C WR (BUSLOCK)
ADZ Ce—wl 15 31 —=C 10/M (BS2)
AD1 Ct——1 16 30 |—C BUF AW (BST
ADG Cre—nd 17 29— BUFEN (BSO)

NC O—{&
NMI O—1 3
INT O— B
CLK O—= X
GND O——8
GND O—— &
RESET O——=I %
READY O——=15)
POLL O——{%3

INTAK (QS1) O=——{%
ASTB (QS0) O+

NC: No connection
IC : Internally connacted to GND.
()} : Inlarge-scale mode
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NEC

INTERNAL BLOCK DIAGRAM

(1) pPD70108H

Internal address/data bus {LADO-19)
: 3> A1E/PSO-AT9PS3
T BUS AB-A15
: BUFFER
ADM K8 > ADO-AD7
LBSO _
BUFEN!BS0),BUF RAV(BS!!
_ | 8 > |O/MIBS2)
PS i ASTBIGS0), INTAKIQS1}
; RD, WR{BUSLOCK)
ss STATUS
550 CONTROL _
fe—s/G
DS1 Dakd e READY
PEP le——RESET
] = le—POLL
TEMP I
Qo o T-STATE Bus HoLp [T H-DRARQ/AKD
a2 Q3 CONTROL CONTROL [, o | pAKEG/AKT
CYCLE INTERRUPT NMI
o 1 | DECISION CCNTROL
, INT
] L/
L QUEUE STANDBY
- CONTROL CONTROL [ CLK
: BCU
W - N
a EXU
BW
EFFECTIVE ADDRESS
cw — GENERATOR
o DW -
IX
Y
BP oF
SP £g INSTRUCTION Micra d
L) —— lero data
—1 2% AlSToraGE |22 pus
54
TC g
: B
TA -
D‘ o ——— SHIFTER 2
B 3
=] o
£ # SEQUENCE
3 CONTROL
g
Q
3
S|
ALU
T L INSTRUCTION DECODER
[ 14 >le
I PSW K
Sub data bus Main data bus
{16 bits} {16 bits}
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{2} uPD70116H

ry 1
Intarnal agdress/data bus {LAD0-19) A16/PSC-AT9/PS3
4>
| BUS AB-A15
BUFFER
ADM 16> ADO-AD15
7 UBE _
| 1 ‘ IC BUFEN(BS0},BUF RAW(BST)
! : 8> O/M(BS2)
2 | j ASTBIQSO), INTAKIQS1)
RD, WR{BUSLOCK)
S8 STATUS
vy . CONTROL
fe—s/G
DSt 1 - «——READY
Pep e RESET
e POLL
S DF
TEMP L
Qo a1 T-STATE BUS HOLD HLDROIRG/AKD)
Q2 Q3 CONTROL CONTROL L, o | DAK(RG/AKT)
Q4 a5 ()
| CYCLE INTERRUPT NMI
e[| | DECISION CONTROL [, 7
— ) - ; L)
LC QUELE STANDBY
CONTROL CONTROL [+ CLK
PC
__BCU
AW EXU
BW
EFFECTIVE ADDRESS
, cw — GENERATOR
o] ow —
IX
i Iy
BP e
als INSTRUCTION Micro dat
SP D ] u icro data
— 3% [ STORAGE 28> g
59
TC ]
. TA - |5
! >| 5 SHIFTER €
. £
| ¥ 4 SEQUENCE
X CONTROL
g
n__/ g
(o]
ALU
B INSTRUCTION DECODER
*< >le
| PSW Ko
Sub d?ta bus Main data bus

(16 bits} {16 hits)
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Product Name = uPD70108, 70116

Item el i -
Operating Voltage BV.3V 5V
MAX.: 10, 12.5, 18 MHz MAX.: 5, 8, 10 MHz
Operating | AtVoe=5V MIN, : DC MIN. : 2 MHz
Fraquency
At Voo=3 V Mﬁﬂx g‘cs' 8§ MHz Does not operate
::Igﬁaﬁf;i::: ::::’?;AK Pin Not provided Provided
BUFEN (Bsoy™ H Hi-Z
BUFR/W (s H Hi-Z
On Reset oYY i (Bs2™* | H Hi-Z

|_0wa {Bs2 ,mm

Wh (BUSLGCKN H Hi-Z
RD H Hi-Z
52-Pin Plastic QTF {Resin Thick 1.50 mm) Provided Not provided

Note 1. {): In large-scais mode.
2. ¢PD70108, 70108H
3. uPD701186, 70116H

10




NEC
CONTENTS
1. PIN FUNCTIONS...c..cciserimressscasssasssams s sassessavessrstostsses et snsestassssssasessssassasss sessesssassasssssasasssessarsssesessas 13
1.1 LIST OF PIN FUNCTIONS woouetcceecvueimecesessssscsseessas sess bt sssssastassssessbesss s sisssmnesns oo sessssetsssassstsssasssassassasan 13
1.2 PIN STATUS UNDER SPECIFIC CONDITIONS vvveeorvvenreemeersensssrrssens: reeer st s smes e et a bt 15
1.3 FUNCTIONAL DESCRIPTION ..ouvuvuriussmessessensessmsssnsssnsssssessmsssssssssssossssossssnesssessesssssssssssssasssssesasmssossssases 18
2. REGISTER CONFIGURATION .......c...coiecterrmrrerressmmresnrassosmesameessms brsnmstssmssras sessnnebesnessnmsndnsnnt samsanbates 25
21 PFP (PREFETCH POINTERY cooevveereeesessaresserssosisressssstsssestsabsserssssstat ssssessis sesmsssassbnssssossstsnbasntsvassent sasestens 25
22 Q0-Q3, Q0-05 (PREFETCH QUEUES) .ouevmnireceenseresesseessserssmsssssssssssessssnssmsssssssssssssnisssssssssssssessssssnns 25
2.3 DP (DATA POINTER] ciouuiitssisisissassssisssssssssesssas sesssss ssssssstsessssstssssssossasesssastansssesssnss essssns snsasastasssass snunsnans 25
2.4 TEMP (TEMPORARY COMMUNICATION REGISTER) ..covevireererseensssssaesesessesssnssssissssssssmssssisssasenss 25
25  SEGMENT REGISTERS (PS, SS, DS0, DS1} covvereecrrcvvervessimsrsssenanssessssssesssssmrsmsssssssissssssssssnsersassssers 25
26 ADM (ADDRESS MODIFIER) vvvurerrsessssesstssrssssssssestassnsestassssmstonssssosssvosssssssnsssanssasssssssssssssassssossssesssensasas 26
27  GENERAL-PURPOSE REGISTERS (AW, BW, CW, DW) ..occcevcvenieeeeecoensnsssnsssssssssassssnssssnssssssssesnes 26
2.8  POINTERS (SP, BP) AND INDEX REGISTER (IX, 1¥) ceeovversueeeerrenssrmrenssssssssssssessismnsissasssnssssssrsssssassss 27
29  TA/TB (TEMPORARY REGISTER/SHIFTER A/B} .uiiiuimmrnnssmermisumisienscssssssansssisssssssssisensssmsssesssssssesess 27
210 TC (TEMPORARY REGISTER C) vouvveserrreessssssmssssssrsssessssssssssssrssessssssssmsssesssasssssssssassmsssssssassssosess 27
211 ALU {ARITHMETIC & LOGIC UNIT} coouuceuremanssvssesssessserisesssmessssssssssssssssesssmssssssssssessessssssssmssssstsssssesses 27
212 PSW (PROGRAM STATUS WORDL tuuverstsimmssismssstssrsmmsiessssmissssssstsssonsssossassssssassssssssss sessssnssssmsstsssessiss 27
213 LC (LOOP COUNTER) cuucveonteeessessssstorssssssassssssss st ssssssstasbasos dnssssss shasessasestessesssssasonsassson st ssssbentsssnssns 28
2,14 PC (PROGRAM COUNTER} coocvereeerermscescssmesstsres s sstsssssarssssssmssssnssasssssssasessas essssatssssasssassssetsssasents 28
2156 EAG (EFFECTIVE ADDRESS GENERATOR) w..covcuuireuiessscssnssesssssessssesssssssssssesssssssssssnssssassisssesanssssessase 29
216 INSTRUCTION DECODER .....couomuuusmioosssrscassaistsnssrsssssess seemsessssssistsesssssssass satsessissassarn sstsssstsssassnssssnssss 29
217  MICROADDRESS REGISTER «.couvoveususseesserssnsstsessssssssssssrsssssstamssssissssbusa seeeistsassssisssstssssassssessbasssisssisans 29
218 MICROINSTRUCTION ROM .....ovveeiemcesscmssescssemessssonssosssssssssssssessssessass o ssssessasstsessasmssassessassassssessssers 29
2.19  MICROINSTRUCTION SEQUENCE CIRCUIT ....couvoecesiessssssssessssssssssessessssossasssessssnssss sasssesssessassesers 29
3. INCREASING INSTRUCTION EXECUTION SPEED ............ccovnurenmrenersoresnssnisssssessensenerensassessrasenes 30
3.1 DUAL DATA BUS METHOD ...oouieircessnerensenemtiesssssssssssnssssessntsssssmiassssassssessassssssssssssssssssessanssssssassssssnns 30
3.2  EFFECTIVE ADDRESS GENERATOR ...oovooeueruiesseresssssssesssssssssssmsesssssosss sesssamsssssssssssssssossasessessssssssmsers 31
3.3  16/32-BIT TEMPORARY REGISTER/SHIFTER {TA, TBl...osseerreessssresssssmssnsmsnsesessessssomssssssnmnsassrssssssssens 31
3.8 LOOP COUNTER (LG torvvueemmmmsisimmsunissssssissssssntsossasns ssseatsosssastsssaasisssssssssatses asananstsossssesssssssssarensatanssres 31
3.5 PC AND PFP..oooverecueeresssesssarsssssersssesssrussssassssarsssesessssessssessssssssast sessses s vessessssesss ssvessssesssssessssnsssansssss sesases 31

11




NEC e 'INUE PD70108H, 70116H
m@mmﬁﬁ@@mﬁﬂm r
4. UNIQUE yPD70108H INSTRUCTIONS ... nierstsssrsssnssnneennissessarenenssentsonionssens e 3z
a1 VARIABLE BIT FIELD MANIPULATION INSTRUCTIONS Cher b R 32
4.2 PACKED BCD OPERATICN INSTRUCTIONS . citvveeimisssssieererreorsusssrarasrissssesra rasmsss sassesassassssssanssisasesnss 33
4.3 STACK MANIPULATION INSTRUCTIONS ... ccccrierreririsisessctessmmsisssssorasssssssasssssssnasssstossesstassnmentsasroses 35
4.4 CHECK ARRAY BOUNDARY INSTRUCTION .ccccceeiermremrriererermmrsmsnisrmsereressnmsmsestosasinimissssssinnmmnsessannsess 40
4.5 MODE MANIPULATION INSTRUCTIONS .ot tiiieiiccmmmreiarmsrssiscertstsnssssntssnsreresssssos bbb be sassbsb 1 Haseaiss1enats 41
4.6 FLOATING-POINT OPERATION COPROCESSOR CONTROL INSTRUCTIONS .nrrviisisisssesnsisssnnnss 43
5. INTERRUPT OPERATION ...........oiieirimremiciiniisnisarmormnessonnissaeoristnnsersnssressnsss st asesssstsessssrsanssessssssnssnnress 44
6. STANDBY FUN CTION . .. ..o iiireereesrastaesramssaasinssasstantsassassieennoansrsssenssssorssonsssrisrasssnsontronsesssensronss 46
7. 1/O ADDRESS RESERVE ...........cccninnnnieriinnmessisseserrenssessaess o eeaedsEeEEeSREStERSR ORRESRIS 1N s mR RRRSSranEEannrrrn 46
B, IN ST RUCTION SET ..iiiiiiiieersrersesssesssasaasssssassssassnsssasssassanssssnssrsssnsssnsssnsussstsssssnssbast ionnnsstentisrtessrostoes 47
9. ELECTRICAL SPECIFICATHONS ..ot crnrirrrsstnisssssotssesast et sssesssssstnres 1ot rovnnsass samsnssamsnssssnsnssssssan 81
8.1 WHEN VOD = 5 V = T0% coooeoessossssesssssessasstsssssrssessesssosseessssessasseseresssessasssenessasesses s sssesseseserssseneessessros 81
9.2 WWHEN VDD = B WV o T000 iiiiniciirrnrirrsscssensessetssssnnnesssensssssnssrssnnressanssssnssssensnssssansnssnssshssbosansnsssssas ansnsnnssnnnss 85
10. PACKAGE DRAWINGS .......oconieiioieientecrneoretiirtiassisstosssstsessrsssrotsinisersssssnranssasssassasssssesionsnssnsssorsasetnes 99
11. RECOMMENDED SOLDERING CONDITIONS .......coonmumirimermsisrmmmsrariansisiioseisersnstiasnessestsosssessannse 103

12




NEC

Discontinued) .pp70108H, 701164

1. PIN FUNCTIONS
1.1 LIST OF PIN FUNCTIONS

(1) Small-scale mode (S/LG = H)

Pin Name input/Output Function
A16/PS0-A14/PS3 Tri-state output Address bus/processor status
AB-A15 {uPDT0108H) Tri-state output Address bus
ADO-AD7T (gPD70108H} Tri-state output Address/data bus
ADQ-AD1S (uPD70116H)| Tri-state input/foutput Address/data bus
ASTB Output Address strobe
INTAK Qutput Interrupt acknowledge display
BUFEN ' Tri-state output External data buffer enable
BUFRW Tri-state output External data bufier read/write selection
10/ (uPDTO108H) Tri-state output ~ I¥Q, memory selection

I0/M (uPD70116H)

LSBO (uPDT0108H) Tri-state output Bus status

UEBE (yPD70116H) Tri-state output Data bus upper byte enabie

RD Tri-state cutput - | Read strobe

WR Tri-state output Write strobe

HLDRQ Input Bus hold request

HLDAK Qutput Bus hold enable

S/ILG Input | Small-scalaflarge-scale mode selection (=H}
NMi Input - Non-maskable interrupt request
INT Input Maskable interupt request

CLK Input Syatem clock

READY Input External ready dispiay

POLL Input External polling display

RESET ' Input System reaet

13
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{2) Large-scale mode (SILG =L)

Pin Name Input/Qutput Functicon
A16/PS0-A19/PS3 ' Tri-state cutput Address bus/processor status
AB8-A15 (uPD70108H) Tri-state cutput Address bus
ADO-AD7 (uPD70108H) Tri-state inputfoutput Address/data bus
ADO-AD15 (¢PD70116H)| Tri-state input/output Addrags/data bus
Qso, as1 Qutput Queue status
BS0-BS2 Tri-state output Bus status
LSBO (uPD70108H) Qutput Qutputs high level
(pin for small-scale mode)

UBE (uPD70116H} Tri-state output Data bus upper byte snable

RD Tri-state output Read strobe

BUSLOCK Tri-state output ' Write strobe

RO/AKD, ROVAKT Tri-state input/output | Bus hold request/snable

S/ILG Input Small-scale/large-scale mode selection (=L}
NMI . Input . Nan-maskakble interrupt request
INT Input Maskable interupt request

CLK Input System clock

READY Input External ready display

POLL Input External polling display

RESET Input Systam reset

14
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Small-scale mode

PIN STATUS UNDER SPECIFIC CONDITIONS

{Hi-Z} state is retained, until the pin is driven by an external source.

2. High level only once {for about half a clock cycle} during the halt acknowledge cycle,
otherwise low level. _

3. Outputs the high level as long as the reset signal is active, and goes into a Hi-Z state after
the reset signal has become inactive and until the first bus cycle is started. Therefore, if the
pin is not driven by an external source, the high lavel is ratained by a latch.

Conditions

Pin Name Hold Halt Reset
AB-A15™"" (1PD70108H) Hi-Z Horl Hi-Z
ADO-AD7TY™ (1PDT0108H) Hi-Z Horl Hi-Z
ADO-AD1EM" (4PDTO116H) Hi-Z HorlL Hi-Z
A18/PS0-A19/PS3N Hi-Z Horl Hi-Z
AST8 L Note2 L
INTAK H H H
BUFENM Hi-Z H Note3
BUFR/Wer* Hi-Z Horl Note3
1O/MM™ (PD70108H) Hi-2 Horl Note3
oMot (4PD70118H) Hi-Z Horl Note3
LSBO™" (tPD70108H) Hi-Z H Hi-Z
UBEM™' (uPD70116H} Hi-Z H Hi-Z
RDM™ Hi-Z H Note3
WRNe! Hi-Z H Note3
HLDAK H | L L

Note 1. An internal latch is provided, so that the status before this pin goes into a high-impedance
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Large-scale mode

as

Conditions
Pin Name

Hold Halt Reset
AB-A15M (,PDT70108H) Hi-2 Horl Hi-Z
ADO-AD7™"" (uPD70108H} Hi-Z Horl Hi-Z
ADO-AD1S™™ (uPD70118H) Hi-2 Horl Hi-Z
A16/PS0-A19/PS3™™ Hi-Z HorlL Hi-Z
Qsg Note 2 I L
as1 L L L
B Hi-Z H Note 3
BS 1Mo Hi-Z H Note 3
Bs2™ Hi-Z H Note 3
UBE™*™ (uPD70116H) Hi-Z H Hi-Z
RDNe! Hi-Z H Note 3
BUSLOCK™™ Hi-Z Horl Note 3
RQ/AKON"* H H H
RQ/AK M H H H
Lsso™'* (4PD70108H} Hi-Z H Hi-Z
{pin for smatl-scale mode)

Note 1.

An internal latch is provided, so that the status befora this pin goes into a high-impedance
(Hi-Z) state is ratained, until the pin is driven by an external socurce.

High leve! only once (for about half a clock cycle} during the halt acknowledge cycls,
otherwise low level.

Outputs the high level as long as the reset signal is active, and goes into a Hi-Z state after
the reset signal has become inactive and until the first bus cycle is started. Thersfore,
i the pin is not driven by an external source, the high level is retained by a latch.

The RG/AK pin is connected with & pull-up resistor in the large-scale rmode.
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Remark The circuit configuration of the latch is as shown below. To invert the status of the pin with a latch,
a drive current higher than the latch inverting current {hws, L) is required.

Output pin

Qutput buffer

I\ ! O Gutput pin

control

Input/output pin

Qutput buffer

N

' O Input/output pin

control

pd
~N

Input bufter
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1.3 FUNCTIONAL DESCRIPTION
Some pins have meaning only for small-scale systems or large-scale systems, while others are used for both
small- and iarge-scale systems.

{1} AB-A15 (Address Bus) ... Small/Large Scale {uPD70108H)
AB-A15 output the middle 8 bits of the 20-bit addrass information.
AB-A15 are 3-state output pins and become high impedance during hoid acknowledge cycles.

{2) ADO0-AD7 (Address/Data Bus} ... Small/Large Scale {(uPD70108H)
ADO-AD7 serve as the tima-multiplaxed address/data bus. The lower 8-bit output of the 20-bit address
information and data input/output are multiplexed.
16-bit data is input/foutput in two operations, the lower byte is the first byte, and the upper byte is the
sacond.
These pins are 3-state input/output pins and become high impedance during hold acknowlsdge cycles
and interrupt acknowledge cyclas.

{3} ADO - AD15 (Address/Data Bus)... Small/Large Scale (uPD70116H)

This bus, which is for both addresses and data, performs tha low 18-bit output of the 20-bit address
information. The byte/word data input/output are performed as well in the time-sharing method.

¢PD70116H accesses mamory or IO operands, in terms of two separate areas, i.e., the byle data bank
which is accessed with an even-numbered address (AD0=0) and the byte data bank which is accessed with
an odd-numbar address (ADO=1}. The least significant bit {AD0) does not have a meaning of its own as
the address information worg data; howaver, it is used to distinguish the byte bank of the odd-number
address from that of the even-number address.

in addition to ADO, there ara also the UBE signals available for the purpcse of accessing byte/word data.
The UBE signals are used in a combination as shown in the table below.

Operand UBE ADO Bus Cycle Caunt
Even-number Address Word 0 ¢ 1
Odd-number Address Word First bus cycle 0 1 2
Second bus cycle 1 o
Even-number Address Byte 1 o 1
Odd-number Address BEyte 0 1 1

The word cperand of an odd-number address is accessed twice, i.e., in terms of the odd-number byte
bank and the even-numbar byte bank. Inthe course of the access, "ADO=1" which indicates the odd-number
address bank is cutput in the first bus cycle; and in the second bus cycle, "AD0=0" is automatically output
in order to indicate the continuing even-number address bank. Each of the pins for 3-stated output. During
hold acknowledge ot interrupt acknowledge, thay become high-impedance. In standby mode, they are
fixed to either a high or low level.

(4) NMI {Non-Maskable interrupt) ... Small/Large Scale
NMI is a non-maskable interrupt request signal input, which cannot be masked by software.
This signal is rising edge active, and is sampled in any clock cycle. However, interrupt processing is
initiated after complating the current instruction execution.
The interrupt start address for this interrupt is determined by interrupt vector 2.
The NMI signal must be held at high level, at Isast for five clock periods, after the rising edge.
The priority order for the NMl intarrupt is as indicated below. The hold request is accepted during NMI
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acknowiledge cycles.
INT < NMI < HLDRQ {small scale) or RQ {large scale)
This interrupt is also used to release the standby mode.

(8] INT (Maskahle Interrupt} .... Small/Large Scale

INT is a maskable interrupt request signal input, which can be masked by software.

This input is high level active and is sampled in the last clock period of an instruction. It is accepted,
when interrupt is enabled (the interrupt enable flag (IE) is set). The external device checks whether or not
the interrupt is accepted by the INTAK signal output from the CPU.

The INT signal must be held at high level at least until the first INTAK signal is output.

The priority order is as shown below. If NMI is simultanecusly generated, the priority is given to the
NMI, and INT will not be accepted. The hold request can be accepted during INT acknowledge cycles.

INT < NMI < HLDRQ (small scale} or RQ (large scala)
This interrupt is also used to release the standby mode.

{6) CLK (Clock) ... Small/Large Scale

CLK is the external clock input. The power supply current can be significantly reduced by stopping this
CLK input (DC level). However, if the CLK input is halted while the RESET input is active (high level), the
source current specifications are not satisfied.

{7} RESET (Reset} ... Small/lLarge Scale
RESET is the high level activa CPU reset input. This input has priority over any other operation.
After reset, the CPU starts program execution from address FFFFOH.

The RESET input is used for normal CPU start. In addition, the RESET input is also used for releasing
the standby mode.

Do not stop the clock input when making the RESET input active.

{8} READY (Ready} ... Small/Large Scale
When the memory or /O cannot complete read/write operation within the basic CPU access time, this

signal can be set to inactive (low level) to request the CPU 1o generate wait state (TW), in order to extend
the read/write cycle.

The CPU will not generate wait state, if the READY signal is active (high level} during T3 or TW states.

The setup/hold time for this signal must be satisfied; otherwise, no correct operation can be guaranteed.
Therefore, external synchronization is nacessary.

{8) POLL (Poll} ... Small/Large Scale

The POLL input is sampled by the POLL instruction. If this signal is low when checked, the processing

moves to the next instruction execution. If itis high, the POLL input is sampled every 5 clock periods, until
it becomes low.

This function is used to synchronize the CPU program with the external device operation.

{10) INTAK {Interrupt Acknowledgs) ... Small Scale

INTAK signal is output, when an INT signal is accepted. The external device inputs the interrupt vector
to the CPU through the data bus (AD7-ADO) in synchronization with this signal,
This output is fixed to high level in the standby made.
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{11) ASTB (Address Strobe} ... Small Scale
ASTB is the address strobe signal, used to latch the address information into the external latch.
In standby mode, fix this pin to low level after setting it to a high level {for about 1/2 of a clock cycle).

{12} BUFEN (Buffer Enable) ... Small Scale
BUFEN signal is used as the external bi-directional buffer output enable signal. This signal is output,
when transfarring data between the memary and 1/O or when inputting interrupt vector.
The BUFEN output is fixed to high during the standby mode.
This pin is a 3-state output, and becomes high impedance during hold acknowledge cycles,

(13) BUF R/W (Buffer Read/Write) ... Small Scale
BUF E,’W signal is output to determine the data transfer direction for tha external bi-directional buffar.
High indicates CPU-to-external device transfar. Low indicates data transfer from the external device to the
CPU,
The BUF R/W output is fixed to high or low during the standby mode.
This pin is a 3-state output, and becomes high impedance during hold acknowledge cycles.

(14) IO/M (I0/Memory) ... Small Scale {4PD70108H)
10/M signal distinguishes between I/0Q access and memory access. Low indicates |/O access, and high
indicates memory access,

The IO/M output is fixed to high or low during the standby mode.
This pin is a 3-state output. It becomes high impedance during hold acknowledge cycles.

{15) 1O/M (10/Memory) ... Small Scale {uPD70116H)
The signal for distinguishing the I/O access from the memory access is output, |/O is displayed at low;
memory is displayed at high.
In standby mode, this output is fixed either tc a high or low level.
This pin is for tri-state output. During hold acknowledgs, it becomes high-impedance.

(16) WR {Write Strobe} ... Small Scale
WR signal is output, when writing to /O or memory. Whather write operation is performed to the
I/O or memoty is datermined by the 10/M signal (uPD70108H) or IO/M signal (uPD70116H).
The WR output is fixed to high, during the standby mode.
This pin is a 3-state output, and becomes high impedance during hold acknowledge cycles.

{17) HLDAK {Hold Acknowledge} ... Small Scale

HLDAK is the hold acknowledge signal, which indicates that the CPU has accepted the hold request
{HLDRQ).

The address bus, address/data bus, and 3-state output control bus become high impedance when this
pin is active.

{18} HLDRQ {Hold Request) ... Smal! Scale

HLDRQ signal is used by an external device to request the CPU for the release of the address bus,
address/data bus, and the control bus.

The setup time for this signal must be satisfied; otherwise, no correct operation can be guarantead.
Therefore, axternal synchronization is nacessary.
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(19) RD {Read Strobe) ... Smazll/l.arge Scale
RD signal is output when reading frem I/C or memory. Whether read operation is performed with the
/O or memory is determined by the 10/M signal {uPD70108H) or 10/M signal (uPD70116H).
RD signal is provided basically for the small scale mode. However, this signal is output in the same
timing in the large scale mode.
The RD output is fixed to high, during the standby mode.
This pin is a 3-state output, and becomes high impedance during hold acknowledge cycles.

t20) S/LG (Small/Large) ... SmallfLarge Scale
S/LG signal is used to determine the CPU operation mode. S/LG signal must be fixed to high or low.
When set to high, the CPU operates in the small scale mode. When set to low, the CPU operates in the
large scale mode.
Functions of pins listed below change, depending on the mode selected. Thess individual pins are
assigned with different names as follows:

Pin No. Pin Name
DIP | arp QR | e el | (S/Lantow lovell
24 38 . 27 | INTAK 0s1
25 | 3@ | 28 | ASTB Qs0
26 41 29 | BUFEN BSO
27 | 42 | 30 | BUFAW BS1
28 | 43 | 31 | 10/M (uPDT0108H) BS2

10/M (uPDT0116H)

29 44 | 32 | WR BUSLOCK
30 | 45 | 33 | HLDAK RO/AKA
31 47 34 | HLDRO RO/AKO
34 50 37 LBSO (uPD70108H) {Qutputs high level}

{21} LBSO {Latched Bus Status 0} ... Small Scale (uPC70108H)
This signal is used in conjunction with the |O/M and BUFR/W signal to extarnally indicate the type of
the current bus cycle.

O/M | BUFR/W | LBSO Type of Bus Cycle
0 0 0 Program fetch
9 0 1 Memory read
0 1 0 Memory write
0 1 1 Passive state
1 0 )] Interrupt acknowledge
1 0 1 IO read .
1 1 o 110 write
1 1 1 Halt

Remark Outputs high level in large-scale mode.
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{22) UBE {Upper Byte Enable} ... Small/Large Scale (uPD70116H)
This pin outputs the signal which indicates that the upper 8 bits {AD8 to AD15) of AD0 to AD15 are used

in bus cycles T2 to T4.
The UBE signal becomes active {lowlevel) duringbus cycles T1to T4. Thebuscyclesinwhichthis signal

- becomes active include the following: .

+ Bus cycle by the byte access to an odd-number address
» Bus cycle by the first byte access to an odd-number address for the purpose of word data
« Bus cycle by the access to an even-numbear address for the purpose of word data

Each cycle can be identified based on a combination of the address information and the UBE signal
which are output during bus cycle T1 by the ADOQ pin.

Operand BE ADO Bus Cycle Count
Even-number Address Word ¢ 0 1
Qdd-number Address Word First bus cycle 0 1 2
Sacond bus cycle 1 0
Even-number Addresas Byte 1 0 1
Odd-number Address Byte 0 1 1

The UBE signal continues to be at a low leval during interrupt acknowladge (word access of an even-
numbear addrass is required due to vector reading).

This pin is for tri-stated output. During hold a'cknowiedge. It becomes high-impedance. In standby
mode, it is fixed to a high level. '

(23) A16/PS0-A19/PS3 (Address Bus/Processor Status) ... Small/Large Scale
A16/PS0-A19/PS3 sarve as bits 16 to 19 of the address bus. They also serve as the processor status
signal. These contents are output in multiplexed mode.
The upper 4 hits in the 20-bit memory address arg output. During /O access, all bits output 0.
The processor status signal is output for both memory and I/Q accesses. PS3 is always setto 0 in the
native mode, and 1 in the emulation mode. PS2 outputs the contents of the intarrupt enabie flag (IE). PS1
and PS80 indicate which segment is currently used.

A17/PS1 A16/PS0 Segment
0 0 Data sagment 1
0 1 Stack ssgpment
1 0 Program sagmant
1 L Data segment 0

These outputs are fixed to high during the standby mode.
The A16/PS0-A19/PS3 pins are 3-state cutputs, and become high impedance during hold acknowledge
cycles.
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(24) QS0, QS1 {Queue Status) ... Large Scale
QS0 and QSt inform the external device (floating-point operation coprocessor) of the internal
instruction queue status for the CPL.

as1 Qso Instruction Queue Status
0 0 ' No operaticn (no change in queue status)
0 1 Firgt byte of instruction
1 ¢ Empty
1 1 After first byte of instruction

“Instruction queue status” indicates the status, when the EXU accesses the instruction queue. The
contents output to QS0 and QS1 are effactive only in the first ciock pericd, immediately after the instruction
queue is accessed.

This status signal is provided for the floating-point operation coprocessor to monitor the CPU's
program execution status, so that the coprocessor can perform processing in synchronization with the CPU
whan the control is transferred {(by FPO: Floating-Point Operation instruction).

These outputs are fixed to low in the standby moda.

(25) BS0-BS2 (Bus Status) ... Large Scale
BS0-BS2 are encoded to indicate the current bus cycle category ta the external bus controller.
The external bus controller decodes these signais and generates a control signal for accessing the
mamory or /0. '

BS2 BS1 BSQ Type of Bus Cycle
0 . 0 o Interrupt acknowledge
o | 0 1 VO read
0 1 0 11O write
0 1 1 HALT
1 0 0 i Program fetch
1 0 1 Memory read
1 1 0 Memory write
1 1 1 Passive state

Thasa cutputs are fixed to high in the standby mode.

Thase pins are 3-state outputs. They become high impedance during hold acknowledge cycles.

These signals are high during the pariod from the rising edge of the clock immediately after RESET
becomes active to the naxt rising edge of the clock. After the one clock cycle, these signals become high
impedance.
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(26) BUSLOCK (Bus Lock) ... Large Scale
BUSLOCK is used to request other master CPUs in a multi-processor system not to use the system bus,
when executing one instruction which follows the BUSLOCK prefixed instruction.
This output is fixed to high during the standby mode. {Howaver, if the BUSLOCK instruction is placed
before the HALT instruction, this signal is fixed to low during the standby mode.)
This pin is a 3-state output, and becomaes high impedance during hold acknowledge cycles.

127) RQ/AK1, RQ/AKO (Hold Request/Acknowledge} ... Large Scale
RO/AK1 and RQ/AKO serve as the bus hold request input pins (RQ) and the bus hold acknowledge signal
output pins {AK}. The priority is as indicated below:

RQ/AK1 < RQ/AKD

These pins are 3-state inputs/foutputs, and are provided with internal pull-up resistors. These pins are
set to inactive state (high level) when open (float).

When used for bus hold request input (RQ), the setup/hold time for this signal must be satisfied;
otherwise, no correct operation can be guaranteed. Therefore, axternal synchronization is necessary.

(28} Voo (Power Supply) ... Small/Large Scale
Positive voltage power supply pins.

{29) GND (Ground) ... Small/Large Scale
GND.

{30) IC (Internally Connected)
IC must be set to GND potential level.
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2. REGISTER CONFIGURATION

2.1 PFP (PREFETCH POINTER)

The prefetch pointer is a 16-bit binary counter, which retains the program memory address offset information
for the instruction to be prefetched to the instruction queue by the BCLU.

The PFP is incremented each time an instruction byte is prefetched from the program memory by the BCU.
Whan branch, call, return, or break instruction is executad, a new location is loaded into the PFP. In this case,
the PFP contents become the same as those for the PC {Program Counter).

The PFP is always used, together with PS (Program Segment) register,

2.2 Q0-Q3, Q0-05 (PREFETCH QUEUES)

The zPD70108H contains a 4-byte instructicn queue (FIFO), which can store up to 4 bytes of instruction code
prefatched by the BCU. The uPD70116H is equipped with a 8-byte instruction queue (FIFO} and thus capable
of storing up to 6 bytes of instruction codes prafetched by BCU.

The instructions stored in the queus are executed by tha EXU.

The queue contents.are cleared, when a branch, ¢all, return, or break instruction is executed or external

_interrupt is processed, and an instruction at a new location will be prefetched.

Normally, the uPD70108H perfarms prefetching if there is an unused space of at least 1 byte available in the
queue; and the uPD70116H does so if at least 1 word {2 bytes) is available.

When successively executing a number of instructions, if the average instruction execution time is faster than
the number of clock periods nacessary to prefetch each instruction code, when an instruction execution is
completed, the next instruction code to be exacuted by the EXU is already provided in the queue. Therefore,
the time naecessary to fetch an instruction from the external memory can be excluded from the instruction
execution time. As a result, the processing speed can be improved, compared to a CPU which fetches and
axecutas instructions one at a time,

The queus effectiveness decreases as the number of instructions, which clear the queue, increases or the
number of instructions, having shorter instruction execution time, increases.

2.3 DP (DATA POINTER]

The data pointer is a 16-bit ragister, which specifies the variable read/write address.

The effective address, generated by the EAG, and the contents of the register, including the memory address
offset, are transferred to the data pointer.

2.4 TEMP (TEMPORARY COMMUNICATION REGISTER)

TEMP is a 16-bit tamporary register used for communication between the external data bus and the EXU.

The TEMP can be accessed in byte units. Therefore, the upper byte and the lower byte can be independantly
read/written.

Basically, the EXU completas write operation when data is transferred to the TEMP; it completes read
operaticn when confirming that data is transferrad from an external data bus to TEMP.

25 SEGMENT REGISTERS (PS, 88, DS0, DS1)

In the uPD70108H and uPD70118H, maemory addresses ara divided into logical segments, which are 64K bytes
each. The start address for each sagment register is specified by the corresponding segment register. The offset
from the start address is specified by a different register or by the effective address.
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The #PD70108H contains the following four kinds of segment registers.

Segment Register Default Offset
PS (Program Segmant} PFP
§S (Stack Segment) SP, Effective address
DS0 (Data Segment 0) IX, Effective address
DS1 (Data Segment 1) Y

The PS and the PFP {Prefetch Pointer}, and the DS1 and the 1Y registers are aiways paired.

The SS is normally paired with the SP. Howaver, when the BP register is selected as the base register,
affective address is used as the offset.

The DSO is usad together with the 1X register for block transfer processing. Howaever, for other general
processing, the effective address is used as the offset.

In addressing using the BP register as the base register and the SS register as the segment register, any one
of three other registers can be selected as the segment selection, using the the segment override prefix
instruction (PS:, DS0:, D$1:). However, eight or more prefix instructions cannot be attached to other than prefix
instructions.

2.6 ADM (ADDRESS MODIFIER}
ADM (Address Modifier) is used for generating a physical address (addition of segment register and PFP or
DP), and increments the PFP (Prafetch Pointer).

2.7 GENERAL-PURPOSE REGISTERS (AW, BW, CW, DW)

The #PD70108H contains four 16-bit registers. Each of thase 18-bit registers can be used as a 16-bit register.
In addition, each of these 16-bit registars can be divided into uppar and lower 8 bits, s¢ that each can be accessed
as an 8-bit register (AH, AL, BH, BL, CH, CL, DH, DL}

Therefore, these registers can be used as 8-bit or 16-bit registers for various instructions, such as transfer,
arithmatic operation, logical operation instruction, etc.

These registers are used as default registers for certain instruction processings as foliows:

AW : Word multiplication/division, word input/output, BCD rotation, data conversion
AL : Byte multiplication/division, byte input/output, BCD rotation, data conversion
AH : Byte multiplication/division

BW : Data conversion

CW : Loop control branch, repeat prefix

CL : Shift instruction, rotate instruction, BCD operation

DW : Word multiplication/division, indirect addressing i'nputloutput
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2.8 POINTERS (SP. BP) AND INDEX REGISTER (IX, 1Y)

SP and BP, and I1X and IY are used as the bass pointers or index ragisters, when accessing the memory in
the based addressing mode, indexed addressing mode, based indexed addressing mode, etc.

In the same way as for general-purpose registers, these pointers and index ragisters are used for transfer,
arithmetic, or logical operation instructions. Howevaer, in this case, these pointers and index registers cannot
be used as 8-bit registers. '

These registers are used as default registers for certain instruction processing, as follows:

SP : Stack manipulation
IX : Block transfar {(source side), BCD string operation
Y : Block transfer {destination side}, BCD string operation

2.9 TA/TB (TEMPORARY REGISTER/SHIFTER A/B)

TA/TB is a 16-bit temporary register/shitter used for multiplication/division, and shift/rotate (including BCD
rotate) instructions.

When executing a multiplication/division instruction, TA and TB are paired to form a 32-bit temporary
register/shifter. When executing a shift/rotate instruction, only the TB serves as the 16-bit temporary register/
shifter,

The upper and lower bytes individually for TA and TB can ba indepandently read/written through the internal
bus.

TA/TB becomes the ALU input.

210 TC (TEMPORARY REGISTER C)
TC is a 16-bit tamporary registar, used for multiplication, division, and other internal processings.
The TC becomes the ALU input.

2,11 ALU {(ARITHMETIC & LOGIC UNIT)

ALU (Arithmetic Logic Unit) consists of the full addar and tha logic operation circuit, and performs arithmetic
operations {(addition, subtraction, increment, decrement, and complement operations} and logical operations
(tast, AND, OR, XOR, and test, set, clear, and invert in bit units).

2.12 PSW (PROGRAM STATUS WORD)
The program status word consists of six status flags and four control flags.

Status flags

« V (Overflow}

» S (Sign)

s Z{Zero)

« AC (Auxiliary Carry)
P (Parity)
« CY (Carry)

Control flags
« MD {Mode)
« DIR (Direction)
+ IE {Interrupt Enable)
+ BRK {Break)
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These flags are manipulated in the stack in the following word image:

15 14 13 12 11 10 9 ] 7 6 5 4 3 2 1 0
D B
’g}i RN RN £ RIs|z)0 Blole| 1§ |rsw

Status flags are automatically set or reset, according to instruction execution results {data value).

The CY flag can be directly set, reset, or invarted by an instruction.

The control flags are set or reset by an instruction, in order to control the CPU operation.

The MD flag can be modified only from the BRKEM instruction execution to the RETEM instruction. In other
locations, the MD flag cannot be restored by executing the RET| or POP PSW instruction.

2.13 LC {LOOP COUNTER)

LC {Loop Counter) is a 16-bit register, which counts the number of loops for primitive block transfer, input/
output instructions (MOVBK, OUTM, etc.} controlled by repeat prefix instructions {REP, REPC, etc.), or the
number of shifts for multiple bit shift/rotate instructions.

2.74 PC (PROGRAM COUNTER]

PC {Program Counter) is a 16-bit binary counter, which retains the offset information for the program memory
address in the instruction to be executed next by the EXU.

The PC is incremented each tima the decoder fetches an instruction byte from the instruction queue. When
a branch, call, return, or break instruction is executed, a new address location is loaded inta the PC, in this case,
the PC contents become the same as those for the PFP {Prefetch Pointer).
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2.15 EAG (EFFECTIVE ADDRESS GENERATOR)
EAG (Effective Address Genearator) logic computes an effective address necessary for accessing the memory
at high speed. An addraess computation is completed in two clock peried in any addressing mode.

7 6 58 3 2 0

1 4
mod mem 2nd or 3rd byte of instruction

EAG

|

Effective address

The byte (2nd or 3rd byte} in which the instruction operand is specified is clocked in. If memory accessing
is necessary, the EAG generates a control signal necessary for manipulating the ALU and related register,
computes the effective address, and transfars it to the data pointer (DP).

In addition, the EAG requests a bus cycla (memor read) to the BCU as necessary.

216 INSTRUCTION DECODER
The instruction decoder classifies the first byte in the instruction code into a group by function, and retains
it during macro execution,

2.17 MICROADDRESS REGISTER

The microaddress registar specifies the microinstruction ROM address to be axecuted next.

The first byte for the instruction stored inthe queue is clocked into this register as the start address to indicate
the specified microinstruction sequenca start address, when starting the microinstructicn execution,

2,18 MICROINSTRUCTION ROM
The microinstruction ROM contains 1024 words of 29-bit wide microinstructions.

219 MICROINSTRUCTION SEQUENCE CIRCUIT
This circuit manages microaddress register control, microinstruction ROM output control, and EXU and BCU
synchronization.
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3. INCREASING INSTRUCTION EXECUTION SPEED

The uPD70108H and uPD70116H are provided with the following hardware functions in order to reduce the
instruction exacution time:

+ EXU internal dual data bus

«  Effective address generator

» 16/32-bit temporary register/shifter (TA, TB}

« 16-bit loop countar {LC)

+ PC {Program Counter} and PFP {Prefetch Pointer)

3.1 DUAL DATA BUS METHOD

In order to reduce the number of processing steps necessary for instruction execution, a dual data bus
concept, with the main data bus (16 bits) and the sub data bus {16 bits), is amployed. With this concept, the
processing time is reduced approximately 30%, compared to the processing time for a singie bus system in
implemanting addition, subtraction, logic operation, and compare instructions.

Register
\ N’

sy G G
oL
N

ALU
B¢ »
:

(WP ot
Subdata bus Main data bus

Example: ADD AW, BW; AW « AW.BW

Single bus Dual bus
Step 1 ALU « AW ALU « AW, BW
2 ALU « BW AW « ALU

3 AW e ALU
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3.2 EFFECTIVE ADDRESS GENERATOR

The effective address generator computas at a high speed an effective address necessary for accessing the
memaory.

In the microprogram method, it took 5 to 12 clock periods to compute an effactive address. However, with
this sole use hardware, an effactive address can be computed in two clock period for any addressing mode.

mod rfm

EA GENERATOR

Y
Effective address

3.3 16/32-BIT TEMPORARY REGISTER/SHIFTER (TA, TB)

The temporary register/shifter (TA, TB} are provided for multiplication, division, shift, and rotate instructions.
With this circuit, especially, multiplication and division instruction exacution speed is increased to approxi-
mately 4 time faster than a method using the micropragram.

TA+TB: 32-bit temporary ragister/shifter
- For multiplication/division instructiens
TB: 16-bit temporary register/shifter
- For shift/frotate instructions

3.4 LOOP COUNTER i{LC}

The laop counter {LC} counts the number of loops for primitive block transfer, and input/output instructions
controlled by the repeat prefix instruction, or counts the number of shifts for the multiple-bit shift/rotate
instructions.

For example, register multiple-bit rotation will be performed as shown below, and the processing speed is
incraased approximately 2 time faster than that of microprogram mathod.

RORC AW, CL;CL =5

Microprogram maethod LC method
8+ 4x5=28clocks 7 + 6 = 12 clocks

3.5 PC AND PFP

With the prefetch pointer (PFP), which addrasses the program memory when prefetching an instruction, and
tha program counter (PC}, which addresses the program memory for the current instruction execution, provided
by hardware, the instruction execution time is reduced by several clock pericds for branch, call, return, and break
instructions, compared to that for the PFP only.

N
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4. UNIQUE uPD70108H INSTRUCTIONS

4.1 VARIABLE BIT FIELD MANIPULATICN INSTRUCTIONS

TheINS (Insert Bit Field) and EXT {Extract Bit Fieid} instructions are provided as variable bit field manipulation
instructions. These instructions are very effective for computer graphics and high level language. For example,
these instructions are effective for Pascal packed array and record type data structure.

{1} INS reg8, reg8'/INS reg8, imm4

Of the 16 bits of data contained in the AW register, the data for the lower bits, specified by the second
operand, is transfarred to the memory area determined by the byte offset addressed by the DS1 segment
register and |Y indexed register pius the bit offset specified by the value (0-15) for the first operand.

After the transfar, the 1Y register and the register, specified by the first operand, are automatically
updated to indicate the next bit field.

Only 0-15 (0 specifies 1-bit length, 15 spacifies 16-bit length) are effective as the value for the second
operand.

_Bit length

15

AW 7/// (i)

_ Bitoffset Byte offset |
I
t
1

i
)

v _
2 | ] //// \ el
M
¥ t /I/ A : {LC : emow
Byte Segment base
boundary DS N

Bit field data can cross memory byte boundaries.

{2} EXT reg8, rep8/EXT reg8, imm4

Data for the bit field, whose length is specified by the second operand, is loaded from the memory area
determined by the byte offset addressed by the DSO segment register and IX indexed register, plus the
bit offset specified by the value {0-15) for the first operand to the AW register.

After the transfer, the IX register and the register specified by the first operand are automatically
updated to indicate the next bit field.

Only 0-15 (0 specifias 1 bit length, 15 spacifies 16 bit length) are effective as the value for the second
operand.
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{Ix)

. Bit Iangtljr_ﬂ Bit offset e Byte offset o

) [ — 1

. E wo e
! [
l Byte Segment hase
boundary DsQ

AW 0 7///

Bit-field data can cross memaory byte boundaries.

4.2 PACKED BCD OPERATION INSTRUCTIONS _
The ADD4S, SUB4S, and CMP4S instructions process packed BCD as strings. The ROR4 and ROL4 instructions
process packed BCD as byte or word format operands.

£1) ADD4S
This instruction adds the packed BCD string, addressed by the X index register, to the packed BCD
string, addressed by the |Y index register, and stores the result in the string, addressed by the IY register,
The length of the string (number of BCD digits) is specified by the CL register, and the operation result will
affect the zero (Z) and carry {CY) fiags.

BCD string {IY,CL) « BCD string (IY.CL) + BCD string {(IX,CL}

{2) SUB4S
This instruction subtracts the packed BCD string, addressed by the |X index register, from the packed
BCD string, addressed by the IY index register, and stores the result in the string, addressed by the Y
register. The length of the string (number of BCD digits) is specified by the CL register, and the cperation
result will affect the zero (Z) and carry (CY} flags.

BCD string {IY,CL} « BCD string {IY,CL) - BCD string {IX,CL)
(3) CMP4S
This instruction performs the same operaticn as SUB4S, excapt that the result is not stored and only

the 2ero flag (Z) and carry flag {CY} are affacted.

BCD string (IY,CL) - BCD string (IX.CL}
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{4} ROL4
This instruction treats the byte data for the register or mamory operand specified by the instruction as
ECD data and uses the lower 4 bits of the AL register {ALL) to rotate that data one BCD digit to the left.

reg/mem

Upper | Lower
AL, 4 bits | 4 bits

(5} ROR4
This instruction treats the byte data for tha ragister or memory oparand spacifiad by the instruction as
BCD data and uses the lowsr 4 bits of the AL register (ALL) to rotate that data one BCD digit to the right.

reg/mem

Upper | Lowear
4 bits | 4 bits

AL,
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4.3 STACK MANIPULATION INSTRUCTIONS

{1} PREPARE imm16,imma3
This instruction is used to genarata a “stack frame” necessary for a block structure high level language
{such as Pascal and Ada). The stack frame contains the pointers to point frames of variables that can be
referenced from the procedure, and local variable area.
The following explanation uses the following program example written in a Pascal style language.

program EXAMPLE;
procedure P;
var a,b,c;
procedure Q;
var d,e;
procedure R;
var f,a;
begin
' d:=a+f+g;
end;
begin
R;
b:=d+e;
end;
begin
a:=b+c;
Q;
end;
(*main program®*)
begin
P;
end.

Remark All variables are word variables.

In this program, procedure blocks are nasted in three levels. Procedure P defines variables a, b, and
c, procedure C defines variables d and e, and procedure R defines variables f and g. Therefore, a, b, and
¢ are refergnced from pracedure Q, and d and e in addition to a, b, and c, are referenced from procedure
R as global variables.

The PREPARE instruction copies the frame pointsr, in order to assure local variable area and enable
referancing to global variables. The first oparand specifies the size (bytes) of the area assured for the local
variables. The second operand indicates the depth ofthe procedure block {this depth is referred to as lexical
level}.

The base address for the frame generated by the PREPARE instruction is set into the base pointer BP.

When the above EXAMPLE program is compiled, the assembler program, shown on the next page will
be created (the DISPOSE instruction used in the assembler program returns the stack pointer SP and the
base pointer BP to the condition which existed before the PREPARE instruction was executed. Refer to (2)).
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:ASSEMBLER PROGRAM

START: MOV SP, SPTOP
MOV BP, SP ; @
CALL P ; @
BR SYSTEM
P: PREPARE 6, 1 ; @
MOV AW, [BP] [B+BLEVEL*2]
ADD AW, [BP] [C+CLEVEL*2}
MOV [BP] [A+ALEVEL*2], AW
CALL Q
DISPOSE
RET
Q: PREPARE 4, 2 ; @
CALL R
MOV AW, [BP] [D+DLEVEL*2)
ADD AW, [BP] [E+ELEVEL*2)
MOV IY, [BP] [BLEVEL*2]
MOV SS:[IY] [B+BLEVEL*2), AW
DISPOSE
RET
R: PREPARE 4, 3 : ®
MOV AW, [BP) [F+FLEVEL*2]
ADD AW, [BP) [G+GLEVEL*2)
MOV Y, [BP] [ALEVEL*2]
ADD AW, .SS:[1Y] [A+ALEVEL*2}, AW
MOV Y, [BP] [DLEVEL*2]
MOV SS:[IY] {D+DLEVEL*2), AW
DISPOSE
RET
; A=-2 ALEVEL =-1
: B=-4 BLEVEL=-1
; C=-6 CLEVEL=-1
; D=-2 DELVEL=-2
: E=-4 ELEVEL=-2
F=-2 FLEVEL = -3
: G=-4 GLEVEL=-3

The following sh

ows the process in which stack frames are generated according to the program execution

progress. The numbars correspond to tha numbers written in the comment fields,
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The PREPARE instruction first stores the BP intc the stack. This is to restore the BP for the procedure which
mads the call, when the procedure is completed. The frame pointers (stored BP) in the range that can be
referenced from the caled procedure are then loaded into the stack. The range that can be referenced means
a value which is the lexical level of the procedure minus 1.

Ifthe lexical level is 1 or greater, the own frame pointer is also loaded into the stack. This isto copy the frame
pointer for the procedure, which made the call, when copying the frame pointer in the procedure called from
this procedure.

The value for the new frame pointer is then set into the BP, and the local variable area to be used by the
procedure is assured in the stack. That is, the SP is decremented by the number of local variabies.

display = 2nd operand

dynamics = 1st operand

SP = SP-2;
(SP) = BF;
temp = SP;
if display > O then begin
repeat display-1 times
begin
SP = SP-2;
BP = BP-2;
(SP) = (BP);
end
SP = SP-2;
(SP) = temp;
end
BP = temp;
SP = SP-dynamics
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Data Access Method

(a) Accessing local variable
A local variable is allocated in the procedura’s own frame. Tharefore, the affactive address for the
lacal variable EA.L can be computed as follows:

EA.L = S5:{BP+offset]

Where, offset value is the result of addition of the frame size {(base value for the frame that can be
referenced) loaded in the flame, with the offsat value from the base value of the local variable area to
the variable.

(b) Accessing global variable
A globa! variable accesses the base pointer to be referenced from the old base pointers loaded in
the stack frame, then add the offset value to the variablse to be referenced to that value. This value is
the address at which the global variable is located. Thereforeg, the the effective address for the glabal
variable EA.G can be computed as follows:

EA.G = §$S:({SS:(BP+offsat1))+offset?)

Where, offset1is the offset value from the base value (BP value) for the current frame to the address,
in which the base address for frame containing the global variable is stored.

Offset2 is the offset value from the base valua for the frame containing the variable tc be referencad
to that variable,

{2} DISPOSE
The DISPOSE instruction releases one frame from stack frames generated by the PREPARE instruction.
The point value, indicating the previcus frame, is loadad into the BP, and the point value, indicating the
bottom position of the frame, is loaded into the SP.

SP= BP:
BP = (SP);
SP = SP+2

ﬁ@@m@ﬂm@@ 1PD70108H, 70116H
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4.4 CHECK ARRAY BOUNDARY INSTRUCTION

This instruction is usad to verify that index values, pointing to the elements of an array data structure, are
within the defined range. if the index value is not between these defined ranges when CHKIND is executed, a
BRKS will occur.

When using the CHKIND instruction, the defined value must be set into 2 words {the 1st word defines the
tower limit, the second word specifies the upper limit} in the memory in advance. The index value should be
a register {an arbitrary 16-bit registar) used by the array manipulation program,

CHKIND, reg 16, mem 32

When {(mem32} > reg16 or {mam 32+2) < reg16
TA « (015H, 014H) ]
TC « {017H, 016H)

SP « SP-2, (SP+1, SP} « PSW
IE « 0, BRK < O

SP « SP-2, (SP+1, 5P} « PS
PS « TC

SP « SP-2, (SP+1, SP), « PC
PC «TA

> =BRK &

Memory

G444

o Array

V7777

Upper limit 15 o

mem32+2 {Upper limit}

[ {
r

mem32 {Lower limit)
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4.5 MODE MANIPULATION INSTRUCTIONS

The gPD70108H and 70116H has two opseration modes: native mode {normal operation mode) and emulation
mode {emulates uPDBCBOAF instruction set). Bit 16 is provided as the mode flag to select these modes. Setting
MD to 1 specifies the native mode, and 0 specifies the emulation mode.

The MD is directly or indirectly set/reset by the mode manipulation instruction.

The following instructions change the mode from the native mode to the emulation mode:.

BRKEM (Break for Emulation)
RETI {(Return from Interrupt)

The following instructions change the mode from the emulation mode to the native mode:

RETEM {Return from Emulation}
CALLN (Call Native routine)

In addition, the mode returns from the emulation mode to the native mode, when a RESET is input or when
an external interrupt is input:(NMI, INT}.

RESET. NMI. INT

RETI \
N\

Native mode

Emulation mode
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{1} BRKEM imm8

BRKEM is the basic instruction to initiate the emulation mode. This instruction stores the PSW, PS, and
PC, resets the MD flag to 0, and loads the interrupt vector spacified by the operand to the PS and PC. The
interrupt anable flag (IE} and the break flag {(BRK) are not affected by this instruction.

When an instruction code for interrupt service routine (for emulation) jumped in this manner is fetched,
the CPU interprets and executes the instruction as an instruction of the uPDS0BOAF.

The CPU treats the emulation mode as an interrupt service,.

In the emulation mode, the uPDBOBOAF registers and flags are substituted for by the following registers

and flags:
-yPDBOBDAF pPD70108H, 70116H uPDAOBOAF uPD70108H, 70116H

A AL C cy
B CH i r4
c CL 8 s
D DH P P
E DL AC AC
H BH
L BL

. SP BFP
PC PC

For stack manipulation, SP serves as the stack pointer in the native mode. Howaver, in the emulation
mode, BP serves as the stack pointer. By employing an independent stack pointer, the stack area is assured
independently for both modes, in order to prevent destroying the stack for same other made by erroneous
stack manipulation.

The SP,1X,1Y, AH and four segment registers {PS, S5, DS0, DS1) used in the native moda are not affected
by the emulation mode. '

In the emulation mode, the segment base for the instruction is determined by the PS register
{automatically detarmined by the interrupt vector), and the segment base of data is detarmined by the DSQ
register {the programmer determins before entering the emulation mode).

(2) RETEM (no operand)

When the RETEM instruction is executed in the emulation mode (the instruction is interpreted as the
#PDBOBOAF instruction), the CPU restores the PS, PC, and PSW in the same way as when returning from
an interrupt service, then returns to the native mode. In this case, the contents for the native mode (that
is 1), stored in the stack by the BRKEM instruction, is restored. This sets the CPU to the native mode.
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(3) CALLN imm38
When this instruction is executed in the emulation mode (the instruction is interpreted as the
uPDBOSOAF instruction), the CPU stores the PS, PC, and PSW into the stack (MD=0 is stored here), sets the
mode flag {(MD) to 1, and loads the interrupt vector specified by the operand to the PS and PC.
The interrupt enabta flag (IE) and the break flag (BRK) are nat affected by this instruction.
In this manner, the interrupt routine in the native mode can be called from the emulation mode.
Use RETI instruction to rsturn to the amulation mode from this interrupt routine.

(4) RETI {no operand}

The RETiinstruction is generally used to return from an interrupt routing initiated by the BRK instruction
or axternal interrupt in the native mode. Howaver, if this instruction is executed at the end of the interrupt
routine initiated by tha CALLN instruction, PS, PC, and PSW are restored in the same way as normal,
However, when the PSW is restored, the value (=0} for the mode flag (MD) for the emulation mode is
restorad to the MD. For this reason, the CPU is set to the emulation mode. Aftarwards, instructions will
be interpreted and executed as yPDB0OBOAD instructions.

In the same manner, the RETI instruction is used to return from an interrupt routine for the native mode,
initiated by NMI, or INT interrupt request, genarated in the emulation mode.

4,6 FLOATING-POINT OPERATION COPROCESSOR CONTROL INSTRUCTIONS

FPO1 fp-op/FPO1 fp-op, mem
FPO2 fp-op/FPO2 fp-op, mem

These instructions are used to control the external floating-point operation coprocessor. When the CPU
fetches this instruction, the CPU outputs instructions for coprocessor to perform operations. The CPU only
performs supportive processing (effective address computation, physical address generation, and memory read
cycle initiation) necessary for the coprocessor to perform operations.

Whaen the coprocessor monitors this instruction, the coprocessor interprets the instruction as its own
instruction and executes the instruction. In this case, the coprocessor uses the address information for the
memory read cycle initiated by the CPU only, or both the address and read data, depending on the type of
instruction involved.

In terms of function, FPO1 and FPO2 are identical, except the type of code is diffarent.

In general, when writing in an assembler language, mnemonics, corresponding to each instruction for the
coprocessor, ara used rather than FPO1 and FPO2 mnemonics.

When the FPO1 ar FPO2 instruction is fetched, the CPU initiates memory read cycle, if the instruction is
requesting memory accessing. However, the data read out by this operation is to be used by the coprocessor,
so that the CPU will not clock in this data.

When the coprocessor needs memory write cycle, the CPU initiates memory write ¢cycle for the coprocessor.
The data, read out as a rasult, wili be ignorad by the floating-point operation copracessor. The floating-point
operation coprocessor only latches the memory address information, and use it to execute memory writa cycle.
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5. INTERRUPT OPERATION

The interrupts supported by the uPD70108H, 70116H can be divided into two types; interrupts generated by
external interrupt requests and traps generated by software processing. They are:

n

External interrupts

}  NMI input {(nonmaskable)

(b} INT input {(maskabie}

(2)

(a

Software traps

) By instruction execution result
+ Divide error during DIV or DIVU instruction
+ Array bound error during CHKIND

(by Conditional break instruction

« Whan V = 1 when BRKV instruction is executed

{e) Unconditional break instruction

{d

(e

» 1-byte break instruction BRK 3
= 2-byte break instruction BRK imm8

) Flag processing {single step)
= Sets the BRK flag by stack manipulation

)  Emulation related instructions
+« BRKEM imm8
« CALLN imm8

For any interrupt, ane location of the provided interrupt vector table is automatically selected, or is selected
each time by specification, to determine the interrupt routine start address,

Figure 5-1 shows the interrupt vector table. This table is allocated to the 1K-byte area for memory addresses
000H to 3FFH, and can contain interrupt routine start addresses for 266 vectors (4 bytes for each vector)
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Fig. 5-1 Interrupt Vector Table

Q00H . )
— Vector 0 —1 Divide srror
L
004H k
— 1 —{ Break flag
1
T
COBH
— p) =1 NMI input
— ~ Sole use
QOCH
B 3 — BRK3 instruction
|
010H !
— 4 —{ BRKY instruction
|
014H | !
— 5 — CHKIND instruction
018H ' A
. 6 ]
4 # ; Reserved
Q7CH
]1 v
0BOH )
| 32 _
| General use
* BRK imma8 instruction
F A > ¢ BRKEM instruction
* iNT input (external}
¢ CALLN instruction
3FCH
= 255 —
/

Vectors 0-5 ara specified for sole uses. Vectors 8-31 are reserved and cannot be used for general purposes.

Vectors 32-255 can be used for general purposes, and the 2-byte break instruction, BRKEM instruction, INT
input, and CALLN instruction (in the emulation mode} can be used.

Each interrupt vactor consists of 4 bytes, and the lower 2 bytes are loaded into the PC as offset, and the upper
2 bytes are loaded into tha PS as base.

Example: Vector©

COCH
{02H

001H
003H

PS < {003H, 002H}
PC < {C01H, 000M}
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The programmer must initialize the contents of each vector in the beginning of a program according to this
format.

The following is the basic step used to jump to an interrupt service routine.

TA « Lower bytes in vector {offset)
TC « Upper bytes in vector {base)
SP « SP-2, (SP+1,5P) « PSW
[Ee 0, BRK « 0, MD « 0

SP « SP-2,{SP+1,5P) « PS

PS «TC

SP « SP-2,(SP+1,5P) « PC

PC « TA

6. STANDBY FUNCTION

The uPD70108H and 70116H offar two standby modes to reduce power consdmption. The standby mode is
entered after the HALT instruction in the native mode or the HLT instruction in the smulation mode.

In the standby mode, the internal clock is supplied only to those circuits related to functions required to exit
this mode and bus hold control functions. As a result, powar consumption is reduced by about ten times the
normal operation.

Standby mode is canceled by the RESET input or external intrrupt input (NMI, INT).

The BUS HOLD function is still valid even during standby mode. If the request for BUS HOLD is withdrawn,
the uPD70108H or 70116H is placed back in standby mode.

7. 1/O ADDRESS RESERVE

The upper 256 bytes {FFOOH-FFFFH} in I/O address space are raserved for future use. Tharefore, use of these
addressas is not recommended,
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8. INSTRUCTION SET

Table 8-1 Operand Types

Symbol Meaning

reg B/16-bit general-purpose register
{Destination ragister, when instruction uses two 8/16-bit registers)

reg’ Source registsr, when instruction uses two 8/16-bit registers

reg 8 8-bit general-purpose register
(Destination register, whan instruction uses two 8-bit registers)

reg & Source register, when instruction uses two 8-bit registers

reg 16 16-bit general-purpose register
{Destination register, when instruction uses two 16-bit registers)

reg 16' Source register, when instruction usas two 16-bit registers

dmem 8/16-bit memory locatien

mem 8/16-bit memory location

mem 8 8-hit memory location

mem 16 16-bit memory location

mem 32 32-bit memory location

imm Constant (0-FFFFH)

imm 3 Constant (0-7)

imm 4 Constant (0-FH)

imm 8 Constant {0-FFH)

imm 16 Constant (0-FFFFH)

ace Register AW or AL

sreg Segment register

src-table 256-byte conversion table

src-block Block name addressed by register IX

dst-block Block name addressed by register IY

near-proc Procedure within the currant segment

far-proc Procedure within a different program segment

near-label Label within the current segment

short-label Label between -128 and +127 bytes from the end of the current instruction

far-label Label within a different program segment

memptr 16 Word containing the destination offset address in the current segmant

memptr 32 Double word containing the destination offset address and segment base address
in another segmaent

regptr 16 16-bit general-purpose register containing the destination offset addrass in
another segment

pop-value Number of bytes to discard from the stack {0-64K, normally an even number)

fp-op Immediate value which determins the oparation code of an external floating-point
coprocessor

R Register set
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Table 8-2 Operation Codes
Symbol Mezaning
w Byte/word specification bit (0: byte, 1: word). However, when S = 1, byte date
with extended sign is used as an 16-bit operand even if W = 1,
reg Register field (000-111}
reg’ Register field (000-111)
{Source register, when two registers are usad)
mem Memory fiald (000-111)
mod Mode field (00-10)
S Sign extension specification bit {0: sign not extended, 1: sign extended)
X XXX YYY . ZZZ Data to identify the instruction code of the external floating-point coprocessor
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Table 8-3 Operand Types

Symbol Meaning
AW Accumulator (18 bits}
AH Accumulator (high byte}
AL Accumulator {low byte)
BW Register BW {16 bits)
cw Register CW (16 bits}
CL Register CW (low byte)
DwW Register DW {16 bits)
BP Baas pointer {16 bits)
SP Stack painter (168 hits}
PC Pragram counter {16 bits}
PSW Program status word (16 bits)
IX Index register {scurce) {16 bits)
Iy Index reglster (destination} (16 bits)
PS Program segment register {16 bits)
58 Stack segment register (16 bits)
DSo Data segment 0 register {16 bits)
DS Data segment 1 register {1€ bits)
AC Auxiliary carry flag
cY Carry flag
P Parity flag
s Sign flag
z Zero flag
DIR Direction flag
IE interrupt anable flag
v Overflow flag
BRK Break flag
MD Maode flag
[ Mamory contents indicated by parentheses
disp Displacemant (8/16 bits)
ext-disp8 8-bit displacemaent sign expanded to 16-bit
temp Temporary register (8/16/32 bits)
TA Temporary register A {16 bits)
TB Temperary register B (18 bits}
TC Temporary register C (18 bits)
tmpey Temporary carry flag (1 bit}
seg immediate segment data {18 bita)
offset immediate offset data (18 bits)
« Transfer direction
+ Addition
- Subtraction
x Multiplication
+ Division
% Modulo
A AND
v OR
v XOR
xxH Two-digit haxadecimal value
xxxxH Four-digit hexadecimal value
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Table 8-4 Fiag Operation

Symbol Meaning
{blank) No change
0 Cleared to 0
1 Setto 1
x Set or cleared, according to result.
u Undefined
A Value saved earliar is restored
Table 8-5 Memory Addressing Mode
mad 00 01 10
mem
000 BW=+IX BW+IX+disp 8 BW+iX+disp 16
001 BW+IY BW+lY+disp 8 BW+lY+disp 16
010 BP+IX BP+1X+disp B BP+IX+disp 16
011 BP+Y BP+lY+disp 8 BP+IY+disp 16
100 1X 1X+disp 8 IX+disp 16
101 Y IY+disp 8 I¥+disp 16
110 Direct addrass BP+disp 8 BP+disp 16
1M BW BW+disp 8 BW-+disp 16

Table 8-6 8- and 16-Bit General

Register Selection

Table 8-7 Segmaent Register

Selection
srag
00 DS1
1] PS
10 §S
1 D50

reg, reg” W=0 Wa=1
000 Al AW
001 cL cwW
010 DL DW
011 BL BW
100 AH SP
101 CH BP
110 DH IX
11 BH Y

50




B@@m@ﬁm@@ 4PD70108H, 70116H

NEC

On the following pages, the instruction sat is shown in table form.
The number of clocks shown in the table is the time required for the execution unit to execute an instruction
and is under the following conditions:

. Does not include prefetch time and wait time for bus

» Memory access is assumed to have 0 wait cycle. Therefore, the number of clocks for 1 bus cycle is 4.
+ |/O access is assumed to have 0 wait cycle.

+ The primitive block transfar instruction and primitive /O instruction include the repeat prefix.

The number of clocks of an instruction that can execute byte and word processing (that has W bitl is indicated
as follows:

{1} uPD70108H

Leftto/ : Value for byte processing (W = 0)
Right to/: Value for word processing (W = 1)

For details of the clock count of the instructions related to block transfer of uPC70108H, refer to
Table 8-8.

Table 8-8 Clock Count of Block-Transfer-Related Instructions {(uPD70108H)

Instruction Clock Count
Byte operation (W=0) : Word operation (W=1}
MOVBK 1 +8xrep 11 + 16 x rap
{11} {19)
CMPBK 7+ 14 xrep 7+ 22 x rep
(13} (21)
CMFM 7+10xrep 7+ 14 xrep
{7} {11
LDM 7+9xrep 7+13xrep
{7 {11}
STM 7+4xrep 7+8xrep
{7} {11}
INM S+ 8xrep %+ 18 xrep
{10} (18}
oUTM 9+ 8xrep @+ 16 x rep
{10} {18}

Remark The values in the brackets are applicable if the operation was performed only a
single time.
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{2) uPD70116H

Left to /2 Vatue for byta operation {(W=0), or for word operation (W=1} of an even-number address
Right to /: Value for word operation {W=1} of an odd-number

For details of the clock count of instructions related to block transfer of uPD70116H, refer to Table

Table 8-9 Clock Count of Block-Transfer-Related Instructions (uPD70116H) {1/2)

Clock Count
. Byte operation (W=0) Word operation {Ws1)
Instruction Odd- & odd-number 0dd-& sven-number Even- & sven-number
address address address

MOVBK 1 +8xrep 1 +18 xrep 11+ 12 x rep 1M +8xrep
{(n {19} (15) {11}

CMPEX 7+ 14 xrep 7+22Zxrep 7+18xrep T+ 14 xrep
{13) {21} (17} (13)

INM 9+8xrep 8+ 16 x rep 9+12xrep $+8xrep
(10) {18} (14} (10}

ouUTM H 9+ 8xrep S+ 16 xrep 9+ 12 xrep G+8xrep
: (10) (18) (14) {10}

Remark The values in the brackets are applicable if the operation was performed only a signle time.

Table 8-9 Clock Count of Block-Transfer-Related Instructions {uPD70116H) {2/2}

Clock Count
instruction Byte operation (W=0) Word operation {Ws1)
Odd-number addreas Even-number address
CMPM T+ 10 x rep 7+ 14 xrep 7+ 10 xrep
{7) (11} {7)
LDM 7+9xrep 7T+13xrep 7+9xrep
{7} (11} {7)
sST™M 7 + 4 xrep 7+8xrep 7+4 xrep
{7} {11} {7)
Remark The values in the brackets are applicable if the operation was performed only a signle
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%% Operation Code Number [Number of Clocks Flags
% g Mnemonic | Operand L e B\?t[!s Operation
£ 65 43210(76643210 #PDI0t08H | PDTOT16H ACICY|V (P
MOV reqg, reg’ 000710 1WI11 reg reg 2 2 2 reg«reg’
mem, rag 00010 06G6Wmod reg mem 2-4 9/13 9/13 {mem)«reg
reg. mem ¢C00101Wmod reg mem 2-4 1115 | 11/16 rege{memj}
mem, imm 100017 1Wmod ¢ 0 0 mem 3-6 11715 | 1115 | (mem)«—imm
reg, imm 01 1W vreg 23 4 4 rege—imm
acc, dmem C10000W 3 10/14 | 10/14 | When W = 0, AL—{dmem)
- When W = 1, AH—(dmem+1}, ALe-(dmem)
% dmem,acc 01000 1W 3 9/13 | 913 | When W = 0, (dmem)«AL
fg - When W = 1, (dmem+1}«-AH, {dmem)—AL
5_, sreg, reg16 0001 %101 10srag reg 2 2 2 sregereg16 sreg: S5, DS0. DS
g sreg,mem16 ooco01110 r;lod Onsreg mem 2-4 1115 [ 1115 | srege-{mem16) sreg: S5, DS0, DS1
:2 reg16, sreg 006 110 0(1 1 0sreg reg 2 2 2 reg16sreg
e mem16.sreg 0 007 110 0|mod 0 sreg mem 2-4 10/14 | 10/14 | (mem16)e«-sreg
DSO, reglé. 1000101 |mod reg mem 2-4 26 18/26 reg16«—{mem32),
mem32 DS0«—{mem32+2)
DS1, ragié, 1000100 imod reg mem 2-4 26 18/26 regl16—(mem32),
mem32 D51+—{mem32+2)
AH, PSW ¢ 011111 1 2 _-_;‘ AH(—S,Z-,x, AC, .';(, P, x, CY
PSW, AH 0013¥Y110 1 3 3 S.Z, x, AC, )l(. P x, (-'.:Y(—AH x x
LDEA reg16, 0001101 mod reg mem 2-4 4 4 reg16«—mem16
mem16

AN
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€9 Operation Code Number [Number of Clocks Flags
2 2 | Mnemonic { Operand of Operation
»0 Bytes
£ 6 5 221017665 4321290 (PDT0108H 1 pPDT70116H AC vi|P z
§ TRANS src-table 1010111 1 g 9 AL—{BW+AL)
§ XCH reg, req’ 00 o1 1 W11 reg req’ 2 3 3 regoreg’
®
£ mem, reg 00 011 Wmod reg mem 2-4 16/24 | 16/24 | (mem)oreg
o
‘g reg, mem
-: AW, reg16 co 0 reg 1 3 3 AWesreq16
g reg16, AW
REPC 11 o101 1 2 2 While CW = 0, executes the primitive block
transfor of the successive bytes, and decrements
{-1) CW. If any interrupt has been on hold, the
interrupt is processed. Exits from loop, when CY
21
REFNC 11 0100 1 2 2 Same as above.
= Exits from loop, when CY # 0.
©
g REP 11 ¢ 011 1 2 2 While CW = 0, executes the primitive block
§. tranafer of the successive bytes, and decrements
o« {~1} CW. If any interrupt has been on hold, the
REPE interrupt is processed. Exits from loop, when the
primitive block transfer instruction is CMPBK or
CMFM .
REPZ . andZ#1
REPNE 1110010 1 2 2 |Same as abave.
Exits from loop, when Z 2 0.
REPNZ

H9L10Z ‘H80LOLad"
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'% g Operation Code Number |Number of Clocks Flags
E g Mnemonic | Operand B w?t'e . Operation
£ 765 43210/76543210 pPDI0108H { yPDT16H ACICVIVIPIS|2
MOVBK dst-block, (1 0 1 0 0 1 0O W 1 Referto | Refer to | When W = 0, {IY}<{IX}
src-block Table 8-8. |Table 89.! DIR = 0: iIX<IX+1, IYe<IY¥+1
DIR = 1: IXeI1X-1, IY&IY-1
When W = 1, {IY+1,IY}—{IX+1,IX}
DIR = 0: IXeIX+2, IYeIY+2
DIR = 1 IXIX-2, IYeIY-2 11 _
CMPBK src-block, (1 0 100 &t 1 W 1 Refer 1o | Referto | When W = 0, {IX) - (IV} x [ |3 [x {oc [x
' dst-block Table 88 |Table 89.| DIR = 02 IXeIX+1, I¥e-IY41
.é DIR = 12 IXe D=1, 1Y eIY-1
E When W = 1, (IX+1,1X) - (I¥31,I¥)
p DIR = 0: IXe1X42, IV Y42
Ec: DIR = 1: IXeIX-2, IYeIY-2 ]
% CMPM dst-block 106101 11W 1 Refertc | Referto |when W = 0, AL-{IY) XX B |x b ix
3 Table 88. |Table 89.f PIR = 0: IV IY+1; DIR = 1; IYeI¥Y-1
;,%. When W = 1, AW — (IY+1, IY)
E DIR = 0: IY«IY+2; DIR = 1: IYe1Y-2
LtDM src-block 101011 0W 1 Referto | Referto |wWhen W = 0, AL<(IX)
Table 88. | Table 89.|  DIR = 0: IXe-1X+1; DIR = 1: IX-IX-1
When W = 1, AWe{DG1, 1X}
DIR = 0: IX+2; DIR = 1: {X+1X-2
HE o det-block 11 0 1 0 1t 0 1 W 1 Referto | Referto (wWhen W = 0, (IV)«AL
Table 8-8. | Table 8-9.

DIR = 0: IYIY+1; DIR = 1: {Ye1Y-1

When W = 1, (IY+1, IY)AW
DIR = 0: IYIY+2; DIR = 1. 1Ye-1Y-2

I3AN
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DIR = 0: IX&1X+2; DIR = 1: IXe-1X-2

[+
§ g Mnomonic | Operand Operation Code Nul:fber Number of Clocks Operation Flags
B Bytes
£ 6 543210760543 #POT0108H | PDT0116H AC VIP Z

c INS reg8, reg8’ go0ooc111 100110 3 35-133 (31-117/ |16 bit fielde-AW

"83 1 reg reg 35-133

E reg8,immd 000111100111 4 35-133 |31-117/ | 16-bit fielde— AW

E 1000 reg 35-133

g EXT reg8,reg8’ 0001111300110 3 3459 | 26-55/ |AW 16 bit field

._g 1 reg’ reg 34-59

‘g reg8,imm4 cooc1111)100111 4 34-59 | 26-55/ |AW<16 bit field

@ 1000 reg 34-59

IN acc,imm8 11001 0W 2 913 913 (When W = 0, AL—{imm8)
When W = 1, AH—(imm#8+1}), AL«{imma)

g ace,DW 11411 0W 1 8/12 8/12 |When W = 0, AL«{DW)

'g When W = 1, AH—{DW+1), AL—{DW)

E ouT i_r_l:lms,acc 110011 W 2 812 812 |When W = 0, immB)«-AL

e When W = 1, (imm8+1)AH,imm8lc AL

DW.acc 110111 W 1 8/12 812 |When W =0, (DW)AL
When W = 1, {(DW+1)—AH,{DW)AL
INM dst-block, 11411 0W 1 Referto | Referto {When W = 0, {IY)«-{DW)

s Dw Table 8-8. {Table 89.] DIR = 0: I¥Y«I¥+1; DIR = 1: IY<I¥Y-1

g" When W = 1, {IY+1, I¥V}(DW+1, DW)

_E DIR = 0: IYIY+2; DIR = 1: IYIY-2

% OUTM DW, 11011 1 W 1 Referto | Referto {When W = 0, {DW){IX)} -

I'E' src-block Table 8-8. | Table 8-9.| DIR = 0: IX—IX+1; DIR = 1: IXIX-1

a When W = 1, {DW+1,DWhe—(IX+1,1X}

HOLLOL ‘H80L0LAQd!




L5

When W = 1, AW AW-imm-CY

[
3]
B % Operation Code Number [Number of Clocks Flags
Z 2 | Mnemonic { Operand of Operation
=10] Bytes
£ 765 43210[{765 43210 JPD70108H | 1 PDT0116H AC ViP
ADD reg,reg’ 000000 1TWI1T 1 reg reg’ 2 2 2 reg—reg+reg’ = x |x
mem,reg 000000 0Wimod reg mem 2-4 16/24 16/24 |{mam)—({mem)+reg x x |x
reg,mem 000000 1 Wimed reg mam 2-4 111156 11/15 | reg«reg+{imem) x X |x
reg.imm 100000 sW;11000 reg 3-4 4 4 rege-reg+imm x ® |x
mem,imm |1 0 0 0 0 0 s Wimed 0 0 0 mem 3-6 18/26 18/26 | (meml—{mem)+imm x X |x
When W = 0, ALe-AL+imm
aceimm 6 00C0CO01TOW 23 4 4 When W = 1, AW—AWimm x x |x
ADDC reg,reg’ ¢co01001W11 reg reg’ 2 2 2 rege—reg+reg’+CY x x |x
mem,reg 0 00100 O0Wimod reg mem 2-4 16/24 16/24 | (mem}—(mem)+reg+CY x x [
. reg,mem 000100 1" Wimod reg mem 2-4 1115 1115 | ragereg+imem}+CY x x Ix
=) R
g fag,imm 100000 sW|1T1010 reg 34 4 4 rege—reg+imm+CY x x |3
E mem.imm {1 0 0 00 3 Wimod 0 1 0 mem 3-6 18/26 18/26 | imem}e—(mem}+imm+CY x x |5
& . When W = 0, ALAL+imm+CY
E acc imm 000C1010W 2-3 4 4 When W = 1, AW—AW+imm+CY x x |
g suB reg,reg’ 001010 1TW{1T 1 reg reg’ 2 2 2 rege-reg-reg’ X X |x
= —_ e . o
Q’E mem,reg 0010100 Wmod reg mem 2-4 16/24 16/24 |{mem}e—{mem)-reg x X |x
g =
% reg,mem 00101710171 Wimod reg mem 2-4 11/1% 1115 | regereg-imem) x x [x
2 reg,imm 100000 sW[11T1T01 reg 3-4 4 4 rege-reg-imm x X X
memimm (1 0 0 0 8 0 s Wmod 1 0 1 mem 3-6 18/26 18/26 | {mem)—{mem}-imm x X x
. When W = 0, AL«AL-imm x x Ix
acc,imm 001011 0W 2-3 4 4 When W = 1, AW—AW=-imm
SuBC reg,7eg’ 000110 1W|[1T1 reg reg’ 2 2 2 [regereg-reg-CY X % |x |x
memreg (0 0 0 1 100 Wmod reg mem 2-4 16/24 | 16/24 |{mem}e(mem)-reg-CY x XX x
reg,mem 0001 10 1 Wimod reg mem 24 11/15 11/15 |reg<reg-(mem)}-CY x X |x
reg,imm 100000 sWi{11011 reg 3-4 4 4 rege—reg-imm-CY X x |x
memimm |1 0 0 0 00 s Wimod 0 1 1 mem 36 18/26 18/26 | {mem)—(mem)-imm-CY X X |x
accimm [0 001 110W 23 | 4 o |WhenW -0, ALc-ALimm-CY x | [x Jx

3N
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B g Operation Code Number [Number of Clocks Flags
2 2 | Mnemonic | Operand of Operation
0 Bytes .
£ 7665 43210(7656 432129 PDI08Y4 (uPD?0116H ACICY(V|F(S
ADD4S 00001111001 006000 2 19xn+7 [19xn+7 | dst BCD stringedst BCD string + src BCD string® |U|x [U UV
SUB4S 000011110061 00010 2 19xn+7 | 19xn+7 | dst BCD stringe—dst BCD string - src BCD string® (U ujuu
CMP4S o0001T1T110010011090 2 19xn+7 {19xn+7 | dst BCD string — src BCD string* U ujuuw
e - reg
.g ROL4 reg8 0Do0oO0OCO0O1T1T1100101000 3 13 13
Q ‘—I AL, |= Upper { Lower
E 110 ¢ reg
=
‘e mem
8 mem8 0000111100101 000 3-5 28 28
E —f§ AL, Upper | Lower
3 mod 0 0 0 mem l |
g reg
QL IROR4 8 coo0o11t11/00101010 3 17 17
@ o9 ° AL, Upper | Lower} - - -
11000 reg ‘ J
merm
mem3 00GO01TYT1T1001010810 35 32 32 AL Upper | Lower
L
mod ¢ 0 O mam _ l
INC regs 1117111101 1000 reg 2 2 2 reg8ereg8+1 b xixix
8 mem 111111 1Wmod0 00 mem 2-4 16/24 | 16/24 | (mem)—{mem)+1 x x|[x]|x
3
E]
= reg16 G100 Oreg 1 2 2 reg16<reg16+1 x XX |[x
5
E
o
& |DEC regt 1111111011001 reg 2 2 2 reg8«reg8-1 x| x|x|x
E
-3
E x x| x[x
E mem 111111 1TWmod o0 01 mem 2-4 16/24 | 16/24 | {mem)e-{mem}-1
x x| x|x
reg16 ¢ 100 1reg 1 2 2 reg16¢regi6-1

n : Half of the number of digits of BCD

* : The number of digits in BCD is specified using the CL register.

Its value can range from 1 to 254,

AN
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'§ gs Mnemonic | Operand Operation Code Nu?fber Number of Clocks Operation Flags
589 Bytes
£ 210{76654321 PD70108H | PDTO116H AC|CY(V (P
MULU reg8 1101110 reg 2 21-22 | 21-22 |AWeAlxreg8 U {x |x |U
AH = 0: CY+0, VD
AH 2 0 CY&1,Ve1
mem8 11 0| medl € mem 2-4 27-28 | 27-28 | AWe-AlLx(mama3) 0 x [U
AH = 0: CY«0, V0
AH # 0: CY<1,Ve1
reg16 1111110 reg 2 é9-30 29-30 |DW, AW«-AWxreg16 U x [U
DW = 0: CY+0, V0
DW # 0: CYe-1,Ve1
- mem16 11 1 modt 0 mem 24 39-40 35;361 DW,AW«AWx{mem 16} U (x |x U
'% 39-40 |DW = 0: CY+0,V0
& DW # 0: CYe-1,Ve-1
E MUL réga 1101110 reg 2 33-3%9 | 33-39 |AWcAlLxreg8 \UJ x (U
g AH = Sign extension for AL: CY«0,Ve0
% AH = Sign extension for AL: CY« 1,V
= memB 11 0| modl O mem -4 39-45 39-4;‘ .ﬁluW(—ALx(miemBl U x U
AH = Sign extension for AL: CY¢-0,V0
AH = Sign extension for AL: CY«1,V1
reg16 1T11{11 10 reg 2 41-47 | 41-47 |DW,AWAWxreg16 U x U
DW = Sign extension for AW: CY«0, V0
DW = Sign extension for AW: CY+1,V1
mem16 ) 111} modl O mem 2-4 51-57 47-53/ | DW,AW«—AWx(mem16) LU x U
6§1-67 | DW = Sign extension for AW: CY0, V<0
DW = Sign extension for AW: CYe«1,Ve1

J3AN
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'359 g Operation Code Number |[Number of Clocks Flags
£ 2 | Mnemonic | Operand of Operation
80 Bytes
£ 76643210/76543210 APDTOI0EH | 4PDTO1IEH aclevivipls|z
MUL reg 16, 0t10101 11T 1 reg reg’ 3 28-34 | 28-34 | reg16«reg16'ximm8 U|x|x(U
{cont’d) |({reg16"}* Product < 16 bits: CYe-0,Ve0
imm8 Product > 16 bits: CY1,Ve1
_E reg16, 01101011 mod reg mem 3-5 38-44 | 34-40/ rag15<—(mem16b;:-i_mm8 U[x|xjU
.g_ mem16, 38-44 | Product < 16 bits: CY«0,V0
-E imm8 Product > 16 bits: CYe« 1.Vt
'% reg16, 0110100111 reg reg‘ 7 4 36-42 | 36-42 | reg16+regl6'ximm16 Uix|x|U
:'EL {reg16',}* Product < 16 bits: CYe-0,Ve0
E imm16 Product > 16 bits: CY+1,Ve1
_l-';gw, 0110100 1| mod reg mem 4-6 46-52 | 42-48/ | reg16—{mem16}ximm16 U |xtly
mem16, 46-52 | Product < 16 bits: CY<0,Ve0
imm16 Product > 16 bits: CY+<1,Ve1

* The second operand can be omitted. When omitted, the same register, specified for the first operand, is assumed to be specified.
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Instruction
Group

Mnemonic

Operand

Operation Code

76543210

76543210

Number of Clocks

HPOT0108H

PDT0116H

Operation

Flags

AC

Unsigned division instruction

IDIVU

reg8

11110110

11110 reg

19

19

temp—AW

When temp+reg8 < FFH,
AHctemp%reg8, AL—temp-+reg8

When temp+reg8 > FFH,
TA—{001H,000H), TC(003H,00ZH)
SPSP-2,(SP+1,SP}PSW,IE<0,BRK<0
SP«SP-2,{SP+1,S5P)«-PS,PSTC
SP—SP-2,(5P+1,5P)«PC PCTA

mem8

11110110

mod 11 0 mem

25

26

temp—AW

When temp+({mem8) < FFH,
AH—temp%{mem8), AL—temp+imem8)
When temp+{mem8) > FFH,
TA«—(001H,000H), TC«{003H,002H)
SP—SP-2{SP+1,SPk—PSW.,IE«0,BRK<0
SP—SP-2,(SP+1,SP)}«PS,PSTC
SPe-SP-2,(SP+1,SP)~PC.PCTA

reg16

11110111

11110 reg

25

25

temp«—DW, AW

When temp+reg16 < FFFFH,
DWtemp%reg18, AW+temp-+reg16
When temp+reg16 > FFFFH,
TA{00TH.000H), TC—{003H,002H})
SP«S5P-2,{SP+1,5P}«FPSW,IE<0,BRK~0
SP«SP-2,(SP+1,5P)PS,PSTC
SP«SP-2,({SP+1,5P)1PC,PC—TA

mem 16

1111017111

mod1 1 ¢ mem

34

30/34

tempe—DW, AW

When temp+{mem 16} < FFFFH,
DW—temp%{mem16), AW—temp+{mem16)
When temp+(mem16) > FFFFH,
TA«(001H,000H), TC«(CGO3H,002H)
SP—5P-2,(5P+1,5P}+—PSW,IE«<0,BRK+0
SP—SP-2,(5P+1,5P)}PS PS<TC
SP«SP-2,(SP+1,5P}PC PCTA

3N
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Instruction
Group

Mnemonic

Operand

Operation Code

76543210

76543210

APOTI08H

HPDTO116H

Operation

Flags

AC

N

Signed division instruction

D

reg8

11110110

11111 reg

29-34

29-34

temp<AW

When temp+reg8 > 0 and temp+reg8 = 7FH or
when temp-+reg8 < 0 and temp-+reg8 > 0-TFH-1,
AH«—temp%reg8, AL—temp+reg8

When temp-+reg8 > 0 and temp-+reg8 > 7FH or
when temp+reg8 < 0 and temp-+reg8 £ 0-7FH-1,
TA—{001H,000H), TC—{(003H,002H}

SPSP-2 {5P+1,5P)—PSW,|[E0,BRK«0
SP«SP-2,(SP+1,5P}PS,PSTC
SP+S5P-2,{SP+1,5P}«—PC,PCTA

mem8

11110110

med1 1 1 mem

24

34-39

34-39

temp—AW

When temp+(mema8} > 0 and temp+{mem8) < 7FH or
when temp+{mem8) < 0 and temp+{mem38) > 0-7FH-1,
AHe-temp%(imems8), AL—temp+{memB8})

When temp+{mem8} > 0 and temp+{mem8} > 7FH or
when temp+-imem8} < 0 and temp-Hmem3) 5 0-7FH-1,
TA«(001H,000H), TC+{003H,002H)
SP«SP-2,{SP+1,S5P)ePSW.,IE0.BRKe-0
SP+SP-2,{SP+1,SP)«PS,PS«TC
SP—SP-2,ISP+1,SP)—PCPCTA

raglé

11110111

11111 reg

38-43

temp—DW,AW

When temp-+reg16 > 0 and temp-reg16 < 7FFFH or
when temp+reg16 < 0 and temp+reg16 > 0-7FFFH-1,
DW<«temp%reg16,AWetemp+reg16

When temp+reg16 > 0 and temp+reg16 > 7FFFH or
when temp-+reg16 « 0 and temp+reg16 < 0~TFFFH-1,
TA«{001H,000H), TC+—(003H,002H)

SP« SP-2,({SP+1,5P)«—PSW.,IE«0,BRK0
SP«SP-2,(5P+1,5P)«PS,PSTC
SP<SP-2,{SP+1,5P)PC,PCTA

mem16

11110111

mod 1 1 1 a mem

2-4

47-52

43-48/
47-52

tempDW, AW

When temp-+-{mem16) > 0 and temp+{mem16} < 7FFFH or
when temp+{mem16} < 0 and temp+{mem16) > 0-7FFFH-1,
DW—temp%{mem 16),AW—temp+(mem16)

When temp-+-{mem16) > 0 and temp+imem16} > 7FFFH or
when temp+{mem16) < 0 and temp-{mem16) <0-7FFFH-1,
TA—{001H,000H), TC—{003H,002H)
SP—SP-2,{SP+1,SP)«PSW,IE«0,BRK0
SP«SP-2,{SP+1,5P)—PS,PSTC
SP«SP-2,(SP+1,5P)«PC,PCTA

AN
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m
53 Operation Code Number [Number of Clocks Flags
2 8 | Mnemonic | Operand of Operation n
LV Bytes
£ 7 5 432 10{7 65 43210 uPD70108H | WPOT0116H ACICY|VIP|S(Z
ADJBA 00110111 1 7 7 [When ALAOFH > 9 or AC = 1, ALAL+6 x|x ulululo
AHe—AH+1, ACe1,
£ CY~AC, AL<AL AOFH
g ot
E ADJAA 0o¢c100111 1 3 3 When ALAQOFH > 9 or AC =1, x U |x [x |x
(=
'g AL—AL+6, ACe1
8 When AL>9FH or CY = 1,
8 AL—AL+60H, CY+1
g
o |ADJBS 00111111 1 7 7 |When ALAOFH =9 or AC = 1, x|xujuluju
a ALAL-6, ACe—1
CY+AC, ALAL AOFH
ADJ4S so0c10¢11 11 1 3 3 When ALAOFH > 9 or AC =1, X U |x Ix |x
ALCAL-6, ACe1
When AL >9FH or C¥ = 1,
AL+AL-B0H, CY«1
_E CVTBD 1170101000 0001010Q 2 18 16 AHAL+OAH, AL« AL%0AH U U [ {x [x
[
£ |cvrDB 1710t0101%1 00001010 2 7 7 | AL«AHx0AH+AL, AH—0 L (U U | [ |x
= e e e}
S levrew 10011000 1 2 2 |When AL < 80H, AH—0. Otherwise, AH—FFH
o } .
3 CYTWL 10011001 1 4-5 4-5 | When AW < 8000H, DW0. Otherwise, DW«FFFFH ™
CmMP reg.reg’ 01110 1W[11 reg reg’ 2 2 2 reg-reqg’ x X px |x |x g
,§ mem,reg ¢c 011100 Wmod reg mem 2-4 115 11/15 {({mem}-reg x x (% |x [x ~°.I
g
g reg.mem C011 101 Wmod reg mem 2-4 11/15 11/15 | reg-imem) x x |x |x |x 8
n A
'E reg.imm 100000 sW|1 1111 reg 34 4 | 4 lreg-imm x |3 [x b [x |x %
é- memmm [T 0 0 0 0 0 s Wmod 1 1 1 mem 3-6 1317 | 1317 | {mem}-imm x x [ [ [x :\I
S accimm [(0011110W 23 4 4 |[WhenW =0, AL-imm x % {x |x [x |x —
' When W = 1, AW-imm ;
n




9

<

'193 g Operation Code Number [Number of Clocks Flags

2 2 { Mnemonic | Operand of Operation

B0 Bytes

£ 765 43210|/]786423210 JPDT0108H | #D70116H ACICYIV|P

2 [NOT reg 111101 1W11010 reg 2 2 2 reg—reg

E mem 111101 1Wmod 010 mem 2-4 16/24 | 16/24 | (mem}—{mem)

éNEG reg 1171101 1TW1T1T017T17 reg 2 2 2 reg«l—an x| x|x{x

S mem T111011Wmod 011 mem | 24 | 1624 | 16/24 | (memk—(mem}+1 x|x|x|x

TEST reg.req’ 100001 0W1 1 reg reg 2 2 2 reg A reg’ GPO x
mem,reg 1000010 Wmod reg mem 2-4 10/14 | 10/14 | {(mem) A rag ulo x
reg,mem
reg,imm 111101 1W11000 reg 3;4 7 4 4 reg Aimm u x
mem,imm (1 1 1 1 0 er;tl_ “0 0 0 mem 36 1115 | 11/15 | {mem}Aimm u x
accimm [(1010100W 23 4 4 | WhenW =0, ALA imm8 U x
When W = 1, AW A imm16

_5 AND reg,reg’ 001000 1W111 reg reg’ 2 2 2 regcreg A reg’ Uoo|x

E mem,reg 0010000 Wmod reg mem 2-4 16/24 | 16/24 | i(mem)e-(mem)A reg Ujoo|x

-E reg.mem 0013000 1 Wmod reg mem 2-4 11/16 | 11715 | rege—reg A (mem) U|00|x

‘% reg.imm 1000000W11100 reg 34 4 4 rege—reg A imm U|oj0|x

;3:- mem,mm |1 0 0 0 0 0 0 Wimod 1 0 0 mem 36 18/26 | 18%/26 | (mem)—(mem)Aimm U010 x

'g acc,imm 00C10010W 2-3 4 4 When W = 0, ALALA imm8 ulolo!x

'§ When W = 1, AW—AW A imm16

|

OR reg,reg’ 000010 1W11 reg reg’ 2 2 2 rege-reg Y reg’ U0|0|x
memreg (0 0 0 0 1 0 0W mod reg mem 2-4 16/24 | 16/24 | imeml—(mem) V reg Uolo|x
reg,mem 0 l:.) a 0 10 t Wmod reg mem 2-4 1115 | 1Y16 | regereg ¥V imem) Ujoo|x
reg,imm 1 00000O0W1100T1 reg 34 4 4 reg—reg ¥ imm Ulo|o|x
me-rn,imm 1000000 Wmod 001 mem 36 18/26 | 18/26 | (mem}e—(mem) VY imm U|e|0fx
acc,imm 000011 OW 2-3 4 4 When W = 0, ALcALV imm8 U ololx
When W = 1, AWAW Y imm16

AN
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5SS Operation Code Number JNumbar of Clocks Flags
2 9 | Mnemonic | Operand of Cperation

5O .. - . .| Bytes

£ 765432107605 4321¢0 4PDT0108H | uPDTONIGH AC|ICY(V (P
S [XOR reg,reg’ 601100 1W[1 1 reg reg’ 2 2 2 |reg«reg ¥V reg' U |0 |0 |x
E mem,reg 0011000Wmod reg mem 2-4 16/24 16/24 | (mem}—(mem] ¥ req U (0|0 |x
; —_ —

£ reg,mem 001100 1Wmod reg mem 2-4 1156 11/15 |regereg V {(mem) |0 [0 [x
=

';2 reg,imm 1T 0000C0O0W(YTT1T10 reg 3-4 4 4 regereg V imm |0 |0 |x
§. memimm (1 0 0 0 0 0 0 Wlmod 1 1 0 mem 3-6 18/26 18/26 {{mem)«—(mem) ¥V imm U (O |3 |x
E acc,imm 0o01T1T010W 2-3 4 4 When W = §, ALAL ¥ imm8 1o lo [
'é When W = 1, AW—AW ¥ imm16

1

AN
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o
5 g Operation Code Number [Number of Clocks Flags
2 2 | Mnemonic | Operand of Operation
=9 Bytes L
£ 765432107665 143210 ¢#PDTO108H | uPD70116H AC|CY P|S|Z
TEST1 reg8CL (0001000011000 reg 3 3 3 {reg8 bit NO.CL = 0:Z¢1 ulololululx
reg8 bit NO.CL = 1:Z0
mem8,CL 000 Omod O O 0 mem | 35 8 8 | (mem8) bit NO.CL = 0 : Ze1 ulololuiulx
{mem8) bit NO.CL =1:2«0
reg16.CL 00CG 111000 reg 3 3 3 reg16 bit NO.CL =0 : Z1 ulololulu]x
reg16 bit NO.CL = 1: 20
mem16,CL 000 1jmed 0 C 0 mem | 35 12 | 812 [ (mem16) bit NO.CL=0: Ze? ulelelululx
{mem16) bit NO.CL = 1: Z¢0
reg8,imm3 100011000 reg 4 4 4 |regBbit NOimm3=0:Z1 ulolo|ululsx
g reg8 bit NO.imm3 = 1: Z-0
g mem8,imm3 1000mod 000 mem | 46 | 9 | 9 [(memB bitNO.imm3=0:Z1 ulololululx
= {mems8) bit NO.imm3 = 1: 2«0
5 reg16,imm4 1T001[(t 1000 reg 4 n 4 | reg16 bit NO.imm4 = 0 : Ze1 viololululx
g reg16 bit NO.imm4 = 1 : Z«0
Q
; mem16,immd 100 1jmod ¢ 0 0 mem 4-6 13 9/13 {mem16) bit NO.immd = 0 : Z¢-1 Ulololululx
@ (mem16) bit NO.imm4 = 1: 20
NOT1 reg8,CL 0110110090 reg 3 4 4 reg8 bit NO.CL~reg8 bit NO.CL
mem8,CL 11 0mod 0 0 0 ‘mem 3-5 13 13 {mem8)} bit NO.CL—{memB8) bit NO.CL
regi6.CL 0111/1100¢0 reg 3 4 4 reg16 bit NO.CL«<reg16 bit NO.CL
mem16,CL 011 1Tmod 0 0 0O mem 35 2 13/21 | imem16} bit NO.CL—{mem16} bit NO.CL
reg8,imm3 tT1T10/1T1000 reg 4 5 5 reg8 bit NO.imm3«reg8 bit NO.imm3
mem8,imm3 111 0imod 0 0 0 mem 4-6 14 14 {mema8) bit NO.imm3«{mema8} bit NO.imm3
reg16,imm4 1111111000 reg 4 5 6 reg16 hit NO.imm4«reg16 bit NO.imm4
mem16,immd | L 1711 1jmod 0 0 0 mem | 46 22 | 14/22 | (mem16) bit NO.imm4«(mem16) bit NO.imm4
2nd byte* 3rd byte® # : 1st byte = OFH
[ Inom cv 1111010 1] 1§ 2 | 2 JeveCy [ dxf T[]}

3N
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c
gg‘ Mnemonic | Operand Operation Code Nug}ber Number of Clocks Operation Flags
0 Bytes
£ 76543210!76654321 pPO0108H | PDT0116H ACICY| V(P
CLR1 reg8,CL 0001001011000 reg 3 5 5 reg8 bit NO.CL<0
mem8,CL 001 Omod 0O 0 8 mem 3.5 14 14 ] lmems)bn NO.CL0
reg16,CL 1111000 re_g 3 ol 5 5 reg16 bit NO.CL&0
mem16,CL o l; 0 l1‘ 1 modr 0 00 mem 3-5 22 14/22 | (mem16) bit NO.CL<0
rega,lmn_13 1010{1 1000 vreg 4 6 6 reg8 bit NC.imm3«0
_g memB,imm3 101 0mod 0 0 0 mem 4-6 15 16 | (mems8} bit NO.imm30
E reg16.immd 101111000 vreg 4 6 6 reg16 bit NO.imm4«0
E mem16,imm4 101 1mod 0 0 0 mem 46 23 15/23 |{mem16) bit NC.imm4<0
-§ SET1 reg8,CL 010011000 vreg 3 4 4 reg8 bit NO.CL+~1
g. mem8,CL 0100mod 0 0 0 mem 35 13 13 | {mem8} bit NO.CL1
) reg16,CL 0101(11000 reg 3 4 4 [reg16 bit NO.CLe1
mem16,CL 010 tmod 0 0 0 mem 35 21 13/21 | (mem16)} bit NO.CL«1 o
reg8,imm3 1100110080 reg 4 5 5 reg8 bit NO.-iI-';l;l.'l.?p(-—Tl
mem8,imm3 11 0 0 mod O_OIC-I mem 45 14 14 | {imem8) bit NO.imm3&1
rag16,imm4 11 01 1 1000 reg 4 5 5 reg16 bit NO.imméc«1
mem16,imm4-m + 110 1mod 0 0 ¢ mem 48 22 14/22 |{mem16) bit NO.immé«1
2nd byte* 3rd byte* 2 : st byte = OFH
CLR1 CcY 11111000 1 2 2 CYe0
DiR 11111100 1 2 2 DIR«0 N
SET1 cy 111110401 1 2 2 CY¥et
DIR 11111101 - 1 2 2 DiRe-1

3N
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<
'% g Operation Code Number {Number of Clocks Flags
2 2 | Mnemonic | Operand of Operation
%2 - Bytes
£ 7 210|765 43210 #PDTO108H | iPOTO11EH AC(CY|VIP(S|Z
SHL reg,1 1 0 0W1 1100 reg 2 6 6 CY+«MSB of reg. rege-regx2 7] x
When MSB of reg = CY, Vel
When MSB of reg = CY, V0
mem,1 1 0 0 Wimod 1+ 0 @ mem 2-4 16/24 | 16/24 | CY+<—MSB of (mem), {mem}e-{mem)x2 u x| x
When MSB of imem} # CY, Ve1
When MSB of imem) = CY, V0
reg,CL 1 0 1TW111060 reg 2 7+n 7+n temp«CL, r;;eau following operation, while temp = 0: (U Ul x
CY+MSB of reg, reg«regx2
temp«temp-1
mem,CL 1 ¢ 1T Wmad 1 0 0 mem 2-4  |19/27+n [19/27+n | temp<CL, repeats following operation, while temp # 0: |U Ufx
s CY«—MSB of {mem), (mem)«—(mem}x2
‘g temp«temp-1
0
f_' regimm8 |1 0 0OW11 100 reg 3 7+n 7+n temp<imm8, repeats following operation, while temp 2 0; (U Ujx
g CY<—MSB of reg, rege—regx2
tempetemp-1
mem,imm8 | 1 0 0Wmed 1 0 0 mem 3.5  [19/27+n [19/27+n | tempe—imm8, repeats following operation, while temp = 0: [U|x |Ux
CY+MSB of (mem), {imem}+—{memix2
temb&—temp—1
SHR reg,1 1 0 0OW11101 reg 2 6 6 CY«—LSB of reg, rege-reg+2 Ujx|x|x
MSB of reg # next bit of MSB of reg: V1
MSB of reg = next bit of MSEB of reg: V0
mem, 1 1 0 0Wmod 1 00 mem 2-4 16/24 | 16/24 | CY<MSB of {(mem), (mem)—(mem)+2 Uix|x|x
MSB of reg # next bit of MSB of reg: V1
MSE of reg = next hit of MSB of reg: CY, V<0

n : Number of shifts

J3AN
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c
'§ s Operation Code Number |Number of Clocks Flags
2 2 | Mnemonic | Operand of Operation
»0 Bytes e e
£ 7 3210(76°¢6 210 4POI008H | PDT0116H ACICY|VIP z
SHR reg,CL 1 0 1TW[I1 11 reg 2 T+n 7+n |temp«CL, repeats following operation, while temp 2 0: iy x X
{cont'd) CY«LSB of reg, rage—reg+2
temp«—temp-1
mem,CL 1 0 1 Wimod 1 mem 2-4  [19/27+n 19/27+n temjn—CL, repeats following operation, while temp 2 0: (1} |x iU |x x
CY«LSB of {mem), (mem}e{mem)+2
tempe«temp-1
reg,imm8 |1 0 0OWwW1 11 reg 3 7+n 7+n | tempeimm8, repeats following operation, while temp # 0: i) U [x x
CY«LSB of reg, regereg+2
temp+—temp-1
mem,immé 1 0 0 Wimod 1 mem 3-6 [19/27+n |19/27+n | temp«imm8, repeats following operation, while temp = 0: |U) U x »
CY+LSB of imem), (mem)}«—(mem}+2
temp—temp-1
] SHRA reg,1 1 0 0W|1 11 reg 2 6 6 CY«LSB of reg, reg«reg+2, Ve-0 U x (U [x x
§ MSB of operand is not affected.
g
;'E_' mem, 1 1 0 0 Wimod 1 mem 2-4 16/24 | 16/24 | CY«LSB of {mem), (mem}c—(mem}+2, V0 LI [ U [ | [
» ‘ MSB of operand is not affected.
reg,CL 1 0 1TWi1 11 reg ) 2 T+n 7+n |temp«CL, repeats following operation, while temp # 0: |U U [x x
CY«LSB of reg, regereg+2
temp+«temp-1, MSB of operand is not affected.
mem,CL 1 0 1 W mod 1 mem 2-4 19/27+n [19/27+n | temp«CL, repeats following operation, while temp # 0: (U U | x x
CY+LSB of {(mem)}, {imem)}«—{mem)+2
tempe—temp-1, MSB of operand is not affected.
reg,imms8 1 0 0OW[1 11 reg 3 T+n -7+n | temp+imma8, repeats following operation, while temp 2 0; (U L [ x
’ CY«LSB of reg, regereg+2
temp<«temp-1, MSB of operand is not affected.
mem,imm3 |1 0 0 Wimod 1 mem 35 [19/27+n |19/27+n | tempeimm38, repeals following_a;“}e‘r'étion, while temp £ 0: U U [x x
CY—LSB of (mem), (mem}—{mem)+2
temp«temp-1, MSB of operand is not affected.

n : Number of shifts

D3N
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Instruction
Group

Mnemonic

Operand

Operation Code

7605

Number of Clocks

LPOT0108H

gPOT0116H

Operation

Cy

Flags

3N

Rotate ion instruction

ROL

reg,1

000W1110

mem, 1

0 0 Wimod 0

6

6

CY«MSB of reg, rege—regx2+CY
When MSB of reg = CY: V-1
When MSB of reg = CY: V-0

16/24

16/24

CY«MSB of {mem)}, (mem}c—(mem)x2+CY
When MSB of (mem} # CY: Ve1
When MSB of (mem} = CY: V&0

reg,CL

00 reg

T+n

7+n

temp«CL, repeats following operation, while temp = 0:
CY—MSB of reg, regeregx2+CY

temp+temp-1

mem,CL

0 1t Wimod 0

mem

2-4

19/27+n

19/27+n

temp«CL, repeats following operation, while temp = 0:
CY<MSB of {mam}, {mem}e—(mem)x2+CY

temp+temp-1

reg,imm3

mem,imma8

g0 reg

7+n

7+n

temp—imma8, repeats following operation, while temp = {:
CY<MSB of reg. regeregx2+CY

temp«—temp-1

0 0 Wimod 0

mem

35

19/27+n

19/27+n

temp+«imm8, repeats following operation, while temp = 0:
CY«MSB of imem], (mem)—(mem)x2+CY

temp«—temp-1

ROR

reg,1

CYLSB of regereg+2

MSB of regeCY

MSB of reg = next bit of MSB of reg: V<1
MSB of reg = next bit of MSB of reg: V0

mem,1

0 0 Wmod 0

mem

16/24

16/24

CY«-LSB of (mem)—(mem}2
MSB of imem)CY

MSB of {mem) # next bit of M3B of reg: V1
MSB of (mem} = next bit of MSB of reg: V<0

n : Number of shifts
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Instruction
Group

Mnemonic

Operand

Operation Cade

210

76056

4

Number of Clocks

PDTO108H

#PDIN1EH

Qperation

Flags

AC

Rotate ion instruction

ROR
{cont'd}

reg,CL

-

0

1w

110

0

reg

7+n

7+n

tempeCL, repeats following operation, while temp = 0:
CY«LSB of req, rege—reg:+2

MSB of regeCY

temp«temp-1

mem,CL

mod 0

mem

2-4

19/27+n

19/27+n

temp«CL, repeats following operation, while temp = 0:
CY«LSB of imem), imem)}«—(mem)+2

MSB of {mem)«CY

temp—temp-1

reg,imm3

reg

7+n

7+n

temp«imm8, repeats following operation, while temp » 0:
CY—LSB of reg, rege—reg+2

MSB of reg«CY

tempe—temp-1

mem,imm8

mod 0

mem

19/27+n

19/27+n

temp«—imma8, repeats following operation, while temp + 0:
CY<LSB of (mem}, (mem)«{mem}+2

MSB of (mem)}«CY

tempe-tamp-1

ROLC

reg,1

reg

mem,1

reg,CL

mod 0

mem

2-4

tmpey«CY, CY+—MSB of reg

reg«regx2+tmpey
When MSB of reg # CY: V-1
When MSB of reg = CY Ve

16/24

16/24

tmpcy«CY, CY<MSB of {mem}
{mem}—{mem2+tmpcy

When MSB of (mem) = CY: V-1
When MSB of (mem) = CY: V-0

reg

7+n

7+n

temp+CL, repeats following operation. while temp = 0:
tmpey«CY, CY—MBS of reg

regeregx2+tmpcy

temp«—temp-1

n : Number of shifts

AN
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Instruction
Group

Mnemonic

Operand

Operation Code

32107665

Number of Clocks

PDTOTI6H

Operaticn

Flags

AC

Rotate ion instruction

ROLC
{cont'd)

mem,CL

100 1 Wimod 0

19/27+n

19/27+n

temp«CL, repeats following operation, while temp = 0:
tmpcy«CY, CY—MSB of (mem)
{mem)—{memlx2+tmpcy

tempe-temp-1

b3

reg,imm8

reg

7+n

7+n

tempeimm8, repeats following operation, while temp # 0:
tmpcyeCY, CY«—MSB of reg

rege—regx2+tmpcy

temp«temp-1

meam,imm8g

0 0 Wimod 0

10

mem

19/27+n

19/27+n

tempe-imm8, repeats following operation, while temp = 0:
tmpey—CY, CY—MSB of {(mem}
{mem)<{memx2+tmpcy

temp—temp-1

RORC

reg,1

reg

tmpcy«CY, CY« LSB of reg

reg«reg+2

MSB of rege—tmpcy

When MSB of reg = next bit of MSB of: V1
When MSB of reg = next bit of MSB of reg: V-0

mem, 1

0 0 Wmod 0

11

mem

2-4

16/24

16/24

tmpcy«CY, CY<LSB of (mem)}

(mem}e—{mem}+2

MSB of {imem)«—tmpcy

When MSB of {mem} # next bit of MSE of {mem): V-1
When M5B of {mem} = next bit of MSB of (mem). V&0

reg,CL

reg

7+n

7+n

temp«CL, repeats following operation, while temp = 0:
tmpcy«CY, CY+—LSB of reg

rege-reg+2

MSB of reg+—tmpey

tempeéetemp-1

n : Number of shifts

AN
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Instruction
Group

Mnemonic

Operand

QOperation Code

76543210765 43210¢0

Number of Clocks

HPDTOT08H

#PDT16H

Operation

Flags

Rotate ion instruction

RORC
{cont’d)

mem,CL

110100 T Wmod 0 1 1

mem

19/274n

19/27+n

temp<CL, repeats following operation, while temp = 0:
tmpey—CY, CY«LSB of {imem)

{mem}—{mem)}+2

MSB of (mem)—tmpcy

tempe-temp-1

reg,immB8

110000 0W[11011

reg

7+n

T+n

tempeimm8, repeats followi-r;g opera}ion, while temp # 0:
tmpey«CY, CY+—LSB of reg

reg«reg+2

MSB of rege—tmpey

temp«tamp-1

mem,immS

1100000Wmod 0 t 1

mem

19/27+n

19/27+n

temp«imm8, repeats following cperation, while temp = {:
tmpeyeCY, CY—LSB of (mem)

{mem}e—{mem}+2

MSB of (mem)+—tmpcy

temp«tamp-1

n : Number of shifts

3N
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Instruction
Group

3N

Subroutina control instruction

Operation Code Number [Number of Clocks Flags
Mnemonic | Operand of Operation
o Bytes
76656 432 10{7605 43210 $PDT0108H | pPDTO16H ACICY(VIP
CALL near-pre¢c {1 1 1 0 1 0 ¢ ¢ 3 20 16/20 | SP«SP-2, (SP+1,SP)«PC
PC«PC+disp
regptr16 1711111111101 0 reg 2 18 14/18 | SP<SP-2, (SP+1,5P)PC
PCeregptri6
memptrié6 (1 111 1T 1T 1 1(mod0 1 0 mem 2-4 n 23/31 | TA—{memptri6)

SP«5P-2, (SP+1,5P)-PC, PCe-TA

far-proc 10071010 5 29 21/28 | SP«-5P-2, (SP+1,SP)«-PS, PSc36g
SP«SP-2, (SP+1,5P)+PC, PCc—offset

memptr32 {1 111111 1| medd 1 1 mem 2-4 47 31/47 | TAc(memptr32), TB—(memptr32+2)
SP«SP-2, (5P+1,5P}PS, PS«-TB
SP+SP-2, (SP+1,5PPC, PC+TA

RET 11000011 1 19 1519 | PC«(SP+1,SP}

SP—SP+2
pop-value |1 1 0 0 0 ¢ 1 0 3 24 20/24 | PC—{SP+1,5P)

S$PSP+2, SPSP+pop-value

11001011 1 29 21/29 | PC—{SP+1,5F)
PS<—(SP+3,5P+2)
SP<SP+4

popvalue (1 1001010 3 32 24/32 | PC{SP+1,SP}
PS«{SP+3,SP+2)
SP—SP+4, SP+5P+pop-value

HILLOLZ ‘H80L0LAd"
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o
gg Mnemonic | Operand Operation Code Nug\fber Number of Clocks Operation Flags
Yy - . Bytes
= 765 4321076543210 JPDT0108H | POTO116H AC vip
PUSH mem16 1111111 17mod 110 mem 2-4 26 18/26 |SP+—SP-2
{SP+1,5P)«({mem16}
reg18 0 10 reg 1 12 8/12 |SP+SP-2
(SP+1,5P}«reg16
sreg 0 sreg 1 1 0 1 12 812 SP4—SP—2”
{SF+1,5P)esreg
PSW 1 11100 1 12 3/12“ SP«SP-2
(SP+1,5P)PSW
-é, R 1] ¢co00Q00D0 . 1 67 35/67 |Push registers on the stack
% immB 0 01010 2 L} 7111 | (SP-1,5P-2}«sign expansion of imm8
'; SP«SP-2
s imm16 0 01000 3 12 812 |(SP-1,5P-2}~imm16
§' SP«~5P-2
E POI_’ mem16 1 0111 1med 000 mem 2-4 25 17/25 |SP—SP+2
’ {mem16}—(3P-1, 5P-2)
regt 0 11 reg 1 12 8/12 |SPe-SP+2 )
reg16e(SP-1, SP-2)
sreg 0 sreg 1 11 1 1i ” B8/12 | SP«5SP+2
sreg«{SP-1, SP-2} sreg: 55,050,081
PSW 1 11101 1 12 8/12 |S5P«SP+2 R R IR
PSW«{SP-1, SP-2)
R 0 ooco009o0 1- 1 75 43/75 | Pop registers from the stack
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When imm8 > 1: {19+8 {imm8-1)}/{23+16 {immg-1)}

o
o
1g a Operation Code Number [Number of Clocks Flags
2 2 | Mhemonic | Operand of Operation
80 Bytes { . ..
£ 5 4 210/765 43210 #PDT0108H | pPDT0116H VIP
PREPARE |imm16,imm8 00 ocCco 4 Note1 { Note2 | Prepare New Stack Frame
DISPOSE 00 001 1 10 6/10 | Dispose of Stack Frame
= {BR near-label 10 001 3 13 13 PCePC+disp
o oL
'g‘ short-iabel 10 011 2 12 12 PCe—PC+ext-disp8
@ regptr16 111171111100 reg 2 1 11 | PCeregptrié
‘Eé memptr16 11111 1mod 100 mem | 2-4 24 | 20124 | PCe{memptr16)
o
@ far-label 10 01¢ 5 15 15 PS«seg
PCeoffset
memptr32 11 11 1jmod 1 0 1 mem 2-4 as 27735 | PSe{memptr32+2)
PC+—{memptr32}
Neotea 1. When imm8=0: 16
When imm8 2 1; 23+16 {imm8-1}
2. Whenimm8=0: 12/16

AN
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=
'% g Operation Code Number {Number of Cl'c‘):rs Flags
2 2 | Mnemenic | Operand of Operation
%0 Lo . . B Bytes
£ 76643210/76543210 4PD70108H |PDTO116H aclev|v|Plsiz
BV short-label [0 1 1 1 0 0 0 0 2 144 | 14/4 |ifV=1 _ PC—PCrext-disp8
BNV short-label 000 1| 144 | w4 |ifv=0_ _PCePCext-disp8
BC short-label c o110 14/4 14/4 ifCY¥ =1 PCPC+ext-disp8
BL
BNC short-label 6011 2 14/4 | 14/ |ifCy=0 PCePC+ext-disp8
BNL
BE short-labef T o100 2 | w4 | 1wa Jirz=1 PCPC+oxt-disp8
BZ
BNE short-label 0101 2 144 | w4 [fZ=0 PC—PCext-disp8
. [BNZ
£ |enn short-label 0110 2 | s |14 liteyvzan PCePCrext-disp8
.E BH short-label | | 0111 2 14/4 | 144 [ifCYVZ=0 PC«PC+ext-disp8
< BN short-label 1000 2 144 | 144 |ifS=1 PC—PC+ext-disp8
fé BP short-label 1001 2 14/4 14/4 |ifS=0 PCePC+ext-dispB
& |BPE short-label 1010 2 144 | 144 |ifP=1 PCePC+ext-disp8
S isro short-labal 101 1 2 | 14 [ 1wa Jitr-o PCe PCtaxt-disp8
g IELT short-iabel 1100 2 wa | 14s |ifSvYVa1 PC—PC+ext-disp8
S lsGE short-label 1101 2 | 14 |1 liesvvao PCePCrext-disp8
BLE short-label 1110 2 144 | 144 |f(SYVIVZ=1 PCPCrext-dispt
BGT short-label ¥ 17111 2 14/4 14/4 |if(SYVWVZ=0 PC—PC+ext-dispB
DBNZNE |short-iabel [1 1 1 0 0 0 0 © 2 14/5 | 14/5  |CW = CW-1 PCPC+ext-disp8
fZ=0Dand CW =0
DBNZE short-label (1 1 1 0 0 0 0 1 2 145 | 14/5 |CW = CW-1 PCPC+axt-disp8
ifZ=1and CW=0
DBNZ shortlabel (1 1 1 0 0 0 1 0 2 135 | 135 low =cw- PC—PCext-disp8
if CW =0

Note

Condition judgement: true/false
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o
S Operation Code Number [Number of Clocks Flags
3 2 | Mnemonic | Operand of Operation
%O | Bytes |_.
= 7 3210{765 432120 pPDT0M08H | PDT0116H AC VP
BCWZ short-label |1 011 2 13/5NeYq3/5N0t | E CW = 0 PC«PCrext-disps
BRK 3 1 100 ] 50 38/50 | TA«{00ODH,00CH), TC+{00FH,00EH}
SPSP-2, {SP+1,5P)«PSW, IE—0, BRK«0
SP«SP-2, {SP+1,5P)PS, PS«TC
| =y
.% SP«SP-2, {(SP+1,5P)«PC, PC—TA
E imm8 (#3) |1 101 2 50 38/50 | TA—{4n+1,4n}, TC—(4n+3,4n+2) n = imm8
[
g SP«SP-2, (SP+1,SP)—PSW, IEc-0, BRK«+0
=]
E SP—SP-2, (SP+1,5P)PS, PS«TC
-
= SPSP-2, (SP+1,SP)}PC, PCTA
BRKV 1 110 1 Note2 | Note3 | WhenV = 1,
TA—{011H.010H}), TCeH{013H,012H)
SPSP-2, (SP+1,5P)PSW, IE«0, BRK+0
SP<SP-2, {SP+1,SP}—PS, PS«TC
SP«5SP-2, (SP+1,SP}—PC, PC~TA
RETI 1 111 1 39 27/39 | PC—(SP+1,SP), PS<(SP+3,5P+2), R RiR
PSW.—(SP+5,5P+4), SPSP+6
Note 1. Condition judgement: trueffalse
2. WhenVa=1:52
WhenV=0:3
3. WhenV=1:40/52
WhenV=0:3
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TA«{015H,014H), TC{017H.016H)
SPS5P-2, (SP+1,5P}—PSW, IE«0, BRK(
SP<SP-2, (SP+1,SP}PS, PS<TL

SP<SP-2, {SP+1,SP}+PC, PC<TA

c
(=]
55 Operation Code Number [Number of Clocks ' Flags
22 | Mnemonic | Operand of Operation
8O Bytes :
£ 76543210765 43210 HPDTON08H | PD70116H acley|vie
BRKEM imm3a pooo1111(1T1111111 3 50 38/50 | TAe—{4n+1.4n}, TC—(4n+3,4n+2) n = imm8
SP«SP-2, (SP+1,SP)+PSW, MD«-0
5 MD is enabled to write
B
% SP5SP-2, (SP+1,5P)PS, PSTC
'E SP<SP-2, (SP+1,5P)}PC, PCTA
<% .
g CHKIND regi6mem32(0 1 1 0 0 0 1 Ofmod reg mem 2-4 Notel | Note2 | When (mem32) > reg16 or (mem32+2) < reg16.
]
[=

Note 1.  73-76 when interrupt condition is satisfied.
26 when interrupt condition is not satisfied,
2.  (53-66)/(73-76} when interrupt condition is satisfied.
18/26 when interrupt condition is not satisfied.
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55 Operation Code Number |Number of Clocks Flags
2 2 | Mnemonic | Operand of Operation
4-15) Bytes
< 7 5§ 43 210(7 65 43210 HPDIC08H | PDI0116H AC|ICY| V| P
HALT 1 11 100 1 2 2 CPU Halt
POLL 1 011011 1 245n 2+5n | Poll and wait n: POLL pin sampling times
g DI 1 111010 1 2 2 IE~0
g 11111011 1 2 2z |IE
£ [pusLock 117110000 1 2 2 | Bus Lock Prefix
£ [rPon fp-op 11011 XXX{11YYYZZZ| 2 2 2 | No Operation
= - .
8 fp—op,mem | 1 01t 1 XX XmodYYY mem 2-4 15 11/15 | data buse—{mem)
D . .
% |FPO2 fo—op 011001 1X[v1YYYZZZ| 2 2 2 No Operation
fp-op,mem | 0 10011 X|modYYY mem 24 15 1115 | data bus<{mem}
NOP 1 010000 1 3 3 No Operation
hd 0 1 s8reg 110 1 2 2 Segment override prefix
*;. DSO:, DS, PS:, §S:
s
€5 Operation Code Number [Number of Clocks Flags
2 2 | Mnemonic | Operand of Qperation
G Bytes I
£ ) 7 5 4321076543210 pPD70108H [pPDIO16H AC|CY|VIP
RETEM 1 101101177111 101 2 39 27/39 | PC—(SP+1,5P), PC—(SP+3,5P+2), R|{R{R|R
PSW«(SP+5,5P+4), SP<SP+8, MD is disabled to write.
CALLN imm8 1 10110111101 101 3 58 38/58 | TAc—{4n+1.4n), TC—(4n+3,4n+2} n=imm8
8080

SP«SP-2, (SP+1,SP}P5W, MDe1
SP—SP-2, (SP+1,SP)PS, PS«TC
SPSP-2, (SP+1,SP)PC, PC<TA

3N
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NEC

9. ELECTRICAL SPECIFICATIONS

8.1 WHEN Voo =5 V £ 10%

ABSOLUTE MAXIMUM RATINGS (Ta = 26°C)

[temn ‘ Symbol Conditions Ratings Unit
Pawaer supply voltage ! Voo -0.5to +7.0 v
Input voltage v Voom 5V 10% -0.5 to Voo+D.5 v
Clock input vaoltage Wk =0.5 to Voo+1.0 v
Output voltage . Vo -0.5 to Voo+0.5 v
Operating ambient temperature | Ta -40 to +85 °C
Storage temperature | Thtp . =55 to +150 °C

Cautlon 1. Be sure to avold direct coupling between IC-product output {or input/output) pins or between Voo
or Vcc and GND. Howaevaer, direct coupling between open-drain pins or apen-collactor pins is O.K.
Direct coupling is also possible betwean pins which become high-impedance If they are installed
on external circuitry for which the timing is set to avoid output conflicts.

2. If the absolute maximum ratings of aven one of the items above are exceeded for a moment, the
product quality may be damaged. In other words, the absolute maximum ratings are the values
above which physical damage may result. Be sure to use the product in a way in which these rating
values are nat exceaded.

The specifications and conditions described in the DC and AC characteristics are the limits for
normal operation and quality assurance of the product.
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DC CHARACTERISTICS (Ta = -40 to +85°C, Vob=5 V £ 10%:!}

ltem Symbol Conditions MIN. TYP. MAX. | Unit
Other than (1), {2} 2.2 Voo+0.5 v
Input voltage, high Vi (1) READY
0.6Voo Voo+0.5
{2) HLDRQ (RQO, RGi1) : DIP only
Input voltage, low Vi ~0.5 0.8 \d
Clock input voltage, high Vir 0.8Vop Voo+1.0 v
Clock input voltage, tow Vi -0.5 0.15Voo v
low = ~2.5 MA 0.7Voo Vv
OQutput voltage, high Vou
los = ~100 xA Voo-0.4
Output voltage. low Voo lo.m 2.6 mA 0.4 v
Input leakage current, high lum Vi = Voo 10 HA
Input leakage current, low lue Vi=0V -10 HA
Output leakage current, high Jow Vo = Voo 10 uA
Output leakage current, low IoL Vom0V -10 HA
RQ input current, high Inax Vi = Voo 10 HA
RQ input current, low Inat Vi=QV -0.5 mA
Latch leakage current, high [T Vi=30V -850 -300 173
Latch lsakage current, low e Vi=08V 50 300 HA
Latch inverse current, {L — H) hin 400 HA
Latch inverse current, (H = L) lie ~400 | pA
Operating: Vi = Voo, ViL = QV, 3.6« 6f« mA
tove < 2 us
Supply current "*** loo Standy: (HALT), Vi = Voo, VL= 0 V, 0.5f: | 0.8f
teve €2 e
Standby: (Clock input stops} 50 HA
Vin= Voo, Vi = Q V
Note The constants 3.5, 5, 0.5, and 0.8 of the value are in mA/MHz. fx is the frequency of CLK input.
For the supply current for the L and F rated producits, please consult your NEC dealer.
CAPACITANCE (Ta = 25°C, Voo =0 V)
ltem Symbol Conditions MIN. TYP. MAX. | Unit
{nput capacitance C fc = IMHz 10 pF
Unmesasured pins returned to 0 V
/O capacitance Cio 15 pF
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AC CHARACTERISTICS (Ta = -40 to +85°C, Voo = 5 V = 10%}

{1) In both small-scale/large-scale mode
Loading capacity of output pins: CL = 100pF
) uPL70108H-10, uPDTOV08H-12, : uPL70108H-16,
Itern Symbol 4PD70116H-10 | uPD70116H-12 °  uPD70116H-16 | Unit
MIN. MAX. MIN. MAX. - MIN. MAX,
Clock cycle ® tox | 100 80 | 625 ns
Clock pulse high-level width (Vs = 3.0 V) @ ke 3 35 25 ns
Clock pulse iow-level width (Ve = 1.7 V) @ | 45- 35 25 ns
Clock rise time (1.7 — 3.0 V) @ tkn & 5 . B ng
Clock fall time (3.0 — 1.7 V) ®| 5 5 6 | ns
RESET ralease delay time (Voo =5V ta 10 %)} ® | towest 1 1 1 s
RESET set time {vs. CLK T] @ | tsrew 15 10 10 | ns
RESET hold time {vs. CLK T) ® | trxnst : 18 16 15 : ns
RESET high-level width @ | tweste 4towx Ao Atcvx ns
READY inactive set time (vs. CLK |} 40 | tsrix, -8 -8 -8 ns
READY inactive hotd time (vs. CLK T) O | tava| 20 20 15 ns
READY active set time (vs. CLK T @ | torvek | txx~8 txk-8 -8 ns
READY active hold time {vs. CLK T) £ | takan 20 20 15 ns
Data set time {vs. CLK |} @ | tsox 10 10 5 ns
Data hold time (vs. CLK 1) $H| weo 10 10 10 ns
NMI, INT, POLL set time (ve. CLK T | 15 15 10 ns
Input rise time ™*' (0.8 = 2.2 V) @ tm . 20 20 20 | ns
Input fall time **'(2.2 » 0.8 V) B tr 12 12 12 | ns
Output rise time (0.8 — 2.2 V] @ | tor 20 15 10 | ns
Qutput fall time (2.2 = 0.8 V) & tor 12 10 8 ns
CLK | — address delay time | toxa 5 48 5 40 5 30 | ns
CLK | — address hold time & | 5 5 5 ns
CLK | = PS delay time @ | ftoxe 5 5D 6 40 5 30 | ns
CLK T — PS float deiay time a trkp 5 50 b 40 g 30 ns
CLK | — address float delay time @ | trxa tHea 50 tHxa 40 tHRA 30 | ns
CLK | — RD I delay time ® | toxa ¢ 50 0 40 0 30 | ns
CLK 1 - RD T delay time™™* @ | toow o 50 0 40 0 30 | ns
RD T — address delay time @ | torea | teve-35 tove-26 tewe=10 ns
RD low-level width @ | e | 2ton-40 2tev-25 2teve=20 ns
CLK | — data output delay time @ | toxo 5 50 5 40 5 30 | ns
CLK | — data float delay time | tee 0 50 0 40 0 30 | ns

Note

1. CLK excluded

2. When RD becomes inactive in read cycle, the data has been read.

m@@m@w@m@m@ LPD70108H, 70116H
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{2} Small-scale mode

m@@m@w@@m@m@ JPD70108H, 70116H

Loading capacity of output pins: CL = 100pF

#PDT0108H-10,

HPDT0108H-12,

uPD70108H-16,

ltarm Symbol HPD70116H-10 pPD70116H-12 L4PD70116H-16 | Unit
MIN. MAX. MIN. MAX. MIN. MAX,

Address set time (vs. ASTB L) @ | tsasr | teai~30 =20 tex-15 ns
CLK | — ASTB T delay time @ | toxsH 0 40 0 35 v} 30 | ns
CLK T = ASTB | delay time @ | toxsn 0 45 0 40 0 30 | ns
ASTB high-lavel width @ | tstst | w10 tex~10 k=5 ns
ASTB | — address hold time @ | tusta | =10 tee-10 trkr=5 ns
CLK — control delay timeNote @ | toxer 0 55 0 4 0 . 30 | ns
Address float — RD . delay time @ | e 0 0 0 ns
WR low-level width @ | tww | 2ton-35 2teve-26 2tove-20 ns
HLDRAQ set time (vs, CLK T) @ | tsnox 20 10 5 - ng
CLK | —+ HLDAK dslay time O | too 0 60 0 40 o 30 ns
WR T — BUFEN T @ | twer | tew-20 tex-16 tea-10 ns

{3 Large-scale mode

Note When BUFEN becomes inactive in read cycle. the data has been read.

Loading capacity of cutput pins: C. = 100pF

H#PDT70108H-10,

HPD7G108H-12,

uPD70108H-16,

ltemn Symbol uPD701184H-1¢ §PD70116H-12 UPD7Q116H-16 | Unit
MIN. MAX. - MIN, MAX. MIN, MAX.

CLK T — BS | delay time © | toxm 0 50 . 0 a0 0 30 | ns
CLK { - BS T delay time @ | torex 0 50 0 40 Q 35 | ns
Address ftoat — RD | delay time @ | toarn 0 0 0 ns
CLK i = QS delay tims & | tokos 0 50 0 40 0 30 | ns
CLK | - AK delay time @ | too 0 40 o 40 0 30 | ns
RQ set time (ve. CLK T) @ | tseax g 7 ns
RQ hold time {vs. CLK 1) @ |twrot| 0 0 o ns
RQ hold time {vs. CLK 1) & | tuxraoz 20 16 10 ns
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82 WHEN Voo = 3 V £ 10%

ABSOLUTE MAXIMUM RATINGS (Ta = 25°C)

tem Symbol Conditions Ratings Unit
Power supply voltage Voo ‘ =-0.6 to +7.0 \'
|npuf voltags Vi Veo=3 V10 % ~0.8 te Voot 0.6 v
CLK input voltage Vi =056 to Veo+1.0 v
Qutput voltage Vo —0.5 to Voe+0.6 ! v
Operating ambient temparature Ta ~40 to +85 °C
Storage temperature Tea -85 to +150 i °C

Caution 1. Ba sure to avold direct coupling between IC-product output {or input/output) pins or between Voo
or Vec and GND. However, direct coupling betweesn open-drain pins or open-collector pins is O.K.
Direct coupling Is also possible batween pins which become high-impedance if they are installed
aon external circuitry for which the timing is set to avoid output conflicts.

2. if the absolute maximum ratings of even one of the items above are exceeded for a moment, the
product quality may be damaged. In other words, the absolute maximum ratings are the values
above which physical damage may rasult. Be sure to use the product in a way in which these rating
values are not exceeded.

The specifications and conditions described in the DC and AC characteristics are the limits for
normal operation and quality assurance of the product.
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DC CHARACTERISTICS (Ta = —40 to +85°C, Voo = 3 V 1 10%)

Item Symbol Conditions MIN. TYP. MAX. Unit

Input voltags, high ViH 0.7Voo Voo+0.3 v
Input voltage, low Vi 0.5 0.2Voo \
Clock input voltage, high Vi 0.8Vee Voo+0.5 v
Clock input voltage, low VL -0.5 0.2Voo v
Output voltage, high Vou fon = -2.5 mA 0.7Voo v

lon = 100 gA Voe=0.4
Qutput voltage, low Vou loL = 2.5 mA 0.4 v
Input leakage current, high Lk Vi= Voo 10 HA
input leakage current, low I Vi=0V -10 HA
Qutput leakage current, high lom Vo = Voo 10 HA
Qutput leakage current, low lou Vo=0V =10 uA
RQ input current, high IHaH Vi = Voo 10 HA
RO input current, low IHaL Vim0V -0.5 | mA
Latch leakage current, high . lun i=20V =15 ~200 HA
Latch leakage current, low b Vi=02V 15 200 A
Latch inverse current, (L — H) [ 300 HA
Latch inverse current, {H — L) I -300 uh

Operating: Vin = Vop, ViL = 0V, : 2fx 3.5« mA

tevk S2u8 .
Supply current "*** too Standy: (HALT), Vix = Voo, ViL=0 V, 02k | 0.4

teyk €2 us .

Standby (Clack input stops): i 30 HA

Vik = Voo, Ve = O V

Nate The constants 2, 3.5, 0.2, and 0.4 of the value are in mA/MHz. fx is the frequency of clock input.

For the supply current for the L and F rated products, please consuit your NEC dealer.

CAPACITANCE (Ta =25°C, Voo=0V)

[tem Symbol Conditions MIN. ;T TYP. | MAX. | Unit
Input capacitance Ci fc = TMHz : 10 pF
Unmaasured pins returnedto 0 V
I/0 capacitance Co 16 pF
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B@@m@ﬁm@@ 4PD70108H, 70116H

AC CHARACTERISTICS (Ts = -40 to +85°C, Voo = 3 V 1 10%)}

{1} In both small-scale/large-scale mode
Loading capacity of output pins: CL = 100pF
#PD70V08H-10, . uPDT0108H-12, | «PD70108H-15,
ltem Symbol HPO70116H-10 ' 4PD70116H-52 uPD70116H-16 | Unit
MIN, MAX. MIN. MAX. MIN, MAX,
Clock cycie @[ tew 200 160 125 ns
Clock putse high-level width (Vix = 2.6 V) @ | txxw 69 80 44 ns
Clock pulse low-level width (Vi = 1.0 V) @ | tm 90 70 60 ns
Clock rise time {1.0 = 2.5 V) @ tkr 10 10 10 | ns
Clock fall time (2.5 = 1.0 V) ® trr 10 10 10 | ns
RESET releasa delay time (Voo = 3 V £ 10 %) ® | towest 1 1 1 us
RESET set time (CLK T} @ | tswsix 15 16 15 ns
RESET hold time (CLK T) ® | taxmsT 15 15 15 ns
RESET high-lavel width ® | tweste| . dtovx dtovx Atevi ns
READY inactive set time (vs. CLK 1} 0 | temvix -8 -8 -8 ns
READY inactive hold time {vs. CLK T} O | teave 30 25 20 ns
READY active set time (vs. CLK T} @ | tsavnk | txw-8 tr<-8 texi—8 ns
READY active hald time {vs. CLK T) @ | taxrvL 30 25 20 ns
Data set time (vs. CLK 4) @ tsok 30 26 20 ns
Data hold time {vs. CLK 4} @ | twe 10 10 10 ns
NML, INT, PGLL set time (vs. CLK T} M | tsx 30 20 i5 ns
Input rise time™*™' (0,2 Voo - 0.7 Voo) o tr 20 20 20 | ns
Input fall time™**' (0.7 Voo —~ 0.2 Voo) ®| tr 12 12 12 | ns
Qutput rise time {0.2 Voo — 0.7 Voo) D ton 20 20 20 ns
Output fall time (0.7 Voo — 0,2 Voo) @ toF 12 12 12 ns
CLK | = address delay time € | toxa L] 90 10 70 10 &0 ns
CLK | — address hold time @ | thea 10 10 10 ns
CLK 4 — PS delay time & | toxp 10 80 10 70 10 60 | ns
CLK T — PS float delay tima @ | teee 10 80 10 70 10 60 | ns
CLK | — address ftoat delay time L@ | tea tha 80 s 70 Thica 60 | ns
CLK ! — RD L delay time @ | tom 10 185 10 w0 | 1o 80 | ne
CLK | - RO T detay time™*? ‘@ | toew | 10 150 10 100 10 80 | ns
RD T — address delay time @ | tomma | tow-35 tcvk-25 teve=10 ns
RD low-level width ® | twm | o786 2tovk-60 Ztovk-50 ns
CLK | — data output dalay time (<] tok 10 90 10 70 10 60 ng
CLK | — data float detay time ® trkD 10 &80 10 70 10 60 ns

Note 1.

CLK excluded

2. When RD becomes inactive in read cycle, the data has been read.
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(Phase-out/Discontint i) .Pp70108H, 70116H

{2) Small-scale mode

Loading capacity of output pins: CL = 100pF

PDT0108H-10, | uPD70108H-12, | APD70108H-16,
ltarn Symbol HPDI0116H-10 #PD70116H-12 UPD70116H-16 | Unit
MIN, MAX. MIN. MAX. MIN. MAX.

Address set time (vs. ASTB l ® | tsast | tea~B0 te-30 txx~30 ns
CLK { — ASTB T delay time @ | toxsm 5 80 5 70 5 5¢ | ns
CLK T = ASTB { delay time @ | toxsm 5 85 5 70 5 85 | ns
ASTB high-level width G | tstst ta~20 tek-15 texi—10 ns
ASTB | - address hold time @ | tusta | too10 10 tea~14 ns
CLK — control delay timeNote @ | torer 10 110 10 80 10 66 | ns
Address float —» RD L delay time @ | twmL 0 0 0 ns
WR low-level width ® | tww | 2on-60 2ten-50 2tc-40 " ns
HLDRQ set time (vs. CLK T @& | tewax K[ 30 20 ns
CLK | = HLDAK dslay tima O | toxma 10 160 10 120 10 100 | ns
WR T BUFEN T @ | twer | =20 tkr—20 =20 .ns

Note When BUFEN becomes inactive in read cycle, the data has heen read.

(3) Large-scale mode

Loading capacity of output pins: CL = 100pF

uPD70108H-10, HPDT0108H-12, uPD70108H-18,
Item Symbol pFPD70116H-10 | uPD70116H-12 | wpPO70116H-16 | Unit
MIN. MAX, MIN. | MAX. MiIN. MAX.
CLK T — BS | delay time @ | toxaL 10 110 0 70 10 | €0 | ns
CLK |l > BS T delay time & | toxex 10 130 10 70 10 70 | ns
Address float — RD { delay time @ | toarsL ¢ 0 ¢ ns
CLK | = QS delay time @ | toxos L} 80 5 70 & 50 | ns
CLK | - AK delay time © | torx | 5 70 5 85 5 50 | ns
RO set time (vs. CLK T) @ | tsmox 20 15 10 ns
RQ hald time {vs. CLK 1) @ torar| O 0 o ns
RQ hald time {vs. CLK T) | @ | traz| 40 35 P30 ns
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NEC

AC TEST INPUT WAVEFORMS (except CLK} (Voo = 5 V 1 10%)

{1} READY, HLDRQ (RQ0, RQ1}: DIP only

0.6Voo+ 04V

0.6 Voo 06 Vop
Measurement
> points

o8V o8V

0.4V
{2} Others
24Y 2.2V 22V
' Measurement < '
-~ pﬁlnts
08Yv 08V

04V

AC TEST OUTPUT MEASUREMENT POINTS (Voo =5 V £ 10%)

22V 2.2V
> Measurement
points
0.8V 08V
AC TEST iINPUT WAVEFORM (except CLK) {Vop = 3V = 10%)
0.8Voo
0.7 Voo 0.7 Voo
> Measurement .
points
0.2 Voo 0.2Voo
04V
AC TEST OUTPUT MEASUREMENT POINTS (Voo = 3 V + 10%])
0.7 Voo 0.7 Voo
Measurerment
:> points
0.2 Vop 0.2 Voo
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LOAD CONDITION

DUt
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4PD70108H, 70116H

C.=100pF

Caution if load capacitance exceeds 100pF due to circult configuration, reduce the load capacitance of this
device down to 100pF or less by insarting a buffer, ete.

CLOCK TIMING WAVEFORMS

CLK

RESET TIMING

Voo

CLK {input)

RESET (input) ;

90
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WAIT (READY) TIMING WAVEFORMS

T1 T2 T3 ™ T4

CLK

READY \ \
"

*: In this paricd, the READY signal must be fixed to low or high.

POLL, NMI, INT INPUT TIMING WAVEFORMS
Tn

CLK

— Y
POLL. B
NMI. INT -

BUSLOCK OUTPUT TIMING WAVEFORMS

CLK

o ( 1) 10K
BUSLOCK

i

9N
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E cont
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READ TIMING WAVEFORMS (SMALL-SCALE MODE)

T4 T T2 T3 T4
CLK / \ 7 \ / y
A16/PS0 A
-AT9/PS3 Address Processor Status E— ————%--
.
i
—® i 8
&
AB-A15 (uPD70108H)
UBE {uPD70116H) -
‘ — — 3 — 3 —»
@I @
f
ADO-AD7 (uPD70108H) A A 4
ADO-AD15 (4PD70116H} Address 1;— ————————— -gr Data Input S <
(il i
L]
ASTS : /
e J
Aok o —lo
BUFEN /
BUF RW

&l
ﬂ]'/
X Sy

| le— @
1O/M {uPD70108H)
LSBO (uPD70108H) X
TO/M (2PD70116H)

Remark Dashed ling indicatas high impedance.
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a

@

L

WRITE TIMING WAVEFORMS (SMALL-SCALE MODE)

NEC (Phase-out/Discontiny

T4 iR T2 T3 T4

CLK

AB-A1S (uPD70108H)
UBE (uPD70116H)

zlgﬁggg x Address X Processor Status

@J — — (0} —— o0
I
X r
ADO-AD? (4PD70108H)  _ _ _ _ _ _ _gﬁ X ,
ADO-AD15 {(PD70116H) Address Data Output
n TN
— 2
r— &

.
o/
wrim /) \

X

I0/M {WPD70108H)
LSBO (#PD70108H)
TOM (HPDTO116H)

Remark Dashed line indicates high impedance,
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READ TIMING WAVEFORMS {LARGE-SCALE MODE)

#PD70108H, 70116H

T4 T T2 T3 T4
CLK
le— G2 e |
Vil —Q @

L b
: _ﬁ]gﬁgg X Address Processor Status E‘ —===X--

ic y.
AB-A15 (PD70108H) - --

UBE (#PD70116H) -
—e —Q 3 —»
G—=
ADG-AD7 (£PD70108H) L
ADO-AD15 (uPD70116H) "=~ ===~ Address E— --------- - Dats input | me————
e (O
ASTB
{4PT:71088 Output) .
— @ ’.7
|
BS0-BSZ Bus Status f
W" (%] B - f— {5 — D
\ A
RD k-
— @ fg——
— e
® » ® .
e XXX XX
Remark Dashed line indicates high impedance.
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WRITE TIMING WAVEFORMS (LARGE-SCALE MODE)

CLK / '\

A16/PS0
-A19/PS3

AB-A15 (uPD70108H}
UBE (uPD70116H)

ADQ-AD7 (uPD70108H)
ADD-AD15 (uPD70116H)

ASTB
{(#FD71088 Quiput)

BS0-BSZ

QS0, 31

Remark

T4 1 T2

B@@m@ﬂm@ 1PD70108H, 70116H

T3

T4

Pracassor Status

).____ --

@) —
— - ‘4—@
.
------- Address X
Y

Data Qutput

_/ N\

N

\ ~ Bus Satus

X X

Dashed line indicates high impedance.

7S
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Lk T2 T3 T4 T T2 13 T
_ ) ) (% wa—

ADO-AD7

i
Tl
H

S :
tLarge-scaiSls\h c?dez) , / \ /

-
BUSLOGK J:@) /

(Large-scale mode)

AB-A15

Remark Dashad line indicates high impedance.
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NEC

(Phase-out/

INTERRUPT ACKNOWLEDGE TIMING WAVEFORMS (1:PD70116H)

™ T2 T3 Tl T Tl T4 T T2 13 T

l D —» -G
BUFEN SI; 7 \__/_‘

BSCO-BS2
(Large-scale mode) / \ /
— &
BUSLOCK \Jj -/

Remark Dashed line indicates high impedance.
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o8

HOLD REQUEST/ACKNOWLEDGE TIMING WAVEFORMS (SMALL-SCALE MODE)

2o —

r—1-2tCyx —

CLK SN/ \ 1 %
—-1 an ®
HLDRC j )
™ Q;t" i --—’-—
HLDAK _
. ek wla—@)
Note ] m - r e m -s’f, ------ Fo-m—d==——- --—----——---\s-——--t
> —la-
e ’ j—
Nate 2 rm—————— e m =
Note 1. uPD70108H: ADO - AD7, AB - A15
uPD70116H; ADQ - AD15
2. uPD70108H: A16/PS0 - A19/PS3, RD, WR, 10/M, BUFR/W, BUFEN, LBSD
uPDT0116H: A16/PS0 - A19/PS3, RD, WR, I0/M, BUFRAW, BUFEN, UBE
Remark Dashed line indicates high impedance.
BUS REQUEST/ACKNOWLEDGE TIMING WAVEFORMS (LARGE-SCALE MODE)
2 Jtovi -

Sia kL Q- -~————— >tcvx —_—
@ @ —- N
RQN/AKN \ j _\ ; i
Noted Noted
. — B [
Nott] mmmm e — - ——— R I Sttt
. —{ (3 |w—
Note2 o ————— [
Note 1. pPD70108H: ADQ - AD7, AB- A15
HPDT0116H: ADG - AD15
2. A16/PSO - A19/PS3, RD, BSO - BS2, BUSLOCK
3. RQn ({input) Request pulse
4. AKn (output) Acknowledge pulse
5. RQn {input) Release puise
Remark

Dashed line indicates high impedance,

-——
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0. PACKAGE DRAWINGS

OPIN PLASTIC SHRINK DIP (600 mil)

40 ' 21
_nnnnnnnnnnnnnnnnnnnn

r

L1JLILILILH_ILH.HJLILll_lL.lLlL.ILJI_ILIL.I20

A
A K |
i U
x I
F C B N -
D BIR® M 0~15
P40C-70-800A
‘ES
iTEM MILLIMETERS INCHES
:ach lead centerline is located within 0.17 H T
m {0.007 inch) of its true position (T.P.) A 39.13 MAX. 1.541 MAX.
t maximum material condition. B 2.67 MAX. 0.106 MAX.
c 1.778 (T.P.} . P.
em “K” to center of leads when formed 8¢ } ° 070+(T°m)
arallel. ) 0.50*0-10 0.020:85.38%
F 0.9 MIN. 0.035 MIN,
G 3'210.3 0.126$0.012
H Q.51 MIN. 0.020 MIN.
| 4.31 MAX. 0.170 MAX.
J 5.08 MAX. 0.200 MAX.
K 15.24 [T.P.) 0.800 (T.P.}
L 13.2 0.520 i
M 0.25 ~8:48 0.01023:83%
N 0.17 0.007

ey
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detail of lead end

|
;

£°25° |

s

PE2GC-100-386.3BH-2

NOTE ITEM.  MILLIMETERS INCHES
Each lead centerline is located within 0.20
mm 10.008 inch) of its true position (T.P.) at A 17.6£04 0.68320.016
raximurn material condition. B 14.0£0.2 0.561+3088
C 14 0=0.2 0.551+8:388
B 17.6x0.4 0.693+0.018
F 1.0 0.039
G 1.0 0.039
H 0.40%0.10 0.016:33%8
[ 0.20 0.008
J 1.0(T.P) 0.039 {T.P.)
K 1.920.2 0.071:4838
L 0.820.2 0.031:5838
M 01548 0.006248%4
N 0.10 ’ 0.004
P 2.7 [ 0.106
a 0.120.1 0.004£0.004
3 3.0 MAX. 0.113 MAX.
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52 PIN PLASTIC QFP ((114}

A

AR

LT 26
 —— 1T detail of lead end
T T
I} TT
T T —
T T
==~ -—EY L o @
] o | 1
=i | Y
i w - o o
(o w T &
SZO | 14
S | N
HHHAHAH R
P52G-100-22-2
NOTE ITEM| MILLIMETERS INCHES
Each lead centerline is located within 0.20 0017
mm (0.008 inch) of its trua position (T.P.) at 16.4x0.4 0.724%50v8
maximum material condition. B 14.0£0.2 0.551:3.%8
c 14.0=0.2 0.55110 38
D 18.420.4 0.724*3311
F 1.0 0.039
G 1.0 0.039
H 0.40+0.10 0.016%35%¢
[ 0.20 0.008
J 1.0{T.P} 0.039 (T.P.)
K 2.220.2 0.087:5388
L 1.0+0.2 0.039:5.3%8
M 0.15:348 0.006*53%
N 0.15 0.006
P 1.65£0.1 0.059+0.004
Q 0.1£0.1 0.004+0.004
S 1.7 MAX. 0.067 MAX,
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44 PIN PLASTIC QFJ {1650 mil}

102

A
. -
B B W B s B o M o B
g 0
(N i
g 1
g il
44[] i
e + - o o
v & :
g 0
O o
0 o
0 0
L W JR R S gy R S g 6 g gy S gy e o L N
- F _E
- o a
M@ N0
' P
: P44L-50A1-2
NOTE ITEM| MILLIMETERS INCHES
Each lead centerline is located within 0.12
mm (0.005 inch) of its true position (T.P.} at A 17.520.2 0.68920.008
maximum material condition, B 16.58 0.653
c 16.58 0.653
D 17.640.2 0.689+0.008
E 1.94%0.15 0.076:55%2
F 0.6 0.024
G 44202 0.173:53%
H 2.820.2 0.110:58%8
[ 0.2 MIN. 0,035 MIN.
J 3.4 0134
K 1.27{T.P) 0.050 (T.P.}
M 0.40£0.10 0.016+533#
N 0.12 0.005
P 15.50£0.2¢ 0.81023858
a 0.15 0.006
T RO.8 R 0.031
u 0.2023 48 0.008:3:8%
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11. RECOMMENDED SOLDERING CONDITIONS

Far the uPD70108H and uPD70116H, soldering must be performed under the following conditions.

Fordetails of recommended conditions for surface mounting, referto information document “Semiconductor
device mounting technology manual” {IEI-1207).

For other soldering methods, please consult with NEC sales personnel.

Table 11-1 Surface Mounting Type Soldering Conditions {1/2)

(1) pPD70108HGC-XX-3B6: 52-pin plastic QFP {114 mm) {resin thick 2.70 mm}
uPD70116HGC-XX-3B6: 52-pin plastic QFP {(]14 mm) {resin thick 2.70 mm)}

{a} V, Frated products

Recommended Condi-

Soldering Method Soldering Conditions tions Symbol

Package peak temperstura: 236°C, Duration: 30 sec. max. (at

210°C or above), Number of times; 2 max.

< precautions >

Infrared reflow (1) The second reflow should be started after the first raflow IR35-00-2
device tamparature has raturnad to the ordinary state.

{2) Flux washing must not he performed by the use of water
after the first reflow.

Package peak temparature: 216°C, Duration: 40 sec. {at 200°C

or above}l, Number of times: 2 max.

« precautions »

VPS (1) The second reflow should be started aftar the first reflow VP15-00-2
device temperature has returnad to the ordinary stats.

(2) Flux washing must not be performed by the use of water
after the first reflow.

Solder bath temperature: 260°C max., Duration: 10 sec. max.,
Wave soldaring Number of timas: 1, Praliminary heat tampersture: 120°C WS60-00-1
max. {Package surface temperatura)

Pin tempersture: 300°C max., Duration: 3 sec. max. (per

Pin part heating device sida)

(b) L rated products

Recommended Condi-

Soldering Method Soldering Conditions tions Reference Code

Package peak temperature; 230°C, Time: 30 sec. meax. {210°C
Infrared Reflow min.), Numbaer of times: 1, Number of days™**: 7 days (after IR30-107-1
this, prabaking is necessary at 125°C for 10 hours}

Package peek temperature;: 215°C, Tima: 40 sec. max, (200°C
VPS min.], Number of timas: 1, Number of days™*: 7 days (after VP15-107-1
this, prebaking is necessary at 125°C for 10 hours)

Solder bath ternperature: 260°C max“.:.l’lme: 10 sec. max.,
Wave Soldering Number of times: 1, Number of days™": 7 days (after this, - WS60-107-1
prebaking is necesseary at 125°C for 10 hours), Prehsesting
temperature: 120°C max. {Package surface temparature)

Pin Partial Haating Pin tempsrature: 300°C max., Time: 3 sec. max. (per side) E—

Note This means the number of days after unpacking the dry pack. Storage conditions are 25°C and 65% RH
max.
Caution Do not use ons soldering method in combination with another. {(however, pin partial heating can
be performed with other soldering methods).

103




NEC

uPD70108H, 70116H

Table 11-1 Surface Mounting Type Soldering Conditions (2/2)

(2) pPD70108HG-XX-22: 52-pin plastic QFP {{]14 mm} (resin thick 1.50 mm)
#PD70116HG-XX-22; 52-pin plastic QFP {14 mm} {resin thick 1.50 mm}

Soldering Methad

Soldsering Conditions

Recommended Condi-
tions Reference Code

Infrared Reflow

Package peak temparature: 230°C, Time: 30 saconds max.
{210°C min.), Number of times: 1, Number of days™":1 day
{after this, prebaking is necessary at 125°C for 10 hcurs)

IR30-101-1

VPS

Package peak temperature: 216°C, Time: 40 saconds max.
(200°C min.}, Number of times: 1, Number of days™™: 1 day
(after this, prebaking is necessary at 125°C for 10 hours)

VP158-101-1

Pin Partial Heating

Pin temperature: 300°C max., Time: 3 saconds max. {(per
side)

Note
max.

This means the number of days after unpacking the dry pack. Storage conditions are 25°C and 65% RH

Caution Do not use one soldering method in combination with another. {howaever, pin partial heating can
be performed with other soldering methods).

{3} uPD7010BHLM-XX: 44-pin Plastic QFJ ([ J650 mil}
UPD70116HLM-XX: 44-pin Plastic QFJ {[ 650 mil}

(a} F rated products

Soldering Method

Soldering Conditions

Recommended Condi-

VPS

tions Symbol
Package peak ternperature: 230°C, Duration: 30 ssc. max. (at
Infrared reflow 210°C or above}, Number of times: 1 IR30-00-1
Package peak temperature; 215°C, Duration; 40 sec. max. {at VP15-00-1

200°C or above), Numbar of times: 1

Pin part heating

Pin temperature: 300°C max., Duration: 3 sec. max. (per
device side)

{b} V, L rated products

Soldering Methad

Soldering Conditions

Recommended Condi-
tions Reference Code

Infrared Reflow

Package peak temperature: 230°C, Time: 30 seconds max.
{210°C min.), Number of timas: 1, Number of days"™™: 7 days
{after this, prebaking is necessary at 125°C for 10 hours}

IR30-107-1

VPS5

Package peak temperatura: 215°C, Time: 40 seconds max.
{200°C min.), Number of times: 1, Number of days"™ 7 days
(after this, prebaking is necessary at 125°C for 10 hours}

VP15-107-1

Fin Partial Heating

Pin temperature: 300°C max., Time: 3 seconds max. {per
side)

Note This meansthe number of days after unpacking tha dry pack. Storage conditions are 26°C and 65% RH

max.

Caution Do not use one soldering method in combination with another. (however, pin partlal heating can
be performed with other soldering methods).
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Table 11-2 Insertion Type Soldering Conditions

uPD70108HCZ-XX: 40-pin plastic DIP (600 mil)
pPD70116HCZ-XX: 40-pin plastic DIP (600 mil)

Soldering Method

Soldering Conditions

Wave Soldering
{Only for pin}

Solder bath temperature: 260°C max., Time: 10 seconds max.

Pin Partial Heating

Pin temperature: 300°C max., Time: 3 seconds max.

{per pin}

Caution The wave soldering must be performed at the pin only. Note that the solder must not be
directly contacted to the package body.
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[IMEMO]
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NOTES FOR CMOS DEVICES

(I PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note: Strong electric field, when exposed to a MOS device, can cause destructien of

the gate oxide and uitimately degrade the device operation. Steps must be
taken to stop generation of static elactricity as much as possible, and quickly
dissipate it once, when it has occurred. Environmental control must be
adequate. When it is dry, humidifier should be used. It is recommended to
avoid using insulators that easily build static electricity. Semiconductor
devices must be stored and transported in an anti-static container, static
shielding bag or conductive material. All test and measurement toois including
work bench and fioor should be grounded. The operator should be grounded
using wrist strap. Semiconductor devices must not be touched with bare
hands. Similar precautions need to be taken for PW boards with semiconductor
devices on it.

(@ HANDLING OF UNUSED INPUT PINS FOR CMOS

Note: No connection for CMOS device inputs can be cause of malfunction. If no

connection is provided to the input pins, it is possible that an internal input
level may be generated due to noise, etc., hence causing malfunction. CMOS
device behave differently than Bipolar or NMOS devices. input levels of CMOS
devices must be fixed high or low by using a pull-up or pull-down circuitry. Each
unused pin should be connected to Voo or GND with a resistor, if it is considered
to have a possibility of being an cutput pin. All handling related to the unused
pins must be Judged device by device and related specifications governing the
devices,

(3 STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note: Power-on does not necessarily define initial status of MOS device. Production

process of MOS does not define the initial operation status of the device.
Immediately after the power source is turned ON, the devices with reset
function have not yet been initialized. Hence, power-on does not guarantee
out-pin levels, 1/0 settings or contents of registers. Device is not initialized
until the reset signal is received. Reset operation must be executed immedi-
ately after power-on for devices having reset function.
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[MEMO]

No part of this document may be copied or reproduced in any form or by any means without the prior written
consent of NEC Corporation. NEC Corporation assumes no responsibility for any errors which may appearin this
document.

NEC Corporation does not assume any liability for infringament of patents, copyrights or other intellectual
property rights of third parties by or arising from use ¢of a device described herein or any other liability arising
from use of such device. No license, either express, implied or otherwise, is granted under any patents,
copyrights or other intellectuat property rights of NEC Carporation or others.

While NEC Corporation has been making continuous effort to enhance the reliability of its semiconductor devices,
the possibility of defects cannot be eliminated entirely. To minimize risks of damage or injury to persons ofr
property arising from a defect in an NEC semiconducior device, customer must incorporate sufficient safaty
measures in its design, such as redundancy, fire-containment, and anti-failure features.

NEC devices are classified into the following three quality grades:

“Standard"”, “Special”, and “Specific”. The Specific quality grade applies only to devices developed based on
a customer designated “quality assurance program” for a specific application. The recommended applications
of a device depend on its quality grade, as indicated below. Customers must check the quality grade of each
device before using it in a particular application. ’

Standard: Computers, office equipment, communications equipment, test and measurement equipment,
audio and visual equipment, home electronic apptiances, machine tocls, personal electronic
equipment and industrial robots

Special: Transportation equipment (automobiles, trains, ships, etc.). traffic control systems, anti-disaster
systems, anti-crime systems, safety equipment and medical equipment {not specifically designed
for life support)

Specific: Alircrafts, aerospace equipment, submersible repsaters, nuclear reactor control systems, life
support systems or medical equipment for life support, ete.

The quality grade of NEC devices in “Standard” unless otherwise specified in NEC's Data Sheets or Data Books.
If customers intend to use NEC devices for applications other than those specified for Standard quality grade,
they should gontact NEC Sales Representative in advance.
Anti-radioactive design is not implemented in this product.

M4 9411
V20, V30, V20HL, and V30HL are trademarks of NEC Corporation.




