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Abstract

This project is a research of Auto-Synchronizatiom for power
system by speed controlling of prime mover generator-driver to take
frequency equals frequency of system,controls voltage of generator to
equal voltage of system and phase sequence checking of system and

generator. It will be automatically tune these parameters.

All of systems are controlled by microprocessor (Z-80).
These are generator starting,increase of speed and voltage, phase
sequence checking.that are controlled untill it can synchronize to the
system by taking frequency and voltage feedback to link with micropro-
cessor system. Both of values are complied by program that responds

operation rapidly and exactly.

Nowadays synchronizing method has used electroni¢ circuit
and relay. This makes idea to improve system to use microprocessor
intead of it. Altogether bring signal checking circuit to link with,

that responds operation rapidly and exactly.
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2.1 Armature Resistance Control
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Radial System

Net work

Synchronizing method of parallel generator
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3. Two dark one bright of Synchronizing
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4.3.4 Tnaﬂlﬂu RL uasil Free-vheeling diode

49

4 [ [ [
141791uqun11Lﬂaauuﬂao1wn75uﬁﬂau1Uun1suﬁaﬁqTa5131aﬁ%aﬁﬁﬂugu

[ « . . R ' ' ' s .
4.8 n.InaAtYs RL uavn Free-wheeling diode aan1au1uaaag taﬁ?awsaznqauw

Ki
nTzudn vt =

' < ' : . e o {
180 8YAT NAT1IRE TEWINNRTIVINTAWNASINSTHATEURAAVL BT T

. * o ' . o o { o~ v 4 :
gnn?nﬁﬁuwns:uﬁ ur'tRiaa D ac1uu1nssuﬁlu1151§1u1l1a1a1uada§tuaﬁqa?qau

. [ I's o~ 'y o .
7891%1ralaTeR D WU TEUR uan11laﬂ§a17151u1t1a1ﬁ1uaaiqﬂsuqau1niz

K ' . . o
ud  aTrudninaTuTnansszwiulaTas D URzARARYAETN exponent1a1.aeudnq1uzﬂ 4.8

1.

SCR

&
[LoAD | '

v

D
Vo o
(-\ ﬁ-w'ﬁ I\ T K A;Vt
oK =120"} y
e { ' Vo
| I
t ]
o
Bl 0T, by
VS(& U )
ya ¥

EU 4.8 Tuaﬂlﬁu RL uasi Free-vheeling diode




50 .

v =% V. (14 cos oo 4.18

o (ave)

[ { J x <
VA = VB = UINAUBEITIENLAd  TEMI19427 A UAar B insuy

- Q’ v t 1 1
nuaanqnaﬂq savmNandaInieauIaieIv

A.C

i

;nJ 4.10 Full-wave Rectifier with Center tab Transformer

R € a o ' o . ' o

TUNTANTIAR L UUAREARWTHARR tadg817 1 geRvINTEudAa T DIUNUTIRY

1 - ) o ﬁ o [

vV,  Liuky avudavlugl 4,11 pesnuavAu V. uduau wTeEu Vo azi
4 ¢ - . I's . .

UIN WATLNBLARDBTT 2 NEgEIANIATMianTEuR 1ad3a19 2 AsunTEuRIREN IR g

s o « s o . " ¢ . : ' Vv I's

17 1 1§7u1n13191uadxﬁun17n1ﬁntaa§a17 1 mqauwnisuﬁ %cna111ﬂvﬂxaﬁ§aﬂs

. . 'S
1 gnnw?ﬁngauwnvzuﬁ (comnutated) Tasiad7a1d 2



51

4.3.5 Tnaatﬁuveav RC

4 - ‘ o (4 .
luaﬁaﬂ!ﬂ!'\mn'fﬂlﬂnﬂa\ilEla'%a'\7 Q nua’ﬁ\"[uZU 4.9 n. lﬂd%a'\i‘uﬂl'\n?z

ud

o J2V . -t /RC ... 4,18
1= /_ sin(wt+¢) + Ae
v
st
10F--—
i B
’ E/ it 0 >
M} re | o= 4 o
/Y 4 " LS y, i
»
= V2V ¥n ex % -.3, o b :
% - |
|
: IRYH .
0 «} fl 2 ot
G LAY § '
viv |
|
1
’ »
fiir 2wt

¢ & 4 4 4
W 4.9 7qa1ﬁququtin§1WLaa79?¢aau1ua§1uaa&ﬂu RC

~

4 . - f_w . 4 ] - ]
LHARINNTNINLAHTRTIRUINTENAN Wt = o TesluluTsAurTanala?

L 1 v
tna1a§nau (v = 0) AL

is= sz’, [sin(ut+¢)+{z/R sin e-sintate)de’ "5 L 417




" ] £ Y » P

immwmnizuauazusqauﬁsautaﬁ%a11uﬁa4111u3u 4.9 uara1funTan  R=0
¢ < o { < fl a (da d £ o

Janu  Ra AURRNMINTIRBTABNNIREILTY 1qw1tvﬁa1WLaa1nu91ﬂw%1aaiﬁwgqqLﬂuﬁvaa

oY o (s PYR o X 4 . - ) ‘. o
gaaﬁﬁnu1QﬁulaﬂnqnnaﬁaﬂnunTuanl1aanu LNANINTTNIATI L BRTA TN TEUAN Wt =
<4 o ' { . - 2 o & '
o ITRUTIAUATENATUNDIAET v, =J2Vsin« 1nanﬁzuatUuwaa§qu1n twiety
oy . . 8 . g » ] (4
uavﬁwuaaa§1uvea1taa TuN1TRIEN 1IN aFTR 1 F R A a TR ulueTI9RTLTARIHL BTN

> . « I's 4d . o 4 T “ 8
¥ 1aTaanminuNLL ad3a79 LIBNINTT0RAINTAIE THANUKA I 8 IWN TEUAAR UL 20

- (d_ K M 4 ¢ o« ¥
MITLTaRIdigainiriaiaa n1a1aanaz153uwa&uaoa1nn1suan1sﬂ1ntﬂuwaagouwnu

4.4 Single-phase full-wave controlled rectifier

1935017 LR B tWin Tru U hetwian TEudRT TR 1 Lwaaéognﬁsuas
1 aTaanTatadTand eIt Aen ualua LRI T AL Detuin e
URRTIINA 1 LdeSuenaéu Ninsarniseanatsuuy Teazasuratuiatanaty Teh11¥
1a1aﬁas1ﬁd1u11na1u§uu1¢§uujv§ulasatawﬁgnTE WAD1TE L RATB1TTINA 8 AN

mmmuquuwaumaa l a'lmen‘ta

~ 4.5 Full-wave Rectifier with Center tab Transformer

[ < [ 4 > 4#
n17uﬂaq1ﬂ§1nszuadautﬂu1dnssuﬁaﬁquuuLaugnaau TaglinNandani
‘b' o k¥ & a4 - 4 o . o ’c.v
TANVNRY aqudaq?uzu 4.10 n. 3z1f1adT299108Y 2 67 LURBRRWEANTEUREIRLATY
d ‘ . v, 4. < d a .
ANAAL 1ad71819 1 durTnaanintiinssndsasiuaein vV, tluaniacisuiy
¢ . {. d L] ' )
3&50na1¢naou§auﬂaq Taan1n11n?nﬂﬁtaﬁﬁ§a17u1n7suanqu « ﬁjana111ﬁqwgun§n
{1 o wd [ [Y) ] o 4 Py Y] (s .
LNATINIAY o TUNITANTHUALIRADINAIUNIMAEI4LASY (NaNININRLEdTaT 1 UnTe
o I'4 . 4 ¢ P o
uaniul  « ua1teddand 1 ILNEAUINTLUALNE VA,ﬁﬂaﬁéﬁuB A nun 180 avA1 AN
- [ ' . o ' .
udasuiy 10 1. uarnInitiiagieng 2 M TIUATNY 180+ UaAriadtanT 2 axusmi

o o < o ot | e
nﬁsudngu 360 89A7 UTYRUNTLUARTILRRANTHAAILUAILNINY



Vo

NN AN

53

« § - |

Aser\ I' .I dsceq  Escez  (iscr1  fscra

N :, \” '\Ii \!‘ AN oy tl! E\ﬂeooi\.';\l \.

o 4

-
-
=

v

10 4.11 Tnae LA U AR TIAR

el s 4 Q S 's [4 .
TunsanunszusdInaninaluratuas Aa qun1nlna1 x V¢, tad%aﬁﬁngauﬁ

< o t o o4 4 " o
nTzuﬁngu B ﬁQ“ﬁﬁQ?HZU 4.11 n. quUTQQulQaﬂlaqnqnlnqﬂU

v = Ja/" VA(-cos B + COS «) ees 4

o (ave

. ada ) 4 . .
lunTanmunieudTHarIvaRaLuUdY  (continuous conduction) « ¢ ¢

MUIUITABUNUAD a = ¢ AYTUANNT 4.8

g = 180 + « cee 4

.18

=)

.20




sS4

- - ' 's ﬁ (d «

aetiunTeudn AU MLBATANT 1 3zanl uguanqu g = 1B0D + ¢ URgN
- ¢ < 4 - ¢ - | a ‘.
A1InInLagiand 2 niu e (1uaqun1nlnai « = ¢) LHTIZAZUMLUBNNNIN L NB TUIN T Y
<4 ' 4 & o ' ¢ ¢ 4 ¢ .

udg  nIzuEntuawuiadians 1 a¢1uﬁnaqtﬁu§ua laﬁiaﬂﬁ 2 ngnn?ntnaiﬁﬁu1n1suﬁ

< ] : { o4 [ ' 4 o
n1:uﬁn1naw1uTnaa341uanaqaﬁuﬁua 34Lﬁuﬁnﬂvsnn1zua1uaa1naaawqﬁaLuaq av

 J

- [y <4 4 i o
uﬁaqﬁuzu 4.11 9. azuuﬁqaulaaataﬂnqnlnwnu

= *%)_V,cos « oo 4.21

o (ave )

v { 4 »
V=V, =V_ = u‘i\iﬁua"lﬁlai“ﬂa’n?ﬁﬂ\’ﬂa']ﬂna‘!“uﬂuﬂa\i

A B

~ad € o o - - . ' o o
TunTanTias LiuauaRAWTHARALASY flyvheel-diode RAIUIUNUTHARRY
o o ' R v { . o
uaae?uzﬂ 1zn.ﬁmmﬂmnaqu1qnun1naaaz1uaaaoﬁﬁnvwgua 1alaa IzuInTeUdIANINTE

] ' A | ' e o 4 s 1 Y
uan1nauwu1uaa1ﬁ1uaaatuaqag aeuaa¢1u3u 12 1. UIIRLLAABLBIMENIZARTLNINY

v = 7% 1+ cos ... 422

o (mave)

Flyvheel diode is§34d1u11nnunssuﬁ§¢qanaﬁTnaa UASABINIL TR

1 [¥] (
inany J2v Taan

3 I3 U ) ]
"185;\1lﬂfz')'llai‘gaq‘n]ﬂa'ﬂ‘ﬂaa‘lﬂullTQﬂuuqﬂﬂ')"l 2¢Jj2 V)



A.C.

® .

3
(-]
©

NN
-

PP
F vy

scr2

: : st :
[ (1 1
'1m1scu1 1, isceq 1 'hsced 1) itsced

A

11 4.12 i Flyvheel diode sasummiuduiaavinan

) \ r o . S
LB TIAUAIAA ATININDDNDAI1ETY (Secondary winding) = V
s 8 n

-

- (
Uidputianun = V = Vﬂ
[ <

o(ave )

< (. odd '
NTZUALIABLAINUNABATINUTANDAANETE = I, /2 = I _ |

4 ¢ ' ¢ . L
nﬁsuaawitaulaﬁtawnqnnan?quﬁqnaqnﬁiﬁs1w = J(I, %72 = 0.707 1,

LY (4 ' ‘:’ Q' (]
WINRUBITLBNLARRARITINUIANIARETIY = V /J2 = V




283718 1WiA1 volt-amperes (RMS) = 2 x 0.707 I, x 1.11 V,_

= 1.57 V,_ x 1

de

o 4 o R P
UTIRUBITIBULAANIRTUIW (primary winding) = 1.11 V..
4 4 o
nIzudaITIaNtagnDATuIY = I__
2eTuTHiAY volt-amperes (RMS) = 1.11V,_ x 1,
{ v L oA .1
teadaniavRasnunssudlaNInnga 1, /2

HaTRAVNLTIALTENINNTT 2. 14 Vg

4.6 Fully controlled single-phase bridge

o “ & - e
14?7tUasu1w§1nizudaauluu1uﬁwnisuaaﬁquuuu1? Taaaauqutauasﬂsz
Y I S o 5 Y ' o
NOURIELAATET 31U 4 A7 a«anQ1uzu 4.13 1un11ﬂ1uquuuuu?sa1u17nawsuaq
P [ o <9 < '
eﬂunauéunavi1s1wnszuqﬁau1ﬁ fa 1un1&n1naatﬁuua1aasn15uﬁaiq
] 4 s . -
n1:uﬁ1nau1uTnaaLuataa§a11 1 ury 2 3nn?n1§u1n13uﬁw?aunu uasxad?
s ) - v . . < 4 . g P |
217 3 UR: 4 asnaegnnsn?nuwn7zuﬁﬂu97¢§nﬁaua81u azﬁqln§1ﬂtaﬁia11 2 &M
£} < | T £ %] e 3 [ YN | ) Y] L} o el ’ o “U
RANVMINTHLINTEUAWTBNNY TR TNIRTNTARRTINDUUAL N TSR UL TYOUR 1YL L NARAINIT
o « . o ’ o
1 vaagTnefggianingeisiaeaiin 3einiuiald pulse transformer Houdslu

I4+ o
71l 16 17817 opto-coupler MIUENAITNIATAYLARTDTENHBSBBNIANNY

[



| )
T4+
SCR 1 SCR 4
A.C. ll vo | [Loas
l SCk 3 Z?Fxnz l
(n)
v
l\o
/ /
/ /
g / /
] 5 L o >
0 T 186 o+ 186 366 |
NRY
io | !
l [ ]
I
l |
! ! !
I l i l
SCR1,2 Hscr 3.4 SR 1,2\
I I i |
| ' ' :
Yscr 1 < 7 | ! -~ l
\ | | \ {
\ ] ' \\ |’
\! i |
I = 1>

()  Twanudunrndnmo

57

;nJ 4.13 Fully-controlledsingle-phase bridge with resistive load
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e denasn1Tulavindessy Z-80

oBlJ SOURCE oBJ SOURCE

CODE STATEMENT CODE STATEMENT
BE ADC A (HL) E620 AND n
DD8EOS ADZ A LIX>d! cBas BIT O.(HL}
FDBEDS ADC AlIY+g) DDCBOS46 BIT 0,(1X+d)
8F aDC ALA FDCB0546 BIT 0.1Y+g}
88 ADC AB cB47 BIT G.A
89 ADC AC CBa0 BIT 0.8
84 ADC A.D CcB41 BIT '0.C
88 ADC AE cB42 BIT 0.D
8c ADC AH CcB43 81T 0.E
8D ADC AL CBA44 BIT oK
CE20 ADC An cBas BIT o.L
'EDaA ADC HL,BC CBAE BIT 1 (HL)
EDSA ADC HL.DE DDCBOS4E BIT 1,(1X+d)
ED6A ADC HL HL FDCBOS4E BIT 1.(1Y+d)
ED7A ADC HL.SP CBA4F BIT 1.A
86 ADD A (HL) ceag BIT 1.8
DDB8605 ADD A (1X+d) CB49 BIT 1 (¢
FDB60S ADD A{lY+d) CB4A BIT 1.0
87 ADD ALA CB4B 8IT 1.E
B8O ADD AB cBaC BIT 1.H
81 ADD AL cB4D 8iT 1L
82 ADD AD CB56 BIT 2.(HL)
83 ADD AE DDCBO556 BIT 2.1IX+d}
84 ADD AH FDCB0556 BIT 2.(+Y +d)
85 ADD AL cB57 817 2.A
C620 ADD An CB50 BIT 2.8
o] ADD HL.BC cBs1 8IT 2.
19 ADD HL DE tB52 BIT 2.D
29 ADD HLHL CBS3 BIT 2,E
3¢ ADD HL,SP cBS4 BIT 2.H
D009 ADD 1X,BC CcB55 BIT 2,L
DD ADD IX,DE CB5E BIT 3.(HL)
DD29 ADD 1X.1X DDCBOSSE 81T 3.(1X+d)
DD39 ADD I1X.SP FDCBOS5E BIT 3.(1Y+d)
FDOS ADD 1v.8C CBSF - BIT 3,A
FD19 ADD  IY.,DE cese BIT 3.8
FD29 ADD 1YY cBso BIT 3.¢
FD39 ADD  1Y.SP C85A BIT 3.0
A6 AND (ML) cese BIT  3E
DDABOS AND {1X+d) CB5C BIT 3.H
FDAG0S AND {tY=d) CBsD BIT 3.L
A7 AND A cB66 BIT 4, (HL}
AD AND B DDCBOSEE BIT & (1X+d}
Al AND c FDCBOS66 BIT 4.,(1Y+d)
A2 AND D c867 BIT 4.A
A3 AND E CB60 BIT 4,8
Al AND H CB61 BIT 4C
AS AND L cB62 BIT 4.0
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o8y SOURCE on) SOURCE
COOE STATEMENT CODE STATEMENT
cBE3 BIT 4E . EDB1 CPIR
CB64 BIT 4K EDA1 cPI
CB6S BT 4L 2F cPL
CBSE BIT  5(HL) 2 DAA
DDCBOSEE  BIT  E(iX+d) 35 DEC (ML)
FDCBOSGE  8IT & (Iv+q) DD3s05 DEC  (iX+d)
FD3505 DEC {1y +d)
CBSF BIT 5.A
3D DEC A
cBss BIT 5.8 -
05 DEC B
cB6S BIT 5.C
o8 DEC BC
c86a BIT 5.0
oD DEC c
cB68 BIT 5.
15 DEC D
cB6C 8IT 5H
1B DEC DE
CesD BIT 5.L 1D DEC £
cB76 BIT 6.(HL)
1 25 DEC H
DDCBOSY6 BIT 6.(1X+d)
28 DEC HL
FDCBOS76 BIT 6.{1Y+d)
DD2B DEC 1x
c877 BIT 6.A :
FD28 DEC 1y
cB70 BIT 6.8
20 DEC L
cen1 BT 6L 38 DEC  se
€872 BiT 6.0 Fa oI
CB73 BIT 6. 102€ DJNZ e
cB74 BIT 6.M FB El
c87s BIT 6.L £3 EX {SP).HL
CB7E BIT 7.(4L) DDE3 EX {sP).ix
DDCBOS7E  BIT 71X +d) FOE3 EX (SP) 1Y
FDCBOSTE BIT 2.11Y+d) 08 EX AF AF'
CB7F BIT 7.A EB EX DE,HL
cB78 BIT 7.8 D9 EXX
cB79 BIT 7.¢ 76 HALT
CB7A BIT .0 ED46 M o
c87B BIT 7.E EDSE M 1
cBIC BIT 7.H EDSE ™M 2
cB7D BIT 7L ED78 IN A (C)
DC840% catr Con ED4D IN B.ICY ,
FCB8405 CarL  Mon ED4s IN c.ic) !
D48405 catt. NCnn EDSO IN D.iC} J
C48405 carL  NZon EDS8 IN E.iC) -
F48405 CALL Pon EDSO IN H.(C) {
‘ECB405 CALL  PEnn ED68 IN L.(C) !
E48405 CALL  PO.nn 34 INC tHL)
CC8405 CALL  Zpp DD3405 INC {IX+d)
CDB40E CALL  nn FD3406 INC {1Y+d)
3F CCF ac INC A
BE cp (HL) 04 INC B
DDBEOS cr (1X+d) 03 INC 8C
FDBEODS ce (1Y+d) oc INC c
BF cp A 14 INC D
B8 cr B 13 INC DE
89 [l J c’ 1C INC E
BA cp D, 24 INC H
B8 cp £ 23 INC HL
BC cP H DD23 INC X
BD cpP L FD23 INC 1Y
FE20 cP. n 2¢ INC L
EDA9 CPD 33 INC Sp
EDBY CPDR D820 IN A.tn)

e




c%?;s SOURCE . OBJ SOURCE
STATEMENT CODE STATEMENT
:2 LD EE EDB3 OTIR
LD EH ED78 ouT (c).A
5D LD E.L ED41 out (c1.B
;:20 LD En ED4S ouT (c1.c
LD H.HL) ED51 ouT {c).D
DD6605 LD H.{1X+d) EDS9 ouT (C)LE
FD6605 LD H,(1Y+d) EDS1 ouT (C)LH
gg Lg H.A ggg*g ouT  (CIL
g1~ to e EDAB 8511:0 (ol
62 LD H.D EDA3 OUTI
gg tg :f, Fi POP AF
65 W ML < o2
2620 LD H.n E1 ng EHE.
2A8405 LD HL ,(nn)
218405 LD HL nn ;DDE1 o 'x
ED47 L0 LA FEH :8;»4 L\YF
DD2AB40S LD 1X.(nn) cs PUSH  BC
DD218405 LD I1X.nn D5 PUSH DE
FD2AB40S LD 1Y.(nn) ES PUSH  HL
FD218405 LD 1Y.nn DDES PUSH  IX
6E LD L.HL) FDES PUSH 1Y
DDGEOQ LD L.(1X+d) (o1-3-1) RES 0.{HL)
FDBEDS LD L.(1Y+d) DDCBOSBE RES 0,(1X+d)
6F LD LA FDCBOS86 RES 0.{1Y+d)
68 LD LB cB87 RES 0.A
69 LD t.C cB880 RES 0.8
g: tg tg cB81 RES 0.c
: cB82 RES 0.0
gg tg t’: €883 RES 0.E
4l | e - cBB4 RES O.H
KR G = cB8S RES oL
ED788405 LD SP.(nn) g oo mre 4
e o e DDCBOS8E RES 1.IX~d}
. FDCBOSSE RES 1.01Y+d)
DODFg LD SP.IX CB8F RES 1.4
FDF9 LD SP.1Y '
cess RES 1,8
318405 Lo SP,nn
S DA %5 cB89 RES 1.C
cBBA RES 1.0
EDBS LDDR '
£DAO v cB8B RES 1.E
D50 . cB8C RES 1.H
EDes NEG CBBD RES 1.L
00 NOP €896 RES 2,HL)
86 02 (HL) DDCBO596 RES 2,(1X+d)
DDBEOS OR {1X+d) FDCBOS96 RES 2.L1Y+d)
FDB60S OR Y+d) ceo7 RES 24
B7 OR s [03:3210] RES 2.B
BO OR 8 CBg1 RES 2.C
82 OR D cBS3 RES 2,E
B3 OR [ CB94 RES 2.H
B4 OR H cBes RES 2.L
BS OR L CB9E RES 3.(HL)
F§20 OR n DDCBOSSE RES 3.(IX+d)
ED88 OTDR FDCBOSSE RES 3.(1Y+d)
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t

osJ SOURCE o8J SOURCE
CODE STATEMENT CODE STATEMENT

EDAA IND DD7E0S LD AlIX+g)
EDBA INDR FD7EOS LD AlY<+d!
EDA2 INt 3AB40S LD A (nn)
£DB2 INIR 7F LD AA
C38405 JpP nn - LD AB

E9 Jp 18] 79 LD AC
DDES Jp 1) 7 LD AD
FDED P 1y 78 LD AE
DAB40OS JP C.nn 7C LD AN
FABA4DS JP M.nn EDS? LD Al
D28405 JP NC.nn 7D LD AL
C28405 JP NZ,nn 3E20 LD An
F28405 JP P.nn EDSF LD AR
EAB40S p PE.nn 46 LD B.(HL)
£28405 P PO.nn DD4605 LD B.(IX+d)
CAB4DS JP Z.nn FD4605 LD B.{IY+d)
382E JR Ce 47 LD B.A
302E JR NC.e 40 LD 8.8
202E JR NZ.e 41 LD B.C
282E JR Ze &2 LD B.D
182E JR e L 43 LD B.E

02 LD {8Cr.A a4 LD B.H

12 LD {DE).A 45 LD B.L

77 LD (HL)LA 0520 LD B.n

’ 70 LD (HL).B ED4BBA4ACS LD 8C.(nn)
71 LD (HL).C 018405 LD BC.nn
72 LD (HL).D 4t LD C.(HL)
73 LD (HL)E DD4EDS LD C.liX+d!
74 LD (HL),H 504505 LD C.“Y’d’
75 LD tHL)L 4f LD C.A
3620 LD {HL}.n 48 LD Cc.B
DD7705 LD {IX+d} A 49 LD c.cC
DD7005 LD (1X+d} B 4aa LD Cc.D
OD7105 LD (1X+d),C 4B LD CE
DD7205 LD {1X+d) D 4c LD C.H
DD?7305 LD (IX+d} E 4D 10 C.L
DD7405 LD lIX+d) H 0£20 Lo Cn
DD7508 LD (1X+d),L 56 LD D.(HL)
DD360520 LD (IX+d),n DDS605 LD . D,(IX+d)
FD7705 LD {1Y+d} A FD5605 LD D.(1Y+d)
FD7005 LD (iY+g).B 57 LD D.A
FD7105 LD (IY+d),C 50 LD D.B
£D7205 LD {1Y+d),D 51 LD D.C
FD7305 LD (1Y+d} E 52 LD D.D
FD7405 LD {1Y+d) H 53 LD D.E
FD7505 LD {1y+d.L 54 LD D.K
FD360520° LD {IY+d) n 55 LD DL
328405. LD {nn) A 1620 LD D.n
ED438405 LD {nn},BC EDSBB40S LD DE (nn)
ED538405 LD {nn),DE 118405 LD DE.nn
22840%5" LD Ann) ML 5E LD E.(HL)
0D228405 LD (nn1IX DDSEOS lo E.(1X+d)
£ D228405 LD () 1Y FDSEODS LD E.(IY+d)
€D738405 LD {nn) SP SF LD E.A

0A LD A_(BC) 58 LD E.B

1A Lo A.(DE} 59 “ LD £C

7€ LD A (HL} 5A LD E.D
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OBJ SOURCE OBJ SOURCE

CODE STATEMENT CODE" STATEMENT
cegr RES 3.A Eg:so - :E:L
Coss Ree o core e
cB9A RES 3.0 DDCBOS16 RL (1X+d)
cB89B RES 3.E FDCBO516 RL (1Y+d)
CcBaC RES 3H cB17 RL A
cBYD RES 3L ceig RL B
CBAE RES &.(HL) c811 RL c
DDCBOSAE RES & 41X+g! cB12 Ry o)
FDCBO5AE RES & (1Y +gs CB13 RL E
cBa? RES 4. A CB14 RL H
CBAD RES 4.8 cB15 QLA L

4 17 L
g:i; ::: a:g 806 RLC  (HL)
DBA3 RES 4E DDCBO506 RLC (1X+d)
cead RES &H FDCBOS06 RLC {1Y+d)
ceas RES aL c80? RLC A
CBAE RES §.(HL? cBOO RLC 8
DDCBOSAE RES 5.(1X+d) poi-1o}} RLC c
FDCBOSAE RES S (1Yed) cBO2 RLC D
CBAF RES 5.A cB03 RLC E
CBAB RES 5.8 CBO¢ RLC H
CeAS RES 5C cBOS RLC L
CEAA RES 5.0 ELGF :tCD:A
£ <

g::? 2&2 :i CBIE AR tHL)
CBAD RES 5. DDCBOSIE  RR (IX+d)
CBB6 RES 6.IHLI FOCBOS1E 2:. :Y*d)
DDCBOSBE  RES 6.(1X+d) gg:; ¥ :
FDCBOSB6 RES 6.(1Y+d) &g e .
cB87 RES 6.A 71994 Y .
. i e ceis RR £
4 V i - A% ceic RR H -
ey e iy c81D RR L
CEBB3 RES 6. e RRA_
cese JE€S e« CBOE RRC (ML)
cBBS a0 S DDCBOS0E RRC {1X+d)
cest s 7. FDCBOSOE RRC (1Y +d)
DDCBOSBE RES 67,(|x.d) CBOF o A
FDCBOSBE RES 7.01Y+d) Py drc A
CBBF RES 7.4 . RRC .
cBB8 RES 7.8 ot RRC o
ces9 RES 7c -t RRC ‘
Cesa RES .D csoc RRC H
c8BB RES 7.E ceop RPC - L
cB8C RES 7.H OF RRCA
cesD RES 7L ED67 RRD
c9 RET 7 RST  OOM
DB RET (o] CF RST 08H
Fg§ RET M D7 RST oM
bo RET  'NC OF RST  18H
co RET Nz €7 RST 20
Fo RET P EF RST  28H
E8 RET  PE F7 RST  30H
EO RET PO FF RST 38k
c8 RET 2 DE20 SBC An




o8J SOURCE osd SOURCE

CODE STATEMENT CODE STATEMENT
9F SBC AL(HL) DDCBOSEE SET 4,(1X+dl)
DDSEDS SBC A (1X+d) FDCBOSEG SET 4,(1Y+d)
FDIEDS SBC A(1Y+g) CBE? SET &.A
oF SBC A.A CBEO SET 4.8
o8 SBC AB CBE1 SET ac
99 SBC AcC CBE2 SET 4D
ga S8C AD CBE3 SET &€
98 SBC AE CBE4 SET PRY
9C $8C AN CBES SET 4L 1
:]s) SBC AL CBEE SET 5. (HL)
£ED42 SBC HL BC DOCBOSEE SET 5.(1X+d)
EDS2 SBC. HL.DE FDCBOSEE SET §.(1Y+d)
EDE2 S8C HLHL CBEF SET 5.4
ED72 S8C HL.SP CBEB SET 5.8
37 SCF CBE9 SET 5.C
CBC6 SET 0.(HL) CBEA SET 5.0
DODCBOSCE §ET 0.(1X+d) CBEB SET s E
FDCBOSCE SET 0.(1Y+d) CBEC SET 5.
cecy SET 0.A CBED SET 5.0
cseco SET 0.8 CBFS SET 6.1HL)
ceCy SET 0.c DDCBO5F6  SET 6.(1X+d)
cec2 SET 0.0 FDCBOSF6 SET 6A1Y+d)
cBC3 SET 0.E CBFY SET E.A
cBC4 SET O.H CBFO SET 6.E
CBCS SET o.L C8F1 SET 6.C
(CBCE SET 1.(HL) CBF2 It 6.0
DDCBOSCE SET 1,01 %X+d) Bls Y, 6.E
FDCBOSCE SET 1.01Y+d) CBFa SET -
CBCF SET 1.A CBFS SET 6.L.
cecs SET 1.8 CBFE SET 9.4HL)
csCe” SET 1.€ DDCBOSFE  SET 2.(1X+d)
cBCA SET 1.0 FDCBOSFE SET 7.41Y+d)
€8CB SET 1.E CBFF SET 7.2
cBCC SET 1.H CBF8 SET 7.6
CeCcOD SET L CBFg SET 7.C
CBDS6 SET 2.(HL) CBFA SET 7.0
DDCBOSDE SET 2.(1X+d) ‘cBFB SET 7.E
FDCBOSD6 SET 2,(1Y+d) CBFC SET 7.H
c8D7 SET 2.A CBFD 4 SET 7L
cBDO SET 2.8 €B26 SLA KL}
CBD1 SET 2.C DOCBO526 SLA (1X+dr
cBD2 SET 2.0 FDCBO526 SLA (1Y+g)
c8D3 SET 2.E c827 sta A
CcBD4 SET 2.H €820 SLA 8
CBDS SET 2L cB21 SLA c
c8D8 SET 3B CB22 SLA o}
CBDE SET 3.(HL) cB23 SLA 3
DDCBOSDE  SET 3,(1X+d) cB24 SLA H
FDCBOSDE SET 3,(lY«d) CB2S SLA L
CBDF SET 3.A CB2E SRA (HL)
CcBD9 SET 3.C DDCBO52E SRA (I1X+d)
CB8DA SET 3.0 FDCBO52E SRA {1Y+d)
CBDB SET 3.E CB2F SRA A
CBDC SET 3.H ce28 SRA 8
c8DD SET 3.L c829 SRA c
CBE6 SET 4,1HL) CB2A SRA D
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osJ SOURCE
CODE STATEMENT

cB28 SRA E

c82C SRA H

c82D SRA L

CB3E SAL HL)

DDCBOS3E SRL {IX+d}

FDCBOS3E SRL {1Y+g)

CB3F SRL A

c838 SRL B

CB3¢ SRL [

CB3A SRL D

cB38 SAL E

cB3C SRL M

CB3D SRL L N

=13 SUB (ML)

DD960S SUB (IX~d}

FD9605 SUB {1Y+d)

a7 sus A

90 susB 8

91 SUB [of

82 SUB D

a3 SUB E

84 SUB H

95 sSuB L i

D620 sus n

AE XOR  {HL)

DDAEOS XOR (1 X+d)

FDAEDS XOR (1Y~d)

AF XOR A

A8 XOR B

A9 XOR o

AA XOR D -

AB XOR E

AC XOR H

AD XOR L

EE20 XOR n

DECIMAL BCD DEC BCD DEC BCD

0 0000 10 00010000 80 10010000 .
1 0001 n 00010001 91 10010001
2 0010 12 00010010 82 10010010
3 0011 13 00010011 83 10010011
4 0100 " 00010100 84 10010100
5 0101 15 00010101 95 10010101
6 0110 16 00010110 96 10010110
7 0111 W7 00010111 87 10010111
8 1000, 18 00011000 88 10011000
] 1001 19 00011001 9% 10011001
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2000

2002

2004

2008

2008

200A

200B

200E

2011

2014

2018

2018

2014

201B

201D

201F

2021

2023

2025

2027

3E

D3

3E

D3

3E

D7

' 21

11

01

ED

3E

06

D7

D3

CB

28

‘SE

D3

F5

80

23

99

43

03

00

E7

04

BO

04

40

42

6F

F5

FF

20

21

30

3F

00

4
unn 8

TUTUNTHAILANNITHINIY

CONTROLLER PROGRAM

OF AUTO-SYNCHRONIZATION FOR POWER SYSTEM

BEGIN

STOP

ORG 2000H
LD 4,80H
OUT  (23),A
LD A,99H
OUT (43),A
LD  A,08H
RST 10H

LD  HL,3000H
LD  DE,3FE7

LD  BC,0004H

LDIR
LD  A,04H H
LD B,40H

RST 10H

IN A, (42) H
BIT 5,4

JR  Z,STOP H
LD A,FF

OUT (20),A
OUT (21),A

PUSH AF
\\

s Set Port#1

5 Set Port#e

5 Clear Display

Display “"Stop"

Scan Input "Start"

if no "Start" Input
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2028 3E 02 LD A,03H

2024 bz 22 oUT (22),A 5 Show Start & Close SW-1
202C  CD 2C 22 CALL DISPLAY1

202F F1 INC-S0 : POP AF 5 Increase Speed
2030 3D DEC A

2031 D3 20 oUT (20),4A

2033 FE EE Cp

2035 28 086 JR  Z,VOLT s if Speed=rated
2037 F5 PUSH AF

2038 CD 42 22 CALL DISPLAY?2

203B 18 F2 JR INC-850

203D 3E FF YOLT = LD A,FF

203F 3D INC-V0O = DEC A 3 Increase Volt

2040 D3 21 0UT (21),A .

2042 FE EE CcP -

2044 28 07 JR Z,PICKXY 5 if Volt=90% rated
2046 F5 PUSH AF

2047 CDh 58 22 CALL DISPLAY3

2044 F1 POP AF

204B 18 F2 JR INC-VO

204D 16 EE PICKXY : LD D,

204F 1E EE LD E,

2051 D5 PUSH DE

2052 3E 05 LD A,05H s Clear Show "Start"
2054 D3 22 oUT (22,4 5 SPow "Balance Vef"
2056 01 00 00 COMP-F : LD BC,00H ;5 Clear Counter

2059 DB 40 SCAN-LO : IN A, (40) 5 Scan Signal-Line



205B

205D

205F

2061

2063

2065

2067

2069

206B

206D

206F

2070

2072

2073

2075

2077

2083

2085

2087

20839

208B

208D

20
DB
CB
28
18
DB

CB

18

oC

04
DB
CB
20
c5
01
DB
CB
20
DB
3
28
18
DB

CB

7F

08

40

7F

FA

08

40

FA

FO

01

40

Fé

00

40

77

08

40

FA

038

40

00

SCAN-L1

SCAN-L2

COUNT-L

SCAN-L3

SCAN-GO

SCAN-G1

SCAN-G2

BIT
JR
IN
BIT
JR
JR
IN
BIT
JR
JR
INC
JR
INC
IN
BIT

JR

7,4
NZ,SCAN-L2
A,(40)
7,4
Z,SCAN-L1
COUNT-L
A, (40)
7, A
NZ,SCAN-L2
SCAN-L1

C
NZ,SCAN-L3
B
A, (40)

7,A

NZ, COUNT-L

PUSH BC

LD

IN

BIT

JR

IX

BIT

JR

JR

IX

BIT

BC, 00H

A, (40)

8,4
NZ,SCAN-G2
A, (40)

6,4
Z,SCAN-G1
COUNT-G

A, (40)

6,4

>

s

’

!
, ¢ 109 |
|

if Signal=1

if Signal=0

if Signal=1

pick counter in memory

.

wse

'Y

‘e

Clear counter

Scan Signal-Gen

v

if Signal=1

if Sigral=0



208F
2091
2093
2094
2096
2097
2099
209B
209D
209E
209F
2040
2042
20A4
20A5
2046
2048
20AA
20AC
20AE
20AF
20B1
20B2
20B4
20B6
20B8

Z0BA

20

18

oc

20

04

DB

CB

20

El

7C

90

38

20

7D

91

FE

30

18

2F

FE

38

D1

DB

CB

20

15

FA

FO

01

40

77

F6

11

68

06

05

60

04

36

40

6F

0B

COUNT-G

SCAN-G3

CHECK1

INC-S1

JR

JR

INC

JR

INC

IN

BIT

JR

POP

LD

SUB

JR

JR

LD

SUB

JR

Cp

JR

JR

CPL

Ccp

JR

POP

IN

BIT

JR

DEC

NZ,SCAN-G2 s if Signal=1
SCAN-G1

c

NZ,SCAN-G3

B

A, (40)

6,A

NZ, COUNT-G

HL

AH

A,B

C, INC-S1 s if IO fG
NZ,DEC-S1 s 1f fL<SG
A,L

A,B -

C, CHECK1 if 4-C<0

e

DSH
NC,DEC-S1 3 TLCSG

when fL=fG

?

EQUALOD

.o

04H
C,EQUALO
DE

A, (40)
5,4

NZ,CHECK?2

110

D s when fL>fG and VL(VG
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20BB  OE 20 LD C,20H
20BD ED 51 OUT (C),D

20BF DS PUSH DE

20C0 CD GE 22 CALL DISPLAY4

20C3 18 91 JR  COMP-F

20C5 CB 87 CHECK2 : BIT 4,4

20C7 28 10 JR  7,INC-S2

20C9 15 DEC D 3 when fL>fG and VL(VG
20CA  1C INC E

20CB  OE 20 LD C,20H

20CD  ED 51 OUT (C) ,D

20CF  0OC INC C

20D0  ED 59 OUT  (C),E

20D2 D5 PUSH DE

20D3  CD 84 22 CALL DISPLAY 5 4

20D6 €3 56 20 : JR  COMP-F

20D9 15 INC-S2 : DEC D ; if fLXfG and VLOVG
20DA 1D DEC E

20DB  OE 20 LD  C,20H

200D  ED 51 OUT (C),D ’

20DF  0OC INC C

20E0  ED 59 OUT (C),E

20E2 D5 PUSH-DE, _

20E3  CD AF 22 CALL DISPLAYS

20E6  C3 56 20 - JR  COMR-F

20E9 D1 EQUALO : POP DE

. 20EA DB 40 IN A, (40)



20EC
Z20EE
20F0
20F2
20F4
20F5
20F7
20F9
20FA
20FD

2100

{
2101

2103

2105

2106

2109

210C

210D

210F

2111

2113

2114

2116

2118

2119

211¢C

211F

CB

28

CB

28

1C

OE

ED

D5

CD

C3

1D

OE

ED

D5

CD

C3

D1

DB

CB

20

14

OE

ED

D5

Cch

C3

CB

6F

53

67

0C

21

59

DA 22

56

21

59

FO

56

40

6F

0cC

20

51

06

56

67

BIT 5,4
JR  Z,PICK-DE
BIT 4,4

JR  Z,EQUAL1
INC E

LD C,21H
OUT (C),E
PUSH DE

CALL DISPLAY7
JR  COMP-F
DEC E

LD C,21H
OUT (C),E
PUSH DE

CALL DISPLAYB
JR  COMP-F
POP DE

IN A, (40)
BIT 5,4

JR  NZ,CHECK3
INC D

LD  C,20H
OUT (C),D
PUSH DE

i

CALL DISPLAYS

-JR  COMP-F

BIT 4,A

s if VL=VvG

3 if VLOVG

When VLCVG

s

5 When VL>VG

-3 ¥hen VL=VG



2121

2123

2124

2125

2127

2129

2124

212¢C

212D

2130

2133

2134

2135

2137

2139

2134

213C

213D

2140

2143

2144

2146

2148

2144

214C

214E

2150

28
14
1c
OE
ED
oc
ED

D5

C3
14
1D
0E

ED

0C.

ED

b5

Ch

C3

b5

b3

bB

CB

28

DB

CB

10

20

51

59

1€

56

20

51

59

47

56

01

22

40

FA

40

5F

23

20

20

DEC-52

PICK-DE

PHASE-LO

CHECK4

JR
INC
INC
LD
ouT
INC
ouT
PUSH
CALL
JR
INC
DEC
LD
ouT
INC

ouT

Z,DEC-S2

C, 20H

(©),D

(C),E

DE
DISPLAY10
COMP-F

D

E

C,20H
(C),D

C

(C),E

PUSH DE

CALL
JR
PUSH
LD
ouT
IN
BIT
JR
IN

BIT

DISPLAY11
COMP-F

DE

4,01 H
(22),4

Az (40)

3,A
Z,PHASE-LD
A, (40)

3,4

113

s ¥Yhen fL<fG and VL¢VG

5 ¥hen fL<FfG and VLYVG

Clear Show "Balance V&f"



2152
2154
2156
2158
2154
215C
215E
2160
2162
2164
2166
2168
2164
216C
216E
2170
2172
2174
2176
2178
2174
217B

217D

2181
2183

2185

DB

CB

28

DB

CB

20

CB

20

06

D7

3E

18

3E

D3

DB

FA

57

29

09

22

40

4F

FA

40

AF

FA

47

06

29

36

49

3 22

OF

FF

PHASE-GO

CHECKS5

CHANGE

CLEWISEO

PHASE-G1

JR
BIT
JR
LD
oUT
IN
BIT
JR
IN
BIT
JR
BIT
JR
LD
OUT
JR
LD
OUT
LD
LD
RST
LD
OUT
JR
LD
oUT

IN

114

NZ,CHECK4

2,4

NZ, CLEWISEO

A,09H

(22),A s Show "Counter clockwise"
A, (40)

1,A

Z2,PHASE-GO

A, (40)

1,A

NZ, CHECKS

0,4

NZ, CHANGE

A, 29K s Show "Counter clockwise"
(22),A

COMP-01

4,491 s Show "Clockwise"
(22),A

A,O0FH s Delay time for Showing
B,FFH

10H

A,29H s Show "Counter clockwise"
(22),A

COMP-02

A,11 5 Show "Clockwise"
(22),A

A, (40)



2187

2189

218B

218D

218F

2191

2193

2195

2197

2199

219B

219D

218E

2140

21A2

2144

2146

2148

214AA

21AC

21AE

21B0

21B2

21B4

21B6

21B8

21BA

CB

28

DB

CB

20

CB

20

DB

CB

28

4F

FA

40

4F

FA

47

OF

31

22

OF

FF

51

22

10

51

22

FA

05

: 41

0A

42

7F

FA

08

CHECKS®

CLKWISE1

COMP-01

CONP-02

BIT

JR

IN

BIT

JR

BIT

JR

LD

ouT

LD

LD

RST

LD

ovuT

JR

LD

ouT

IN

BIT

JR

LD

ouT

JR

BIT

JR

LD

1,4
Z,PHASE-GA
4, (40)

1,A
Ni,CHECKS

0,A

115

NZ,CLEWISE1

A,31H
(22),4

A, OFH

B, FFH

101

A,51H
(22),A
COMP-02
A,51H
(22),4
A,(42)
7,A
Z,COMP-01
A,05H
(41),4
DISPLAY
A, (42)
7,4
Z,COMP-02

A,06H

3 Delay Time for "Show"

5 Show "Clockwise"

s Show "Clockvise"

5 Detect Phase Shift

;5 Close Sw2-1

; Detect Phase Shift

s Close sw2-2



21BC D3 41 OUT (41),4A
21BE  3E 02 DISPLAY : LD A,03H s Clear Display
21C0 D7 RST 10H

21C1 21 04 30 LD  HL,3004H

21C4 11 E7 3F LD DE,3FETH

21C7 01 06 00 LD BC,08H

21CA  ED BO LDIR

21CC  3E 04 FINISH : LD  A,04H 3 Display "Finish"
21CE 06 40 LD B, 40H

21D0 D7 RST 10H

21b1 DB 42 IN A, (42) 5 Scan "Pararell-out"
21D3  CB 77 BIT 6,4

21D5 28 F5 JR  Z,FINISH

21D7  3E 00 LD  A,00H 5 Open SW-2

21D9 D3 41 OUT (41),A

21DB  3E 81 LD A,B81H 3 Show "Pararell-out"
21DD D3 22 OUT (22),A

21DF  DE 05 LD C,05H 5 Long Delay Time
21E1  3E OF ¥AIT : LD  A,OFH

21E3 06 FF LD B,FFH

21E5 D7 RST 10H -~

21E6 0D DEC ¢

21E7 20 F8 JR  NZ,¥WAIT

21E9 D1 BREAK : POP~ DE

21EA 14 INC D

21EB  1C ' INC E

21EC 0E 20 LD  C,20H



21EE
21F0
21F1
21F3
21F4
21F6
21F8
21F9
21FB
21FD
21FE
2201
2203
2204
2206
2208
2209
220B
220D

220F

2213
2214
22186
2217
2218

2214

0cC

ED

A

FE

28

7B

FE

D5

CD

18

7B

FE

28

3C

FE

28

F5

Cb

F1

18

74

51

59

FF

0B

FF

72

E6

FF

1D

21

FF

16

Fe

20

FF

UP-EO

UP-E1

UP-b0

UP-D1

ouT

INC

ouT

LD

cp

JR

LD

Cp

JR

PUSH

CALL

JR

LD

cp

JR

INC

ouT

Ccp

JR

PUSH

CALL

POP

\IR

LD

INC

ouT

Cp

C),D

(C),E
A,D
FFH
Z,UP-EO
AE

FFH
Z,U0P-D0
DE
DISPLAY12
BREAK
AE

FFH

Z,0PEN

(21),4

FF

Z,O0PEN

AF
DISPLAY13
AF

UP-E1

A,D

(20),A

FFH

we

if D=FF

if E=FF

if E=FF

if E=FF

117



221C

221E

221F

2222

2223

2225

2227

2229

222C

222F

2232

2235

2237

2239

2241

2242

2245

2248

224B

28

CD

F1

18

3E

D3

21

11

01

ED

OE

3E

06

D7

0D

20

€9

21

11

01

ED

DE

07

A4 23

F2

.22

00 20

0A 30

E7 3F

05 00

BO

05

04

40

F8

15 30

E7 3F

06 00

118 {

Z,0PEN 3 if D=FF
AF

DISPLAY14

AF

UP-D1

A, 00 5 open Sh-1
(22),A

BEGIN

HL, 300AH

DE, 3FETH

BC,06H

C,05H

A,04H 5 Display "start”
B, 40H

10H

C

NZ,L00P1 3 if ¢>0

HL, 3015H
DE, 3FETH

BC, 06H

C,02H
A,04H 5 Display "Inc-§"
B, 40H

10H
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2254 0D DEC C
2255 20 F8 JR  NZ,LOOPZ . s if >0
2257 (o] RET

2258 21 21 30 DISPLAY3 : LD HL,3021H

225B 11 E7 3F LD  DE,3FE7H

225E 01 06 00 LD BC,06H

2261 ED BO LDIR

2263 OE 03 LD C,03H

cz65 3E 04 LOOPS : LD  4,D4H 5 Display "Inc-vV"
2267 06 40 LD B,40H

2268 D7 RST 10H

2264 0D DEC C

226B 20 F8 JR  NZ,LO0P3 5 if ¢>0

226D C9 RET

226E 21 15 30  DISPLAY4 : LD  HL,3015H

2271 11 E7 3F LD  DE,3FETH

2274 01 06 00 LD  BC,O06H

2277 ED BO LDIR

2279  OE 04 LD C,04H

227B  3E 04 LOOP4 : LD  A,04H ; Display "Inc-S"
227D 06 40 LD  B,40H

227F b7 RST 10H

2280 0D DEC ¢

2281 20 F8 JR  °NZ,LOOP4 5 if ¢>0

2283 €9  RET

2284 21 15 30 DISPLAY5 : LD HL,3015H

2287 11 E7 3F LD DE,3FETH
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228A 01 06 00 ' LD BC,06H

228D ED BO LDIR

228F OF 02 LD C,02H

2291  3E 04 LOOP5 : LD  A,04H ; Display "Inc-S"
2293 06 40 LD B, 40H

2295 D7 RST 10H

2296 0D DEC C

2297 20 F8 JR  NZ,LOOP5

2299 21 1B 30 LD  HL,301BH

229C 11 E7 3F LD  DE, 3FE7H

229F 01 06 00 LD  BC,06H

2242  ED BO LDIR

2244  OE 02 LD C,02H

2246 3E 04 LOOP6 : LD  A,04H s Display "Dec-V"
2248 06 40 LD  B,40H

22AA D7 RST 10H

22AB 0D DEC ¢

22AC 20 F8 JR NZ,LOOP6

224E  C9 RET

22AF 21 15 30 DISPLAY6 : LD HL,3015H

22B2 11 E7 3F LD DE, 3FE7H

22B5 01 06 00 LD BC,06H

22B8 ED BO LDIR

22BA OE 02 LD C,02H

22BC  3E D4 LOOP7 = LD  A,04H s Display "Inc-S"
22BE 06 40 LD B, 40H

22C0 D7 RST 10H
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22C1 0D . DEC C

2acz 20 F8 JR  NZ,LOOP7
22C4 21 21 30 LD HL,3021H
2ect 11 E7 3F LD DE,3FE7H
22CA 01 06 00 Lb  BC,06H
22CDh ED BO LDIR

22CF  0OE 02 > Lb C,02H
22D1 3E 04 LOOP8 : LD A,04H 5 Display "Inc-V"
22D3 0€ 490 LD  B,4DH
22D5 D7 RST 10H

22Dh6 0D DEC ¢C

22D7 20 F8 JR NZ,LO0P8
22D9 Co RET

22DA 21 1B 30  DISPLAY7 : LD  HL,301BH

22DD 11 E7 3F LD DE,3FE7TH

22E0 01 06 00 LD BC,06H

22E3  ED BO LDIR

22E5 OE 04 LD C,04H

22E7  3E 04 LOOPS : LD  A,04H ; Display "Dec-V"
2259 06 40 " LD  B,40H

22EB D7 RST 10H

22EC 0D DEC C

22ED 20 F8 JR  NZ,LOO0PS

22EF €9 RET

g22F0 21 21 30 DISPLAY8 : LD HL,3021H
22F3 11 E7 3F LD  DE,3FETH

22F6 01 06 €0 LD BC,08H
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22F9 ED BO LDIR

22éB 0E 04 LD T,04H
22FD _3E 04 LOOP10 : LD 4,04

22FF 06 40 LD B,40H
2301 D7 RST 10H

2302 0D DEC C

2303 20 F8 JR  NZ,LO0P10
2305 c9 RET

2308 21 OF 30 DISPLAYY : LD HL,300FH

2309 11 E7 3F LD  DE,3FETH
230C 01 06 00 LD  BC,06H

230F  ED BO LDIR

2311  OE 04 LD C,04H

2313 3E 04 LOOP11 : LD  A,04H ; Display "Dec-S"
2315 06 40 LD B, 40H

2317 DT RST 10H

2318 0D DEC C

2319 20 F8 JR  NZ,LOOP11

231B €9 RET

231C 21 OF 30 DISPLAY10 : LD HL,300FH

231F 11 E7 3F LD DE, 3FE7H

2322 01 06 00 LD BC, 06

2325 ED BO LDIR

2327 0E 20 LD C,02H

2329  3E 04 LOOP12 : LD A,04H 5 Display "Dec-S"
2328 06 40 LD B,40H

232D D7 RST 10H
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232E 0D DEC ¢
232F 20 F8 JR  NZ,LOOP12

2331 21 1B 30 LD HL,301BH

2334 11 E7 3F - LD  DE,3FETH

2337 01 06 00 LD  BC,06H

2334 ED BO LDIR

233C OE 02 LD C,02H

233E  3E 04 LOOP13 : LD  A,04H ; Display "Dec-V"
2340 06 40 LD B,40H

2342 D7 RST 10H

2343 0D DEC ¢

2344 20 F8 JR  NZ,LOOP13

2246  C9 RET

2347 21 OF 30 DISPLAY11 = LD  HL,300FH

234A 11 E7 3F LD  DE,3FE7H
234D 01 06 00 LD  BC,06H
2350 ED BO LDIR

2352  OE 20 LD  C,02H
2254  3E 04 LOOP14 : LD  4,04H ; Display "Dec-S"
2356 06 40 LD B, 40H
2358 DT RST 10H

2359 0D ; DEC ¢

2354 20 F8 JR  NZ,LOOP14
235C 21 21 30 LD  HL,32021H
235F 11 E7 8F LD  DE,3FETH
2362 01 06 00 LD  BC,06H

2365 ED BO LDIR
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2367 OE 02 Lp C,02H

2368  3E 04 LOOP15 = LD  A,D04H 35 Display "Inc-V"
236B 06 40 LD B,40H

236D D7 RST 10H

236E 0D DEC €

236F 20 F8 JR  XNZ,LOOP15

2371 C8 RET

2372 21 OF 30 DISPLAY12 : LD  HL,200FH

2375 11 ET 3F LD  DE,3FETH
2378 01 06 00 LD  BC,06
237B  ED BO LDIR

227D 3E 04 LD  C,04H
237F 06 40 LD  B,40H
2381 D7 RST 10H

2382 21 1B 30 LD  HL,301BH
2385 11 E7 3F LD  DE,3FE7H
2388 01 06 00 LD  BC,O06H
2388 ED BO LDIR

238D  3E 04 LD C,04H
238F 06 40 LD  B,40H
2391 D7 RST 10H

2392 €9 RET

2393 21 1B 30 DISPLAY13 : LD HL,301BH

2386 11 E7 3F LD  DE,3FE7H
2399 01 06 00 LD BC,06H
239C ED BO LDIR

239E  3E 04 LD  A,04H
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23A0 06 40 LD B,40H
2342 D7 RST 10H
2343 C9 RET

23A4 21 OF 30 DISPLAY14 : LD  HL,300FH

23A7 11 ET7 3F LD DE,3FE7H

23AA 01 06 00 LD BC,06H

23AD C9 LDIR

23AF  3E 04 LD  A,04H

23B1 06 40 LD  B,40H

23B3 D7 RST 10H

23B4 (9 RET

3000 6D 78 23F 73 DFB 6D,78,3F,73

3004 71 30 54 30 €D 76 DFB 71,30,54,30,6D,76
300A 6D 78 77 50 78 DFB 6D,78,77,50,78
300F S5E 79 BS 40 40 6D DFB 5E,79,B9,40,40,6D
3015 06 54 B9 40 40 6D DFB 06,54,B9,40,40,6D
301B S5E 79 B3 40 40 3E DFB SE,79,B9,40,40, 3E

3021 06 54 B9 40 40 3E DFB 06,54,B3,40,40, 3E
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1. 2evER TN S 0 Unit Stop A8E2719 UAAN19 rULE N lamN Y
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2. LNBLIMM™ SW-1RY close W Unit Stop AU UaEIW Unit Start
13 . H Q‘o v
QUEINUNUMIUY UFEANIIVUTUT LUV L TIMIIUNE7
" o v ° - o ) o
3. tupstuuvemnd) TnTasTUs L8 L T4 2en™ NS LUTHU LB SAUILS I
v R - o
UaEANnNLaNLATaIN LU T IeEseuy semal W unit Start 2gmU ‘1M Balance
' ’ #ovo - ol - A d‘
Volt & Frequency W& UAANIIZULUNIRWHINAT LU THU LNBUIS IAULREAIIND
" v d. 4. e = & LY v < YA -
h. LNBUSIAUUATA NN ZE VL ATEN LA TN LIRS tuuNIdY e L Eagen
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Sequence of Power Line TNUsenaudatv 2 A29 savauil duuasant Sauamng 31n
R < = 24
UUA W NI9A3I8DULATBINUATHHN u&IUEAIHANTH Phase Sequence of Gen.
y - Y
Line %ou 2 ANLYunu
“l' ° v < ° v !
5. LUBNNT3AIIAEBY phase sequence  UAD NILMINIIFAAADST LUUAIY
- Y - ° v g
Magnetic Switch N 2 f2 fiD SW-2 UAY SW-3 1ABALYINIY Al
tﬂl e = - ) -
- 01 phase sequence 2A41A3ANNNATWIINBYISULIMNBUNY fD
e 4 < - Y v+ ¢
VAULZAMIBAINL BN WA 1AL close SW-2
-t phase sequence thﬁ'u ﬁ‘ax close SW-3
P 2 “ !
LND close SW IR (SW-2 M98 SW-3) IW. Parallel In Q&34
' &, v o ‘ o - -
uEne 120t T n s suu L esasn i un i L Seudanuda
#‘ v ° « ! ° : N
6. LNBABININAN TN NFIRRIN W THTASTUS L8198 TN Parallel
; ; X 4 0 ~ % -
Out AN UENIIT BUTUSEUU L SIMEAN 1IN0 WIA T TABM N1 58ANSIAUIREAINTIAY

4 - = X
LNaMEAUY 1N Unit Stop NREsINNBUNIUINY
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D/A Trig Gen circuit Of Motor

D/A Trig Gen circuit of Generator
show 'Parallel out!'

show 'Clockwise of Gen'

show 'Counterclockwise of Gen'

show 'Clockwise of Line!

show 'Counterclockwise of Line'

show 'Balance V&f'!

show 'start'

Close Magnetic Switch

N
}.AV

Phase Sequence Test

show 'Parallel-In'
close Magnetic sw 3
close Magnetic sw 3
48
Input 'Parallel out'

Input 'Start!

(sw3)
(sw2)
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LRI 16 (V.r[iamgiu 16 (Vorfiangauw 10 (V.
0o 0.2 5B 2.6 B3 5.9
03 0.25 5F 2.7 B7 6.1
07 0.25 60 2.8 B 6.2
0B 0.3 63 2.9 BF 6.4
0OF 0.3 67 3.0 €o 6.4
13 0.4 68 3.1 C3 6.6
17 0.5 6F 3.2 C7 6.7
1B 0.6 73 3.4 CcB 6.8
1F 0.7 77 3.5 CF 7.0
23 0.8 78 3.8 D3 7.1
27 0.95 TF 3.0 n7 7.2
2n 1.1 83 3.9 DB 7.4
aF 1.2 87 4.0 DF 7.5
33 1.3 8B 4.) E3 7.7
a7 1.4 8F 4.3 E7 7.8
3B 1.6 93 4.5 EB 7.9
3F 1.7 97 1.8 EF 8.0
43 1.8 B 5.0 F3 8.2
47 2.0 a¥ 5.3 F7 8.3
1D 2.1 A3 5.4 FB 8.4
¥ 2.2 AT 5.5 FF 8.6
53 2.3 AB 5.7
57 2.5 AF 5.8
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2000 3E 80 BEGIN = LD A,80
2002 D3 23 OUT(23),A

2004  3E 99 LD 4,99

2006 D3 43 ‘OUT (43),A

2008 3E 03 LD 4,03

200A D7 RST 10H

200B 21 00 30 LD HL,3000

200E 11 E7 3F LD DE,3FE7

2011 01 04 00 LD BC,04

2014 ED BO LDIR

2016 3E 04 STOP : LD 4,04 ;s Display "STOP"
2018 06 40 LD B,40

201A D7 | RST 10H

201B DB 42 IN A, (42)

201D CB 5F BIT 3,4

201F 28 F5 JR Z,STOP

2021  3E FF LD A,FE

2023 D3 20 OUT (20),4

2025 D3 21 OUT (21),4

2027 F5 PUSH AF

03 LD A,03

€
m

2028



202a
2o0ecC
202E
2030
2031
2034
2037

2034

203cC
203E
203F
2041
2043
5045
2047
2048
204B
204D

204F

21

11

01

ED

c<E

D7

FE

28

FE

28

FE

28

FE

28

18

Fi

FE

20

18

22
OF

FF

04
E7
05

BO

02

00
OE
01
23
04
38

03

EB

FF

03

E3

20

3F

00

SCAN-KO

DEC-S0

OUT (22),4
LD A,OF

LD B,FE
RST 10H

LD HL, 3004
LD DE,3FE7
LD BC,05H

LDIR

LD A,02

RST 10H

CP O

JR Z,DEC-SO
CP 1

JR Z,INC-S0O
CP 4

JR Z,SHOWAQ
CP 3

JR Z,PICKX

JR SCAN-KO

POP AF

CP FF

JR NZ,DEC-S1
PUSH AF

JR SCAN-KO

139 [
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2058 3C DEC-S1 ¢ 1INC A

2054 Dz 20 OUT (20),A
205C F5 PUSH AF
205D 21 OF 30 LD HL, 300F
2060 11 E7 3F LD DE, 3FE7
2063 01 06 00 LD BC,06
2066 ED BO LDIR

2068 18 D2 JR SCAN-XO
2064 F1 INC-S0 : POP AF
208B FE 00 CP 00

206D 20 03 JR NZ,INC-51
206F F5 PUSH AF
2070 18 CA JR SCAN-KO
2072 3D INC-S51 = DEC A

2078 D3 20 : oUT (207,A
2075 F5 PUSH AF
2076 21 15 30 LD HL, 3015
2079 11 E7 3F LD DE, 3FE7
207C 01 06 00 LD BC,06
207F ED BO LDIR

2081 18 BY JR SCAN-KO
2083 F1 SHOW-AD : POP AF
2084 32 EF 3F LD (3FEF),A

2087 F5 PUSH AF



2088
2084

208B

208D
208E
éOBF
2091

2092

2094
2096
2097
2099
209B
209D
209F
20A1
20A3
2045
20A7

20A9

20AA
’

20AB

20AD

20AF

20B0

3E
D7

18

F1
57
1E
D5

18

3E
D7
FE
28
FE
28
FE
28
FE
28
18
D1
7B
FE
20
D5

18

07

AF

FE

31

02

00

OE

01

26

04

3E

05

45

EB

FF

PICKX :

SCAN-K1

DEC-VO

Y

-
-

LD A,07
RST 10

JR SCAN-XO

POP AF
LD D,A
LD E,FE
PUSH DE

JR INC-VO

LD A,02

RST 10

Cp O

JR ZDEC-VO
CEY

JR Z,INC-VO
CP 4

JR Z,SHOW-A1
CP 5

JR Z,BALANCE
JR SCAN-K1
POP DE

LD A,E

CP FF

JR NZ,DEC-V1
PUSH DE

JR SCAN-X1

141

B



20B2

20B3

20B5

20B7

20B8

20BB

20BE

20C1

20C3

20C5

20C8

20C7

20C9

20CB

20CC

20CE

20CF

20D1

20D3

20D4

20D7

20DA

200D

20DF

1C

0E

ED

D5

21

01

ED

18

Di

7B

FE

20

D5

18

COE

ED

D5

z1

11

ED

18

21

59

1B 30

E7 3F

06 00

BO

CF

00

03

C6

21

59

21 30

E7 3F

06 00

BO

B3

DEC-V1

INC-VO

INC-V1

-

INC E

LD C,21
ouT (O),E
PUSH DE

LD HL,301B
LD DE, 3FE7
Lb BC,086
LDIR

JR SCAN-K1

POP. DE

LD A,E

Cp 00

JR NZ,INC-V1
PUSH DE

JR SCAN-K1

DEC E

LD C,21
oUT (O),E
PUSH DE

LD HL,3021
LD DE, 3FE7
LD BC,06
LDIR

JR SCAN-K1

142



143 f

20E1 D1 SHOW-A1 : POP DE

20E2 7B LD A,E

20E3 32 EF 3F LD (3FEF),A

20E6 D5 PUSH DE

20E7T  3E 07 LD 4,07

20E9 D7 RST 10H

20EA 18 A8 JR SCAXN-K1

20EC  3E 02 BALANCE : LD A,02

20EE D7 RST 10H

20EF  FE 00 CP 00 )

20F1 28 OE " JR Z,DEC-S2

20F3  FE 01 CP 01

20F5 28 26 JR Z,INC-S2
" 20F7  FE 02 CP 02

20F9 28 3E JR Z,DEC-V2

20FB  FE 03 CP 03

20FD 28 56 JR Z,IKC-V2

20FF 18 EB JR BALANCE

2101 D1 DEC-S2 : POP DE

2102 7A LD A,D

2103 FE FF CP FF

2105 20 03 _~ JR NZ,DEC-S3

2107 D5 PUSH DE

2108 18 E2 JR BALANCE



2104 14 DEC-S3 = INC D

210B  OE 20 LD C,20
210D ED 51 OUT (C),D
210F D5 PUSH DE
2110 21 OF 30 LD HL,300F
2112 11 E7 SF LD DE,3FE7
2116 01 06 00 LD BC,06
2119 ED BO LDIR

211B 18 CF JR BALANCE
211D D1 INC-S2 : POP DE
2i1E 74 LD A,D
211F  FE 00 CP 00

2121 20 03 JR NZ,INC-S3
2123 D5 PUSH DE
2124 18 C6 JR BALANCE
2126 15 INC-S3 = DEC D

2127  OE 20 LD C,20
.2129  ED 51 OUT (C),D
212B D5 PUSH DE
212C 21 15 30 LD HL, 2015
212F 11 E7 3F LD DE, 3FE7
2132 01 06 00 LD BC,06
2135 ED BO { LDIR

2137 18, B3 JR BALANCE
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2139 D1 DEC-V2 : POP DE

2134 7B LD A,E

2138 FE FF CP FF

213D 20 03 JR NZ,DEC-V3

213F D5 PUSH DE

2140 18 AA JR BALANCE

2142  1C DEC-V3 : INC E

2143  OE 21 LD C,21

2145 ED 59 ) OUT (C),E

2147 D5 PUSH DE

2148 21 1B 30 LD HL,301B
2148 11 E7 3F LD DE, 3FE7

214E 01 06 00 LD BC,8
2151 ED BO LDIR

2153 18 97 JR BALANCE

2155 D1 INC-V2 : POP DE

2156 7B LD 4,E

2157  FE 00 CP 00

2159 20 03 JR NZ,INC-V3

215B D5 PUSH DE

215C 18 8E JR BALANCE

215E 1D INC-VZ : DEC E

215F  OE 21 LD.C,21

2161 ED 59 ~ OUT (C),E



2163
2164
2167
2164
216D

216F

3000
3004
300A
300F
3015
301B

3021

D5

21

11

01

ED

C3

6D

71

6D

SE

08

SE

06

21

E7

06

BO

EC

54

79

54

30

3F

00

20

3F

54

77

BS

B9

B9

B9

73

30

50

40

40

40

40

6D

78

40

40

40

40

76

6D

6D

3E

PUSH DE
LD HL,2021
LD DE, 3FE7
LD BC,06
LDIR

JR BALANCE

DFB 6D,78,3F,73
DFB 71,30,54,30,6D,76
DFB 6D, 78,77,50,78

DFB SE,79,B9,40,40,6D
DFB 06,54,B9,40,40,6D
DFB 5E,79,BS,40, 40, 3E

DFB 06,54,B9,40,40, 3E

146
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naznInnliyui
A

a o f £ p “ 4-‘/ £ .
NN ANAIUALAAINAL TANAMNANRIANYINAN ANUATANAY FT. Roard Avn W
]

C D E F PC HON
;

8 9 0 A DATA STEP

4 5 6 7 RUN INC

0 1 2 3 FUNC DEC

< 1
n 0 : aeAIwmLTmALRET
A

A © ‘
Un 1 : twuAIImLIINaLea
|

4 X .
Qu 3 vdamelUiwnnseaunay Generator

' e
1!3: 4 : UAANRILANE N 16 néawnwmw

) [ I .
naQu 1 AlaRmLT1 TN 120 % 909 rated speed ?onaﬂu 3 twanioly

n' o L ° «r I‘J
LWL TIAUTR  Generator 3uYaUTen e 90 % 9a9 rated voltage nan1T3niiunnAIN

L] ) w -"
1ARINTTIIAVY
MOTOR GENERTOR
¥
A7 97
Lanzgiu 16 v, I, N Laagu 16 X v,

1 7D 172 0.1 1802 AA 80 200
2 TE 180 0.1 1800 BO 75 197
1 7C 180 0.1 1805 AC 78 199
4 F 175 0.1 1795 AL 76 198
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iy 3
k]

2
.

iy 2 : AAWIIABIAY Generator
9
a -4 {
iy 1 - LWHAI ML T252UDASUDLADT
k]
A s
ﬂu 0 2 ARAINULTITAURAIUALANT
AMNVINAAAITIMITOAVIVAUAINLTITAUT e tl9zuw 1500 rpm UALUTIRY 220 V
5
o * 4 3 o o ’ T ¢ { o~ ¢ e
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Mos-Fel, ¢ Tudr9n397y Mos-Fet, tuag IRF 730 nuetzaenad’advianuunriyngnnd
{ |
LAAT ) nrTaLanman
"

da "

4 ~ ~ " Y { e 3 “ ow v
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUR

‘8-Bit High Speed
Multiplying D/A Converter

Raytheon

Features

Fast settling output current — 85nS

Full scale current prematched to +1.0 LSB
Direct interface to TTL, CMOS, ECL, HTL,
PMOS

Nonlinearity to *0.1% max. over temperature
range

High output impedance and compliance —
-10V to +18V

Differential current outputs

Wide range multiplying capability — 1.0MHz
bandwidth

® Low FS current drift — £10ppm/°C

B Wide power supply range — *4.5V to =18V

& Low power consumption — 33mW @ 5.0V

B Low cost

Description

The DAC-08 series of 8-bit monolithic multiplying
Digital-to-Analog Converters provide very high
speed performance coupled with low cost and
outstanding applications fiexibility.

Advanced circuit design achieves 85nS settling
times with very low “glitch™ and at low power

consumption. Monotonic multiplying performance.
is attained over a wide 40 to 1 reference current

range. Matching to within 1 LSB between ref-
erence and full scale currents eliminates the need
for full scale trimming in most applications.

Functional Block Diagram

Direct interface 10 all popular logic families with
full noise immunity is provided by the high swmg
adjustable threshold logic inputs. N .

High voliage compliance dual complementary
current outputs are provided, increasing versatmty K ‘_°
and enabling ditferential operation to effectlvely -z
double the peak-to-peak output swing. In many
applications, the outputs can be directly con-
veried 1o voltage without the need for an external

op amp. :

All DAC-08 series models guarantee full 8-bit

monotonicity, and nonlinearities as tighi as +0.i% =
over the entire operating temperature range are —
available. Device performance is essentially un-

changed over the 4.5V to =18V power supply -
range, with 33mW power consumtion attannableat
+5.0V supplies. z

The compact size and low power consumption 3
make the DAC-D8 attractive for portable and]
military/aerospace applications; devices processed
to MIL-STD-883A, Leve! C are available.

DAC-08 applications include 8-bit, 1.04S A/D}
converiers, servo-motor and pen drivers, wave-:
form generators audio encoders and attenuators =

plies, CRT display dnvers high speed modems *¥:
and other applications where low cost. high speed ‘f"
and complete input/output versatility are required.
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DAC-08

8-Bit High Speed
Multiplying D/A Converter

Connection Information

Mask Pattern

16-Lead
Dual-In-Line
(Top View)

1€ | Compensation

E VRge (=)

14 | Vaes(=)

V.c Thresholc Control E
10_-7'E

Vs E

lgyt [4_ 13]-vs

wss 1[5

B2 E 1] 87

B3 E 0] 86

B4] E S |BS

1"

10

Die Size: 94 x 100 mils
Min. Pad Dimensions: 4 x 4 mils

Thermal Characteristics

16-Lead
Ceramic DIP

Max. Junction Temp. 175°C

Max. Pg To <50°C 1042mW

Therm. Res. 6,¢ 60°C/W

Therm. Res. 64 120°C/W

For Ta > 50°C Derate at 8.38mW per°C
Ordering Information

Operaling

Part Temperature

Number Package Range Nonlinearity
DAC-08HDC Ceramic | 0°C to+70°C =01%
DAC-08EDC Ceramic | 0°C to+70°C =019%
DAC08CDC Ceramic | 0°Cto+70°C =0.3%e
DAC-D8ADM Ceramic |-55°C10+125°C| =01%
DAC-08DM Ceramic |-55°Ct0+125°C| =0.19%
DAC-08DM/883B" | Ceramic [-55°Ct0+125°C| =0.19%
DAC-084DM/8B83B"| Ceramic [-55°Ct0+125C| +0.1%

"MIL-STD-BE3Z, Leve! B Processing

Absolute Maximum Ratings
(Ta =+25°C unless otherwise noted)

Supply Voltage (between +Vg and -Vs) .. 36V

Logicqappts™ ... .t0. . & 4. -Vg to -Vg plus 36V
WEE C-iye: i 0 e -Vsto +Vg
Analog Current Outputs ................ 4mA
Reference Inputs (Vi4to Vis) ..... -Vgto +Vg
Reference Input Differential

Voltag@ W40 Wi5) .....ovieiiinenen 18V
Reference Input Current (l14) ......... 5.0mA
Operating Temperature Range

DAC-08ADM, DM ... ...... -55°C to +125°C

DAC-08HDC. EDC, CDC .... 0°Cto+70°C
Storage Temperature

Bange oL o L -65°C to +150°C
Lead Soldering Temperature

(O0Sec) . il G ol e R +300°C



8-Bit High Speed
Multiplying D/A Converter DAC-08
m

Electrical Characteristics (vs = z15v, Iper = 20mA, Ta = -55°C to ~125°C for DAC-08 and
DAC-08A: Ta = 0°C to +70°C for DAC-08C, DAC-08E and DAC-08H uniess other specified. Output
characteristics refer to both 15,7 and lout.) :

DAC-0BA/08H DAC08
Parameters Test Conditions Min | Typ | Max | Min| Typ | Max| Units |~
Resolution 8 8 B 8 8 & Bits
Monotonicity 8 8 8 8 8 8 Bits | ».
Nonlinearity Full Temperature Range 0.1 019 | 9%FS
To +%LSB, All Bits ¥
Settling Time Switched ON or OFF 85 135 85 150 nS
Ta = +25°C (See Note) 4
Propagation Delay AL
Each Bit Ta=+25°C . 35 60 35 60 nS
Al Bits Switched Ree oty 5 | 60 3 | 60| nS
Full Scale Tempco +10 | +50 +10 | =80 {ppm/°C =
Full Scale Current - '.{':
Output Voltage Compliance Change < %4LSB -10 +18 | -10 BV ] :%
Rour > 20Mn Typical . 13
ot o : Vger = 10.000V B %
Full Scale Current Ris. Ris = 5.000k0 1884( 1932 2000 1841 199 | 204 mA-: =
Ta = +25°C - '.._‘g
Full Scale Summetry trsa-lpsy A ( +05 | +40 +10 | 80| A -]EN
Zero Scale Current 011 10 02 | 20| pA %
Output Current Range Vger = +15V, 2.1 2.1 X mA |7
Vs = =10V {:
‘1 Ria. Ryg = 5.000k¢} Vrer = +25V, 4.2 42 mA X
-Vg = -12V
Logic Input Levels N
Logic 0 Vo= 0V 08 08
Logic “1" 20 2.0 v
Ldgic Input Current ) Vic=0v
Logic 0" Vin = -10V to +0.8V =20 | -10 =20 |" -16 ph
Logic 1" Vin =20V to 18V 0002 10 0002] 10 ] A
Logic Input Swing -Vg = -15V -10 +18 | -10 ~18
Logic Threshold Range Vg = 215V -10 +135] -10 +135
Reference Bias Current -1.0 | -30 -1.0 | =30} pA
Reference Input Slew Rate 40 | 80 40 | 80 mA/uS 0

Note: Guaranteed by Design



DAC-08

8-Bit High Speed
Multiplying D/A Converter
r . "

Electrical Characteristics (Continued)

DAC-DBA/-08H DAC08
* | Parameters Tes! Conditions Min | Typ | Max | Min{ Typ | Max | Units
Power Supply Sensitivity +Vg = 4.5V 10 18V %aFS/
Positive -Vg = -4.5Vto -18V =0.0003; +0.01 =x0.0003{ =0.01] %AV
Negative Iage = 1.0mA 0002 | =0.01 +0.002 [ =0.01] */%
Power Supply Current -
Positive Vs = =50V, 23+| 38 23 | 38 | ma
Negative IngF = 1.0mA 43 | -58 43 | 58 | mA
Positive Vg = +5.0V. -15V. 24 | 38 24 | 38 | mA
Negative Iner = 20mA 64 | -7.8 64 | -781 mA
Positive Vg = +15V, 25 | 38 25 |1 38| mA
Negative Irgr = 20mA 65 | -78 -65 | -78 |- mA
Vs = 250V, 33 48 33 48 | mwW
Iger = 1.0mA .
Power Consumption Vs = +5.0V, =15V, 108 | 135 108 § 136 | mW
Ingr = 20mA
Vs = £15V. 135 | 174° 135 | 174 | mW
Iner = 20mA
" DAC-DBE DAC-08C
Parameters Test Conditions Min | Typ | Max | Min| Typ | Max | Units
Resolution 8 5 8 8 8 8 8 Bits
Monotonicity B 8 8 8 8 | 8 |- Bis
Nonlinearity Full Temperature Range +0.19 +0.39| %FS
7| To +%LSB, All Bits
Settling Time Switched ON or OFF 85 150 8 | 150 | nS
Ta = +25°C (See Note)
Propagation Delay
Each Bit Ta=+25°C 35 60 35 60 nS
All Bits Switched (See Note) 35 60 35 60 nS
Full Scale Tempco 10 | 250 | - =10 | =80 ppm/C
Full Scale Current
Output Voltage Compliance Change < %LSB -10 +18 | -10 -18 v
Royt > 20M1 Typical ’
Vrer = 10.000V |
Full Scale Current Rq4. Ris = 5.000k(} 194 ] 199 204 |194] 199 {204 | mA
T4 = +25°C
Full Scale Summetry lrsa-lrs2 +10 }=280 " =20 =160 uA




8-Bit High Speed

Multiplying D/A Converter
—

Electrical Characleristics (Continued)

4

!

3
The information contame in Itus data sheet has been carelully compiled, however, it shali not by imphication or otnerwise becore par ol the
terms anc condiions of any subseguent sale Raytheon's hability shall be determined solely by its stancard te-mis and conditions of sate. No
fepresenialion as 1o 2pphcalon or use or thzt the Crcuits 2re either hcensed or tree from patent infringement is intended or imphed Raytheon
reserves the fight 10 change the Circuilry anc other data at any ime withou! notice and assumes no hability for snadvertent errors

.ﬁ;"ij"’" o

s

DAC-D8E DAC-08C N
Parameters Test Conditions Mind Typ |Max [Min | Typ { Max| Unts | <
Zero Scale Current . 02 | 20 02 | 40| pA
Output Current Range Vpes = +15V, 21 2.1 mA
~Vg = -10V T i
Ria. Ryg = 5.000kN VRer = +25V, 42 42 mA -
-Vg = -12V -
Logic Input Levels —_—
E)QIC 0 VLC = OV 08 08 v "‘
Logic “1” 20 20 v 5
Logic Input Current Vig=0v -
Logic 0" Vi = -10V to +0.8V =20 | -10 =20 | -0 ] pA 3
Logic 1" Vin = 20V 10 18V 0002 | 10 0002 | 10 | pA {3
Logic Input Swing Vg = 15V -10 +18 | -10 +B| V{35
Logic Threshold Range Vs = +15V -10 +135] =10 +135] v %
Reference Bias Current = -10 |-30 -10 |30 LA E
Reference Input Stew Rate 40 | &0 40 | 80 mA/uS| ~Z-
Power Supply Sensitivity +Vs=45Vio 18Y _15
Positive ~Vg = -4.5Vto-18V +0.0003|0.01 =0.0003] H0.01] 5, AFS/| i
Negative lnef = 1.0mA =0.002 [+0.01 20002 [+001] 8V | &
Power Supply Current /
_Positive Vg = =50V, 23 | 38 23 | 38| mA
Negative Ingr = 1.0mA 43 |[-58 ~43 |-58| mA |
Positive Vg = +5.0V. 15V, 24 | 38 24 138 | mA -
Negative Igzr = 20mA -64 |-78 -64 | -718| mA -
-4+ ~ Positive g = Vg ==15V, 1 25 |38 25 {1 38| mA -
Negative Irzr = 20mA 65 |-78 65 |-78] mA
Vg = =5.0V. B | 48 33 | 48 | mw
lagr = 1.0mA
Power Consumption Vg = =5.0V. -15V. 103 | 136 103 {136 | mw
lrer = 20mA
Vg = =15V, 135 | 174 135 | 174 | mw
lagr = 20mA
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DAC-08 Multiplying D/A Converter
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Typical Performance Characteristics

t

True and Complementary Output Operation * Full Scale Settling Time
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50 r
Ta = Tanw 10 Tax Limat 1o+ ]
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8-Bit High Speed
Multiplying D/A Converter
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Typical Performance Characteristics (Continued)

Reference Input Frequency Response
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Applications Information
Reference Amplifier Setup

The DAC-08 is a multiplying D/A converter in
which the output current is the product of a digital
number and the input reference current. The
reference current may be fixed or may vary from
nearly zero to +4.0mA. The full scale output
currentis a linear function of the reference current
and is given by:

255
|F5=ﬁ X Iger where Ipgr = 134

_In_positive_reference applications, an externa!

positive reference voltage forces current through
Rq4 into the VREF(-) terminal (pin 14) of the
reference amplifier. Alternatively, a negative rei-
erence may be applied to Vggg( at pin 15
reference current flows from ground through Ry
in1o VRgg(~)asin the positive reference case. This

‘negative reference connection has the advantage

of avery high impedance presented at pin 15. The
voltage at pin 14 is equal 10 and tracks the voltage
at pin 15 due to the high gain of the internal
reference amplifier. Ry5 (nominally equal to Rq4) is
used to cancel bias current errors; Rqs may be
eliminated with only a minor increase in error,

Bipolar references may be accommodated by
offsetting Vger or pin 15. The negative common

mode range of the reference amplifier is given by:’

Vem- = -Vs plus (Iggr x 1k)} plus 2.5V. The
positive common mode range is +Vg less 1.5V.

When a DC reference is used, a reference bypass
capacitor is recommended. A 5.0V TTL logic
supply is not recommended as a reference. If a
regulated power supply is used as a reference, Ry
should be split into two resistors with the junction
bypassed to ground with a 0.1uF capacitor.

For most applications the tight relationship be-
tween Iger and lgg will eliminate the need for
trimming Iggf. If required, full scale trimming may
be accomplished by adjusting the value of Ry, or
by using a potentiometer for Rqy;. An improved
method of full scale trimming which eliminates
poientiometer T.C. effects is shown in the recom-
mended full scale adjustment circuil.

Using lower values of reference current reduces
negative power supply current and increases
reference amplifier negative common mode range.
The recommended range for operation with a DC
reference current is +0.2mA {o ~4.0mA.

The reference amplifier must be compensated by
using a capacitor from pin 16 to -Vg. For fixed
reference operation, a 0.01uF capacitor is rec-
ommended. For variable reference applications,
see section entitled “Reference Amplifier Com-
pensation for Multiplying Applications.”

.




DAC-08

8-Bit High Speed
Multiplying D/A Converter

Mulliplying Operation

The DAC-08 provides exceilent multiplying per-
formance with an extremely linear relationship
between Igg and Iper over a range of 4.0mA to
4.0uA. Mong.tonic operation is maintained over a
typical range 0f Iggr from 100uA to 4.0mA.

Reference Amplifier Compensation for
Mulliplying Applications

AC reference apphcations will reguire the ref-
erence amplifier to be compensated using a
_capacitor from nin 16 to -Vg. The value of this
capacilor ccpends on the impedance presented
to pin 14: for R4 values of 1.0, 2.5, and 5.0k},
minimum values of Cc are 15, 37, and 75pF. Larger
values of Rsy4 require proportionately increased
values of C¢ for propesr phase margin.

For fastest response to a pulse, low values of Ry
enabling small C¢ values should be used. If pin 14
is driven by a high impecance such as a transistor
current source, none of the above values will
suffice and the amplifier must be heavily compen-
saled which will decrease overzll bandwidth and
slew rate. For Ry4 = 1.0k} and C¢ = 15pF, the
reference amplifier slews at 4.0mA/uS enabling a
transition from Iger = 010 IggF = 2.0mA in 500nS.

Operation with pulse inpuls to the reference
amplifier may be accommodated by an alternate
compensation scheme. This technique provides
lowest full scale transition times. An internal
Tlamp allows quick recovery of the reference
amplifier from a cutoff (Irgr = 0) condition. Full
scale transition (0 to 2.0mA) occurs in 120nS
when the equivalent impedance at pin 14 is 200¢)
and Cc = 0. This yields a reference slew rate of
16mA/uS which is reiatively independent of Ry
and Vi values.

Logic Inputs

The DAC-08 design incorporates a unique logic
input circuit which enbles direct interface to all
popular logic families and provides maximum
noise immunity. This fezture is made possible by
the large input swing capability, 2.0uA logic input
current.and completely adjustable logic threshold
voltage. For -Vg = -1i5\. the logic inputs may
swing between -10V anc 4 18V. This enables direct
interface with +5V ChOS logic, even when the

DAC-081s5 powered from 2 « 5V supply Minimum
input logic swing and minimum logic threshold
voliage are given by: -Vg plus (Irpf x 1.0k2) plus
2.5V. The logic threshold may be adjusted over a
wide range by placing an appropriate voltage at
the logic threshold contro! pin (pin 1, V| ¢). The
appropriate graph shows the relationship between
V| c and V4 over the temperature range. with Vg

‘nominally 1.4V above Vi ¢c. For TTL and DTL

interlace, simply gréund pin 1. When interfacing
ECL an lggr = 1T.0mA is recommended. For
general setup of the logic control circuit, it should
be noted that pin 1 will source 100uA typical;
external zircuitry should be designed 1o accom-
modate this current.

Fastest settling times are obtained when pin 1
sees g low impedance. If pin 1 is connected 10 a
1.0k divider, for example, it should be bypassed
to ground by a 0.01uF capacitor.

Analog Output Currents

Bothtrue and complemented output sink currents
are provided where Ig + lg = Igs. Current appears

at the “true” output when a "1" is applied to each -

logicinpul. As the binary count increases, the sink
current at pin 4 increases proportionally, in the
fashion of a “positive logic” D/A converter. When a
“0"isapplied to any input bit, that currentis turned
off at pin 4 and turned on at pin 2. A decreasing
fogic count increases io as in a negative or
inverted logic D/A converter. Both outputs may be
used simultaneously. If one of the outputs is not
required it must still be connected to ground or to
2 point capable of sourcing Igs: do not leave an
unused outpul pin open.

Both outputs have an extremely wide voltage
compliance enabling fast direct current-to-voltage
conversion through & resistor tied to ground or
other voltage source. Positive compliance is 36V
e2bove -Vg and is independent of the posiiive
supply. Negative compliance is given by -Vg plus
{!REF x 1.0k(2) plus 2.5V.

The dual outputs enable double the usual peak-
to-peak load swing when driving loads in quasi-
differential fashion. This feature is especially
useful in cable driving. CRT deflection. and other
bzlanced applications such as driving center-
tepping coils anc transformers.
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Power Supplies

The DAC-08 operates over a wide range of power
supply voltages from a total supply of 9V to 36V.
When operating at supplies of £5.0V or less, Iggr <
1.0mA is recommended. Low reference current
operation decreases power consumption and
increases negative compliance. reference ampli-
fier negative common mode range. negative logic
input range, and negative logic threshold range;
consult the various figures for guidance. For
example, operation at -4.5V with Iggr = 2mA is not
recommended because negative sutput compli-
ance would be reduced 10 near zero. Operation
from lower supplies is possible. However, at least
8V total must be applied to insure turn-on of the
internal bias network.

Symmetrical supplies are not required, as the
DAC-08 is quite insensitive to variations in supply
voltage. Battery operation is feasible as no ground
connection is required. However, an artificial
ground may be used to insure logic swings, etc. -
remain between acceptable limits.

Typical Applications

Power consumption may be calculated as follows:
Pg= (1) (+Vg) + (I-) (-Vs) * (2 Iggr) (-Vg). A
usefu] feature of the DAC-08 design is that supply
current is constant and independent of input logic
states: this is useful in cryptographic applications
and further serves to reduce the size of the power
bypass capacitors.

Temperature Performance

The nonlinearity and monotonicity specifications
of the DAC-08 are guaranteed 1o anply over the
entire rated operating temperature range. Full
scale output current drift is typically =10ppm/°C,
with zero scale output current and drift essentially
negligible compared to 1/2 LSB.

The temperature coefficient of the reference
resistor Ry, should match and track that of the
outputresistor for minimum overalt full scale drift.
Settling times of the DAC-08 decrease approxi-
mately 10% at -55°C; at +125°C an increase of
about 15% is typical.
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Figure 1. Basic Positive Reference Operation
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Figure 3. Recommended Full Scale
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Figure 4. Basic Negalive Reference Operation

Figure 5. Basic Unipolar Negative Operation
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Figure 6. Basic Bipolar Output Operation
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Figure 8. Positive Low Impedance Output Operation




8-Bit High Speed
DAC-08 Multiplying D/A Converler

“Typical Applications (Continued)

to
}—O
Glo-hgeR,

s 75.5 1309REF
v 2%

DaC08

For compiementary output (operation as a negalive Iom’ DACv
CORPECE non-Invertmg :nput 0f 05 Amp o 15 (pin 2, ¢
{p1n £: 26 ground

DR 2

Figure 9. Negative Low Impedance Output Operation

. “ECL CMOS. PMOS/NMDS
Vi = Vic-14v
- 15V LMOS
Vin = =76V
T
Vig -14v R
[T ToPin1
DAC-08 Vi
2N3902 230
1 7 0 1.F g g
Vie 2 - °
L b To Pir Y '1"::“",1
- - - —O Vi ¥,
= = > 3 ¢ P
62K LR
-5y =
Tempz:a®

L1t Compersanagy, | Cropan

Figure 10. Interfacing With Various Logic Families




8-Bit High Speed
Multiplying D/A Converter

DAC-08

“

Settling Time

The DAC-08 is capable of extremely fast settiing
times, typically 85nS at Iggr = 2.0mA. Judicious
circuit design and careful board layout must be
efnployed 1o obtain full performance potential
during testing and application. The logic switch
design enables propagation delays of only 35nS
for each of the 8 bits. Settling time to within 1/2
LSB of the LSB is therefore 35nS, with each
progressively larger bit taking successively longer.
The MSB settles in 85nS, thus determining the
overall settling time of 85nS. Settling to 6-bit
accuracy requires about 65 to 70nS. The output
capacilance of the DAC-08 including the package
is approximately 15pF; therefore the output RC
time constant dominates settling time if R >
5001).

Settling time and propagation delay are relati;/ely

insensitive to logic input amplitude and rise and.

fall times, due to the high gain of the logic
switches. Settling time also remains essentially
constant for Iger values down to 1.0mA, with
gradual increases for lower Iggr values. The
principal advantage of higher Iggr values lies in
the ability to attain a given output level with lower
load resistors, thus reducing the output RC time
constant.

Measurement of settling time requires the ability
to accurately resolve 24.0pA. therefore a 1.0k()
load is needed to provided adequate drive for
most oscilloscopes. The settling time fixture uses
a cascode design to permit driving a2 1.0k!} load
with less than 5.0pF of parasitic capacitance atthe
measurement node. At Iggr values of less than
1.0mA, excessive RC damping of the output is
difficult to prevent while maintaining adequate
sensitivity. However, the major carry from 01111111
to 10000000 provides an accurate indicator of
settling time. This code change does not require
the nornmial 6.2 time constants to settle to within
*0.2% of the final value, and thus settling times
may be observed at lower values of Irgr.

DAC-08 switching transients or “glitches" are very
low and may be further reduced by small capaci-
tive loads at the output at a minor sacrifice in
settling time.

Fastest operation can be obtained by using short
leads, minimizing output capacitance and load
resistor values, and by adequate bypassing at the
supply, reference and Vy ¢ terminals. Supplies do
not require large electrolytic bypass capacitors as
the supply current drain is independent of input
logic state; 0.1uF capacitors at the supply pins
provide full transient protection.
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