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' 
V = k3 x (J x cos(l-s) r a 
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I I.I I II I 

"I <IIL"I ., qq ., d d ., 
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I I I I I 1J I I I I 
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"' ... "' lJ LL i ~1.Jflfl~Yl 

• 
-...--~~---'------L----.11-.-ft~'UJL 71 

I I I I 

q ~ ... ~ ~ 
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lJULL "M L fl~t)\M~1t:IL i-,l,JtJL vl£l i<l ~Vltl~ L ~lJVl1l-l ~ ~~~ n11l1llflYltl~ l-ltl L Vltlitl1~Y17L '\-1Q1J11JYJ£)~ lJtl L Vltli 
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I tJ I I I ii 

.., 'l • .., ., ,!j .., "I 
Reactive Power \ll1™vtrl..:Jfl1'l' LUVl1Utl..:JL~U1flU Lml Reactive Power Vltl1ULVl'lJru~ 
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;-:JL1JU1~~1UtlULU1-:J~1 Voltage Sensor LYIUL~ Potential Tranformer 'ElYl 
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;' ;' I II ;' t V 

n 7 'iVI i ~ 7'\J 'lltl-laU L 1tl 'i L Yltl 'i~l 'll SCR L tiUtlUn 'iCIMcl.,n l ).J'ct 1).11 'iU~!:JYlUin 'i: LL'ttl Yl 'l un 7 'i 1-:i"u • • II II II II t I.I I I i' ti IJ t 

u ~ '31 riwu1 u1lJ~m~n LLa :vi riav ~a n-l'l ~ ll.J~'lla-:i in.,riri.,-lna 11 L ~au 'i: 1 cJ'llU'llt1-l~'l 'll-l 1u ~ -l 
" II I I ti I I II ' I 11 

tl7-lU
0

1 l Ul 'll-l7Ul ua.,nrJCU:m ~ "l nu L ttu 'l ti L ~u L fl;tl ~-:i1ul l'lw1n 'i :mlac1ucti 'itl-3 L ~ti l WW7 
I II I ti 

~c1nl"" 'lt1Lu~uulww111'i-l-:i1nLLU11L11a;~,3ct:a"wc1"--1~1un'i'ill'l11~ L'llu wc1"--1~1uc1lJ wc1"--1-
II I II ;' II 

-l1ULL'tt-lLLflfl '1tl'1 1~-:i'iutt1m'iu-:i1Hhl'l~llt1L'ilt1'in'i:LL'ctctc1u 1 Ll-l'tt 1/4 - 1 LLH).11 
' ., ., ., ., d L 

Llcl:!:l-l'tt7ll7'iUU'iUfl17lJL'i1'lltl-llltlLYltl'i f1Yl1U 
II ,' II j' 

Lrn: l riviin 1 'iWtl L 9ltl 'i 1 ww 1n 'i: LLch1c1u La 7VI-
' 

l1Vl~LtiU square wave LtiU sinusoidal • 
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2. l1ann111~~1vUL1v1LYlv1LUv~YIU . 

SCA.1 

1j 

I 
q 

11..IVI 1 ., 

Vs ♦, _ v,. + 

+ .... 
\ts :-

C 

+ 

Sc.Al 

I' 4' II II 

LU11.l 1 L~U1..:J~18UL1tl1L'1ltl1LruU'llU1U (parallel inverter) LUtl..:JYIU ., 
I ti II I I I II 

4 .. 'Jo q 1 V ") 
u.m scR1 ~nV11n Ll1U1n1::m:t ~:::1m1::m:l l1c1~1n'll1u1n'llt1..:JLma..:i~1t1 Lvlrnum.JmLlla..:i T

1 
II II I I I I I 

◄.. ◄ ct q ._q t., 

:I.J1Vl1..:Jfl1U'il1il ( f1Hl1U..:J) 'lltl ..:J'llflc11flVI 1..:J'll11 (TlHl1U..:J) 'lltl ..:J'llfll.l ;j:I.IIJ:1.1~:: L Ofl:I.JLL 1..:JflU L VI 1 
11 V ,' II I I I 

OlJYlflcl 1flVl1..:J'il7il flv..:JUU fl11.l1~ L Yiu ,~~onl.l 1 ::~Ll1~LL 1..:JflU L ~u 2 L Vll'llv ..:JLLl1cl ..:J~ lill vl ., ' 
I ti I 4' II 

<2v ) L~a scR2 onviin'll1uin1::ml LLHfluma:1.1ml.l1~LY1t11~::vi
0

1'll1iln,::LL'11l1a'lu~¥!V11..:i s ., 
II I II ' 4' II 

'11H'll1:I.J~1U SCR1 LLa:: SCR1 ~::lflllJjL 1tl1flLUtlv'1 ~..:JVliLl1 SCR1 llf.lfluin,::LL'1 • 
II I II II I 

flv..:JUU LLHYIU~flltl:I.J'llflfl1fltl .. ~Wl~nau~¥1Vl1..:J L~tl SCR1 onV1in'll1u
0

1n1rna~::nt=iu L 'll1'1'1J11-., ., ., 
I I II 11 

q ◄ ... 1 V _of ◄ .. .. 
1::V1nt=i11:1.11 ~..:J L nfl l'lvl1n1::LL't1nt=i1JLUU square-wave 'lJUVl1..:J'llflfl1flVIYlilJ1:I.J ' ., 
3. n111.l11Jtl,..:i1~~, ---·--

' I II I II I I 
q _of 4 ◄ q 

1~~1V1nt=i11'lu1t1 1 LUU1..:J~1~U;j1U L:I.JtlVlflfltl..:J't111~~::~u11n11LllaiJULLtla..:i 
I I II ti I 

L l1clfl ua ::n 1 l Li :I.JVI 
0

1..:J 1U 1 flHn 11 ~ 1t11 'riL '111..:J~ 1Vlv..:J'lJCU:: 1:1.1ij1 l1clfl Lla ::"1 l1flfl ~ ::"~clYlvn 1 H'lv:I.J-
I ti J I I U 

:I.JL'11nU (commutation) ., Vli'll1 scR 1:1.1"11t1r1u
0

1n1rna'lun1..:i L 1a1~Y1a~n11 
' 

◄ .. 
~..:iLmm11 

t.i II II II I 
V 1 V ◄ 1 q V ◄ q 'J am..:i~, fl L l'l11::u::uu ~..:i fl:1.Jn111.l1ul.l,..:i1..:i~1wm:1.JV1LL't1fl..:i LU11.l 2 ' ., 

. . . I II I II 

Lflltlfl <o, ,D2) ~'11Bv~n1:1.1nu SCR (SCR1 ,SCR2) L;t11.la..:inu1:1.J'll1~a"-.,-
• I II II 

..:J1Utm..:i_n11flt1:I.J~L'11nU (commutation) Lflil1'llv..:Jn1Jll1clfl LfliJLfllml (D1 ,D2) ~::VliLl1 
,' I t ,' II I t., ,' 

fl11.l1iL'11tl1 (C) L:I.J'11vnULl1clfl 8Uflt1L'11tl1 (L, ,L2) tlt1..:inu1:1.1'll1fl11.l1~LYltl1 (C) fl1il 
I I I I I II I.I I 

1.1,::~~1ULLl1c1~~1iJLvltlil1~l1flL ;1 Lflltlfl (D 
1

, D 
2

) '1ltlL 1Ll1n1::LL'1 L Utl~~1nauflvfl~vl • F F 
I 

l1;t1fl11.l1~ffl'11l1afl1l1a~1u 
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'-1 21'\M 

4.n11V1i~1uYJa~1~~1 
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"' 1 .<t .. ., .q 1 .q1 1 "' ◄ ., 
L lJa l1'fl'fl L UUEU'flflYll'l l1'fl'fl n 1:; m'l'VI l1'flU 1U l1'fl'fl~:; L l'llJYJULL'fl :;ci11ci ~111lJ'fl ~ LLci'fl ~ 

I II 

1u11.I 3' (n > Ljja scR 1 rim11n111uinnLLci m:;ucl~:;111ci~1n c 11.1 a l'l'fl.,~~,u~1nLLmH-
~ ~ 

I I II 4' 1J I 

·-:nu1l'l~:;~1u111111ci11 m1.l1~L11a1~:;tJ,n1.l1:;~111~LLH11u 2v
8 

m1f1V11~ma.iit12 Ljja scR 2 
II I ;' I I.I 4' 

t1n'Vl1n111uin1:;LLci n1:;ucl~:;111ciu1umtl1~LYIE1LL'VIUU1U SCR 1 ua:; SCR 1 ~:;1111L 181'fl 
~ 

II I I I II I 

1ua"ci'VI i1 l1 SCR 1 l1U11uin 1:; LLci LLYl'VI 111 l1'flvl L ~U8U'fl.,Tl~l'l1 l1'fl'fln 1:; uc1ii1 r1a 1 Ur1lJE LLlla ~~:; 1lJ 
• 

I II 

.q ◄ 1 1 1 1 • .q • 
Ltl'flUULLlla~ n1:;ut'l~~ 11a~1n d tl c 'flU l1'flU1U D2 u1n1:;LLciU SCR 2 ~:;11u11u1 

F • 
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~ 

" ' ,, rt, It~, .. , 
I .. 

Oi:11 S<Af 1'1:1. sett 

"'1 ~lhUhu,uJ 
• I ~I . UUlHU~I 

(n) 8U'fl.,Tl~l'lL l1'fl'fl 
I .q 

11.l'VI 3 
~ 
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_/""' ~ 

I \ t;° L / 
I \ 

\ I 
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\ • ( 1 

,1 
~ 'i~ ./ I I 

f SCA1 ,,,:1 I sc.az 1D,.z I 

.HlUllU,1 

\nuiuu1 

(YI) fl11.I 1~~l'lL l'la11 
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I V ~ 

n,::LL'fl ~L1ci1 t
2 

n,::LL'flllrn'lu,-,mlll1.Jt1 -Hmt1-lL~ufluu o ::i::i-,m1uin,::LL'fl LLci:: scR 2 
" 2F • I IJ I.I l'fl II ,' II 

-l ::u•1n '}:: LL'fl-l 1Ul'itl.,'3'31UL i-,1 l1tlrl ri"-.:iuu {~1CIM 10 L Otl 'J~-l 1UL l1 LO'Vl'lJtl-3 L tl'fl~tl 17~ '3~tl'3 L ~U 
,' I I I a, 11 I " ◄ ◄ .'l . d. ... ~ ◄ V wcia11t1LUtH LLci::urn~t1-.:in1,V11 ,., scR 2 m.1riu1n,::LLa nvi1n1,wrn scR 1 "il-.:JLmrnunu • I I V I 

◄ '1 " flH L'ilLfltlLL'JO LLtl:: L ~tl 1 mHl~tl '301 'J L ~Uf11ll1~~l'l1 l1tlrl n 1'J L lJallULLlJtl-.:J'l.Jtl '30 'J:: LLafl.,-lLLari '3 
I 

'lu,lJ~ 3 C'lJ > 
\J 

V ~ 

s. 1-.:i::i,a,1-.:i-l~1C1M1nLnt1, 

Q oscillator 

oscillator 10 KHz Gate SCRl 

100 Hz -- bistable 

Q oscillator 

10 ~z Gate SCR 2 

I ... 
'JlJVI 4 (0 ) 
\J 

I'"' ~ 't-+ • 49 • ~ 

• 

I .... ~,J,)~ 
.: '·-·1. -·-

,.~ ·' .• ,•-•1 
,. t~-'. :1t. ";~; 

" f'. • r-, .. . I ~/ ... 

r•, ,•· •)· • . 
, t. Ir "' 

I 
<( 

'JlJ't1 4 ('lJ) 
\J 
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xz zu .;s\ML'/ 

•. « Jn' ' ' -- -, · litt-1.\ '----'Jn!,,,,.,..-,r~ 

' . I .. - 1. lit-4"·f~...,..~-1 "'" ' - -

Otil\o.tor 

1oo t-,_ 

' ·1 I I 
...... _ _,._ .... ,:-41 

11 J I I [ 

""" II 111, II 1111 Ill 11111 HI II rn ~ ... ~, - I 
V..a.lC,. rm STffi11111,,11 .. 

1
•1 

' .. 
11.li1 4 (fl) 
\I 

• .. ........ • 1 

C', 

' ' 4' I 
q ~ .<f .. 

'lUVI 4 LL1:lfl·-31-3~'li1'lfllfltlHUU block diagram 51.IVI 4 
\I \I 

<n) l(lll!1CUV1in~ 
~ 1,1 • • 

~ ., "" "" "" 
L fli1'lltl -3 L tl1:l"Dtl1 'lVl-31:ltl-3 'ltlVI 4 ('ll) llcl:: 'l 1Ul'l:: l tlUfltltl-31-3~ 'l 5tli1 4 (fl) 

\I \I 
Oscillator 

t II V • II 

100 Hz ~::~1u'h1 b i s table h1lCW)1CU Q,Q ~-3 out-off-phase nu 180 ~1 UL'll1 

' ' 
oscillator fl1 1).Jtl 1 o KHz L~uloo1rua -31tJu"-3 L ni1'lJiH scR 1 LLt1:: 2 fl.,-3LL1:lfl-3LU5tl 4 (ti) 

.... \I 

6 . ~an 11V1flt1t1-3 
I I I t,o ( -., 

1) lLHflU~Ll-1c!flL~tlU.,-3L).JlflV11n1'l~tlL11tl'lllll~U sinusoidal LL1:lfl-3LU1tl 
\I 

5(0) 1:lLna 1oov/div. 
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2) 11.l 5(!1) 

I I I I/ ( 

V ... ,. "'l V 1 1 o .'.'I 
LLaYI -3 LL H'rl'U LL'tl ::n 1:: Llth1 L ll'tl'rl L 2-18 ii -3 2J Yll'l 7n 11Yi'tl L \1181 LLa:: " . 

U I 

"''1 ... l12JaLL1.la -3 T 1 'll'rltl ~"IJ" 2J2J'll'rl ab LL'tl:: de 
. ,1 I/ ( I 

3> 'lu11.l 6 LLavin-3'-11~aLvia1~V11'lmLHflULa1V1-wV1Ltl~ilu'-11n " . square wave 

L~U sinusoidal 

., I ., ., 

LLa:: LLt'l'r1'3U 1'3'rlULt11l'l'Wl10:ilUn11~a L via1 11at1fl';JULL 1 '3'rlU La 1V1i'lvma",3~a-, . ., 
L Viti 1 L 'U 11.l 5 (Yl ) 

\I 
., ., I U 

4) L'U1ll 5 ( -3) LLtl'rl-3 LLH'rlUL81l'l'WVll1'tlv-3'-11n~a L Vltl"l'LLa::n1::LLcl~'1l1a L 'll1ll1'tl'rl " . 
I I U 

5) L'U1ll 5 ("I) LLtlY1'3LLH'rlU\110fi'rn2J LLa::n1::ua~1'1-1a L 'll1 Induction Motor 
" ..: ..: ., 

L'Wcl l1fi112JU 50 L~t11l1 100 V/div., T=S msec/div . 

., 
d 

fi172JL112JBL\11tl1 1063 

... 
1tlU \Jltl'U 1l1 

I U 

6) 'lu11.l 5 (u) LLaY1'3LLHflU'llnfi182J LL'fl::n1::ua~1'1-1'fl L 'll1 Induction 
" 

~ .c:i t d t' 

Motor 1 L'Wtl l1fi112JU 100 Li1tl1l1 100V/div.,T=2 msec/div. fi112JL'l12Jtll'1ltl1 

.q 11 d' .J' V d .,v 
2962 1tlU\118'U1l1 L~fl-3L'l-1L'l-1'U11 1'3~1'Utl12J71Utl1Ufi112JL112Jtll\11tl11Yl 

I ( ( I 

7 > iu 7 <n > ua11,3n-nl'l 1 ::"1-111,3 L -w1 L 1t1 Ha 1VJ"l1 (P
O

> LLa:: LL HY1u'1lnmt12-11 lla'rl 
I ., ., 

8) iu 7 ('ll) LLtl'r1'3n11'W1::'l-111'3L i'l1 L 181 Ltl1l1~l1 (PO) LL'f1::1.l1::al1fi111l'l'lltl'31'3'-11 

( n) ( 'll) 
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11h1 7 .. 

1. a11.J _,_ 
q 4" 4"ct II .: c:f ~ ◄ V C: 

1-3..i1t1uL 1t11 Lvit11V1V1~at1-lt't11-l'lu-31uu 2.1m12JLY1t1ot11~a-3 a12.1110 L1.lat:1uLLtla-3 .. 
U II I I I 

., 't'l .... ... ""' ...... 
L t1a~ua~..i1t:1 'W l1 Induction Motor LLa~t:l-3t't72J7101.l1Ufl172JL 11 L~tlt:17-lVltlL Utl-3 2J 

,' II I II 

1.l1~al'lfin1wa-30-3 80-98 % viat1~..iua12.111o~aL~81Ll1LtlU sinusoidal L;t1ui11.l'ln-37U .. 
,' I ti I I . 

n1Jt11.ln1on1vit1'3071 LLl1ti-3-l7t:IL 'W L ifu sine-wave , 
., 

8 . L tl0t't71tl7-la-3 

1. S.B.Dewan and A.Straughen "Power Semiconductor Circuits" 

John-Willey & Sons, 1975 

2. Devid Finney "The Power Thyristor and its Applications" 

Mc GRAW-HILL Book Company,1980. 

3. G.E.S.C.R.Manual,Gutzwiller, F.W., GE Co.(N.Y.). 
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r , 

' 4' I I II I I 

- u11n!}n11cu'llt1-1J.Jm<r1a1rnumui uuu 3Ll'l'fl L~t11m uuHflu<r1in11un~ 

I I I 

c!:I .., • ~ 

LJ.Jt1u1-1flu<r11n11un<r1 ~1n'f!J.Jn11 <2> 

2 
T = K

2
V R

2 
/ ( R

2 
+ x

2
) T ~ V2 



. " L_l~!.LUL!.~m.t-~ :)''J'H nltuflB ~1.m~1•t,l1~~t!.ttl6t~Hl11111UBBtLUn~, (U) fl!.UL~LrntL~~ 
,, ,. 

( l,I ) ( [6. ) ( u ) 
J ------)( 

I ~--

"' 
'a J \ - \ 0 ,x 

x\ . " l flt 

~ 

X 
t ::>x 'v ----ov 

.t,l 1111ALB11t~ttl6tLUHIA.tn11 ,.. • n . 

• fll ij~·t,l 1 ~ijl_B~ LUB~ 1 UBBrnt UflBij,.l6::B11 •t-t 1 ~ijL0Bt LU11B.~t ti.ti 
' ,, 
• tLU~t-B~t-~ ::LMn1Rijtt-µ1i1.t-Llil.~~ijtt-Llil.~~ntntt1i1.;Bl61BH,.lil.l.tLUt-B~t-L~Bt-Ll1nLt-t-~ ~Ufl 

. " UL~fll1A~ntt1i1.tLUH1i1.~~L1.tL.1i1.::~rn1.t1u1mi•t,1., ~!AL.BRIA l~!At-t ,,~tij it,Bl6, BHB~, 
A II I fl ,' I 

~tti•t,1.1~tlAlB~1tB1.t11BHt-B~rnr.Lul'iuLtfl -
l'I I II I ,' ,' 

" (L) tLUH.UL~IAln~•~ IAlRLLA.R~l!AtB 
,. ,, ,. 

" ~~t-B~ntnnLA.l,l_lil.l!LB ULHU~LA.1nu,1n1.n~H~1nBtHLtij!A~1LA.1.l_lil.::~ n~ULHt-.~Bt,1.B~1 ~nt-,.IA 
II II t II fl /I f.l I A 

~Ufl~!At-t ,,~rn,,t,.l6H~::~11B~ 1 n~U,.Bt,1.~t U~lil. 1 nu111i1.1.111111UBB::l!t-~l!nL t-n tU~L1. 1 nu,1111111111111UBB 
I II I ft fl 

tLun11hflULHBn, 
n n ► 

' 

" n~ULHt-.UBIA. mu,m, UBt,1.lil.1 Llil.::t!.lil.t-ijllHLWIA.rntUn, t-[1. l3 'XI f.. UL!! ► ~ l, n l, • F» F» F»F» l, ~ 
l'I .. II I I I I 

" " t-Bn1 Rt~n~ULHt-• 3 lil.l,Llil.::I! n~ULHt-.LijHtBl61BHL1.1,RLl!lil.Lt,lt,l.ln!At-tTIBH1 
r ,. ,r ,. • ,r ' ,,.,, ,. ' r-,. n ~ 

~UflLtUt-•~~t-t 1l~t~ lB~, .141 E 111111L.ntR~L1. 1 !.Bl.ti 1 BHt-B~rntLUl'iULtfl "" 
I fl I I ,' ,' 

ijlLBl61BH~URLtl6~B 
,. ,, 

" n~1ULtct-iiit,m::tu LA.iL.~::~IJ,.U~t-ijll %0£-\0? M2L,t}.ljH11LU LA.::LtlJ1~tLUUL~ 
II I II I 

( L) tLUH.ULI! n~ULHLijH .. ,,. ,. 
( ZI ) t Bl6 H 1•11:: tuLA. tL.lil.:! I! n~t-~IA!}t-r. ,, tL Ut-Blt\t-,.R~::mn tt-BL.ltl!AB~!At-t ,, B~, ~nt-,.IA 

,' 11 fl II I I I II 
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;' I ( I 

U1CUVl1fl1'll!l-:Jtll..ln•rnJflv-:Jml11 ~-;i11cu1-;i1m-ll 1 ('ll) ~-:JL~UL 1flLVl!l'l LaJa~n11aifl1JLl1a.LLUU . " 
I ;' I I 

ABC LLa::11-;i11cu1-;i1n 11..l 1 (fl) ~-:JL~UL1flLYl!l'l LaJa~n11aifl1JLl1aLLUU CBA LUn111v<;Jf11 
" ., ◄ cit V Ill V I tJ ;' ( 

LLH<;JU1::V111-:J-;i<;t X LL~:: 0 L2-J82-Jn11a·1i;iu L l1~LLUU ABC -;i::1flfl1LL HflU rn1nu~uu11'ffVI • 
I 1J I I I I I ◄ ... • \I • "} ... V ~ ~ ,lj L~~:::Li.18"n1'rn1flULl1~LLlJtl CBA -;i:::V11 LrHJLLMflU'H::Vl11'1~fl X LLL'lt O fl1'11U-l 1HL3.Ji)L'J1 • ~ 111 I 1,11 I.I 

~~i1CU1L1fiLVl8'lLU1U (fl) ~::L~uli;i111ua12-1Lllau2-1 ABX ~:::1~11 XB UiVIU1 AB LUU~i.l . " . . . - . . . , 
I I ( "1 I 

60 • ~,lfnn,:::LL~-;i:: inphase nu vector XB 'lun11fliu1cu~tln1cu R,C -;i:::li;i11 
11 I I 

z = v ~·; r fBL 1i;iu'll1 v LLa:: r ~m rnu1u 

Z = 1 ~- = 1 /2 -j /312 

R/XC = 1//;, ====> XC = {3 R -------------(4) 
I II 

n1H;analln1~-:iL~an c nau LLL'l1fl
0

1u1cum R ~1V11un11l'lu choke -;i1nn11~-;i1m1-;i1n . . 
I/ l'f 1J I I I I I I v1 'lq ct ◄ ◄ u c:I v vector L 11via-:in11l'lU Y!fl (choke) LV12-J-;imLV11ln-:ina1-:J'W'W!ILLU-:Jf11,:JLLHflU BC V1-;i<;t O uu • • II I n 

◄ ◄ ') V 
La-:i V11aa1-;iLaanLYI capacitor 2Yl1 u·12-11viaaY1n w LLa:: La 1-;ii;iY1aviHna 1-:i2-11 L ~u La 1'WV1 • • • ,' I 

1i;iuf111..l1~Lvia1 2 v11~'llU1flLV11nu 
II 

n11aamLUULLa::fliu1cu1-:i-;i 1'l Y1-:i1u 
( I.I IJ II tJ 

'l un 1 'l!l!lnLLUUalln 1cun 1 'll Y1-:i1u-;i; ,:J 1 fl!l!lnLLUUL V1a12-111u 'l Ylnu 1::uu L 11 3 L 11a • 
. ( ( I I 1J u v d 0 q 

1 
q v t.1'1 220 V. LLa:: 380 V. LLL'l ::u-:ill1U L lla H 'l1UVl'll!l-:Jfl1V1-;i ::m1-;iaau <;JU2-JYl1-:JLL HflUll 'lU L i;i 

tJ I I/ II 

+20% 1riua1"11tlvt'l1-;iaamnhmuuau LLa::a1:in1t1Vlv-:J L 1L'l1YlvflLrl'.;j1n 3 - 1 0 1u1ii mai:: 
II I I ( II IJ II I V 
V \1 ') \1 q q ◄ ') V Yl-:JY!1-:JL1L'l1n11V1aalln1cuLl1l11L'll1LU1-:J-;i1LY1-;i1n 5 - 180 1U1VI L'W!ILVILV12-l1::a2-1nu~n1'W • 

II 

n11'lYl-:i1u-;i;,:i 

AD 
X l c, 

• 0 )(. 

R 
e, 

Xc,r 
Xe 

C •· :i 3r 
11.JYl 2 

---4JOQ 

,., 
I 11 ,' 

-;i1niu~ 2 L~Un11aanLLUU1-:J-;i1m1-;i-;iuaii;iuL11a 1flULY!fl1ll1~Lvltl'l c
2 

, 
I I I I I 11 1J I I 

c3 2-l1Vl!l!llfn12-1nu 1,;ium c2 LVl1nu c3 "1LLVIUfl1 L ~Vl!l-l'WU LLL'l1LLVl1Jn-:ina1-:i ~,:i-;i::Vli 
II II 

LV1a11'lJU1i;ia-:ili;ili;iuV1ann11u~ LV1~auL~2-J 
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LW~ R 

I ._, 

1~-l'l LLtN'itfllJ ~ .., 
LL 'Hfl'U 

P---"'l 1 '1 -l 'i 'n'i 1-J-11JL L 'i '1 rlti 
L W'ci S 

..-

1'1 ~ 'i LL1J'1 'i ~'1U .., ~ 
LL 'i '1fl'U 

.., ., 
1.'1N'lf.l'l 1-l-lUU'l--lflll 

Ll'I~ T 

~ 

1-8.5 

..--..i 1'1-l'i'n'i1-Jiu 
LL 'i '1 '1'U L fl'U 

fflflLLt11M~~ ~------~ .., ~ LL H fl'U L fl'U 

fl1 fl LL'cifl '1 ~ ~ L..-.f 1'1-l'i1l'l1-J:;j'u· 
LL'i'1'1'U1ln I I , . -I 

.., 
LL 'i '1fl'U ,;in 

' I •f 1'1-l'i_,~1'11,1~1 

.---a4 1 '1-l 'i1l'i 1-l:;j'U 
'iLL'i '1'1'U L f1'U .__ 

.., --- 1'1-l'i 1l'i 1-J -JU 
LL'i'1'1'U1ln I I 

6 

.., 
1-J-i 1 m 1-..i-i u 

,--e,I LL 'i '1 fl'U L f1'U .,__ 

m 'i ,;im L ~u 

l 
AUTO/MANUAL 
SELEX:TOR ,· 

~ 

.., ... .. 
1'1-J'i'lllJ'i L ~U 

1'1-l'l LLU'1'i~'11J i-----. .., 
LL'Hfl'U 

I I '!'I 1'1-J'lfl'i1tn1,~1uLW'ci 
L=:I LL~~m'in~UL W'ci 

L~f.l'3~rnm'i~1fJ L Wt11 
L~::nT·rnirn 't'J~ 

.., 
1'1-J'i'n'iT-lU 

~ LL'H'1'U11n 

(O)= 'i~fl~tl~n (') 

(1 )= 'i::'1U~tl~n 1 

I .. • 

"itl 3 u;tln Lfltl::LLml-l t1tl'1'i::uum1-ii1JLL'H'1'UL~~l-Jfl~rn~~m1-im'inirnW'ci 
u ' 
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' ri 

~1n-n.l~ 3 LL'i'tr!-JUt'ltlfl1rit1:LLn1J.J (Block Diagram) 'lltl'11'1~11111~~1JLL1'1r!U ,, 
" 

1J.JttJ.Jrit'lu LLt'l :m 1~n 11nt'lu L lM , 
I I II I/ I 

q _'f ◄ d q • q 
~1n,t1V1 4 Luun11uifl-JU'11'1~1,1l-l ~:Ll1U11l-Jl1l-laL~~'1'1'11l1U1'1'1'1111~aau ,, 

I I/ I I ti II ti 

LL 'HflU ~-J'lun11'l'll'11U L ~a1l-J~i,uih'l'l,a~ flu-JUUL '11tltlnLLUUl1l-JtlLLtl~ '1LL1JU L ,i~mtl~l-llJ~LL~: 

-. 4'1 " ~ .; II I ◄ 4' ail 

'1'1'111l11l-J'lltlLLUU'i'tm, "ll-JiC11l.11M1aan~ 1nl1l-ltlLLtlt'l-J~ :t1u'l u 1tlmHicoo11cu,tlfl~u'll1uu 1 flUl-J 
, " ., " " " .., ., IJ 

11 I I I I 

ioo1cuaanl-l1~1nl1l-JtlLLtl~-JLL'11~:'11"1 1 fl1JLL<;)~ :iUKlJ1Cll L nfl~ 1nLL 'HflULULL<;)~ :mm '1 L vii "" .,.., " 
ti I I I 11 

\I V ◄ 4" ~ "' V ◄ ,q " .._ 
( R-S, S-T, T-R) fl -JUU L l-J8 L nfln 1 'Hlfltln'llnU L i'lil1u '1~ :LL-~'1~rnaanl-l1'1'1fl1U'l'l'111J11l-J'll8 '1 

' " II I I 11 11 4' 11 

l1"tlLLtlt'l'12'11..,1 LL~: L U8'1~1n L 11'118'111U'l'l~1J11~'lltl'1l1l-JtlLLtlt'l'1LLUU'i'tm1V1i'lV1 L nfln1'1 L 71JUt'liflu , " ' ., ., 
Li'l'i'tL;aui1t1'l'llv111~'i'ttlULU1'1~'1vl11~aau~iflULi'l'ttn11'Vli-J1U'l18'11'1~1tlfill11l1flvl1l-Jt'liflu 

., ., ... 
fl-JU: -

I I I II I.I I.I I " 

1 • L ~tliGIU1CU'lltl -JLL 1 '1 flUUn'i't '1~ 1UVll-Jtl LLtlt'l -JLLt'l 1~: L 'll1'tt 1 '1 ~ 1i'lt'l L 1i'l L 1 fl~L i'l L tltl 1 L flU 
"" " tJ " 

I I I I I 

L ULLvlt'l: L i'l'tt~:~1U1'1~ 1 RECTIFIER 2 'llfl LflUiUKlJ1CULL HflU1 i'lvlH~LLvlt'l:'llfl~:11l-JnU L ~tl , "'.., , 
I II II ti 4' 1111 l'f I 

~1un,:LL'tt1i'li'l1LVlnu IC 781 2 ~'1 Li1u1a~L 1fln L t'IL '1181 '1'1°1LVl1flLLHflUL81'W'l'lfl'1~ 12 ,, , 
4' 11 U I ,' I I ,' 

1 ~ .'T 1 ... . ..Y.. ... ..,., ... ◄ .. 
1t'l'l'I "ll'1~: Luu i'l L t'l1l'1'll8 '11 '1~1 LLt'l :cicyqJ1M188n~ ,nn~ '1 L 'jflvl L i'l L tl8 '1'1'1 L mm~:~ 1U.1'1'1'll 

I II I I 

◄ "' .... "I"' <ii 1 ., L~am:flULLHYIU11~: L'llnm:uu 220 V V11tl 380 V f11J~1U1'1~1LLU'11:flu 
I II I I I t 

Y.. '1 q q .., .., • q -4 
2 • ·ciCIJClJ1CU L Ullvlt'l: L i'la ~: L 'll1'tt 1 '1~ '1 L 1.J,uu L 'l'IUULL 1 -Jflu• '1 LLt'l :LL HflUmn 111.ln vi L 'Wtl 

"" u " - ., " ., ., ... ... .. "'1 · '1 1 "'l ... L 1.1, uu L '1'11JUll1 fl11l-J~ fll.lnvi YIU L 'll 1 '1~ 1fltll-J'W1 ,1 L vltl 1 fl Un 11tl8nLLUU L 11vl'1 L VI 1'1~1L1.11 r!U 
II II II I II I II 

q 'l q d ◄ "I q • 'l ,. 
L'l'lrlULVll-J HYSTERESIS U1'1Lt'lnUtl1JL'W11:LUtl'1~1nrl1Ll-Jl-J HYSTERESIS ~:'1'11LVILntl 

rf 4' I.I I I II 
~ Y. ti .,q q <f ◄ q ,q q◄ 

n 1 nrn•n L t'l'l'l'lltl '1'C!Glll1Cll L tl 1'1'1'11'1'1 U 1LL HflUtlU'W'l'll-Jn 11n 1: L 'Wtll-J Lla: L l-Jtl L nt1fl11l-J~Yll.l 1vl'lJU ., ., , , 
I I I , ff ,' 

L'llu LLHfltH1-JV1;aV1in111.ln~ iClll.l1CULa1V1'WV1~:aanLilu~t1~n 1 ( LflU volt Vl5tl vol ~: 
IJ "" , 

L iJu 1 ) 
I ti I II I II I 

,Y. ... ... ... ., ., ◄ 'l ... 'l 
3. ~ClllJ1Mlaan~1n1-J~1Ll.11rJUL'l'lrJU~:L'l11'tt1'1~1vl'1L1~1vlYI L'WtlLVll-l'll1'1L1t'l1LUn1, vv ,, 

II II I 4' I I II II 

<;).,fl L VI LVll-J1:•l-Jnua111'Wn 1 ,i 'll '11U LLt'l: ~ :a-JiCJJ(l!1CULl.lv1"t1 j L t'lrl L ~8Vll-Jfl'll 1 '1n 1 ,v1"'1 L 1a 1 L flrll 'll 
4' 4' I I I 

n1,'ll1 ,~fl 11.l1~ L 'lltl ,~u~LL HflUl-l1nn 11LL Ht1u~ L 1.1;'r1u L ~uu a
0

1V11uf11 
' ., ' 

'l 
... ., 

u•1uu~: rn1nu 
., ' ' 

(R35 + R36 +VR3 ) ~cunu . c15 Ltlrl9l~L1t'l1Ltlrll.111Jfl1~ VR3 
I II I II I I 

4 '-' q '-' q q V 

4. Ll-Jtl1:UULL'1'1YIUL'll1'tt'tt1111:l.lnv1V1a-J~1n~t11.lnV1 ~:9ltl'1tl1fi1l'll1'1L1t'l1~1nn1,v1t1 
" I II I 4' I 

1 ◄ ,Y.. q q _'f ,. ., d "' ., L 
flrlLl-J8~~,cu~1n1-J~1Ll.11rJUL'l'lrlULUUl.ln'll 1'1~1vl'1L1t'l1n~:L1l-JUUL1a1 flrl~:'ll11~~,u 

., " ' 
1 ., 1 ., ... ◄ 

c16 ~,u (R47 + R48 = VRS ) fl1Jn11'11'1L1~1 flrln1,1.1,u CRS Ut'l:~:v1a1Lt'lrlLl-JtlVll-Jfl 
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II.I 11/ 1.11 4' I II 

"I 'l 'i "-''i .,-c,J ... ... "I q •'l 
'll1-ll 'ltl7 LLYltl7 L).JYlfl-:Jn11 Ll1Ylfl LVIUflYlLU).J<;)fffl7).J71(1 L,rnml1'lll1 s5 LUl1 MANUAL -;;i:l17 Ll1 

I • II I d " " 
.., "I "' 'l q... ... ., ., ... q _cf 

R pull up onY!VlflflnLl.l ~-3 U'lJCU:l1~Vll.lnY1UU1:viutifl':;jnl1Lfl7l1Wl1~fl-3 IC 313 ::i:lUUfiUU 
. V , V 

4' II II II 

;Lau::i:l1UVll11~7Ul11ll1 Contact NO LUVlflflnl11ll1 R pull up flfln::i1nfl1U output 
' II I I 4' I I I 4' •1"1.. ... ... ◄ ◄ .... 

~fl-3 IC 313 l17 l1L).JLnfln11Ylfl1Lau::iun11::i:).Jn11m1 s
4 

Ll'ltl reset LLa:L).JflHflUl17-
V 

~1U contact NO ::i:c;ifl R pull up LVI . 
'l 

..., .. .q I.I O "' 

5. U~CU:l11 ~::i 1 L u,uu L l1utJLL 'HV1Ul17 ~ 7U 1 ~-I 1Yl'1'1'1Un 1 ,~1m-11u 1 L Yl'cl Lltl :n 71 
I II II I I 

nau L Ylan::i :l11 ~ 7UflUV11U 1 vimu-l1m11cuaUWl1'11l1).JfllLl.la ~LL<;ia:c;i"1 ~-:iiln 11a1viu L Yl'cl lLfl :u1 
V UV , 

I I I/ I 

a'CIIll1Cll~ 1U'l ~::i, R-L-C ~fl
0

7U ')CUL 1 l11~fl'j')).J~fl ~LL 'j-:JVIU L ilfl L nvin11aau l l'l'fll viuu1a'CIIll1CU 
UV UV 

t 4' II 4' V I 

N 1u 1-:i::i ,u 1vi-i L 1fl~l'la 1u LL a 1u·111.l~Uflfllll vi-fllh l.lfl 1 1 viuil L Yl'fl L iJuY1"1n ·1,.,uvi 'l l1n 1: LLafl-:i~ 
II I I I II 

LVIUL'llflCUa).JU~~'ll'l-3 saturated ~fl-3 FET LWflll1Ll'l'fll11~7ULiJU Contact Current 
' ' ~ ~ 

<jcj "I ... "' ., 3 'i ., 
Source L).Jfl).Jn77~1Vll11UL1.l 1 Ll'l'fll11flLnvin11aauLl'l'cl l117U~'flLYlfl1~fl~flflULYl-flUll.lfl7 

II 4' II 4' 

::i: 1 muLLa-:i-;;i 1n 1 vi Lflvi 'l UflflllL Yl-flll L l.lfl 1 LLa:u1n 1: LLal11'l l1l111u~a l Ylfl 1 Q
1 

,.,~viu·1n, ma 
4' I t.1 4' I 4' 

l111u~a l Ylfl, Q
2 

-.i:u1n, :LLa~~-;;i :l1°1'l l1ml.l1~ L Ylfl, c
1 6 

fl1ul.ln~~ 1ul111u~'tl l Ylfl, Q
2 

t' 4' I I I I II I 

"J q o 'i '1 <j V ... 

a-:in771flLl.l 1lflU-i:l1UVll11~7ULVIUL).J~7Un7fll1U'l-3L'lfl7 ua:l).Jfl'j:UUU'j~flUl~1aan11:l.lnY1 
' IJ 

I I II I I 4' I.I t II I 4' 
., <j cj ...... 'l 'i ,qq 

1-3'11l1U'l~L'lfl1n17<;lfl':;j:Yl~L'lfl7Ll'lfl<;)fl'jLflUl~1'fl1-3-l'j l17u-i:lafln l1YlflLVIUnvia1l1'll7l'lll1 
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ll'HflUYln a,,.,,u LED LL'flvi-:i~an11l11-31U~fl-:J') ~s) 'j Y111-in11~1Vll17U 1 Ll'l'fl lla:n1,nau 
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Em= 1 .35 Ea cosoC • • • < 1 > ; o· < ol. < 1 so• 
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L~Utl1i'lffiill;lnn11tltlU (l1l11n'U1 Ltl1Lll1'i;l..:J':;j1U 'thhn,:LLa'ilH LtlU LLU'ilL'iltl'l' 

II ;' I II 

l11tlL 'lla LWW1LLa..:Jv1VlYIU"1YlaL Yl1L u1..:i-.i, Three phase full wave rectifier 'lu,1.l 2 .. 
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LL 'l'-.lYlU!l 1-.ltl-.l L _______________________________ I 

n) 1JtanlY1t1!;LLfl'j2,J LL~Yl-.31-.:J ::i 'j Gate Pulse Shift 

r-------- ----- - ----, 
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1 cycle =1 .._ ____ ___. : 
I I 

_jJ_ 

L ________________ J 

YI) 1JlanlY1a:;~n'l'2-IU~Yl-.l1-.l~'l' Ga t e Pulse Combina tion 
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_n ·· n __ i4l!!1~L;~1n1~~1 comparator 

I t, ., I r diJl!1~:••1n1,s1d11, square 

., _______ .. 1 __ wave l1~ 9uty cycle =1 
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4. ~-rnn1'iV111aa-1 
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, " 

tJ I 11 11 I 

Lflt1u1~3J1n3J1u 01L11~~'itvi~ 3 t1u1~L;u~-wt1 

1 • M .S .BERDE, "THYRISTOR ENGINEERING" ,Ramesh Chander Khanna, 1981 

2. S.B.DEWAN AND A.STRAUGHEN, "POWER SEMICONDUCTOR CIRCUITS" 

John.Wiley & Sons, 1975 
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2-l.l 

LIN EAR SCALE 

1. tMU1 
(' II IJ 

LINEAR SCALE L~um.ln'HWl~~'lumw1·n-.::i~u1:::u~1-:i'lULLU1L m.im-:i LflU , 
I I 1,1 t) I I I 1 

.. .. ., vi -~ ,Y, vi -,jcj .. '9 ..i 
-;;,i:; L tJ~UlJ'HiU ~ 1...:J'v11ln-.i-.::iu L fl L1JlJC'lmlJ1ClJ LYlYl1'vll-J,tJflr!Url L \•rnm.J ( square wave) .,., \J 

I I I 
"i cj O .. ... .. .. ., 

LflUl-J duty cycle 50% -.::i1u1urinr1riu (pulse) 'vlrJrlffiBnl-J1-.::J~LL1.l11l1l-J1:;U~'v11l11-..i -.::JU 
\J 

IJ I I II I 

'lfl 
"i ... cj q cj q .. 

Lfi!:JVl LINEAR SCALE 'vlrJrl1lBBnl-J1U-.::J:;rJri1lrinririuaanl-l1 rin v,nnu:; s 
\J 

Ll-Jfl1BlJ (1Ll-Jfl1BU = 1*10-
6 

Ll-J1l1) 
I 

2. i™'1.l~LLr!:;~11Jl.l1~nBU 
IJ IJ I 
qq t.l V 

LINEAR SCALE lJl-J~™(lJ~fl1 !:Ji.rnnri-:i1tJ'll1..:Jri1--1 

., 

\J 

' ., ... 
~1 L t-!tlU 

\J , 

' ., ., .,. 
1l1tlil flUl'l ., 

~tJ 1 m n::l-E:J:;11 1 WB n'lltl '1 LINEAR SCALE 
\J 

t t.J I I I I I I 
g ., .. ., ... ., cj~ ~ 

-.::i1n11.l-.::J:;Lvrw11 LINEAR SCALE tJnnm.Jmu V!1LrltlU uri:;mv,auntM"il...:JUfl£JU 
\J \J \J 

1J I I t.1 I I I I I 

mum.J 1 riur11 L ;au L ;au1 riB~, ~WLLU1'llt1..:Ji1aun1.M ~nnr11 L ~BU".J::~~1ufu1ru vi~--ifu1ru u ~~ ~~ 

IJ I tJ I I 

LYlYl1 (out put voltage) aan'ltJ 1mn.Jn~-..i::1>1B L 'll1111JL fl~B'1tl1U (digital 
I I I 1J I I/ I I I 

read out) 
., ., ... .., -~- . cj'l ., .. .. vi 

~1lJ111tl~ntMUlJ-.::J::LtnJj1'W'VlLVIVl1LrlBULr!BlJ (scan) LU 
.., ., ... 

mauntM-..i:; 
\J 

IJ IJ 
q G ..., " o 
l-Jf111l-Ju11m 1n11m1l-lu11l-J1111j 1u L ~ nwm m 1l-Ju11mm~ 1uuu-..i~ 1ri -..i1 nmLLV!lJ -:i 

II II I ll I II 
I.J q 4 V q q .q ~~ 

(ri-:iiu) fl11l-JU11l-J111,_:g1Ul-JV!rl1m'.nnri "llUnU~rJr\11-.::J::rJrl~Btlnm Llil'r'l1~UV!tl'v1 LIJ LlJ 
IJ IJ I 

Lfl'j...:J...:J1lJU~'lllJ1fli...:JLLVI 100 l-Jl-J. ~.,:i 3000 l-JiJ. 
I I 1J 

..., f) ..., uq ~ 

ri™'1.l:;.n1u LlJ'llti..:Jmaum.M-..i:;tJ,:;naumu glass scale fltlLLrJum:;-.::in 
\J 

I I I I I tJ 1J I 
., ., ... .., ... "i q ... 'l 'l -~ ... 

U11 L 'v1 1 n1.Jfl11l-JU11'll tl...:J mv,mmtM L flf:.llLrJUn,~-.::inu1:J:;ri nn,fl LULLU 1'll11...:J L VI LULJ~tl...:Jl-J . \J \J 

I 
"' q ..., q """I q 

r\™'1J:;BU1'1LflU1n1.JLn,1l~'1 (grating) fl'1LU,tJ'v1 2 
\J • 



2--1..2 

~ tE--
20 pm 

I 
q 

11.M 2 LL~Yl-:1 grating Y.ltl-:1 glass scale 
\J 

I ., ' 

ifffl!ICIJU11ULUY.ltl-:!i1L~tl'lJ1J1~fltltm1UtlUnitJMtfn~tl'r11Yl11~-i'u (detector • 
I I I 

head) ~-:IU1~nULL~~ L~tlUurn.JU glass scale 
\J ., ., ., ., 

'r11Yl11~-i'u (detecting head) ~~U1~nuU'11U mm'i L UflLL~-:i LL~~miu 
I II I I I t 

<; <ol <ol ., ."4 4 4 <ol <ol 
LL~-:! 2 ~fl LfiUVI 2 ~flU~~11-:IVl1-:lnuLUU1~U~flHVIU-:!Y.ltl-:lnU~n1'1 • • 

q .. 
3. 11U~~LtlU'1Vl1-:ILVlfltJfl(technical specifition) 

., I 

'l u q .q 

1. m1a..rnnY1u-:i LU0111'1Vluruwn.J 
\J • \J 

20 tl-:!i'l1L"ll~L~U~ (measuring 
I 

accuracy at 20 celcius) = (5+8L
0 

/1000) L"Lfl1L"~1 LflU~ L
0 

Vl"1UG-:1 fl11" 
I 

q q ~ 

U11"1Yl1~1UVltlCUWl" 20 tl-:!i'l1L"ll~L~U~ 
• \J . 

., I 

qq "I 
2. fl11"n11-:it1u-:i1~U~VIY.lf!Wn1~~n (grating pitch) 20 L"fl1tlU 

., 
3. YlUn1LUflLL~-:I (light source) : LflltlflLU~-:ILL~-:1 (LED) 

., ., 
4. i1fULL~-:I (sensor element) : LWL'fll'l11U~~LYl!l1 (Phototransistor) 

I 

" "l cj ., 
5. fl11"L11~-:1~'1LUn11L~tlUVl1 (Max travering speed of head) 

\J • 

300. rmn/s 
I I ., 

6. LLVl~-:1~1ULW (power supply) 5 L1™ (DC) 
I I , 

0 ~qq "1 .., 
7. ~1U1U~nfl~lM~~~tln~1 (output pulse) : 20 L"fl1tlU/W~~ 

\J 
I ., 

u u.-:1"' "l' 
8. 1~'1ULL1-:1'1U'Vl~~Yltltlnm (output voltage) : 3-5 L 1~VI (DC) 

4. viif nn11vi1-:i1u 
., I I 

• q .Y." q q 
011Vl1-:11UY.ltl-:1 LINEAR SCALE U tl11'1UVl~n011Y.1u-:ILL~-:IVl~tl-:!~1um~w,vmn 

\J 
II I I I 1,1 

q _q_ . q cj q q ., 
n1flLl..JlJL~UtlU1-:!~~LtlU'1 Vl1tlVIL1Un11 glass scale UU 

., 
q • "l .. 

1tlUn1fl~~Vl1 LVI L nfl L~U 
I I II I I 1J I I.I 

LmimrnL~-:i~nu'hJ"lfl LL~~LmuL~~LL~-:i~ufl~1u'tfl i-:i1u 2 Lflu~m1"011-:it1u-:i 
.. 

L n1YIYl-:I 
\J 



2-1.3 
., I I 1J I 
., ~ "I 

(grating pitch) 1J1JLLfltJ_l-J1nt'l--l 20 Ll.Jrl'H)lJ 
., ( ' 

~--l\.11~'j1~iwtJ'j:::natm1U LrlLBrlLUl'l'3 
I 

LL~--l (LED) LLa:::1Yl1m111u'Yi~L'fltl1 Yl--l'itl~ 3 u 

sv sv sv 

• I~ •A 

1 6 li:1"x> •B 

I 
q ., ., 

WVI 3 LL~rl'31--l~1t.ia--lV11~11~~tJ u 

~1mt1~::: L m.J~1LL~--l~1l-111tl~B--l~11J glass scale 'lmmlM"¾~'ltJ~n u 
I.I 4' II II 4' 

n1::VltJLl'lL'ffll111J'Yi'flL 91t:11 Vl1LVl1J1m:::m~Lrl output signal ~:::~LL'i--lYllJ 5L 1~LLl'l::: 
I I I I I t I 1J I I.I 

4 4 u 4 "I o q ~ u •') "I q 'i 'i Ll-ltlL l'ltl1JVl1 L l'ltllJ L 1JmLLm.J--lVILLtllMUBU1::Vl11'3'll~~'j1~~tJ ~:::V11 Ll-1 Ll-ll-lLL°fl-:l~nm ::VltJ L Yl L ~ u , 
4' II I II 4' II II 

Vl111J~~L~m ~'3Vl1LVILl-1~1l-111tl1J1n1:::LL~Lrl output ~:::l4LL1'3mJLifu o111'lVI i--lil 
I I . I I I II 4 4 u 4 ., u 

LlJtl-:1~1 n11 grating pitch LLflW1mLa:::n11 L l'ltl1Jtltl'3Vl1 L l'ltl1JH11J L m~~'3 LL~a::: rl'j -:i~::: 
I I I . II I.I I 

H11Jt!tl'3 (pitch) Vll'l1U'lltl'3 Yl'31.J1J~ --lVl1L VIL fl1ln11 L t!~WLLUl'l'3tltl'31 :::fltJLL 1--lmJ Vl;tlL W 
I I I I I II 

4 ~ q 4 q ., ~ anriau~ maul-I ( square wave) LLl'l :::a nriauVI L nrlt.JU u u 
Lifui™ru::: 50% duty cycle 

i~w 4 u 



2-1.4 

Volt 

5 ...,_ ___ 

I 
I I I q ◄ u ◄ ◄ vi "iUVI 4 LL~,l~ output pulse tltl~ LINEAR SCALE UJtlv11Lfltl'ULfltl'ULU \J 

I 
U ◄ ., c,14 .Y,.__ ◄ q ◄ L 'Utl~-.l1011l1l'j1-J-J1.AJ(l~ 2 ~,i rll'~1ClJ output -.l ~).J 2 ~1l1l1!:Jfltl A Llfl:: B 

V V V I 

Lfl!:J01"i11~tltl~~fl~"i1-.l~l.JU-J::Vl1Lr1i'l'lJ1ClJ output i~~tl~r11~..i1nifutl"i::lJ1ClJ 90 tl~~1 
V I l I .,., ◄ .Y.,. ◄ u ◄ "I"' '1'1" 1l~'U'UL"i1-.l~~1lJ1"i(l~~Lnm'l~Vl1~n1"iLfltl'Utltl~v11Lfltl'U11LtlvifM1~L1l Lfl!:Jfl-J1n n1"i • 

\J I U U 
◄ ..Y. ., q 

Lfltl'Utltl~~Clil.11'\M~~tl~'U .,., 
I/ I I tJ 

Lfl1:JG1L~tl'ULtlLm1~V11~m1~..i:m1L1-1 i'l'lJ1ru..i1nA'U1~1ru..i1n a 11.l 90 t1~~1 

i~"itl 5 
\J 

It 

Volt 

~ 

A 

~ -t 

B 
... -

t 

"itl 5 
\J 

V I I V 
◄ ., q ◄ 0 'l .Y,.__ ~-- "I LLfl::(11 L fltl'UOflUtlflVl1~\-1'U~-J::Vl1 L"1t"lllU1ClJ-.l10AVl1lJ"illU1ClJB LU 90 tl~~1 ..,., .,., 

i~ W 6 
\J 



2-l.5 

Volt 

A 

t 

B 

,t1 6 
\J 

I I.I 1J I I I 

i1~ru linear scale ~L~L'UL~,~~1'UUL~'U1tM~ifilll1"J ABS ~~Lnfl~1n . .,., 
I tJ q .., 

n11VlW glass scale 'U'U 

I I 

q q .◄ .. lJn11n1flLW~£l~ 5 ~£1~ .(grating pitch) Vln1:u: 50 • I 

tllJ.tltMLL'U1~£l~L~lJ i~1tl 7 
\J 

11111111111111·1111111111111111 

I 
q 

11.Jvi 7 
\J 

tJ 
I I t I.I I ... .., .. q.Y. ~ 9 q ... 4 q.Y. fl-.l'U'U'Vl n-11 :u: 5 0 lJlJ • ~: L flfllJ•~filll 1CU~'U1'l L ~~Ul-1 L nfl'ln..lWeifilll 1ClJ ABS , 

~~ ~~ 
I ti LI IJII I I ~ 'i .. q'l .., ~ .... ,Y.._, "i.1-.l Lflt:n..ln11LL~1 t11 linear scale 'U L~nUL~1£l~£l1'Ufl~Yl£1~ (digital readout) -c111u1ru 

. --• tJ I I II.I I/ tJI 11 tJ I Ill .◄ .Y. q "I .. 'l ... .. .., q .., "I ~ 0 'l q "I q q ABS ~: LU'U-cifilll'l\M~: L1Nl'in L~ L nflm'i L ,w~1-nmw,1~ L 1 ~,~1 L~m'Vl£l1'U Lfl~~Vl£1U'Vlm 
--

\J I tJ 
q 
V111£1-.1 m, 



2-2.l 

◄ ' cA' q 
Lft1a~l~Lft11:'Vtft11"ou1u1La~La'71 

A VHF Frequency synthesizer 

.. ' ' • * 'lhJU'Vt'l 1..nt~1"tl1 

V 

U'VttwlUB 
I II I I.I I " II 1J 

U'Vtfl11"v18 Lllu-.i:nt-1110~n11aan LLUUi'l11 ~ LLt-1:m1i'laU L fl~£l~,~ L fi'i1 :l1fl11~n~~L ~ 
• V qq d 
'Vtt-inn11fl-.iv1at-1L~i'lt-iaflt-11.l 

II II I t' I I.I II I 
◄ <111 1 V q ◄ V <Oj 

f111"o'VILfl--i1nLfl1a~a~Lfl11:'Vtfl11"0-.i:t1unu1~-.i1a11~fl11"0 
" II tJ I I 

'i ') V <Ojcj V 'i o 11 ◄ ◄ V q 
L flU L yj LL Hf1Ufl1Ufl", fl11"0'Vt88nl.J1--l:on1.l 1lJLLn8Uv1t-18vll 1t-l 1 L flUU 1 LU L 1.J 1UU L 'VtUUnUfl1 1"0 , " " ., . . ., . 

... c1 ... cj 

81~8~'Vt1~--l1L1.l1UUL'VIUUL~a 
◄11 cj cj cj 

Ut-l'VILfl--l1n1~--l1L1.l1UULl'IUUL~a~1"11of11Ufl"fl11"0--l1n1~ , 
I II I I I.I lltJ 1J IJI 

• ... cj') ... <111 
--l1n1LUflfl11"0L'Vt"fl1fl~l'ILfl L11a1"11oni'VIUflfl11"o~v1a~n111fl1flun11v1"-1ft1v11'Vt1~'lu 

1~--l1l111~~L~U~1U'Vttl~1uLf1ia~ 
I t' I I 

ut-in11'Vtfltia~uafl~ 11a1m1ol~ L m1:'Vtm1"o'luu1u1-

') ◄ d ::I ' ◄ d L8'71L8~ LU'711~ 108.0 0~ 124.9 L"nn:Ln1'Vt'il Lm: 204.0 0~ 244.9 L"nn: -
. ' ., 

L ihwn L ~utiu-i 
., 
V ' 

I t 

'i cj ... ◄11 .. 
wt-i: 1 o o n1a L n1l'l'il LflU"fl11"Ufl'l'lt-11fl'Vt1~fl11"0L"LnU +/- 100 

' L }11'Vt'il 

1. Ul'IUi 
t' I II II I I IIJ 

..,, cj ~ ... ◄ .. cj .. 

n11~~Lfl11:l1fl11"0LUUn11a11~ft11"0fl1'VtU~l118'Vtt-!1Ufl1--l1nfl11"081~8~ 
I I I II ,' I II I I II 

~U~fl1l1;8 2-3 f11 'lua"'iiLL1nuu n11l~Lfl11:'Vtf111"0Lfl--l1n1~--l1niLUfl11"0~~LflU~n 
I I I ,' I.I I 

◄◄ • --~ ... 4 11 ... ... LL1fl1Ufl" LLa:"uanLL1--l1U1Ul1U~"iJ~'fj1"11oa1ml L t-ian Lfl m1m l'IU~Yll •rna: LL~OU1111'1'l , 
II tJ II I I V 

cjcj1 ◄ V cj cj ◄ ◄ V 

YJa~m,"o'Vt flaan"1--i:Y.1unum1" L 'VtU~vlHLm: L 'fjom11Tl'lYJa~uamL1 La~< LLa:YJunu1~-.i1 
11 ,' IIJ I I I 11 

.Y ◄ "'I ') 'i cj • .. cj'i ') "" 
fl1U) n11C1~Lfl11:'Vtfl11"0YIU"1L'Vl"LflUn11ua"f111"0--l1fl1~--l1n1LUflfl11"0LflUL'71Uan 

V I I I.I I I II 

') cj,4 1 ... .sf .. V 

LL1mufl""'nn11 1 1~-.i1 a1m10 L'Vtfl11"oau-i mnnn11 L r1mLt-1: L uun 1H 1"v1un11'l'IW1 , 
,' I I I II I.I t' I I II 

J' cj ◄ .1 ') V V cj J' cj _sf ... cj <Of.. ') 
n111H L m1:llfl11"0 rnan11 20 U"1 LLt-11 LiJ1.l-.i-.iuuun11·e1~ L m1:l1fl11"0 LUU 1fi'VIUU" L ti , 

II II I ti ti I 

nu"1nwail111Jn11a11~m1ilii~ilm1" L ~U~v11 ~a~LLt-i:via~n 11L'Vlil L aiiurn1'1'l'Vt1 ~m1"iia~ 
" " 

ti I.I ' '" V qq o ') _y q ~ qq ~ 

fl1U n11'1'19l/U1l'l1~1~~1fl~v18t-l'Vt1Ll1fl11~~Lfl11:'Vtfl11"0fl1ULl'lflUfl'Vt1~fl--lvl8tlL~at-iafla1.l ., 
• II I I.I I I 

•11 ◄ 'i V cj cj q 
(Digital phase locked loop) 'Vt1Lfl~1UYIULflUU~fl~"f111"L'VtU~v11~LLt-1:LaOU11l1'1'lL'71U 

I/ I t' II.I I.I I.II I.I I 

L ~" n11a11~ L fl1~Hl~ L m1 :mn1"ii;u"11'71~~a1"11011ilfl~1u?iu 1 viu L o'l'l1:fl11"0 



2-2.2 

I I t I I I II 

q ◄ q '.'.5 ."f q ., U1Ufl11"Ua~"1nV11nU1U1Ln~Ln~ , VHF; (Very high frequency) ~~LUUU1UVIL~nU 
V 

◄ C: II .r Q II _'4 ~ tJ 4' ~ ti i' ~ ~ 
"1n Lfl1n~1V1a11~t1u"1n~::a1"11u1~Luufl11"un1~n~ L"n~::11n~V1Y1anunun1ru~na11V1 

., ., ' 
1~~1ulm i1unu1~~ 

., 
2. mmn11 

i' I I 11 

V1ann11YJn~n11l~Lfl11::Vlfl11"0~L~LVlflUfl~~rinaL~atnflaU 
., ., ., 

YJUflU 
., ' 

Yl~LLaY1~1u,u~ 
V 

f¢ f~ 

Control 
panel 

\J 

, 

' 
~a1uu1::nnu1u 

Phase 

comparator 
-.- N vco f = Nfn< out .,, 

., . 
3. V1ann11V11~1u 

Low pass 

filter 

; f¢ = Reference frequency 

;f t = Output frequency 
OU 

;VCO =Voltage controlled oscilator 

fl11"i~1n vco ~::unV11,;1u N LLci"iiJnu L ;, L uiw L iiwnum1"i;1~B~1u 
V 

q q q q ."f 
1~~'H U'ltllJ mm, L l'M (Phase comparator) ~rn~1nn1H U1tl1J mm,~:: Luu Error· 

I ti I I I ti I 

'.'.5 'I q ~ q. '1 "1 4 . voltage ~~~::unn1n~Ll1L'ltl1JLYIU1·N'rn1Ufl11"U911 LLa::~:: Y11::Y1U ~m~Ll'lnfl1Ufl" 
V • 

I I SJ I I 

fl11"uail'l'ltl vco L;nl~fl11"U~1n vco Ltiulu111"a"n11~ 

f t = Nfn. 
· OU Y., 

I I ti I I I 

q q·1 q q 
n11LUaUUfl11"UV11 YlLY1Un11LUaUUfl1 N VI Control panel 

., ' ., 
◄ 4. n11an~ Lfl'ln~flULLUU 

I ti 11111 ti II 
.. <q ◄ 0 U ...,q 

L mn ~11uuuuV1a11 ~t1un 1V1u11am~ru::m"m 1"11n ~n 11Y1 ~u 
~ ' ' 

1. a1"11ul~Lfl11::V1fl11"01uu1u1Ln~Ln~ 
' q q ◄ 

fl11"UU1UVI 1. 134.0 u~ 150.999 MHz 

( 1 ) 
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'' ' .. .. ◄ 

fi11"UU1U~ 2. 230.0 u~ 270.999 MHz 
... ' ... ., .. ., 

2. 'l1Ufi17"U 'llua: 1 KHz 

3. nia"-1'l1a~-d'~1ruaan -3 dBm/SO ohm 

' ' ' .. .. 1 .. 4. fl11LUU~'ll8~fi17"Ua~a~ "LnU +/- 100 Hz 
V • 

5. fl118EnLLUU 

L 11a1"11uaanuuu L,Aa~"l 111u'l;lla"nn1ilm1.I~ "1 L tlULLU 1~7~1;8~1~~ 
V 

I I II t I t ti 

4 ◄◄ .. ,q .. • 1 .., 
ll<11LU8~~7nfi11"U~<118~n11"fila~Lnun11ll1~~1l111 N ~=~1~1u fi (1~~1l111 N "n ., 

... ... ... ' 
~:1.l1:nau~u~1u1a~1.11:Lnll Programmable count) 

◄ .. ~~~:<11a~a~ft11"u~1n vco a~ 
I I II I I/ 

.. ~ .. · 1 ... "1nau~~:1.lau1~~1l111 N ~~1.11n<11a1"11ull1 ~ 2 ~,~ fiv 
I I I I I II I 

. .. 1 u ◄ ◄◄ ◄ 
1. u1m1"u~1n vco 1.1~a"num1"umfi~llllU~ LLa1n1a~La1m1"u~am~aanm 

t ti 1J I ... ., .. 
L~81.l8UL'll11~~1l111 N ~~11.I~ 2 n ., 

2. l~"1~~1l111;1Ufi1fi~~ 1;j:l111~1~~1 VCO fl1J1~~1l111 N ~~1~~1l111~l~" 
IJ' 11 11 IJI II II 

1 .. . 1 .. .. .. L'll11.1u~:<11a~a1"11u~1~1u ~~fi11"ull vco a11~aan"1 
' ., .. 

M11.I~ 2 'll ., 

f1-fout or 

f -f 

Reference (f) 
frequency source 1 

/ fout/ N. m 

out 1 
BEF Mixer 

o I .. .. 
11.lll 2 n11a~fi11"u~1n vco ., 

vco 

f out 

l ,- I 
+N 

I I II I I ti I II 
.._.... q<qq 'l "''l "' .c:,..,q 

1fil1 1. LLa:1nl1 2. ,Ll1~a<111~nu Ull~'llE~'llUfi11"UTNU 

' ' 
fi11"0~1n vco 'lun1iim 1. 

f OU t = Nf j1 + f 1 . ' 

( 2) 

.. 'l .... ft11"u~1n vco un1C1M 2. 

fout = N. m.f~ 
I I ' I 1J I t 

'l 
...... ... .. .. _., 

un1rull"n11a~fi1l118l~"fi1 N U1L~"fi1'll8~ N LUU N+1 

(3) 

... 
~1n 12> ~:111 f = (N+1 )f, + f

1 out 

=Nf / + f 1 + f 1 (4) 

... 
~1n 13 > ~=1~ fout = (N+1) m.ft 

Nmf,1 + mffl (5) 

+m vco 

f 
out 
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., . 
~ q q "' '1 ~,n (4) Lrn:: <s> l'l~1'lCU1Lll'HIULV1i.lUnu <2> ua:: (3) ~:: ft11 . 

q.; 

nWJVl 
~ " _., 'lJU'lJB~fl11"0 LUU 

' ., ' qq ., .; ... 
n'lCUVl 2 'lJU'lJB~fl11"0 LUU 

f; 

mf,( 

.. 
fl~Lfl" . 

L;mtiu m L V11 . . . 
'l 

.;.; 
a1u Loop Bandwindth Un'lCUVl .. 'l ...... ~::fl~Lfl" a1u un'lCUVl 2 ~::afla~ m 

u 
L Vl 1 

. OU , I I U 

'lun'lOM~a~l~Lfl'l1::~fl11"o'lun1~n11~ , L'llu "1nn11 40 MHz ~u'11.l L'l1~:: 
II 911 I t,,1/ I I I II I u ... 'l" • ... ... "I -!!"I ~n~'l111~~'l~1'l N Vl~:: 'lfUU a1"1'lOV11~1UV1fl11"0"1nn11 40 MHz Lfl~'lnL" 011" " 

fl1'lafl Loop bandwidth a~lfli.11fin1'lLU;a 2 LULfl~B~;ULLUU~a;1~iu1;'l;1~~'l~1'l . . 
""' ... 10 ( m=10 ) LWBaflfl11"0~1n vco a~"1 10 LV11 

I I I/ I/ I I ◄ c,j "' • v L c,j c,j L d .<t ~ • ., ◄ _C, n1'lLaanfl1fl11"na1~a~a1~'lU 'llLll'liJULVli.lU uallnLUU~~a1flruLUB~~1nLUU II V 

~"1n·1~m1a"~'l 1n1 'lll 'lULL;m,"i'lla~aiJ, m1" L 51'l un1'l L ;,~n1'l~Bfl'lla ~all, LLa::n 1'l L rill~ u u . u 
I t.J 4' II 

LUUV11~fl11"ULB1V1WV1 LtiU~U , 
I I SI I I ◄ ... L .; ... L L d .<t ql ., ... ., n1'lLaanfl1fl11"n un1'lLll'li.11JLV1i.lU uall ~a~,nLuun1'lfl uauV1~::Lw"fl11" " " U I d ◄ L d L'l1(~'laaf!L1a1> un1'lanfl'lla~all d L .; q ., c,jl LLa:: fl11"L 'l1 un1'l Lll'li.11JLVli.11JLLa::1.l'lULLnm1"n U 

u 
d d ◄ 

" 
alln L 'l1'lJU 

O ti ~ c:t~ I/ 4' ~ I .J.J ti 4' (d .:-1 V11L ~n1 'l L Ui.l~ L UUV11~fl11"0V1 L B1Vll'll'lmnafla~ LLa::f111l-Jtl'II Lt:nVIWVln~:; L Vl~J,J " , , 
I U I l,J I II Ill/ I II I/ I II II .. ◄ 

m~i.l~'lJU 'l .; ., d •1 ., ... ◄ L ◄ L u~n1'l 'llfl11"na1~a~a~,n~::V11 ~'llufl11"na~'llufl1i.l ULfl'ln~~uLwu 'llfl11" " " ,., 
I I I .; .. 'l ... ... na1~a~ 2 fl1 un1'lLll'li.11JLV1i.11J 2 au 

\I 

"' .. .. ... q 'll~LUUL VlflU~ L rnn11 Double loop ., ., ., 
frequency synthesizer 

~ ... ... ... 'll~'l::uuu~::1.l'l::nauft1i.la1.l'llv~n1'lLll'li.11JLV1i.lUL~a 2 au 
" \I 

... 
fl~ 

I ... 
nll'l 3 
" I 4' I I tJ I I/ I -!I ..Y ... ... 'l ., ., .; • ... ""' Lfl'la~~~Lfl'l1::~fl11"0V1 n~ann1'lfl~na11u L'l1Lw~n1'lV11~1uLuu 3 a1u fin 

, I 

1. n11a"-.JLfl11::~fl11"0LUaU~an ( Frequency synthesis in main loop ) " , I I 

2. n1'lf~Lfl11::~fl11"0LUa1.Jtl1i.1 ( Frequency systhesis in auxilary loop " . . ., I 

3. n1'l~a"m1"o'luau~a"nua::a1.l'l11i.l 
... 

Lrn 1n 'ln ~La 1m 1"n ~a n"aanm " \I · 
I II I I/ I I I .; ._.,.'ll q.; q'l vq .; fl11"0B1~B~V1L'll un1'lLll'li.1ULV1i.11Jfl11"0LUa1.l~anLUU 10 KHz a1ufl11"n \I 

I/ I f 6' II ., ...... __,, ◄ 'l KHz 'lJUfl11"0Vl~~Lfl'l1::~'lJU uall 

U 
I I I .. • ., q ... .;'l .; ... a1~a~a1~1un11Lll'li.1ULi1i.lUfl11"0LUall'll1i.l"fl1LUU 

" " I I I I/ I 

~a"nij,nLtiU 1 oo KHz a1u'lua1.l'l11i.lijt1'um1"0Ltlu 1 KHz 
" 

' c:t .J'q I/ c:f-1 U 1/q I c:t n1'lBBnLLUU'l::uul~ L m1::~m1im 2 allu"'llB~flaL 11a1m1n~11'l~"mm1"n " u .. 
a1~a~ 2 m 

• u .., .. ~ 
a1~'lu1~nll'l::a~fl 2 ll1::n1'lfln , 

I/ I ~~ I.I I/ c:t I.I II c:t 11 ,' 1 . a1m 'lnaamLuu'l l1tf1~m 11.Joi11 Y1~ 1n vco n11~"1n-•,rnwr1a~n111fl 1 fli.lfl11"n La 1V1 
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t I I I 1J I II I 11 

... q q .. 'I 1 
l'i'l'l~1n vco U~fi~"fi1n11LUU~LUU'l'l1~fi11~0L""1n ft 

.,. 'l q'l ... 
LU8~~1nL'llfi11"0LUn1,t1,'l'IUna~l18 . . . - " 

tlll I I ti .., I I 

'l ... qq 1 'i q q q q qq 

2. a1"1,oaanuuu L'l-1'l1Ufi11"0"fi1U8U°l fi LfiUn1, LU1UUL 'l'IUUfi11"0 'l'lfi11"0"fi1 
II I I I I I I 

q q..., q 1 ... 
UBU°l L'llU 1 KHz LL~mn11LUU~LUU'l'l1~fi11"0U~fi~"fi1 "mnun ( 1mnu 100 

I I I II I I 

Hz 
... ' 'l q q1 

L ua~~1nn1,aanLLUU1~~, vco LUtitl'd1u"'ll1~n11~m1"0 ""1n 
" I II . ... 

6. n11'1'11~1U'll8~Lma~~ULLUU 

'l ..., ct J' " C: ◄ ◄ 
LUtltl'l-1tin~::"n1,·~~Lfij1!;'1-1fi11~m 2 'd1~fi8 108.0 0~ 124.9 MHz Lltl!; 

" I '1 t' 1111 IV 

◄ ~ ... .., 1 .. 'l q'l q .. 
204.0 0~ 244.9 MHz 'll~a1"110Ltl8nL~ fiUa1'1'1~ S LUtlUUL~fi11"081~8~ 10 KHz 

" 
ti I Ill/ I I 4' I I 

a1"1,oa,1~fi11"01fiiuti:: 100 KHz a1ulutltl'll1u~::l~Lfil1::'l-1fi11"o'lu'll1~ 26.000 
" II I II I II II 

◄ 'i 'l q ... 
0~ 26.099 KHz LfiUL'llfi11"081~8~ 1 KJ#z 

q ... 'l 
~,nn1l'l-111fi11"081~8~LUtlULLlnfi1U 10 

" 
I ' I 1111 

'lutitl'll1u~::a1"1,ol~Lfi11::"1-1fi11"01fi~uti:: 1 
II I I 11,' 
u ◄ • q 

KHZ ~8~1nUUL"8U1fi11"0~1nLB1'1'1 
" I I I II 

'l ... .. ... 'l q 
l'i'l'l'll8~ vco LUtlU'l-1tlnLLtl!;tlU'll1U"fi1m~a:1mu LU1~~,~a"m1"0 ( MIXER ) Lrn1n,a~ . " " 

I I I I 
., 

.. q ... 
L81fi11"0Utl11""1lfiU1~~1U1UU1Ufi11"0 (Bandpass fi lter Lltl 1'llU 1U1 !;ftU'llB ~ 

II II 

iQ.llJ1ru'll-11fi~1"ni'l-1ufi 
.: d 11 ~ 114' ~II ◄ ◄ 

'lu'l'lafin~::1ftfi11"0\a1l'll'i'l'l'l'l~a~n1,fia 134_000 o~ 150_999 . . . 
II 

C 

MHz LLti:: 230.000 o~ 270.999 MHz mmrn~n11 

7. ~tin 11'1'lfttia ~ 
I II ltJIJII I 

4 <q ◄ '} V 

L ma~~ULLUU'l'la, 1~'llULLtl 1 LUa1uti1.l'l-1ti n LLti::titl'll1U LLti::ui 11.l'l'lfiaaufin1, 
" " " 

I I II I ~ 
q .. 

LUtlUU'l'l1~fi11"0 
... .. ... 

LLtl!;fi Sideband noises Yl1ULfi18~1Lfi11::'1-1aLtlfi~j" ( SPECTRUM 
" I 

q '-' V q 

ANALYZER:TAKEDA RIKEN MODEL TR4132 ) "tlmtUl!;M ltl'l'l 4,5 Lltl!; 6 
' " . 

·~ ·""· -..... } ; ' } ~ ~ ... --~ .· 

...... ,J:.'.~ . .. ... •:er~1• ,:; :16Ji-·1~'~ "}, , , .. ,.1i, i4; ·~·~'.•i"J.'i,-''*--~ '°~ 

,---~I•_,, WWWW& ..... J•· mrm 131 tee MK":: 

I I I ~ 1J I t 

◄ .., qqy ◄ 1 ... q q 

11.l'l'l 4 ,t1~LUfifi"'ll8~fi11"0'1'l~~Lfil1!;'1-1flU fiUtlU'l-1tln'l'lfi11"0 115 .0 MHz 
" " " 
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,..,,,.,·--•---... -... , .... ,__,.--..... -_-_,,-) ... ,- , -,-,. ~:-:: : .~--- -.-- 1 
•'"1'"' ' . ---- ,~ : ~ '" ' . • ,, , 
.~ . . .•. ' . .. ~ . . .. " • 

,. • \ •1 •• ·• , .., • " .' • • • ""' • ... • ~ i 
- I 

..-..: -- . --- . . -,--·-~ ... . .. . 

:'•1 ·· 

-~ -:3 •• :~'-'~.!Ji::±..:.:.\ . ..'4.Li:.t~ .. ·· ' ' ' 
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I f' V I I I f' 
◄ "' ., 'l d .,..,._.,, 

n,w~1flLft1B~1Lft11:~dLUftfl"Udfl~L~L~U11ft11"U~~~Lft11:~aan", 
... ., 
m:flmrn~ 

lCJ.K!!1CULLuanu,rn" 
I I I I f' 
• ., .Y.. .,..,. _.,, 

_Spurious signals ) Yl1fl111:flU~CJ.ll!1CUft11"U~~~Lft11:~ 
ti I I I I ...... .,..,. ., .,. .,. 

aan"1au 60 flU u1:"1ru 60 flU ~~d,"U1Uft11"U ) d1un11LUU~LUUtlB~ft11" 
\J 

I I 1111 I II ' ... Ill ., 1 ◄ ' ... 
0L"d1"1101fl flfl1ULft1B~U ( TR4132 

◄ ... 'l 
L ua~~1n'm1"a: LBUfld~dfl LUfl11LLdfl~ 

\J , 

' ' ... ◄ ,j 
Ufl~1~ft11"UtlB~Lft1B~LUU 100 MHz 

ti II It/ I I ... 1 .., q .. .., q . 

ULtlUU fl~flf!B~1flft11"Ufl1U Lft1B~1flft11"UtlB~ Optoelectronics 
\J 

I o o, 

~ ., ... 1 .. ~ ... ... .. 
inc. 1U K7000 ~~d1"1101flft11"U flU~ 550 MHz LflU"ft11"fl:LBUflU~ 100 , 

II II II I ... ., ...... 1 ◄ ., 'l 
Hz LLa:"m1"unY1a~ +/- t1a~~andfl~1u W1..J11 m,"u~a,u fl~1ntma~1fl 01Lu 

\J , 

II I I I II 

LU~UULLUa~u",~ ( 1" .Y.. Ill .. ... ... ... ... ., 
L1fl1~U ( L"Lnu 5 u,~ ) "fl11LUf!UULnJa~~~andfl~1U , 

11 I f II I I I I I I 

.. ., --1 "1 Ill ... ... ◄ ... ◄ .,. ., 
LflU 3 ft1~ ) ~~n "d1"11UUBflLfl11"fl11LUf!UULl.1.la~LUB~~,n~Lft1B~i~,u 

' . ' 4 4 V 4 U 

n11~fldauau ~,a LUB~~1flfl1Lft1B~1flLB~ 
\J 

I I II I 

a1un11~flaa~ua"m1"0~1n vco t1a~ 2 ml LLa1n1a~La1m1"0 
\J 

' ., 
ua11"aan"1nia~au'lutru~fldau 

\J 

8. a,u _ ,_ 
◄ ,' ~~ II ..r II V V .; 

Lft1a~l~Lft11:~ft11"u~a1,~t1u"1a1"11u'l~~1u1 fl 'lu1:flu~u~ 'lu 
I I II II 'II I tJI/ II I I II 

.,tlll Ill d O d .,tlll ., Ill .,t ◄ 0 d d Ill 
a1ut1a~~,u~ L fl~fldau LULLa 1na1 L , ~mm u,~ L fl fl~ L 1~1na1u~ rnaad1 L ,~n~= Lfl 

I I I I/ 1,1 

• ... .,..,. 'l ,j '1 
Lma~n, L uvim,"u~rhll11U Lfl LUUl-l1Yl1j1'tJ ~ 

• 
,, 

9 ; Lana,,a,~B~ 

1 . Manassewitsch, V .Frequency synthesizers , 

A Wiley Interscience publication, 1980 

2. ITT Reference Data for Radio Engineers , 5th ed . 

( New york: Howard W. Sams & Comnpany, 1968 ). 
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Antenna Pattern Disp~~y 

. .., 
~uu ~nLLm 

V 

lMf'Wllltl 

'lu 1 :::uu~ti~Tnfu ~7f:ltl 1ml'luu~1 L tlu~1u~1ri'q,iu11rnL1 n'lun11 fu?Qll!1ruf'liu 

I 1J I I.I II I.I I I I 

cj VJ <j 'l V ... .... 'f .. 
LLl-J L lmn LYM7 LYmtltilJ l'lnU1...J';;)'j'VltJ...JrllJ m~l.JU\Pl'lltl...J~7f:Jtl7n71'l Lflf:J L\l'W7:::tlf:J7'1f:J'1LLUU , 

Directional Antenna ~'1L;frutl~1Ltl -.i:::~f'l11l.J~7l.J71ri'lun11iu?UI1J1ru1;~L0~7:::'lu~l'I 
'lJ .,., 

I I 1,1 I I t,I 1,1 

V17 '1l'IU'1 L V17'WlJ 1 flf:JLlJ~i'lV17...J~lJ'lllJ 7flf'l11l.JLL 1 '1'llt1'1i'!,llJ7ClM'lvULfl';;) ~'f'l fllN Ltl 11...JUlJ 'lu n7'l 

' . 
V1fl~t1Uf'lru~l.Jllil'llt1'1~1f:lt11 n11'1'lli111m ...Jei 1fl!:Jn711fl'lllJ 7flf'l17l.JLL 1-.J 'lltl ...Jirunnru'l u~l'!Vl 1-.Jm ...J ei , .,., 

I I I IJ ' l I 

~m1l.J~V1U...Jei LLc11u11-J1-w~m1LL~fl...Jf'l11l.Jil.Jviufi1 :::V111 ~ 'lllJ7fl'llti'1 m11-J LL1...J'llu...Ji(l(}J1CW1lJlJ ., ., , 
I I.I 1J I ti 

rll...J"l L ~f:JUfl1..Ml'ltl7'1B'1 W~flfl L ~'1tl1 (polar coordinate) ~...J--i:::1mtl LLUUn7'l m :::-.i1f:J 
'lJ 

I I I 'I 

~ V .. oV q ", 

f'l'f'llJ ( Radiation pattern) 'lltl'1~7f:Jfl 7n7t'1 LLVl'f'l::: LLU1J lJU17l.Jf'l1 7lJ~7f'lqJLm tl.Jtl'l::: L f:J'lilJ\Plfl 

n11 L ~un'l;'lltifl'llfl'1~7f:lfl7n71'l'l;L l'll.J7t~)-Jnunuu~t1~11 uci :::~ 1tJ'lun11~fl;...J~i'lV11...J 'llfl'1~7f:l 

I.I IJ I I.I ti 1J I 

t11n11'1'll'lrinviu...JL~f!Ll'liu?(l(}J7(1JLfl~'1~flLf'l'l...J '11lJULLllJ~nium1...J'lun11l'l71tlLLUUn11n1 :::-.i1f:J 
\J ..,., '\J , 11 

I I I I 

<ii 'l q 
f'l'f'llJ 'llfl...J~1rn:nml'lLLUUVl1'1"l lJf:J1lJf'l17lJrl VHF LL'f'l::: UHF 

1MlJ1 

' 
'l 

~ q ... q ... 

lJn7'll'l71tlLLUUn71nn-.i1f:Jf'l'f'llJ'lltl'1 ~7f:Jtl7n71'1 -.i::: l.Jflf:J 2 1fif'ltl 
'lJ 'lJ 

IIJ I 1,1 1J 

1 . L flf:Jn7 'l 'lvUi(l(}J7\J L flf:JV!'l ..:J';;)7n~7f:Jtl7 n7~\Pltl..:J n1•r~:::V111tl LLUUn7'l n'l :::-.i7f:Jf'l~lJ LL'f'l 11.lf!lJ 
.,., 'lJ 

'l ;nu1...J-.i11fl'lllJ 1vim 1mL1...J'llt1 ..:i roiru1rn i rn1-.i :-;~1lJ11ri 1fl'lllJ 7fl'llB -i ffiru1filL ;ri n;ti ...Jl.J7fl~rlfl 
Olltll , IIIG.I \J , 

LL~;1 ~1f:lu 1 n1fll~ru 111'lV1~mn-.i :::1~~:::mnLLci:::u1--i L ~f:l~1 'l;~7f:llJ7 n 
1J II 1J I I 1J 

'i • 'l q a •VJ q "' -t 
2. L flf:Jn7'l~'l 7..:J LLUU-.i 7'f'ltN'lltl'1~7f:ltl7n71'1 l'll.J'lllJ 1fl L cinci...J LL'f'l1lJ 7 Ltl'Vlfl'f'l!l'1Vlfl1 7 )-Jfl ~'1'lllJ 

'lJ 

I 1.1 I 1,1 ti • I I IJ I 1J t.,I 

m~ti°llJ 1ru111mmLuu-.i iciu ..:i ~...JiruV11LV1rl:::~11nLLci::: L ~f:lfll 'l~-.i1wumLV1m 1im nflu..:i--i :::ruuf:l ,., ,., 
.., 

V o V 

num 1 flfl nLLUULLUU-.i 7'f'ltl ..:JtJlJ 

Lf'l'H..:J7lJ "An t enna Patter n Display" '1 Ltlun11l'l71tlLLUUnl1n'l:::-.i1f:J ,., 
I I II 4' I 

<ii ... q q 'f 'l VJ 'f ... .~ V 

f'l'f'llJ'lltl'1~7f:Jtl 1 n7i'lml.J1fl",'] 1 LVlf:J 'li Ll.J Lf'l'lf'ltl)-1~1 L \Plfl'j APPLE II L1.JtJ~1tJLL~fl-Hrn n1 1 1fl 

'lllJ7flf'l17lJLL1...J'llt1..:JiQll)1ru -.i:::'l; TV Field Leve l Meter LLllJf111Vliq,lJ.j7CULL;11JtllJ~'llJ1'1 

I I I.I' 1J 4' I I 

--i1 L tl~WiQll)1CULLUUtllJ 7~tln L UU~~\Plfll'l L ~u1JfllJLl'lf1Uf'lfllJ~1 L \Pit! 1 ~11.J n7'l 1fl\Pl1LLVI\J'1l'l;fl~l'l 
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1J LJ l I II I I I ' 
YI 1-.J'lm-.Ja 1 m1'1-i :::'l ~111muY11uY11..l .;' um LflYI~ unmnru,mmi nrnLnui,,wYia -.Jcl1!:Ja 1 m1'1 

◄ 
L l-JEl LLnU 

, \J , 

I t, I 

.q .q ..., ~ ~ 

'21El-.Jcl1!:JEl 1 mfli,,wm 1lJLL1 -.J LL~~f11J.JUrl L Yl!:JUn1.Mi'1El1-.JEl-.J cl1J.J11nui11..ltl1~J.J1~~~ 
◄ 

L 'WEl , , 
I 

"' ◄ 'W~El~11..lLru1Jn11n,~-i1!:Jfl~U'21El-.Jcl1!:JEl1n1i'1 
, \J ., 

Lfl"Hcl11-J 
1J I rf II I 

1fl'l-.Jcl11-.J'21El-.J L fl;El-.J LLclrl-.J L~uwa n1,ia::: LLmJ.JLflfl-.J 'itlYI 
\J 

.., TV FIELD 

LEVEL MET.BR 
I ~l')-.J ';J 'i'21!:J1!:J i.'i(JJ(JJ1C1J 

- I V 

- ., fl..,') \111'..J YI 1 mhu fl11 fl 

- ' ., .., ◄ 

>.JEl L ~El 'i '2111 L fl~ElU 

., . 
i,,~nnTrn1-.J1u 

I . 

l .._ 

'?J El-.JYI 2 

I r/ 

' q 

DtlJ.YI 

Analog - to

Digital 

Co n v e r t er 

'i tlYI 1 LLt'i fl -.JUEH)f) 1 ~El :5 Ll n'il-J'21 El -.J, ~1J1J 
\J 

I I II II 

cl1J.J1'iri~::i1,ru1cl1ufl1-.J~ '21El-.J1-.J::J 'iLflfl-.JU 

I 114 APPLE II 

I I tJ ,' I 

1) cl')U!11JLfl~ElULcl7'21El-.Jcl7!:JEl1n1i'1 -J ~L~J.JEl Lf!El 1 LUUY11!11JLfl;tllJ Lfl!:JLLnlJ,.,W'21El-.JJ.JEl-, 
~ I II I I II 11 

L ~tl'i-l ~~ElffiJYl7-.Jn~n1JLLnlJ,.,W'21El -.J Yl')YlllJY1 7UVltl i um Lfl 1 fl!:Jn11Ylfl1El1JL,., L i,,m ~c!J.J!l1Jn71!11J , 
' ., ., 

L fl~EllJ n11fl11Jfll-Mi'1Y17-.Jn11i,,mJ'21tl-.JJ.JEl L ~El 'i L fl !:l n1'ltltlULL"l-.JflU L ~cli1J 
◄ mni,,, a~u 24 v , , 

"' ~ ◄ "' ... (i,,mJ~7J.JL'21W1~n1i,,1aY11UL'21W7~n1) , 
I I 

2) cl1U1fl'21U7flfl17J.JLL'l-.J'21El -.J ~'clllnru TV Fiel d Level Meter ::J~~ElLfl!:J111-.Jfl1Jcl7!:J ---------~~-
El7n1i'1 L iafu'tfCllll1u::i1nclri1u~-.J 'tfCllll1ruvh ;::i ~rirrui 11..lLLl.1~-.J L~u'tfclllnru1~m:::LLclm-.J LL~::: 

~~ ~ ~ ~ ~~ 
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1J I I I.I 1J I I I I I.I 1J I I I 

lluti~1ti1-.J~1'lJU1U L~tlL~Lfl~1t1M"mJ1fltlULtin1-.J 0-8 V L;tl1.ltltiL~nUYJu-.JifillJ1Unu-.Jvi 
~~ ~ ~~ 

I I ti I.I 
...... _aj,Y. .... <).., 

1 'lJtl..J 1-.J~ 1 Analog-to-Digital converter L Ym L 1.l~Uti L 1Jti'C'illl1J1CULL1J1Jfl~\Jltl~lltlti L~nlJ 
.. t' 

Ll-JL mflBJ.JYn L \Jlu 1 
I I 1J 1,1 I I t.1 I 

3) ~1ti1fl\JliLL~ti-.J ~:::'l.ni1mt.1Y11Uvillfufl1Lfl ~-.J Coupling lllJLLTn.altl..J~1Utl1n11'1 
1J I 1J I t.1 

LL~:::"n11Y1fl1u1J'l.~ L ~l-J1:::~l-J L~mhuu1n11'1~WLll1u1J-i ~:::Y1iL~fl1m1l-JmuY11un~11-.it11 , 
' 

ll1Jtl1 2 Lll~WLLl..l~-.JLll 
I 

, II I I I.I II I I I 

L~ti~~L~fl1LL1-.JflUvilluti'l.~n1J~u..JiCl,llJ1Unu-.J~ 2 'lJtl-.J 1'3~1 

' 
Analog-to-Digital Converter Lll~WLLl..l~..JLll 

1J I I I II I I I I.I 
,._,,.. 0 4 "' "' .. 

fl11l-Jt1nfltl..J 'lJtl-.Jfl1 LL 1..Jfltil'I LL~Mm LL~ ..J tltl-.J~11m 1 m1'1~ :::wuunufl1 LL 1 -.Jfltil'llltlti 
\J \J 

s., t.1 I I t.1 I I.I 1,1 t.l I 

'l.~n1Ji1muY11U~llf1Jfl1Lfl ~-.J~i L ~Ufltl..J~n11 Regulate L~LflLLHfltil1 L 1U1Jl-J1n LL~:::fl1 
11 I I II I.I I.I I II 

... .., "I .., )II ... 

n11J.J111uY11uY11.l11Jfl1Lfl~ :::11u..Jll11JLfluu1-.i~:::LuUflJ.J1n,i1u 
1J I I I I 

4) 11.Jrnn-rnm1JflJ.Jn11Y1i..J1u 11.JrnmJ.Jn11Y1i-.i1u~:::11u-.iu1ur11LL1-.Jflti~LL~fl..JW1~ _____ , ___ _ 
I I I I I I I 

fl11l-JLL1-.Jtlu-.JiCl,llJ1ClJ ~1nnu-.li'lGJ1Unu..Jvi 1 LL~·,tl1tifl1 LL 1-.Jfltivi LL~fl..Jfli LL~ti..J'lJtl..J~1Utl1n11'1 
I 1 f 1J I 1,1 I 1J I 

~1nYlu..Jifilll1uYlu..Jvi 2 'l.un111.l1:::J.J1~~~'lJBJ.J™Lfl L ;BLL~M~~w:::iurntruu L uu-.i~1nn11 
~~ \J 

t' ., ., 
d "I c;- -. 11.1 G .,.. .., ~ o 

W~tlfl1JlJ~tln1'Vitltl..J Ll-lLfl1fltll-J'Vi1L\Jltl1 APPLE II titi ~:::~:::ri1nn1W~tlflW'Vinfl XY ~..J~1 
t.1 I I I ., ' 

L ~tifltl..J L 1.l~Wfl1W1flfl11l-JLL1 ..J LL~l::fl1tltl..Jl-Jl-J , L~tlULti1l::1J1.Mnf101n 
\J 

(Regtangular 
., t' ., 

Coordenate) LflULnfl11l-Jil-JmJfifl-.JU 
., 

n1 R = fflJ1flfl11l-JLLHtlu-.Ji(11!!1ClJ 
., 

crl .., " ... . 
A= fl1tltl-.Jl-Jl-Jtltl..J~1Uu1n11'1LYIU1Jn1.M1'ltl1-.Jtl-.J , .. .., 

Wnfl X = x
0 

+ R * cos(A) 

~nfl Y =YO+ R * sin(A) 
' ' ' ... ... ◄ .. .., 

Liltl XO LL~::: yo f'lElfl1Mn~1-.Jtltl-.J'V'lnflW"ltlfl1Vj 
II I I.I IJS,1 ' 

'l.un111.l1 l::l-J1~~~tltll-Jt-l L ~tlL~LL~M~t-!Lfl'Vi1tlJ.J-in1J n11~Wt1u-.i~1uu1n11'1~..JLJ.J . 
\J , 

I.I II 'I.I I ti II 

~1l-J11n 'l.nn111.l1:::J.J1t-1~t-lfl1Un1li1ml~-.Jlnti n1li1 BASIC ~7tl FORTRAN Lfl ~iL~ti~El-.J 
\J ... ' ' ., 

◄ 'l.nn1H1Lfl1tl-.J (Machine Language) Ltin11~1fl1'lltl-.J sine LLt-i::: cosine L ~tlL~11fl 
II I.I I t.l 

L 7,~:::'l.n1fin11fflJ'l-11fl1•nnm11-.i ( Look-Up table> LL~1uimr1iu1rumJ.J~J.Jn11n11'1-11 
., ., ' 

i;n,i X Llt-1::: y LlJfl11'Vi~tlflW~t1n1w:::i:::11u-.J1.l1"1J'l.~au'l.u1'1-1J.Jf1 (mode) HGR1 
\J 

II 1!J I I I I.I 

uan~1 ni1 11.J·rnn-rntT-.i11a-.i LL~fl-.Jfl1tnJ 1,im1l-JLL N~-.J~fl Lm :::m 'lJu-.JJ.JJM\Jl1LL~ -.iuu 
\J , , ., .,., 

(Lviu1Jn1.M1'1t11-.Jfl-.J) Lflfl1U 
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. ~t'ln7Wlflt'ltl-l 
' 0 I 
~ ., .. cf ,Y. .. ., 

,nmrnnT'iYlflt'ltl-l "D-.JLLtifl-.Jfl-.J1tlYI 2 LUU pattern 'fltl-.l~Glll1M'l1U•l1ntit11-u .,., 
4"1 I 1,1 II 1J I 1J I 

ULYl7l'1flU~a-.J~1-.1~ u;L1rufl1fl~1a1ft111YM1 2 LflUL~ti1ua1n1fl'flt1-.1~a-.Juu~ ~-.l~t 
II 

" .. • ., '1 '1 'i 
L mJ11fl11J.J flt LtlUfl'fltl-.J pattern ~trin~1nflfl1Ufl11J.Jti1J.J11t'I LUn1"l LLtifl-.l~a LU Li1J.Jfl 

u 

' 
HGR1 'fltl-.l LJ.JLft1fitliM1L~tl1 APPLE II 

.. . 
fl11J.Ja t L tlUfl'fJtl-.lm LLm.J-.l LLa t'fl1J 1fltltl-.l fl11J.J 

11 I 

LLH ~trin~inflfl1U~iu11JtMYltl-.l1'3~1 Analog-to Di tal converter ~-.l LWfflJ7fl 8 
u 

II I / t I.I 1J 

iM Y1iLi1fl1YJa-.1J.JJ.JLU 1 ,arnLu-.1aan1flti-.Jtifl L ;u-.1 255 ~iLLm.J-.l LLatfl11J.Jrin~a-.1YJa-.1mYJa-.1 
, \J . , \J 

~iLL~-.l~t~tl~11Ufl1,1J.J LW L ~-.l L ~ 
u ' 

II I I ti 

<Lineari t y> YJa-.1i1muV11u~t1fum Lfl LLat1-.1~1YJU1U 

iG1111u .,., 

_:·'.'!,:;~. ~ -,·,. 

\.>, .. >'.' 

--- - .. ~"--······-·-·-··•'· ......... . 

I 4" t II 

7tl~ 2.1 al1ll!1U~1nao1UL'Vl7'Vlf!Untl~ 3 1 155.25MHz. Lna1Utl1n7fl'fltl~ntl~ 3 

.1 ··· 
I 

r " " " ' ' ' ' l' • 

I ~ '1 

... ,Y,_ ""'i ... 
7U'VI 2.2 «UlCll1U~7na07UL'V11'VlflU~tl-l 5 ,1 75.25 MHz. .... 

II 

1na1ua1n1flt1a~nt1-.1 5 
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· .. _ 

.. •· 

~ ... ,' I 1,1 

11.l'VI 2.4 i''!.'!!1u~1nao1utV11V1f1ufla~ 9,203.25 MHz.Lfla1ua1n1flfla~fla~ 9 

t111.l ~1n011m:imL1JULLt'i::i:-Jt'i017Vlflt'itl-.J~1; ~t'WU11 L 11t:t11.J11riui1l.J1 t'l'lfltll.J~1 
_,.:_ 

.., I 
I I II 

L ~tl'l ~-.Jijn1,t11 tl.J1t'ii:-JflLLUU t1~~t1fl 11..l L ~mmt1nm-3~1 1fltJtll.JflfflJ1flfl11l.JLLH'llt1-.Jin11nw 
~ 

~~ 

I 

~-.J L~Ui'l'lJ1CUtlU1~tln (Radiation 

I • tJ d 

pattern) tltl'3i11Utl1n11'1LLUUm-.J"l 'hn!1-.Jfl17l.Jn . VHF LLfl:: UHF Lfl~::fl1mlfl::71flL 11l.J1n 
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' " 
l~flufl1un11~~T111"u'/Ja~1~~1fl;~~aaaa~~lal~a1 

" " * 'dUU~'j 1~¥1~1"tl1 

., ., 

voltage-controlled crystal oscillator (VC XO) uul"fl8!:JL'dLUn11 
;' I I I II I . II I I II 

d'~lfl11~~fi11"0"1nl~1nll vco ll'i11~11 vcxo uul"a1"110'-lU1flLU'll1~fi11"iin11~~ 
" 

I t I I 

au1~hn~1" m1"a1"110 l~l'i1~U1~8!:J1~tl8~ vcxo .l'llU l~O!:J11l1l'itl8~fl11"U lla~ 

... 
phase noise ~~fln11 vco "1n 

I I 1J I 

•"., ... ◄ 1 ... _., ......... 
~,~,u vCXO ~~~l'iflO~~a tlu lUUllUU~1!:J~ 11mon lla~ "laO!:J11l1l'ifltl1U 

" " 

na1~ 

Rx - Lx Cx 
Or 

I 
......... . ...., ... I 

:"" 
i 

Co 

' " ... "" 
,1..1~ 1 1~~,~""aut1a~fl1~~aa 
" " " ., ' G ◄ 

LU1tl 1 
" 

LLavH1~'-l 1~""a!:J'/J8~flia~fftl n11aru l auL Ufl;~~aauu " ., .. nlU8~'-l1n R 
X 

a1u L 
X 

lla~ C 
X 

ltlU .motional-arm inductance,capacitance ~1"a•1111J lLa~ c 
0 

◄ 
fl8 

total static shunt capacitance ~~ltlU~1 capacitance tl8~ electrode , case 
1,1 I I I 

1 
.., _., ., ... ... ., ~ ... ... 

ua~ . leads u1t1 6-49 uu~~ Luu manoo~~1~m1"0 t1a~ m~~aa 1 m "il~~~iJm1"0 

l 1 ha um1\ ifu 
" , 

~ : (l) 

IC > 
.;.J -~ : 
u: .µ 
>. (.) 
S.· ;:; 
u 'O 
~ C: 
01-1 

(I) 
(.; 
C: (IJ 
Ill :,. 
.µ ·ri 
v .W 
iC ·~ 
a, () 
A:: Ill 

fa' 
u 
' 

f 
r 

f 
s 

R2 
X 

41(LxXC 
0 

fa 

I I 

fo't"equency 

.q t.l ... q . 

11..1~ 2 flcuanoo~~1~T111~ot1a~fi1a~aa 
" , 

( 1 ) 
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~nn f = s 
21fJLXCX 

LLa:: XC 
1 

= - -=J:jf f C 
0 r o 

I .. 
fl11"0 antiresonant ( parallel resonant 

l xc l 
f = f 

C S 

0 

+ 4{fLx 

V I .. ◄ .. 
-.:i:: L MIT.IUVI 

' a,u Q LL'WnL 9'1'.a'JTJtl,31-3-l'J series-resonant -.:i:: L~U 

Q 

2ff L r X 

R 
X 

I I I I 

( 2 ) 

( 3 ) 

( 4 ) 

( 5 ) 

.. 'I 'l O .. 'I ◄ .. 
u1uvtau L-l LUn11:a:arnLuu vcxo -i:::aumn11 f L vtflUfl LUn11fl-:imi"nt1:a-:i 

" a 
4' .., II I 4' I I II II 

1-:J-l-:Jfl1a?l:aa:a:aa~LaL~:a'J uu;u:aunu arl1;ru::t1:a-:i1-:i-i-:i:a:aa~LaL9'1tl'J 9'11tlfl1-:JL~U 01L'J1l~ 
IJ 

' ' ' . ., 
fl1a9'1tlaLLVIUEUfl.,fll ?ltl'JLU~flLLlJfil UVI L 1tl'Jflt1:a-:i:a:aa~L a L 9'1t)'j LLlJlJ Colpitts uu L 11a1"11n 

I II I I I tJ I 4' I 

◄ .. "I 'I ., .. ~ .. .. 
-J::fl-:Jfi11"0 Lfl LU~1-:J'J::l111-:J f LLa:: f L Vl1UU n1"Jvt-J::n'ffl'lfl'l1"0 resonant tltl-:Jfl'ja?l:aa 

r s 
11 I I I I II I ,"II I 

Ll1a-:in11 l1jtl 9'11011 f na1~1~n~1flll1~-:Jft11~0t1:a-:i:a:a~~LaL9'1tl'j 1fl~1n 01'J~~ft11~0 
" r 

V V I 

d •"I 'I" 'I ◄ ., .. "'I 
na1"1'JOVl1 Lfl L flfl L ~ inductor l1'Jtl capacitor 9'1tltlUn"J"nUma9'1:aa fl-3 LU'Jl.J 3 a LLa:: 

, IJ 

3 b 

L 

YT 
Q) 
u 
~ol ,;11 I ~ -► 
& 

,a) 

C =· 
y □ 

T 

I , 
I fr,,, 

l Q) ~ 
u 
~ 0 
.µ 
u 
rtl 
Q) 

i:i:: 

I b) 

I I 

/'" 
I 

I 

.. ., .. 
'JUVI 3 ~ati:a~n1"J9'1tlfl1 reactance n1Jfl11"0 resonant 
IJ 

a) Inductive pull ing 

b) Capacitance pulling 
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" '11n-nJ .3 a LL-a:: b ..i::u
0

111J1J1::un11n111-J-i'i vcxo 'lu'ilJ 4 
\I , \I 

-. 

• 

r---------, 
Y1 I Cc CR1 CR2 C 

Dr-H 

Voltage-Var iable 
Capaciter (CV) 

L------ ______ ... 

I ... 
'ilh1 4 
\I 

+ V 
(Tuning Voltage) 

I II I I l; I j' I 

lU'l-J-.J'j-.J:: L ~U 'l1 fl;~'1ltl'cl-.J ::'Vl
0

1l1U 1~ L ~u1r1~ 1uci'~1rutJaun-au~~BJ.JWLLflU'll'1li 
I f 4' I ... ... ,. " 

(Low- impedance feedback path) 'Vlfl11J.JOL'iL~LUU'Vl'lltl'1fl'i~'1ltl'cl fl1 inductance 
I/ I/ I I/ I 

'lltl -JVIJ.JtlLLUiN T 
1 

VI 1 '1fl1U secondary L , u-a::m ccv> onL;an'll1 m L-t(v) ~m 
\I 

I/ I I/ 

'i::l'l11'1 inductive mi:: capacitive mrn~num tuning voltage V ~'1 -.J::fJ"-J~'cll'VI 

q 4 ~ " 4 
Lnfln11 L-at1Ufl17J.JOL'iL~Luuv.11.JV11-.1u1n V11aV11-.1-au 

., 
1'1-.J'i Voltage-variable capacitanc e 1l1::nt1Ufl1ll Varicaps 2 111 

V ., ...... 
CR1 LL'fl:: CR2 'iltlnULLUU back-to-back , uan..i1nm.J coupling capacitors c 2 

C 
II I .f I I · I 

vi"1 'Vl1'VIU7~U'fltln tuning Voltage LL-a::..iin"~n7HU;UULlU'cl'1'lltl'1fl1f117J.J-.J'll8'111iLLflll ~'1 , 

R 'l ~U decoup l i ng resistors LL'cl:: C l ~U Rf by pass 
1,1 11 I I I 

capacitor 01L'll'1lU~fl11J.J0'~'1"1 fl1Hllauu R L~U Rf Choke LL'VIU 
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tt·n.l - •-
1/1 II I II I I I II I 

◄ .q 'l .. _of O V 'l '"''"' ,oj 

tl '1LlJ.J11tln'i'll'J1-l~ 'llmtfVlmH UU'11U'11flqJ un1 'Jtf'l 1 '1fl11iltlVlfltlUtn '1 L Vlll '1Vl'l '1 
I I I I . " ' VII II I 

d '"'v ◄ '"''i' "' "l"I d ◄ 
iJ1 nnmii LlVI l 'l 1'11il1 'ltlV1-l ~tl 'lU l atlUfl11iltl l 'J L 'll l UUVltltl -.1mtf Vltlatltln Ltl L flU 1 '1 l anutlll 'll '1 

" 
-i ~ l ifutl, ~ l11t1uii1n 

I I Al I I I II II I 

""' ◄ '1 d .., c, .._ ◄ ~ ◄ ◄ d .., t.1 

ut1n-i1n lVlflUflV1na11 Ltllrn1 mi -.1ii lVlflUflvu-it1n 'l1-.1u -.1u 1ntJUu1 --1 ll'i'lnt11flmrnn 
• 

I I ,' II 

"'◄ ◄ -i:t "'"' n 1 H flil fltl l tlaUUfl1'Hltlnll'i'lU'll tltl '1fl'Jtf flt1auu l tl '1 

" 
ltlntf1'Jtl1'18'1 

1. Manassewitsch, V. Frequency synthesizers, 

A Wiley Interscience publ icati on , 1980 

2. ITT Reference Data for Rad io Engi neers , 5 t h ed. 

( New york: Howard W. Sams & Company, 1968 ). 



2-S.1 

Encoder 

t' I lJ I t' 
-~ ~ ., ...... .. -~ ., 

Encoder LUlJBUn'jru sensor n11~W~L'linu1~U1M:IJft0:IJ~1L~05LUlJ~1ft1Uft:IJ 
, ' ' 

I I lJ lJ lJ 

Encoder rl1lJL ~rulTn'l 'limfon11YJB-.JLLfl-.J'l lJ n11m1s1fl0un11~WLL~~arn1 yj "(;fl ~LY! Lm'l 
~ , 

V V V 

LLU1.ID'W'W1L 5Y!LlJn15m1s1rl0un11~w~i'l~m1'l'li..:i1lJYJB'1 Encoder ~01lJ n15L'li'11lJlJ11 , , 
I.I tJ lJ II tJ 

lJ1lJ;lJ~n15~flVl5BlJ0lJ 111u'l lJ Encoder U5 ~n0umu1~1 ~1 YI L0Y1LLU1.IDUW 1 L 5YILL~~ 1 ~1 ~ 
t' I I.I lJ ,' I 

~11u~rlL~B'jLLuu0uw1L 'jY'l 2 'liY'l u~~n~11..:i1~1~1Y1'i:0Y1nu1~1~~111J~rlL~01s1~~LL~lJ , 
I I ti lJ I I ti I lJ I 

'i ... ... ... ... -~ .,. "1 'l "1 "1 ., ... 
m~s1n1..:inmJ LYl™WLL~lJn5~'1nlJsJ~:IJn15YlYIL1JlJLfllJL~0 L:IJ mLfl'1~1lJ .u ,YIYl'15U~ 1 LL~~ 

\J 

I ti ti t' ti I I lJ 

m 111..:i ~i LL~lJ-.JYi0..:i1 ~1 ~lY'l 10Y1nu'itl1 ~~11u~rt L ~01 2 'liY1s1 ~ri n~Y'li..:i'l u~iLL~lJ-.J'VlsJ~~i'l~ 
' \J 

,' I V 
... ., "1 

L01~~~Yl0'1 Encoder :IJL~rl~1-.JnlJ 90 0'1~1~1'1LW~1 
' 

+5V 
,,...--...JA ' 

R 

• I ~ 0/P A 

• .. 0/P B ., 
h11 ffl'l 'S 7U~ih 9ltl 'l -- i ---- ---- - -- - - -

c~un,;~n1~n~~nnn~L~U~tl~~L~70U) ,, 

' ... 
jU~ 1 
\J 

I l/ V 

Encoder ~'l'li~ lli1ULiflJ e ncoder LLUU optical ~~'1LY'llJ OMRON 'jlJ , 

E6A-CW1 00 ~'1 LiJlJLLUU Bi directional (wi t hou t z ero index) LY!uv/ encoder 
V V V 

~1Ufl1:IJ1'jrl~51'1 ou tput LW pul ses LY! 100 pulses/revolution 
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r----------7 
I I RED 
I I 
I ---------;.-a~------,0+5 V. 

. I 
q 

11.JVI 2 
\J 

I 
I 
I 
I 
I 
I. 

~--r.:,,.-:-,- J 
A 

L.L,..----. 
I 
I 
I BLACK 

2K 
¼W 

~7414 

L-_____ ....,_..._-<o:.,__---oGND 

I l 
: -= : 
L----- --- __ J 

I I tJ tJ I I .' 

1-:1~1~'1Vltl Encoder ~L~tltlnLLlJlJL 1~1rifUL ~mJVltlf11Jtl1.Jmru TTL , 
tJ I.I tJ I I 

1-:1~11l~Vltl Encoder L~LL~M Ltl1L 1Yl-:J11.J'll1-:JW LYifMOOilJ1CU O/P ~tltlm.J1 Lifu 
\J .,., 

I tJ I I 

Pulses 'llU1~ 0-SV L~f:Mfi11~n11-l'lltl-l pulses LU~1-l sv ~~LVl1TllJ pulses 
I 1J I 

'l q 4 .., "'l 
LU~1-:J OV (Duty Cycle 50%) fi11l-Kl'lltl-:J pulses 'lJUtl~nllfl11~L11LU 

Rotary 'lltl-:1 Encoder 
I I I I 

q q .., ,"' <j 

0/P A LLfl~ 0/P B ~1muvi 1 ~~~ pulses Vl1-:!Lvl~rn.JmJ L~!:M 0/P A r11tl 
\J \J 

IJ I 

0 <:ii ~ "q 

0/P B ~~U1r11tl111~'llUtl1:ln1Ml'lV11-ln11'11~U'lltl-l encoder timing diagram 'lltl-:1 
\J , 

I.I IJ I 

0/P LL~~-:JL1LL~1Yl-:J11.M 3.1 LL~~ 3.2 
" 

0/P 

OV-----=---==:._ __ 
9d' '+ 45 elec .deq. 

Direction of Rotation:CCW 

I 
q 

jtJ'Vi 3 . 1 
\J 

90 + 45 elec.deg. 

Direction of Rotation:CCW 

I 
q 

jtJ'Vi 3.2 
\J 

I I 
q q 

1UVI 3 Timing Diagram 'lltl-:1 0/P ~1n1-:i~111ivi 2 
\J \J 
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I V V 
q d 

~1n11..lvi 3.1 Encoder ~"UVl1UL~" "a-:i~1n~1u~1~a-:i Encoder 
\I , 

I V 

o/P A ~~ui o/P B aml1~"1ru 90 a-:i~1~1-:i1~~1 
\J 

I V V 
q d 

~1n11..lvi 3.2 Encoder ~"U~1"L~" "a-:i~1n~1u~1~a-:i Encoder 
\J , 

I V 

0/P A ~~~1" o/P a a~u1~"1CU 90 a-:i~1~1-:i1YM1 
\J 

I I 1J I 

~1m-,inm1i-:in~11 L 11fhm1crnamLwrn-:i~1 L ~a't 'll~1~iLmu-:iLL~rii!'tvl1-:i 
11 I II IJ I I 

"I "i .., "I "I .., ... ... ... 
~a-:i Encoder L~ L~~1-:i~1~-:in~11 L~LL~~-:J L 1~-:Jil.M 5 LL~~1-:i~11U~ 5 " timing 

\J \J 

I .., ... 
diagram ~-:JW~ 4 

\J 

0/P A 

0/P B 

Oi l Jltw 6
u5 II I~ n n __ _ 

l 

°'2 \ n...._____n..____~ time 

Down 

Up ___ ----t n n · r-. , 

I I ... ... . 
W~ 4 Timing Diagram ~a-:i1-:i~11U~ 5 
\J \J 
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+SV 

r i 
c· I y'VV" 

l I L~ 
P"R 

D 

o/p ~ · 1 Ws1,=J-1 Lf7 !:,7 47 4 Q t--------<> UP 
CK 0 

I I I C~R . 
ELR 

o/P 8 
0 II I _-"r}r I lOK 

f ' ; N'N' 
••-

PR 
D 

½7474 Q rDOWN 

CLR I I CLR 

I V I V 

... ~ <j'l., .. 
TI.h1 5 1'3'.l'Hh1..:lrllJCH1CU L vm 'lllJUlL~:::m1--i~£11Mi'!Vl1-.l 
\J V" 

I V 
V 

--i1nnl~ 4 fl11aJn11-.lYJ£l-.l pulses YJ£l-.l Q1 LL~::: Q2 ~1aJ1'iflr11Lfl'.l1n 
\J 

t(w) = 0.32 RC (1 + (0 .7/R)) ; 5k < R < 50k 
V 

LlJ1-.l'.J'iL'll R = 1 OK C = 0.002 microFarad 

t(w) = 0 . 32*10*0.002* (1 + (0. 7/R)) 

= 6 microsec 

... 
LL11 O/P A LL~::: O/P B aJ No. of Response Pulses = 5000 Hz 

t(min) = 1/5000 = 200 microsec 

V V ... ... ... 
fl-.llJlJ Up LL~::: Down -.i:::aJTl11aJn11-.lYJ£l-.l pulses tl'i:::aJ1CU t(min)/4 

50 -microsec 
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+SV 
--1 

4 UP Vee LD 
Down CLR 

Q b 
/\ 2PB1 

:14193 ~ 6PB2 

· Q 7PB3 
D 

+sv 
~ 
11 

UP V -
Downcc ill i A CLR p 4 

Q 
B 74193 . QA 2P we QB 6P 
D QC 

D 
GND BOR Cy 

I I 

q O "' 

TI.IVI 6 1..:i~·nnmLL"v1'U..:JLLi-:l~ffl/11..:J 
\J 

CLP. 

t I 1/IJ I/ ti I I I 
<!j .., "l ., q ~ -~ q O "l Ll-Jtl11l.J1..:J~'j<fl1..:Jei L Y.11~1l:Jn'ULL~1~~ ~rl..:J 1tl'VI 7 "fl..:J~~ LU'U1..:J~'j'Vl~1l-J11Cl'W1 tl 

\J 
f I . " I/ 

L~tll-J~flULl-JLfl'jflt)l-J~1L~tl1L~m.J~ 
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CROMEMCO COOS Z80 ASSEMDLER vars ion 02, 15 PAGE 000 1 

0000' 
18 00 
1801 
1804 
18 06 
18 07 
1808 
!B OA 
!B OC 
!80F 
181 1 
1812 
181 3 

I 815 
I 8 17 
I 8 I B 

I 8 IE 
1821 

182 4 
182 7 

182A 
182 D 
18 30 

1833 
1836 
!839 
18 3D 
1840 
1842 
1844 

!846 
1849 
!84A 
184 D 
184F 
!8 50 
185! 
185 4 
1855 
1858 
1859 
185A 
185D 
!85E 
1861 
1863 
1865 
1868 
18 6 8 
186C 
186E 
1870 
1072 
1075 

<OOCO) 
<OOCl) 
(0064) 
(00 18) 
( lAOO> 
(0678 ) 
(0624) 
(0083) 
(00 A2) 

AF 
21 001A 
0603 
77 
23 
l OFC 
D3 C I 
21101A 
0606 
77 
23 
IOFC 

DBCO 
DD21001A 
CD4618 

210 01A 
CDA518 

2101 IA 
CDA518 

3AO BI A 
21 IOIA 
CD7806 

3A091A 
CD.7 80 6 
DD21 IOIA 
CD2406 
FEl8 
28BC 
lBCF 

DD4E02 
91 
F2 7AIB 
ED44 
4F 
08 
DD7E02 
9 1 
0D7 702 
08 
4F 
DD7EOO 
91 
DD7700 
3015 
0664 
007700 
DD7EOI 
30 
3007 
ED44 
3 E8 3 
32151A 
DD 7701 

00 01 
0002 
0003 
0004 
0005 
0006 
0007 
0000 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
00 23 
0024 
0025 
0026 
00 27 
0028 
0029 
0030 

:********************•****************************••··· I** PO S ITI ON MEASURING PROGHAM 11 
;II TIII S PROGRAM USES PORT READ AN D PORT WRIT E ** 
:•• NO, OCO H AND CC III CONSEQUENTLY, ~-* 
I** NUMBER OF PUL S E PER RE VOLUT ION IS 6411, •• 

:•• ** '*************••••••••••••********•1•r1••••*********••1 
PORTR EQU OCO H ;PO RT READ 
PORTC EQU OCIH ;PORT CLEAR 
PU LS E EQU 64H ;PU LSE PER RE VO LUTION 
CBRKEY EQU I BH ;CLEAR BREAK KE Y 
CALB EQU IAO OH !CALCULATE BUFFER 
HEX7SG EQU 067011 
SCAN! EQU 062411 
S IGNL EQU 03 H ;SIGN < 
SIGNR EQU OA2H ;SIGN > 

CLEAR: 

LOOP C: 

LO OPD I 

ORG 1800il 
XOR A 
LD HL,CALB 
LD D,03 H 
LD (l!Ll,A 
I NC HL 
DJNZ LOO PC 
OUT <PORTC),A 
LO HL,CALB+IOH 
LO B,06 
LD <HL>,A 
INC HL 
DJNZ LOOPD 

; INITIAL CALCULATE BUF FER 
; PO INTER OF CALCULATE BUFFER 

; INITIAL POS ITION, REVOLUTION & 
;ACTUAL POSITION 

;CLEAR COUNTER 
;PO I NTER OF DIS PL AY 

;CLEAR DI SP LAY 

0031 READ P I IN A,<P ORTR) 1READ COUNTER 
0032 LD I X,CALB ; I NPUT OF S UBCA L 
0033 CAL C: CALL SUBCAL ; CALC ULATE PO SI TION 
003, 1C ON VERT PO S ITION DUFFER 
0035 LD HL,CALB 
0036 CALL S UBBCD ;HEX TO BC D CONVER T ROUTINE 
0037 !CONVERT RE VOLU TION BU FFER 
0038 LD II L,CA LB+l 
0039 CALL S U~UCD ;HEX TO BCD CONVER T ROUTINE 
0040 !CONVERT PO SIT I ON TO HEX 75G 
004 1 LD A, (CALB+H ) ;DC D DATA OF POS I TIO N 
0042 LD HL,CALB+lOH ;PO INTER OF DISPLAY 
00 43 CALL HEX7SG 1BC D TO HEX 7SG CON VERT ROUTINE 
0044 
0 045 
0046 
0 0 4 7 
0048 
0049 
0050 
00 51 
00 52 
0053 
0054 
0055 
00 56 
00 57 

0058 
0059 
0060 
0 061 
0 062 
0063 
0 064 
0065 
00 66 
0067 
0068 
0069 
007 0 
0071 
0072 
007 3 
0074 
0075 
0076 
0077 
0078 
0079 
0080 
0081 
0082 
00 83 

LD A,<CAI.B+9) 
CALL HEX'iS G 
LD IX ,CALD+ I OII 
CALL SCANl 
CP CBRKEY 
JR Z,CLEAR 
JR READP 

;CALCULATE SUBROUTINE 

; BCD DATA OF REVOLUT I ON 
; BCD TO HEX 7SG CONV ERT ROUTINE 
;POINTER OF DISPLAY 
; SC AN DISPLAY & KEY I TIME 
;C LE AR KEY 

I INPUT1 IX I S POIN TER OF CALCULATE 
;OUT PUT : IX IS ACTUA L POS ITI ON 

BUF FE R 

I IX+! IS REVOLUTION 
; I X+2 I S BUFF ER 
;R EG:A !S US ED 
;REG CHANGEIAF,AF',BC 
S UDCALI LD C, ( I X+2) 

SUB A,C 
JP P,NONEG 
NEG 
LD G, A 
EX AF,AF' 
LD A,< I X+2) 
SUB A,C 
LD <IX+'2>,A 
EX AF,AF ' 
LD C,A 
LD A,< IX> 
S UB A,C 
LO CI X), A 
JR NC,NUNDER 
SUB A, PULSE 
LD (IX), A 
LD A, < IX+I ) 
DEC A 
JR NC,UNOER 
NE G 
LO A,SIGNL 
LD (CAL B+15Hl,A 

UNDERI LD IIX+ l> , A 

;POSI TION BUF FE R 
;ENCODER - POS ITI ON BUFFER 
; IF NONEGATIVE THEN GO TO NONEG 
; 2 ' 5 COMPLEI-IENT 

;BUFFER rs DUFFE R -
;<ENCODER - BUFFER > 

;A CTU AL POS I TION 

I IF NC THEN NO UNDER LOAD 

;DECREMENT RE VOLUT IO N 

;UN DER ZERO 

;LEFT DIR ECTION 
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. CROMEHCO COOS ZBO ASSEMBLER version 02. 15 PAOii 0002 

1078 
1B7A 
187C 
1B7D 
!87E 
18B1 
1B8 2 
!BBS 
1886 
1889 
1B8A 
IBBD 
lBBF 
1B90 
1B92 
1093 
18 96 
1899 
189A 
189C 
189E 
181\I 

10A4 

18A5 
18A6 
18A7 
18A9 
!BAA 
!BAB 
!BAD 
18AE 

l8AF 

!BBi 
18B2 

18B4 
18B5 
IBB6 
18B7 
18B8 
IBB9 
188A 
!BBC 
10BD 

102A 
2020 
4F 
OB 
DD7E02 
BI 
D07702 
00 
DD4EOO 
81 
D07700 
0664 
BB 
3812 
90 
D07700 
DD7EOI 
3C 
2005 
3EA2 
32151 A 
D07701 

C9 

E5 
7D 
C60B 
6F 
7C 
CEOO 
67 
77 

OE08 

E3 
CB06 

E3 
-7 E 
BF 
27 
77 
OD 
20F5 
EI 
C9 

00B4 
00B5 
00B6 
00B7 
00B8 
0089 
0090 
0091 
0092 
0093 
0094 
0095 
0096 
0097 
0098 
0099 
0100 
0101 
0102 
0103 
0104 
0105 
0106 
0107 
0108 
0109 
0110 
0111 
0112 
0113 
0114 
0115 
0116 
0117 
01 I 8 
0 I I 9 
0120 
0121 
0122 
0123 
0124 
0125 
0126 
0127 
0128 
0129 
0130 
0131 
0132 
0133 
0134 
0135 
0136 
0137 
0138 
0139 

CROSS REFEREN~E LISTING 

CALB 0012 0019 0025 
CALC 0033 
CBRKEY 0011 0049 
CLEAR 0018 0050 
CON 0126 0137 
HEX7SG 0013 0043 0046 
LOOPC 0021 0023 
LOOPD 0027 0029 
NONEG 0085 0061 
NUNDER 0084 0073 
NZERO 0105 0102 
PORTC 0009 0024 
PORTR 0008 0031 
PULSE 0010 0074 0095 
READP 0031 0051 
READY 0107 0084 0085 
SCAN! 0014 0048 
SIGNL 0015 0080 
SIGNR 0016 0103 
SUBBCD 0114 0036 0039 
SUDCAL 0059 0033 
UNDER 0082 0078 

NUNDERI JR READY 
NONEG1 JR Z,READY 

LD C,A 
EX Al',AF' 
LD A,<IX+2> 
ADD A,C 
LD <IX+2),A 
EX AF,AF' 
LD C, <IX> 
ADD A,C 
LD <IX) , A 
LD D,PULSE 
CP A,B 
JR C,READY 
SUB A,B 
LD <IX>, A 
LD A,<IX+l) 
INC A 
JR NZ,NZERO 
LD A,SIGNR 
LD <CALB+!5Hl,A 

NZER01 LD <IX+l),A 

READY I RET 

I IF ZERO OCCURE 'THEN GOTO READY 

;BUFFER IS BUFFER+ 
;<ENCODER+ BUFFER> 

I IF NC THEN NO OVERLOAD 

I INCREMENT REVOLUTION 

1ZERO OCCURE 
1RIGHT DIRECTION 

!BINARY TO BCD CONVERTION 
1ENTRY1BINARY DATA STORED IN ADDR, HL 
1EXIT1BCD DATA STORED IN ADDR, HL+B 
I A BCD DATA WORKING REGISTER 
I C BINARY BIT NUMBER 

SUBBCD1 
;CLEAR BCD DATA BUFFER 

PUSH HL ;SAVE HL INTO STACK POINTER 
LD A, L 
ADD A,00H 
LD L,A 
LD A,H 
ADC A,OOH 
LD H,A 
LD <HL>,A ;CLEAR MEMORY 

;CALCULATE BIT NUMBER 
LD C,00 ;C=DIT NUMQER 

CON1 
!SHIFT BINARY DATA LEFT 

EX <SP>,HL ;HL=HL 
RLC OIL> 

1ADD CARRY & DOUBLE DCD DATA 
EX CSP>, HL I HL=IIL+8 
LD A, CHU 
ADC A,A 
DAA 
LD <HL>,A 
DEC C 
JR NZ,CON 
POP HL 
RET 

0032 0035 0038 0041 0042 0045 0047 0081 0104 

0097 
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1 fJ 4 6 
1 8 ,t 9 
184A 
1 S 4 D 
18 4F 
18 5 0 
185 1 
1854 
1 05 5 
1858 
1 8 59 
1 i.' ::, A 
1 8 :'i O 
l iJ SE 
1 tJ G 1 
1 8 G 3 
1865 
185 8 
1868 . 
1B5C 
185E 
1870 
1872 
187 5 

1878 
1B7A 
187(; 
187D 
1 fl? E 
1R81 
1B82 
188 5 
1 rl ►3 6 
1 R fl9 
188A 
188 0 
188F 
1 8 'J 0 
1 '1 ·)2 
I :i ··_13 
l L1 •• 6 
1 8 'J9 
1 P.':l A 
1 r; ' ; (' 

1 R? E 
1 f1 ,\ 1 

: .. \ :i 

D04 E02 
.9 1 
F2 7A18 
E0 44 
4F 
08 
0D 7E02 
9 1 
D0 7 702 
08 

D!l 7 EO O 

00 58 
0059 
00 6 0 
0 0 6 1 
00 62 
006 3 
006 4 
00 6 5 
0066 
00 6 7 
0068 
006 9 
0 0 70 

• 
;REG CHANGE:AF,AF',BC 
SUBCALs LD C,(IX+ 2 ) 

S UB A,C 
JP P,NONEG 
NEG · 
LO C,A 
EX AF,AF' 
LO A, < I X+2 > 
SUB A,C 
LO (IX+2),A 
EX Ar,AF' 
LO C,A 
LO A,<IX) 

; POS ITION BUFFER 
; EHCODER - POSITION 
; I F NONEGAT I VE THEt: 
; 2 'S COMPLEMENT 

;BUFFER IS BUFFER · 
;<ENCODER - BUFFER> 

; /1 r TU A L P OS I T I OU 

i~:Ms 1a::R7' ,o .·@· ·;;:,OMA:C: PUI!tEOR' ;: 
DD7 7 '. 00 · LO X . . 
D D 7 · A . ) ; EM T l\f I 
3 D · · · 0077. · DEC· A 

3007 0078 ·: AN'D ED44 0079 EG . 
3E83 0080 · , L, 
32151A 0081 C 1 >,A 
D07 701 0082 UNDERI I 

;U NDER ZERO 

;L EFT DIRECTION 

iMICl6PJRDCESSOR 1np1~01~,T1~K:r~ ~ iu- · ·• ILtGfif : U1 '1SERJ 
8 1 
D077 0 2 
os · 
[ 1 0 4 EOO 

0094 .. LO <IX > ,A 
LO B I PULS E, 
CP A, B 

1 ; .. ! j 

:.:.; fl Tl l 

BI 
D077 0 0 
0664 
BB 
3812 

0095 
0096 
0 097 
0 098 
(1099 
0 100 
0 10 1 
0 102 
0 10 3 
0 10 4 
0105 
0106 

JR C,READY 
S UB A,B 

; IF NC THEN NO OVERL OAD 
90 
D077 0 0 . 
DD7E 0 1 
3C 
2005 
3 E .r, 2 
32I 5 1A 
D0 7 7 01 

C9 

NZEROI 

LO <IX),A 
LO A,<IX+l > 
INC A 
,JR NZ I NZ ERO 
LD A,SIGNR 
LO <CAL B+ 15H>, A 
LO <IX+l),A 

0107 READY: RE T 

; I HCREMENT REVOLUT I OtJ 

; ZE RO OCCURE 
;R IGHT DIRECTION 

0108 ; BI NARY TO nc o CO NV ERTJ U:l 
0 109 ; ENTRY .I B I NAR Y DA TA s't ora:1·, ! ti ADDR. HL 
0 1 10 ; EXIT:B CD DA TA STO RED 111 ADD R. HL + B 
0 11 1 ; A BCD, 0 1'.TA WORKING RE <ii '.:; TE R 
0 11 2 ; C BINA R Y DIT NUMBE R 
0 1 1 3 
0 1 14 SUBBCD: 
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' 
Ll-JLf11f1tl~1L~tl1 micro~NT 

' ' ' * 1.J1::W1.Jfi fi'UW!ficta.Ju1ru 
\J 

' I ' I I II -~ VJ 'i .. .. .. ..VJ .., mi croANT L U'U Ll-J L fl1 f1ul.J'11 L 'flt) 1 L~'U'Wl-J'W L flU1VI ,fil.l 'i1.Jlh ...:JtJ7~7 n ANT I LL~:; • 
1:11nuunuuu'l.;~mJ1fl L ~n 

I I I I.I I I.I 

LL1l™'U 1f:Jf117l-J~ iw,n-wuvi~::'l.'lJmiu111.l'i LLml-ltil.J7flL"1ClJ ., Lfl \J 

I II I I I 4' I I 

1 m.11ii11t1...:i11ui-ru ,f:Jm,ii~ i L ;jl-J L~:;~aum,,; L u7YlWV1l.J7fl'rmvi~ :;ui 11.Jmut1a.J...:i 1uw 1flf:Jt1l.J ., • • • 
t., II.I I < I II t.. LIi.i I IJI 

LflLflf:JLl.J1Ju...:i11m-rnw1 L ~l.J 'W1ua.Jrruuu L 111flt111...:i11..l1LLmm ;u'l.'l!'l!1f:J'l.un11iw111.J1 LLml.J 
I I ~ I 4' 

1 flf:J L ~l.J'lJflB'U L Viti L 'rlctLLUUu'IJn'll.J L ~u 1. 'lJ~'fl1ltl nrn V1u1i'J,.rn~ ( CRT Terminal) 
' "" .,. 

"1'iu L f,'jtJ...:J . . . 

' ,_, 
1ii1t11t1uii~1L11u'iLLu1..lLU~vi (APPLE II) 

\J 

I I.I I II t.l 

L ~u 'l.t! L ~uvitJu'UYiul.J~LL~:; uctri...:ivl~ \J . 

., 
vii'l"1n11 

I I.I I 11 .. 1. .... m1~ctuumYJu:J.J~m...:i-, ct:;mrnL~::-nm -nn11 n11 'lJ Lill~ufl 7 c:i1uuctfl...:Jvl~ L 'W11:;~t1111v,. \J 
t.J I II I I I.I I I.I 

"1 GI ,. .,qo_y 41, <i .; ..,'i ct7l-J71t1 LLctfl...:Jvl~ Lfll.J7nLLft::'i 1fl L 11n11 1.rnn~1rru L 11f:J...:Jl.JflT~...:] L rm "1L fl1u-.l'IJ11J ,1.l'i LLml.J 

' ' ' L t-1YJ~1u~U"1n (HEX FILE ) ~1n'lii1 mflul-1~1 L '1lu'i~'U ., 111f:J~1uvi1...:i'Wu'iVltl\¾n'i"l..l:J.J1m~1u 
I II I.I < I 

RS 232C ~...:i11.l1LLm l.J Lt-lYl~1'U~tl"11lU ~:;~nct·n...:i~1n11.l'iLLn1l-JLLuc:IL'lJl.JL~tl'i 'I.J'Ufitl L'i1 
I.I ~ I ,• 

... 'i ... <j VJ 'i .. <j ~1l.J1 'it) L Ylf:J'U ,1.l ·rnm l-Jfl1f:J!1 1H1 LLuct L 'l!l..11.Jt-1 Z8G 1.J'U L fi'i t)...:] Ll.J L f1'i flul-J'W1 L 11u 'iu\J "1 ( L 'lJ'U 

APPLE n) LL;1Y1in11 LIJ.J~ L ~u111H1 L fl~u...:i Vl~u 11.J1 uma.J L ~Yi;i71J~1..ii,,n 

., 
., .., "' 

"1~ ...:i ,nrruun~...:i 
I t., II I.I I.I 

'i ... ., ... .. ... ·1. .., 'i Gl4 ,1.l 'i LLn'llMLIJ.JmLft1l.J1f:J'3 microANT 1fin7'i\J~::Vl7 "1n7'i'WW7 ,1.l'iLLn'il.JL 11mnnn L m1:; 

L111~;t1...:itJ1L~~L1~1LIJ.J~L~'U111H1Lfl~t1...:iLE...:J vii1.;~ri;u~fivlft7fl'l.un11u1.Jt-11u 

., 
n11unh 

' ,_, .,, ., 
'i GI 4 
,1.l1 LLn'l l-Jn-.l7f:JfflJ 

VJ .. .. 
L 'W'i 7:; L 11 ,1.l LLnVILU1 lLn'll-JLLuct L 'lJl..11..lft L ~f:J 

., 'i .. 
n1 'i 'WW1 ,1.l'i LLn'll.J~:; L 'i1 

., 
q 

winn 
., 

Lf1'i...:Jct'i7...:JVl 7...:] HARDWARE 

' 
1. CPU Z-80A. fl1 1l.J~'U7~n7 (System Clock) 4.00 MHz 

2. EPROM (Erasable Programable Read Only Memory) 

EPROM 2732 ~1tl 2764 (4 - 8 Kbytes) 1.J'i'i~ Ltl'iLLn'il.J Monitor . 
3. RAM (Random Access Memory) 

.., 
~ o V ~ 

RAM 6116 "1'itl 6264 (2-8 Kbvtes) ~1"1'i1.JLnU stack L~:; Y!El.Jft 
- \J 

' 
?1m,1 

4 . n1'iYlf:J7f:JmJ1f:Jf111l-J~1 
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3-1.3 

., 
"l ... 111 .. .., UWLL"-1Ufl1JJ1'Hl Lfl EPROM w·rn RAM Yru1rl 2-8 Kbytes Lfltln 2 m 

1J t,, I I 1,1 I 
0 qQ q 

n1?1tJ..jn11~U1Ufi11JJ';;;J1JJ1nn11unfl1JJ11n'll~1UL~lM1..j connector 40 
~ 

pin 1riu'l~LlilflLrl1~tlULU~1..j 8000H-FFFFH 
~ .. .. .. 

5. tlUW\/1Ltl1~W\/l~tl1~ (I/O PORT) , , 
~ ... .. .. 

IC 8255 (Programmable I/O) LUU~UW\/1 ~1tlLtl1~W\/1 3 ~t)j~ , , 

( 24 lJVI) 
I.I " I.I f" .., ..,..., ◄ c:f .., q q 

2 m rl..JUUUWLL~lJ-;;;J..jJJ'Wtl1~~..j~JJflJJ 6 ~tl1~ ( 48 tM) 
., 

cj .., ... .., 
IC Z-80A CTC (Counter Timer Circuit) LUU1..J';;;J1UtM1tl1..J';;;Jj,l..j 

L1~1 Yru1fl 8 lJVI 4 ~fl , 
I.I e' I t.l 

6. Ll'l L ~U..J (Power Supply) 9 11~ r.~ LJJrltl..Jfi1UfiJJLLHiu , 

(Unregulation) 

7. LL"IU1..j-;;;JjYJ1J1rl 1 3 * 1 5 ~JJ. 

1J ~ Q. I _c::f I q f"~<q Q. 
-;;;i1nLfi1..Jfl11..JU-;;;J~L~11 microANT LUULL"IULJJLfi1fitlJJ~1Lrltl1~~t~1flL~nJJ1n 

I I 1J I • <I 
LL?11J11-;;;Jfl1U~1Ufi11JJ';;;J10..j 32 KB , ~..J-;;;,i~ L ~u..J~aflir,frn ~w1tJ1 LLmJJYru1flL~qJ1riam..j 

.., I.I I.I t.l ' " <i ~ d o '-'" ...,q q ~ <t fl1J1U ~jt)t)1';;;J';;;J~ L~ L n1JtltlJJ~-;;;J'"TIJ1Utnn -J ~jtJJJnlJUUl.JULL"IUU..JJJ~t)j~tlUW\/1 ~jt) Ltl1~W\/10..j ~ , , 
I 

I . ' 

48 lJVI ~..jfl1m1n-;;;i~uimm1JfiJJn1rn~fl..j"l~'llt1..J Llil~fl~ 7 fl1u Lm~m1-;;;i~t1un11nrilj~~ , 
" I _- I ..,.. ... .. 0 111 .. ""111 .. ~.., ... ( Check Key) L~~U..jJJ~t)j~ L ~~£)~£)~-;;;J~U 1 LUfi1UfiJJj L ~u ~jt) L~1 Llilfiun~~1Uti1Jm L 'Wtl , 
~ .. .. ., ., -

LUfi1Ufi~~tlflL~ 1~~UtlU~11~1 ~1£lJJ£JL?1£lj ~j£)J,JffiJ1.JUn1:J..J"i1-.i'1JL1~1 ~1auuioo1u 1 
~w 

I.I IJ f" I q 4 "f ") _.. ._, ,Y. .q ._, '.'l.. <I o _ .. ann..J 4 ~fl LrlU£l1';;;J';;;J~L~LUU?11~11-lti'l!'lJ1UtlUL~£JjW\/1 ~~~ L~tl~1LUUL1~1JJ1rl1j1U 
I.I , I t., I 1J I I .., ........ "l .. ..,..,.Y. q ... •111"1 ... " 0 Lm1U..JJJ rn~El L WtJ L~ L1JUr.1U1J~ClllJ1UEln 3 ~ri L ~tlU1 LU L~..j1UffW ~~ L ~U11 L 11~1JJ11n~1 WW 1 

I 'l.,J IJ I " 4' 

LL"IULJJLfi1fitlJJ;1 L rltl1u·t~ L~ULL"IULJJLmfimJ;;1 L rltl"i LtlUnll'l::~..jfi ., 
n11'l~..J1u 

IJ" . 'IJtl I 4' 

L 11fl1JJ11n'l~ rnt1"1Wt1~ L ~u~lluu'llaJJ~LL~~ LL~rl..J"-1~ LflUn7'l L ~JJYlfliiu rnt11 L l'l~ 
~ , ., 

o,,Y c:fvc:f 
LLU1JtlUn1JJ filIN,11..J -J JJrl..j'LJ , 

1 . B Brakepoint -;;;i~ L~Um'li..j Brakepoint L ~£l-;;;J~L;Ltl'HLmJJ~1~uwi'lfl , .. 
~l'ru..JL'W RAM 

2. D Dump memory L~un1 ·rn~ri..J~1'lu~1um 1JJ-;;;ii 1flu-;;;irn~11..Jm!:..J~~ 128 
4' I 1J LI I .I I t,11 I I.I I 

LtM LLf'lrn~fl..Jmtia..JtJ£JJJ~uu'lu'l'l1~ Ascn mu ~..J-;;;i~~i'l~..J1u,ian1"1m1-;;;ifla1J'llt1JJ~~ L~u ~ 
~ 

'1°11~ ASCII 



3- 1.4 

1J t I I 

3. E EPROM programmer Lt!Ltl'i LLnn1 EPRCM ~..JtltlLU'i:::'rl17..Jl1W7LLt-i:::fl1fl 
\J 

I t.11.1 I 

11-i:::~7l,J7'iflltl'iLLn'il,J EPROM Lml..JLLflfflJ7fl 2 - 32 Kbytes 

4. F Fill memory Li1un7'iL~;tll,Jt-1~7m1..J~7Lflt-i..JLU~1tlfi17l,J-l1L~U~1..J 
u 

V I 

5. G Goto execute L~Un7'in1'rl'\JflL'rl CPU n'i:::LflflLtlV11Ltl'iLLn'i™Lill~Lfl'i~ 

'l fl "1 
I &, t' 

.<f .,_ .. .., 
6. I input/output port LUUn1'itl7U'rl'itlL'llW'lltll,Jt-1 nl.Mtl'i'Yl 

\J 

7. L load HEX file Li1umn"u1tJ'lLLn'il,JLt-1'll!i7U~ur1n-i1nLl,JLfi'ifitJJ,Jl11 Lrltl; 
I 

4 
,. 

tlU WlUVl 1..J'Wtl 'i'Yltlti n'i l,J 
• 

8. M Memory modify L~Un7'iLL;h;tll,Jt-!LU~1tlfl17l,J-l1 
\J 

I t' 

9. R Register dump Li1Un7'iLL~Mfl1LU1~~Lrltl'l'Ylni1 
. . 

I.I tJ " I I 

.<f .. "" '1 .... <I 
10. T Transfer data LUUn7'itl7tl'llfll,Jt-1-l7n'Yl'rl'IJ..JLtltlflVlmJ..J 

\J 

< V 

n1'itl'i:::tJnr1Ltf..J1u ---·---
' I.I t.J t II Ill/ 

L ·n~1l-17'iflU1 microANT Ltltl7:::tJnflLtf..J7ULfll-11nl-17tl ml-lLLfl~Ltffltl..Jn7'i Lfltl 
• \J 

n7'i L ~l-11..J-J'iiU (Driver circuit) LLt-i::: L ;w1tJrnml-lfi1Ufil-J L ~,Ju i1t1~'Nlfi'i..J..J7U~ . 
V17..Jn7fi1tf7i L;U1 microANT LtlL;fi1Ufil-Jfitl 

• 
I I I " I 

1. fi1Ufil-ln7'iLfi~t1u~'llt1..Jr1UWriL~Lfl'i~fi .6 ~1u 
• • 

V 

2. fi1Ufil-Jn7'l LL~fl..J~t-l'lltJ..JLL~..Jlm,oJ7fflJ7fl 1 . 5 * 2. 0 Ll-Jrl'i Ltfrl~t)flll'1 220 . . 
,. 

11~ 768 m..J 

' I ' IJ .. 4 .. 

3. fi1U~l-ln7'l'Wl-J'W'lltl..JLfi'itl..J'Wl-l'Wfi17l-J'ltJU (Thermal printer) 
,. .., 

4. fl1Ut'll-Jll1'i'rll-JU'lltl..Jl-Jtl L rltl'in'i:::LL~t'lt-!U , , 
,. 

5. fi11Jfil-Jn7'i'rll-JU'llfl..Jl,Jt)L rltl'i nnLL~rl'i ..J , , 
,. 

6. fl1Ut'lJJn7'i'rll-JU'lltJ..Jl-JtJ L rlfl'i LLUU~ L m.J ( Stepping motor) 
• • 
' 

"" 7. u~:::au "1 
t.1 I 1.J I 1J 

~t'lti1-ii'l1l-111ri~flrlt1'llt1tfl-lLfl~ n1fi1t11i~1n'i'il-lL~~1 t'lri,WL'YlfiLu1~u 
\J . 

V &, ' o V I 

'W'i:::-lfll-lLnt-11 truU; LL~:::LU..J7UUVl'i'i~n7'iLVlfiLUhu m"..J ~ 5 
~"' < .., «::I 
Vl-lfl fflJ 'i :::r, 17..J 1UV1 , 

9-15 mJ111fil-li1 ~t'lri1WLV1fiLuhu-w1:::-itJl-lLn;, fiUU; L11-i:::u11m..J..J,UL'r1~1tl'Bt1mL~fl..J , 
.., 

fl1tlfiiU 



3-2.l 
I I ,' I 

n1i~B~1ii~l111..:iLl-JLfliflB>M1L<rlBivJ1UVl1..:i serial port 

.. ., ., 
Ui~L~i1 fltifil-J1W'VI 

1/1 ti ,' ltJ ti ti 

~1l1iU~LflUL~Ll-JLfliflBlM1LYIBil1~1U~l1BLUn1iL~..:i1u u1..:ifli..:ifl..:i~~LflULnY1 
\J 

I I I 1J I I I 

"'"ci""vi • .,. qq "'ci <I ◄ vi O 'l"" ft11~Ylafl L~'VI Ll-J~1l-J1i{1~~ti1 LUiLLnil-J assembly VI L'lJWmJ LtiLfliB..:il1u..:i LU'Vl1..:i1UYIB LtiBn 
I I IIJ lJ I I I 11,1 tJ IIJ I I.I 1J 

<I q 'i vi O <I 'l 'l <I c,j 'l q q ◄ ., .., 'l vi 
LfliB..:i~..:iLflULl-JYIB..:i'Vl1n11UBULfli~..:iLl1l-JLULfliB..:i'Vl<r1B..:in11L~BnUl1B~..:i'Vl..:itiL~i1~LtiLl-J 

,' I ltJ lJ I I I 
'i .. cl cl Q " cl ., 
L fliflB~1 L YIBiLL'1l~~Ul1B~~l-JiULL1JtJn1i L nU'lJBlJ~~..:iLLvJULLlJ L l1~n (diskett) 'VILL'rlnm..:inu 

\J \J 
I I I I IIJ t l/ I ll/ I 1J I 

◄ vi cl O " cl "'vi'l.Jl <j clcl ◄ vi .,cl " ~ ..:i Ll-J~1l.J1it1'Vl~~U1 LLvJ\JLLl.J rn~n~1 nul1a~..:i LU L TI L ti L fliB..:ianWBl1ti..:i Lfl'VltiVI LLYIL i 1n 
<qqq «:: I I tJ I J' d ~ 'q ,d ~ lJ I ' 

l-l1fin1iVl~~rl..:ivJ1U'lJBlJ~ L l-1~ 1u~1m-fl1a..:i~..:i1ui;jan L ma..:il1u..:i LY! 1 flUvJ1uvi1..:i~a 1viau ml.J 
\J \J ' 

I t/ lJ I 

( serial port) L ~u RS:.._232C 1fin1iW11L l1Li1~1l.J11t1l1~rMWqi,,,1~ 1nm 1~iu LLUU'lJB..:i 
lJ I I I I I 11,J 1J 1J I II I 

" " "'l <I cl vi vi q n1i L nU'lJBl-J~~..:iLLvJULL3J L mmLL<rlnm..:i nu Lti L fliB..:iLLVl~~Ul1B LU LY! L ~i1 ~'lJB3J™ Li 1<r1a..:i n1 i~..:i 
\J \J 

lJ I I 1J I ' <I <I vi" <I 
'lJ13JLfliB..:i ~~tin~..:ivJ1ti serial port ~1nLfl1B..:iruvi1..:iLUU..:iLA1a..:iu~1UV11..:i 

\J 
~..:i~~-ru 

II t.1 I I I 

vi " "ci ., .., q 
'lJBl-J~l-J1LL~1 LU L mm ..:iLLvJtiLLl-J rn~n LU iU LLUU'lJB..:i m LB ..:i fl..:i LLvJ'Ufl 1~iU'VI l 

\J \J \J 

disk disk 

drive drive 

!data ldata 

microcom-
s e rial serial microcom-

p.iter 
I) 

YIU'Vl1..:i 

ldata 
port 

RS-232C .., 
91UVI 1..:J 

data 

I 
cl 

iU'VI ,1 
\J • 

port Ida ta 
RS - 232C ~ 

puter 

U~1UV11 ..:J U~1UVI 1..:J 

II I II II I 11.J ,'I 1111 ti 
.. cl cl " q " _•t ... q -slci 'i .., il fl1U1fin1iVIB1~~ ~ L ~11..:i1[:J<')U LL'rlnL Uti 1fin1iVI Ll1Ui ~ L u~umn..:i i nnt11i~ n Yi . \J 

1,1 I I I ,' lJ I 1J 
'l q 'l ., 1 qcl <I "' 'i .. 'l .., 'i .. 
Ll1fl L~i1~11 Lti~t11wn11fifM1'Vl~LfliB..:iLlJLfliflB3J~1LYltliL~..:i1uawu Lflcrun<r1~~ 

\J 

q .; q ,, I ~II f .c::IJ Q IJ lJI 

l-J LfliB..:iLl-JL fliflB a.JVn L YIBiBW~1UUl1B ~..:im..:iwan~1l-J1itil11 software 'l ~..:i1u1fl..:i 1u 
" I II II I.I I.I I.I 

cl " "I .., q .Y-.. ""•'l 'l 11mt1nu;i111..:iwanl11 software Lf'IW'ln LL~~l-Jn~~l-Ji1fl1LL~..:i uul11UVl1 Ll1L i1 L~..:i1u \J ~ 



3-2.2 

, I t' I I.I I I I 

<I "l 'l q <I "l "l d cj., "l cl ., ., 

Lfi"ltl~Ll-JLfi"lfifll-J'W1 L\Jlfl "lU1~Lfi"lfl~LflLl-JL\Jl:IMUn L'W"l1tLl-Jl-J software ~UUf'n.JUl-J1n'Wu fl~ , 

Ju;1U1fin1"l~~;fll-J~~1U serial port if~tVl7L;L"l1~1l-J1"lnui software u1~i1~1n 
\J 

I t 1,1 I t.1 I I I.I I 1,1 1,1 I 

<jcj "l "l'l'l <jcj "l Q,cj 

Lmfl~Vll-11 soft\\•c,:r-e Lfl~1U Ltl L'll LULA1fl~Vll-11 software LflU1n LL\Jl nl-J'llflLLl-JU1~flU1~ 

I I 1,1 t.J I.I ., tJ 

flU~fl Lfi;fl~l1~~fl~~t\Jlfl~L'll CPU LUfl"lL~mnu LL~tL'll operating system i1L~mnu 
\J 

11 I.I 1,11 I.I ti I I I.I I I.I ,'I 1J 

..... ,cjcj 'l "l d °' '.°3 <I 'l ., 'l ... "l 

1tm1 'jU~~~t L 'll LflfiflU'll1~ L 11:IM 'D~n1 LL\Jl~t L fi'jfl ~ L'll CPU m~ fll..lLL~1 ~~tin LU'llUVl~t Lfl 

I I.I I.I I I.I I II I I t' I t.1 

,cj ') V ~-._,._, ,cj ', ") q 

~1nn11~~'llfll-J~LLUW~tflU LU"ltl'llfl~'llfll-J~ (data) rn1uu 'D~nU~UU11W"lt LU'llU LWflUVI 
\J \J \J \J 

t,11 II I 11 < 

L~U1 ~il-liu~~~mt1l-l;flL'll~1Un1B1 asserrbly L~flL'll~1Ul1ULl-Jlfi"lfifll-J~1L\Jlfl"l l-l;fl 
\J ' 

I I ,' V 1J I.I 

<I <l<I _c:f ..., o d o ._.. c:::ii 'l 'l 

hardware BU~ Vll-J CPU LUfl"l Z-80 LUU\Jl1fi1Ufil-Jn1'jVl1~1Un~1l-J11nu11fin1'jUl-J1L'l!Ll-1 , 
f' 1J 1J I I I I 

Lifutl"l tLU'llULfllflUL'll~1unl-Jnm tu1.rnw1Ltl'j LLn"ll-J microANT ~~~t L ifu L fi;fl~ L ~umt-

... ' ' 
l-111~ hardware l-l'jfl Ll-Jlfi"lLtl'jL'/J~L'/lfl1!1ULl.Jlfi'jfifll.J~1L\Jlfl'j LflU~1U serial port 

I.I I.I II lt.,1 I t.1 

..., q-C:, q O "l ..., "i ~ 'l ..., q 

L 'l!Urn..t '11mtm1'jU~tVl1 Ll-1 L 'j1~1l.J1"ln'W9JA.J1 Ltl"l LLn"ll.J L 'Wfl L'llnu hardware VIL 'j1\Jlfl~n1'j 

I.I I I.I I 
I I 

"l d .. 4 <i v'l ,cj,cj'l"l 

Lfl L nu~tn.Jn~11fifl L 'j 1~tfl 1i'IU Ltl"l LLn"ll.JLLtl~mB1 asserrbly ( asserrbler) Vll.JflU LU Ll.J-
\J 

f' I I 1,1 tJ I 

'i' .. 'l ... .. 4 'l _<j ... 

Lfi'jfifll.J'W1L\Jlfl"l 'll1UL"l1LUn1'jLLlJ~ asserrbly VIL'llUUtn.JLl-lLUUn1B1Lfi'jfl~ (machine 
I I.I I I t,11 I 

language) ~LifUL~'ll~1U 16 LL~1L"i1~t~~m,;1Lfi;fl~ti~1U serial port Ltl!J~Lfi;fl~ 

I I I " I 1J 

microANT ~~~tflflflUnu hardware l-l;fl Ll.JLmLtl'j L '/l~ L '/Jfl'j~n·1~"~ ,;ifl~n1'ji9JA.J1 Ltl'j LLn"ll.J 
\J 

I II I I I.I I.I I.I tJ II 

<I 'l ,;j 'i' cj cj 4 cj .. ... "l " 

L 'Wfl L'll~1U L 'WflVlfl~flU Ltl'HLn"l:IM L "l1 L 'llU1.l'lltJ n1l.J'llfl~fl'W~1fl l-1'jflflu~n1rnn L'llL 'j1nfl1~~t 

I.I I ,' 1,1 I ,' 1J 'LI I I 

LLflVILl.JL m Ltl'j L '/lt1l L '/lu"l l-l;fll.J1LLfW1Ll.JL rm•ml.J~1 L 11m LL~1viin1'j Lltl~u~ 1~ ~t1l~ 1~flt1luu1l-ll.J 

I.I , 1J 1.J I.I I.I I I 

.. ... cj O 'l • "l " 4 ,q O _., 

fl1U1fin1"lUVl1L~L"l1~1l.J1'jnVJ1~1ULflL"l1'lltJn11n1"lV1L"l1~tVl1n1"lLLtl~ assembly LUU 

I t.1 1,/ I.I I ,' I.I 

mB'i L ri;u~ Lu~ · LL~ 111.ltluULl-1 L ri;u~Ll.JL fi'j 11.l'j L '/lt1l L '/lu'j L ifu L 1:1t1~1u~Ul-ln~~ti1 uun~1ni1 
' ' 

I.I I.I I.I I.I . .... I 

"1 ..., d oV] v<l q ~ 

n1L'j1flfl~n1'jflfl tl"lLLnWUU~~ EPROM L"l1n~1l.J1'jnVl1LflVIUVI L'W"l1~ microANT l.JLfi'jfl~ 

I I < I t I ti I. ' 

a,i EPROM uu1ui1L~;~ ~~uu11in.J1~1u'lluuu1~l.J1n1l.J11~~Lifun11'l'll~1u'lu,i1un1'j~mt1 
\J 

I.I I I.I f fl' 

L'll~1U . l-l;fl L~W1t™un1'WLl-1Lfi;fl~Ll-JLfi'jfifll.J~1L\Jlfl"l 

n1"l~~;fll.J~~1UVl1~ serial port if ~iL~U;tH~ 1tl"lLLn"ll.J~1ULUn1"lL;~,u 
\J 

I.I I I.I I.I ti 

l-l;flfl1~~~1'll1tl1LLn·rn utility m~i1 L'llu PIP.COM LU CP/M n1,ili'~i11umH;uu1tl'j 

I I.I II II I.I II 

<I 'l ... 0 _., .. 

LLn"ll.JL'Wtl L'fl~1U serial port u ~1LUU\Jlfl~l.Jfi11l.J"lV11~mu harware 'llfl~ serial 
\J 

II I I.I f I I I I.I 

V .!j ._, ") ") 

port UU'll1Ufl1U L m1t11 serial port LL\Jl~t L fi'jfl~fl1~~~LL1lnm~rn..i Ltl Lfl 
I 1J ! I 1J I 1J 

Lfi"l~~,u~u~1j~fll.J~~1UVl1~ serial port ~L'll~1uau'lun1fi1'l111!'11n'j"ll.JL~~1 
\J " 

1J 1J I I .... I t.,, 

~n1w L VlfiLUL~~ m~~m.H n~1 fiU1J; lJU Lifum"l L ~t)l.JLH~"l~l-111~Ll.JL fi'jfifll.J;;1 L 111fl"l~l-lfl , 



~nt~Lt~~t s ~~t~~~in,~~, tLU~tt~n f;i,o,.. ltio',.. ,:., ~ .!:. .. 
I I I fl 

' nL~ni ~~rw L~u,~G~~tM ~~1n1~~1ry:Lu~ 
... 

L~~i~ttUt~~L~~~L~ ~~ity'l~~tautL~L~ 
,. I'& ',,... " 

" ~~~1~~~~ J.NVO~J1W ~iu,,i~1Lm~~~t~~, WOIN311IW'0:)W3008J'+rr 31dqV 
,. I 



3-3.i 

V ~ 

?Jv1V1v1r1a..:in7'Hl1Ufll.J AC . MOTOR f11EJ1lJLf11flalJ'W1Lvta·rnu..:iL~E.11 MPF I 
.._ _____ , __________________ _ 

1 • UVIU
0

'1 

V ~ 

MOTOR vl1EJ1l.JL m-flal.J'W1 L vltl'HLU ..:J L ~E.11 ( Single Board 

Microcomputor) MPF I 

II I tJ 4' u L~U?JVIVlflria..:i L wmLl'tfl..:in11'hl1a.J1mflaa.J-w1 L v1mmuflJJn11 , , 
I V <q '°'II V O <i V ~lJUtJa..:i AC. MOTOR Vll't1lJ11Clfl1UfllJVl~l11..:Jn11~lJU,UU~1u1u1autJa..:in11VllJUV11an11v1..:i , , , , 

IJ 1., I e' 

~1u1u1au'l~ Ac. MOTOR ~JJUv11JJ~1u1u1au~v1a..:in11 1v1uu1uV11..:iaun1ruf11UflJJ1w Ac. , , , 

( 1..:1~1 Triac) 

4' '-' .J'-4 IJ e' II 

~m.11:::'1..:ifl'1°1~lUn11Vlvlrla..:JUfla 'l?J~nH,fl11fl1UfllJaun1ru1ww1n1r1"..:i"t v1EJ LU~,::: AC. , , , 
ti " t.l IJ tJ I.I ' ' 

MOTOR mu1JJ1m1u1L'll'1L'lla1 LUtl..:JfflJ Vl.,..:JVl1..:Jvl1Un11L~alJv1a (Interface) LLarn11 
r tJ t e' 11 

L ;uulu 1LLn 1a.J L ~a'l ?JmUfllJ L wa L ifuu1::: 1 u?Ju'l un 111WJJu1LLU 1f111J.Jiiv1Lrn::: 1Bn11'l un 111111..:i , 
4' II ,' I 

1:::uuf11Ufla.Jaun'rol1ww1n1r1~ 1v1u1..:i~1ELriflV11aufla <POWER ELECTRONIC> ~a1a.J11olu1 , , 
tJ tJ 4' I 

LLn w1v1'l~aa.Ju1ruv1a 1u 
" 

,j • 

2. ~q~n11l11..:J1UtJa..:J1..:J~1 (Hardware) 
V ~ 

~ann11tJa..:J?Jflf11UfllJ AC. MOTOR f11EJ1JJLfl1fltll.J'W1lvltl1 ____ , __ ,_ ____________ _ 
~ V ~ 

LLU ..:11..:i~ 11a.J1 mflauw1 L via 1'l u?Jfll1flria..:ii1 L iJmLu ..:i, '1~ 11JJ1 f11flauw 1 L via 1LLUU , 
I 4' I tJ I 4' 

LLflU~lJWL~U'l U~tl MICRO PROFESSOR MPF I ~..:,ij CPU LUtl1 Z-80 CPU LiJ1.rn"1'l~,f1 . . ~ 

mtJa -11-1~ 1a-1-lo1111cumufll.JLL~ ::: 'l"'frtiooncum1~at11JL flllfl 1uaumcu Input / Output l ifu V UU 1 UU 1 

I II 4' II 

Port Ll1.JUtJU1U (Parallel Port) ~..:JL?J Chip LUa'l" Z-80 PIO L'lt Tri ac Lifu 
I 

I 

Solid State Delay LU1U~ 1. LLl'tfl-3 Block Diagram ml-11'1~1fl1UfllJ , 1U~ 2. " , " 

I 

iu 1 1-3-.intJ-lcyqJ1CIM1..:J OUTPUT tJa..:J 0/P PORT L ~afl1U~lJ AC. MOTOR 

- AC. MOTOR 
1 ti I tJ tJ 

Llla1vi·rnafl u1m:::LL'1~:::l11'l~ SUPPLY -i1mL1 ,rnulww1'l~ Ac. MOTOR l11 
tJ I I U ti I 

'l~au1mLa.Jrn~n~Lnv1-.i1mlfl 2 U1~U1tlfl 1 1u1h:::a.J1G1 90 a..:1~1 l1°1L~Lnfl'1U1lJLLlJL~~n 



St,irt/Stop 

MFF I 

Start/S 

detect 

3-3.2 

-------------MOto r Supply 

220 VAC 

Enable Supply Enable Supply 

* Trig 

.... 
'-...._ +SV +SV .... .... 

.... ' .... 

-----------------~----

' cl 

11Jl1 1 ,, 

. JT 



3-3.3 

. U ~ I 

ll"u V1iLll"vL<ilv1ll"u1tlV11~llu~ 
• • 

I V I tJ II 

LJJvL<il1LLvfl 2 .uin1::LLa:::i::V1°1Lll suPPLY :::i1mL1~r1ulm-111ll Ac. MOTOR Vii 

II I I tJ ti I 

Lllau1"LL"rntn~Lnfl:::i1m111 1 UillU1'llfl 2 ltlth::WlU 90 a~t'11 Vl
0

1LllLnflau1mL"rntn 

U ~ I 

ll"unauV11~:::i1n~t'!V11~L~"VliLll"vL<ilv1ll"ULtlan'Yl1~llU~ 
• • ., 

- 1~:::i1V1;n1 llL mLLvfluin 1::LLa 
I tJ II I U 

◄ ... ., ... • 'l 
L"vmLHflml1::mru 5 v. tlvULtl1W~fl Star/Stop :::i::Vl1Lll transistor 

• 
I II I II 

cut off 1"uim::LLa VliLllL"Lnfln11V1;n1V11LLvflLfl 
I II II tJ 

◄ • 'l ... 

L"vtlvU O V. L'll1:::irt Star/Stop :::i::Vl1Lll transistor conduct "n1:: 
• I ... 

LLaLllar.l1U OPTO COOPLER / ISOLATOR ZERO CROSSING triac driver L"v'Y11~'ll1 
., ~ 

Left/ Right LtiU O V. L<il1LLvfl 2 :::i::uin1::LLa ,L<il1LLvfl 1 cut off VliLll~ L<ilBlll"U 
. . . 

U I 

"'.11 ~'il1U LaJv'll1 Left/Right LtiU 5 v. , lmLLvfl 1 :::i::u·1n1::LLi;I ,L<il1LLvfl 2 cut off 

., ~ 

VliLll"vL<ilv1ll"lM1~'ll11 +S V 
• 

•nu 

2 20 

detect 'flCJ:l!!7CU 

74LS14 

JU 2 1~"ll detect tfuu1ru INPUT 
V vv 

I I 

arn:1ru ::n11V1i~1U'llv~1~:::i1 :::i::a1t'l"u:::i1ull"U<il~LLa~~"1:::i1nlr11ari ~~uu:::i1u:::i:: 
• 

ihi1V11u1 ; La ~~1u s 1 Lria:::i1ua~LU<i1°1Lrn~~111~1;La~r.l

1

1U transistor :::i :: cut off 
V V V 

II I II t I 

:::i ::V1°1Lll Vee tl1::"1ru 5 V. r-l1U NOT Gate VliLVILnrtff'Cllll'lULtiU O ua::Lim:::i1uaULU<il1 
vu V 

I I I 11 11 
., 

LLlllM ~LLa ~r.l1Ulfl trans i stor :::i:: Conduc t Vi°1Lll Vee 0 V. r.l1U NOT Gate VliLll 

L nrtff'q,Iy'lU L~U anHCU::'llv~ Pulse rt"-lltl 3 
V 

''0'' - - -

---so .. 
ms. 

iu? aqKy7CU pul se:::i 1n1~:::i1 detecti:f'CJ.1!!1CU~U~VI 



3..c.3.4 

3. 1tJ·mn-HJf111JfllJ (Software) 
( II tJ lJ 4' I II 

1tJ •rnn5lJfl1HfllJlJLll v1:a1'l l1l1lJU'll 1U 'lUIUY.111 h1u'l 'llflUnflY.ltl..:J MPF-I L ilu'11"1rf..:i'l l1 
• • • 

( II I ( II I ( I 

"I 'l .,j ~ V "I 
lJtlLvltl'j l1lJU'll1Ul15tll1lJUY.111 n:aun15l1lJUlJtlLVltl5 l1lJn15LY.lfl11lJtlL'1ltl5U..:Jl1lJUl15t!Ltla1 

, , 1 , 

II Ill I 11 1111 IIJ I Ill 

01l1JJU:au'll11:a'.jun11'.j::llm1L:a..:i 01JJ1Jl1UflLLa1'll1lJUL;lJ'1lUl1lJU LLa:: set fl1L;lJ'1lULilu o , ,.. , , , 
II I ( 4' II 

LL a ::LLa1nu1N1u 1u 1:arnLa::LLtlfl..:JV1°1 LLllU..:JY.ltl ..:JlJt.l L Viti 1 111ma11..:i~aal1ti1JU Display 'W'l'tllJnu 
I I I.I II ( tJ ( I 1 

set tllJnfl 11i1f111lJVltl ..:in1 'l'L lllJtl L '1ltl 5l1 UfllllJU L l1l1Ufll1lJUlJtl L '1ltl5 LLa::Ull 5tl1J'1ltl Ltl'.jUn 11lJtl , , , , , 
( I II I II II I/ I (II II 

.,j _,~ ~ ~ .,j .,j V 'l V o 
L'rltll'.j::l1Ufll1lJULLa::LLtlfl..:Jfl1tlfll11UVIU1J Lfl LATCH L 1 LLa::01 LlJlJn11nflflffiil..:J 2 l1U1J'.j1U1U 

• • • 
I I 

• ◄ 
'jt)lJ LLa::mLLllU..:JL'Wtl Display 

tlfi1J1 UL tl5LLn W 
I I 

4 .... ~ • "' 
LlJtlL'jlJ RUN lJU LED Y.ltl..:J MPF-I '.j::m::'W51Jfl111.LEFT LLa:: RIGHT aau 

( ti ( II ( 1 

V .,j o 'l .,j 

. nu n11nflflU 11 0" '.j::v11 l1lJ:aL'1ltl5l1lJU'll1ma::flu 11 1 11 '.j::lllJUY.111 n:aun11lllJU LED '.j:: • • • 
0 

"4I I .f ( .a$ t
4 

IIJ I I 

LLtlfl..:Jfl111 CHECK L 'WtlVl51'.jtltl1Jf111YIU::UlJtl LYltl5l1lJUl15tlt!Ul15tlLlJ 01l1lJUtlU'.j:: LOOP tlU 
" , \J , " " 

cf II II ..: I I ti ,4 ~ ( ~ 
4

1 ti ( 

L un15 CHECK uo 1l1 Ufll1lJULLa1'.j:: L 'jlJa ..:)fl 1l1lJU'll 1 Ul15tll1lJUY.111 flt!UflUl1nfllJ 1 L -w:a'l lllJtl L Yltl 5 . , . , , 
V .,j 

l1lJUl1Ul'I • 
' II I 

'l 
... 'l V .,j 

U 1 5tl1JY.ltl..:JlJtlLYltl5'.j::Lnfl PULSE fl1 U DATA BF '.jtfltlUUlJ PULSE U fl1 
II I II 

'l 
Vo 'l v.,j 

U REG.BC '.j=:mt'.j1U1U5tl1J n11 Display lJU LED 'll Subroutine 'll1Ufl..:JU 
ti I I I II 

1. HEX 7 SG L'llLU~UUfl1~WLflL~U 7 Segment format L~ULU DISP 3F 
., 

2. SCAN1 L'll Display fl1LU DISP 3F 
I II II 

LLtlfl..:JV1.,1:au1..:in11 Display l11v1"..:iu 
II I II 

'l 
d _,. 

LU5tlLLtlfl..:J l1 L l1U11YJCU::U .. 
' n ; r, ; - 1 ; c ; r, : ,-

1_1 ! ,_, : 1 : _J : I_J : ,o lJtlLVltl5l1lJULtl 75 6/8 'jt)lJ 
• 

I II ( ( I I II 

n11rf..:il1umi"11 fl 1 flUflU "DEL" lJtl L '1ltl5'.j::l1Ufll1lJUlLa:: Di splay fl1~l1lJULtll1"..:i , , , , 
I ti ( I II , I I 

q -~ ... .. 'l V q 
lllJfl LL'1l01nflflU "MOVE" '.j::LUun1H'l'lJY1Un1Hrn RUN l1lJl1Ul'I 



START 

initializa
tion 

Ltl~Hfli 11 Left, 

Right tlt'11JnU 

'fl~ DATA 
~ 

'l ;nm l fl t) 'Hl:IJU ,, 
... ◄ 

mm1t1vi1 ,n1 
" 

Left 

3-3.5 

Set 
counter. 0 

B 

" Ll-1 Motor 

detector 

LW:IJ counte r. 

'llJ 4 flow chart LL'rlfl~O l'lfl1Ufl:IJ 
" . 

AC Motor 



0000' 

1800 
1802 
1804 
1806 

1808 
180A 
180C 
1 801'' 
181 0 

1814 
1811-i 

1818 
1818 
1810 

181F 
18 21 
182 .3 
18 25 

18 27 

(0082 ) 
(0080 ) 
(00CF) 
(0001) 

(00 FF) 
(0004) 
(0000) 

(0012) 
(OO OC) 
( OCHC l 
( 002 3) 

(0624) 
(0678 l 

3ECF 
D3 82 
3E01 
D38 2 

3EFF 
D380 
21A918 
E5 
DD2lAF18 

DDE3 
0645 

CD2 406 
FEl 2 
2808 

FEOC 
2808 
lOF.3 
l8ED 

lEOO 

0001 
0002 
0003 
0004 
000 5 
0006 
0007 
000 8 
00 0 9 
0010 
0011 
001 2 
0013 
0014 
0015 
0016 
0017 
00 18 
0019 
0020 

3-3 . 6 

LISTINl~ 1 

EQU ATE VALLIE 
, P IO po rt & control word 

PAC 
PAD 
MODE3 
IOMARK 

EQU 8 2 H 
EQU 80B 
EQU 0CFfl 
EQU 01H 

DA TASTOP 
DATARIGHT 
DATA LEFT 

Mo t or Control 
EQU 
EQIJ 
EQU 

KEYLEFT 
KEYRIGHT 
KEYS TOP 
KEYR.UN 

Key Scan code 
EQU 
EQU 
EQU 
EQU 

data 
0 F'F H 
04H 
OOH 

1'2H 
OCH 
lCH 
2'.JH 

Prn· t I\ c,_,n t-. r c, I 
[ 'c, r i., A Dat,• , 
S,:, t. tr.> mo d e ::J 

I / 0 Ma :::: .k 

S t o p M0 t.o r 
Rotate d g ht. 
Hu t a t c J c f I. 

0021 , Utili t y s ubr outine mo ni t o r 
0022 SCANl 
0023 HEX7 SG 
00 2 4 
0025 
0026 
00 27 Init 
0028 
0029 
0030 
0031 
0032 Begin 
003:3 
0034 
00 .35 
0036 
0037 
0 0 38 Loo p 
0039 
0040 
0041 Cont 
004 2 
0043 
00 44 

00 4 5 
0 0 46 
0047 
0048 

0049 
0050 

LEF'TDAT 

EQU 06 2 4H 
EQIJ 0678H 

ORG 1800H 
, IN I TIALIZE ROUTINE 

LD 
OUT 
LD 
OUT 

LD 
OUT 
LD 
PUSH 
LD 

EX 
LD 

CALL 
CP 
JR 

CP 
JR 
D,JNZ 
JR 

LD 

A, MODE3 
(PAC) ,A 
A , IOMARK 
(PA C) , A 

A, DATASTOP 
( PAD1 , A 
HI, , Le ftPatt 
HL 
IX,RightPatt 

(SP), IX 
B, 4 51-1 

SC/\Nl 
KEYLF.B"l' 
Z, LEF'TDAT 

KEYR.IG HT 
Z, RIGHTDAT 
Cont 
Loop 

E,DATALEFT 

Set F·Iu p0 rt fl. 
to mod e 3 (I /0 mode l 
DO - input·, 
0 th.e r ou t:.put. 

St. o p mo t.or 

fljp ' LE FT ' / 'RlGHT ' 
'I'i rn e Cr, n .s t.a nL 

Di sp 1<,, r e ad k e y 

k ey ::. ' LEF'T ' 

key =- 'RIG HT ' 



3- 3. 7 

1B29 1802 0051 Jf..: Nex tlO 
0052 RIGHTDAT 

18~8 1E04 0053 LD E, DATA RI GE-IT 
005 4 Nex tl0 

l 8;?.D CD69 18 0055 CALL Chec k wait unti J m 0 tor :,; 1, -:_, µ 

18:W AF 0056 XOR A 
1831 32BB18 0057 LD (DataBuff) ,A 
l 834 010000 0058 LD BC ,0000 counte r - 1_-1 

1 837 78 0059 LD A,E 
, , s:rn 1)380 0060 OUT (PAD) , A Rotate mo to r w.i. th ,-·~( Ir 

r ect 
0061 posi t ion 

J83 A CD971 8 006 2 CAL L Convert convert. cnuntc: r t. ,, p a 
ttern 

183D DD 21 BD18 0063 LD IX,DispBuff 
1841 CD58 18 0064 Loopl CALL Displ a y 
18 44 DB80 0065 IN _ A, ( PAD ) R.ead DetP.ctor 
18 4 6 CB47 006 6 BIT 0,A 
1848 28F'7 0067 J R Z,Loopl Wait until ' 1 ' 
184A CD82 18 \ 0068 CALL Increme n t c hec k 1 rounrl & inc . 

c o unter 
0069 Loop2 

184U CW,8 18 0070 CALL Display 
1850 DB80 0071 IN A. ( PAD) Read Det.P.•~ tor ;,g;;d r, 
1852 CB47 0072 BI T O.A 
1854 20 F7 0073 ,JR NZ,Loop 2 wait unti.J > (_I ' 

1856 18F.:9 0074 .JR Loo pl 
0075 
0076 Subrou t in e 
007 7 

' 0078 Displ a y 
1858 CD 24 06 0079 CALL SCAN l 
185B FF.JC 0080 CP KEYSTOP 
185 D 2805 0081 ,TR Z,St o pRout 
] 85 F' FE23 0082 CP KEYRUN 
l 86 1 28 Af, 00 83 JR Z,Begin 
1863 C9 0084 RET 

0085 StopRout 
1864 3EFF 0086 LD A,DATASTOP stop moto r 
1866 D38 0 008 7 OUT (PAD),A 
1868 C9 0088 RET 

0089 
' 00 90 Check 

J869 DB80 009 1 IN A, ( PAD) Read Det,P,c t. o r s t ,a t,11 s 

186B 57 0092 LD D,A save s t n Lll S 
186C 0E02 0093 LD C, 2 delay time 1 
186E DD?.1B5 18 009 4 LD IX,CheckPat 
187 ::: 06FF 0095 LD B, OFFH del a y time 2 

0096 LoopCh 
l 87 4 CD2406 0 097 CALL SC ANl 
I P. 77 DB80 0098 IN A,(PAD ) Re a d aga jn 
1879 BA 0099 CP D 
1 8 '7A 20ED 0100 JR NZ.Check 



3-3.8 

187(; 10~}6 0101 DJ NZ Loop 
187E OD 01U2 DEC C: 
187F' 209 3 010 3 JR NZ. Loop 
1881 C9 0104 RET 

0 105 
' 0106 Increment 

1882 ~:lBBl 8 0107 LD HL,DataBuff 
188f., 34 0108 INC (HL) 
18 86 7E 0109 LD A, (HL) 
1887 F'E:0 8 0110 CP 8 
1889 200C 0111 JR NZ ,Convert 

1888 AF 011 2 XOR A 
188C 77 0113 LD ( HL), A 

1880 79 0114 LD A. C 

188 E C601 0115 ADD 1 
1890 2 7 0116 DAA 
1891 4ft' CJ l 1 7 LD C ,A 
189 2 78 01.18 LD A, B 
1R93 CEOO 0119 ADC A,0 
1895 27 01 20 DAA 
1896 47 0121 LD B,A 

01 22 , 
0 1 23 Convert 

18 97 2 18 D1 8 0124 LD HL, Dj s pBuff 

189A 3ABB18 0125 LD A, (DataBuff) 

189D CD78 06 0126 GALL HEX7 SG 
18AO 7 9 01 27 LD A, C 
18Al. CD7806 0128 CALL HEX7SG 
l.8A4 78 0129 LD A, B 
18A5 CD7806 0130 CALL HEX7SG 
18A8 C9 0131. RET 

0132 ' 
18Ml ODOF'BF85 0133 Le ftPatt DB ODH,OFH, 8FH,8 5H,OOH . OO H 

0000 
18AF 0D37BE20 0134 RightPatt DB ODH,3 7 H,OBEH, 20 H, 03 H, OO H 

0300 
1.885 078D8F.3 7 0135 Ch cc kPat DB 07 H,8DH, 8FH, 3 7H. 8DH . OO H 

BDOO 
l.BBB (000:?.) 0136 Da taBu.ff DS 2 
18BD (OOOt:i) 01.37 DispBuff DS 6 

0138 
18C3 (0000 ) 0139 END 

Errors 0 



3-4.1 

n7'l'Ylfla8~1fifl1Ufl"n7'l'YIWtl8~ STEPPING MOTOR 1flu1"1fl'lfl8"~1L918; ------•--•·-------------- ---

,, 
a .1.lnwun 

,, * 
nua'Ylfli::l~'lru 

\J 

aL"fi a.,~fl::~;rrn . • 

U'YIU1 
,, ., 

... q 1 "' 1 .. q n7'l'Ylflaa~1fifl1Ufl"n7'l'Yl"UTJa~ STEPPING MOTOR flUL" fl'lflv"l'l1L918'lU • • ' ., _'f 4 ◄ ., d 
LUUn7'l'Ylflaa~Ll'lvflnH7 n7'lfl1Ufl"n7'l'Yl"UTJ8~ STEPPING MOTOR 'Yl~n7'lfl1Ufl"fl11"L'l1 • • • 

1,1 II ~ • 

l1fl'YI Hn 7 'l'Yl"U Lla ::-i iu 1U step lla 11Yl11.l rnn 'l" 1"1 ft1fl8"~1 l 918 'lfl1Ufl"91.,1Ll1.l 1 m ~., • • 

' ' '11 q .. q ., 4 
LU 1.lrnnrn'Yl'Ylflaa~a1m'ltllli::lfl~1fin7'lfl1Uf1"'111LL1.lH11~'1tl8~ STEPPING MOTOR fla • 

"' d 4 d 
- n7'lfl1Uflmlfl'Yl7~TJa~n7'l'Yl"U ( 917"LTJlM'l8'Y11ULtl" ) , , 

d 
- fl1Ufl"fl11"L'l1tla~n7'l'Yl"U , , 

- Lli::lfl~ Seq. tJa~i'(1l!!7U~LL9ltl:: L l'li::ltJa~tJfla1fl 

q 

2 . !!_l)~!) 
4' II I II I IJ 

STEPPING MOTOR L1'.fuiJa L 918'lLlili7~l1"ULfl L~ai'lnTil.laun 'l::m'f'tli?JH Lifu , 
1,1 t I t,, 

1 q 1 q • ., q -" q • 'l .. ., pulse L ?17 1.l'l'ltJfla1fl flHJ.Ja7flUTJa~ pulse 'YILUU'l:: LUUU :;i:;V1 1 L'YI LnflLLH~rnn (torque) 

' ., 4 

'l ::'Yl1 1 ~ rotor nu stator LUa~:;,i1n electromagnetic force n7'l'Yl~Utlv~ rotor 
1,1 I t l,I IJ I 4' I 
◄ ., q q l 'l q .Y.. ., q 

-i::wnUfl11iJtl'lJ8-.3 pulse 'Y11.l8ULTJ1 1.l ( LU'll.l'YI 1 lli::lfl-.lfl17J.J'ti iJl'IUfi'l ::'Yl11-.3 fl11iJtltltH .. 
~ ., u 

.., ,q .lflll ,q "''1 
pulse nu torque) "8 L918'lYlUflU87:;,JL'lUn11 pulse motor fl Lfl 

'l ~.,: cj ., _<f1v., 
111U LU stepping motor 'l'l~'l'I stator lla :: rotor :..i:;"anHru:: L UU"ill'lU (fl~ 

I I I 1J t I II II 

'll.l~ 2) ;~rrntJa ~~l'lu :;i :;V1°1"lm flfllL Hr-rnvn;-.1nULLa ::nu L ija~n 1'11..lau l l'l l ?1111.l'l UtJfla1fl \J 

II II 1,1 V IJ 

s t a tor n 1 'll'IUtJfla 1fllltl :;anHru::n 111.laun 'l ::Lli::IL l'll'l 7lY.1111.l'l 'Ylnll tlfl tl ')fl '1'11 L 'Yln7 'lfl1Ufl"911 , 
' ., 

"I q • 
l l'YIU-.ln7 'l'YIW L fla:: l au fl lla::llWU 1 • 
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-11 I I IQll•7VQ• i I I I 

~,31 L. f. 11 f',l;tl~ 
2 I I I ,c >J I I I •• I I 

.OI .o, . 1 ., ., 1.0 J 5 KPH. 

I 9' I f 
~ ..Ya .., ,q u 

~Vl 1 LLt'tMfl11lJ"tllJtrufi'i::l111'1fl1100Y.l!l'1 p.ilse nu torque 
\J 

if: 
'i~ 2 LLt'ttMinmu::~'W'IJY.IB'1 Stepping Motor 
\J 

' . ~ ... .., 
fl1UU1"Lnu1nu STEPPING MOTOR 

◄ , 
-m.n't L mJ ( step angle) fltl"2MWTltl '1LLmrnm fltl'i • • • 

' ' ◄ ,q 
L Utl '1~ 1nn 11 L 1.lt'lUULLllt'l '1'lltl '1n 1:: 

II • ~ II .' ' ' 
LLclhlli1~'ll.,'l'llflt'l'lflfl1UaUYM -w"a'ii L ~ '1\'ln L ~u 1 

,q 

11.ll'l 3 LLclM"""h m.l . .. 

i.L.IL 
.iLn 
J..h_ 
J.ln_ 

--oiit-
1;,..c,,.,,.. 

' 

.. , 

,q ., 

11M 3 LLclfl'1~™ru::lJlJcl L ru 
\J , 
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' t' 

-~iu1uaL11ll11a1au (stepper revolution ) fia~iu1uaLmlL"uJJBL11B1l1lJULll . 
1 ·mu c 360 • ) 

' ' ., 
~ V ◄ U 

-Ll'la'ilv'3'ilfla1fl LUUa1U'ilB'3'ilfla1fl1~l111'31Ja1ua1unu center tab l11BVl'3'il~a1fl 

O~L~~ center tab (Tl~1'll~ 4 );'3LLa~'3 L~uanHru~'ilB'3lJlJV11'3L'W;1 (B'3fl1Vl1'3L'W;1) .. . 
' ...... 

'il8'3 stepping motor VllJ'ilfla1fl 4 Ll'la 

' 

7, 4J _l 
,<1 
-~,J"l: 

' ' 3 

CD IICD 
ca,~ a, 

~'S ~164 
if 1f 

... 
11.M 4 LLfl11'11 Stepping Motor 4 Phase 
V . 

LLUlJ Unipolar permanent magnet 

II ii I 4' 

1ffllauaifl1J'ilv'3-lcwnuaul'IVlll101J L ;iam'3 'l 'ilt.1-rna L 1ltl1 
... ◄ 
J.!tlU 2 LL1J1J Tltl ______ v..__, __________ _ 

V 

' ... 'l ◄ 
1. ·Full Step Mode 'il~a1~~~on energised Ll'IU'3 1 'il11 (1 L'W~) UL1a1l1U'3 .. 

II ,' II I 4' 
• 'I ... '1 ... '1 ., 

'l ~~vi1 Ll1J.Jtll1ltl1l1lJUVJa~ 90 a'3fl1Vl1'3 LW'l'h ~1n1llvi J.Jt1L11a1~~11J.Ju~1n 1 LUU-3 
, ti • , 

II II I I I f 

'1 ., '1 ., ., '1 J,... ... '1 ◄ ... ., 
3 LUU'3 5 LUU'3 7 LLa1na1JL1.hi1VI 1 tl01ltlLUL1tlU 'l (1UVI 5 LLafl'3LL~U~'3L1a1tltl'3 

" I ., 

011Tl11JflJ.l011l1J.lULLlJ1J full step 'lu11l n.L~UlL1JlJ wave Jl.i 'il.LL1J1J normal ;'3Lfl 
, , 'lJ " 

torque ti'3011 LL1J1JLU'H1 n.) .. .. 
t'' ' 

0 .., .c:iq ~ • 

01lfl11JfllJllt!1J full step mode ~1l11UlJtlL1ltl1VIJJYJ~cl1Tl 4 L°rit'l -l~J.J-l1U1Ut'lLml1ltl 
' I I f II 

1 ~WU'iltl'3 rotor LVl101J 4 t'lLml ( 1tU~'iltl'3 1 ~'WU= 360 tl'3fl1L'W'W1 ) 
I ... ... ... 

2. Half Step Mode vin ., 2 t'hmJ-i~J.J'ilflt-11tll'W'flLflU1mrn energized LLa~aLmJ 
' .. 

1 I I II 4' I 

q ◄ .,j ... V q V q 1 ...... q , 'l 
VILl1at1~~lJ 2 'flLml11VlnUVltlO energized M11JV16 ~U1fiU011lla.JUtlt1-ll.ltlLv'ltl1 UL!.11lct~'flL111J .. .. ' 

II I II I 

V '1 ◄ '1 ◄ "'\U 
~~LVl10U 45 tl'3fi1Vl1'3L~W1 l11t1l1J.JU 8 'flL1l'll1lt1 1 1t11Jt1'3fi1Vl1'3L'W'W1ll1tl 1 ~'WU 

• 
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I ~ : . . 
77__r"h_ 

. 
l3:60i'.,\1 

rTl__ITL
:: : 

q . 

'i1.M 5 LL~r!'3 ·· tj.'.mfng 'lltN 
'U . . I 

. . . . . 
: : : 

. . . . 
J+Lj-

~1UILL1l'fl~ phase L'Un1'i 

. . 7 r-t--.. L...J : 
: : . . . fl1U~l-J Full step mode 

II 
I ~ ;--

CC W LJJlsto;-1 
LJ7J...J
:: : 

. . n )tltl'U pulse LLUU wave 
II \.-..11s ttp 

'll )tltl'U pulse LLUU normal 

cw 
( n ) ( 'lJ ) 

1 ;.,__ 3 60° '\t-J"1---t 

7 I 
-: 

I 

L iu~ 6 LL~rl'3 timing 'lltl'3i'l'lJ1UI 

LL1lt'l~ J:hase L'Un1'ifl1UrlaJ , 

Half stop mode 

ccw 
cw 
~ 

~ 1stfp 

tl'i~LU~'U'lltl'3 Stepping Motor 
I 1J I I t 
~ VJ q q. q <t 

L'Ut1~-.i1n stepping motor ~1l-11'iflr1W ~fl'fl~ Lt!Ur!LL'fl~aJmLL"r1'U'3'VILL'U'Utl'U --i'3~1aJ1'ifl , . 
tJ I tJ I I I I I I I 

'U1 LtlL~ '31\M 11t.)'3n1'i rl1Ufll-1~1LLmJ'3tlU1 '3LLWU1 i1t1 U1 '3 L ~'U n1 'ifl1UflaJ~1 LL"r1'U'3l11tl1'U , , 
tJ I ltJ I ~ 

diskette L'U disk drive 'lr1m--:i~1LLmJ'3 track ~11t.)'3n1'i, n1'ifl1UflaJ1l1LLmJ'3l11~aJ'W , 
I ~ • 

'l 
~ q ~ 

(linefeed) 'ULrl'itl'3'WaJ'W, n1'ifl1UrlaJn1'iL'fltl'U , 

II 

( carriage ) LL'fl~n1'itltl'Un'i~rl'"IM 
II IIJ tJ 

., q .<f . . 
U~'i'lltlaJ'fl Lr1t'l1'ULlJ'U'FRJ 

'U 

I I 

'N--i'iL~tlaJ~ (INTERFACE) 'i~11~ MICROCa.1PUTER nu STEPPING MOI'OR 
II ~ II 

'Vl1'3111'ULaJLrl'irltl~1 L~tl'iL~ Port LLUU Parallel (Z-80 PIO) ~ti Inverter 
I l/ . ~ I I 

LL'fl~ 1--:i-.i'it1Un'i~LL~'3Lmt'i1u;J~L11t)'i 2.sc 458 'i1JJnu 2N 2222 ri"--:i'itl~ 7 -.i1m'3-.i'i 
'U 

~ I II I II 

~ 'llrl'fl1ri-.i~rin Energized L"tl'lltlaJ'flL~'U 1 0 1 ~~nn Deenergized L~tl'lltlaJ'flL~'U 'l' 
1J 1J \J 1J 
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drive 

-----•Sv 

---OUtput 

2SC458 

1/4 driver circuit 

I t I < 

TI.I~ 7 LL~~-J1-J~'.iL~m.J?1t1LaJLfl'.iflt1aJ~1L?1tl'H1u STEPPING MaroR ., 
I IJ 

STEPPING MorOR ll'll'lt.m1'.i'Vl~fttl-J Lifu STEPPING MorOR tltl-J SANYO 

ELOCTRIC CO.LTD 6 Vdc., 0. 88 A., 1.8 deg/step, 4 PHASE 

LU'.iLL11'.ia.Jfl1UflaJ (Software) 

~1ut(1irut1t1-J 11l '.iLLn'.ia.Jfl1Ufla.Jtl~~Lll'.i LLn'.iaJ~m~~tl s tep)ri ve l~ L ifu11l '.iLLnrn 
ti , ., 

I t I 1J t' IIJ t.J 

~m.1 ~~-Jioo1ru'l 'f1a.Jtl L ?ltl'.i'Vll-lt.l?11l-l~i'U1'U STEP ~V,,J 11~1'-l1 '.ir1 nivrufl ~11l'V11-J , fl11l-l L ~ 1 LLft:: 
ti ti , 

IJ 
<!j "l "i .., .., 

MODE ( full 'f1'.itl half step) LY1~1n Lll'HLn'.iaJ'Vlftn Vlftfln1'.i tltl-J Subroutine "StepDrive" 
I.I 1,1 I I 

'ULLfl~-JL 1L'U Flow chart '.ilM 8 v11Lll'.iLLn'.il-lLLflYl-J'l'U Li sting -;i 1 ., 
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V 

~1u~a~ Main pr<XJram Lti017~fl~n~L~tin17L~~1ti Subroutine 'Step)rive' 
., <j 

~ mKl.l:: m ~ 81 tm 
I I 

- n11~fl~a~ n11fl1Ufli-M~~1~~a~n11~w 1fluni~ufltM 7 ~a~~1ufl11~~1~a • • 

Direction L~ti 1 ~;a 0 
d .,j ,-

- n11fl1Ufl~fl11~L11 1flun1,n1~flL1~1~~L~a,~::~w1u 1 STEP Lu~1ufl11~ • • 
I ,' I 

~1~a Stepl'ime W1fl 2 L1M ~~1UL~ti mS. 
I 

- n17LL~fl~~1i1m,l'1r1um~~LL~~:: L Yl~Lf1Uti
0

1 pattern ~a~~"l1Jfl1U~~~1nm11~ 
I I 

pattern ~aULti Subroutine 'StepDrive' ti1LULLU~~LW7::l1~ 7 segment LL~fl~aan 
tJ 

tnJ LED display 

V V 1 

V ~-◄ ~ U 

~1n~u~au~a~n1,~fl~a~n17fl1Ufl~ STEPPING MOI'OR ULUUL~U~~1au1~ • 
I I I 1J II I I 

~ • ..."I 'l "i .., "I <j ., <j 
n11fl1Ufl~au1~~1u ~~a1~u1 Subroutine fl1UflWLUL~~1tiLfl™181Lll ~1aa1~~W1L~a • • 

1J I I.I I 

L~Lo~1::~1uau91 LflffiLU 



seq .point=half 
point 

seq.table=half 
seq. 

seq.no.=half no. 

change seq 
instruct ion=DE 
first seq.= 
seq.table•seq.n, 

cw 

seq.point=fulJ 
~Int 

seq.table=full 
table 

seq.no.=full no. 

change seq. 
instruct ion=INC 
first nq.= 

seq.table 

3-4.7 

I 

m 1~ ~:El U11 L W mcrle 'll:El ·-ln THUJ'ULL tru • 

'l~ (Full step l-1;:El Half step) 
II IJII II ., 'l ~ 

LL~ 1 ~..J fl1 Vl1..J'1 l-1 Ll'll-11 ~~l-J fl:El 

- ~1LLmJ..J'll:El-l Motor ~1~11 • 

- ~111..J Seq.'ll:El..Jn11l-l¾IU Motor 

- ~11J1\J Seq.Vl:El 1 Step 

-
~ q 

~11~~:ElU direction l-11:El~~~1-l'll:El-l 
I II I 

4 0 " 0 

n11l-1W L i'i:El~1n11~-l111111LLmJ..JLL 1nY.l:El-l • 
I I I 

~ o.,Yq .c::il oV 
Seq. Table LL~~ L ~:Elnfl1IN~~~ Ltl~W~1~U 

'll:El-l Seq. 



delay with 

StepJime 
(mS) 

no 

Change seq. 
pointer 

seq.poirt 
=first seq 

dKrern.nt 
step 

save 
seq. pointer 

end 

3-4.8 

I I 1J 
<j q~ 

L~tlU Pointer~~ Data !ltl~ Seq. 
I I tJ t/11 

'1tlLU~~~'l~ Motor ~"U~1~U~~~iiu , , 
t./ t/111 I 

!lt1~nTrn"uLrn1'l~ L i"mrniirn 'ln'l~" , 

I t/ I ti 

~~ data uutitinLUL~B'l~ Motor ~w , 

1u 1 ~iiu 

I I 

0 0 U <'4 0 

~'l1~~B~1U1U~1~U11fl'lU~1min1~u~ 
I ti I ti I 

~~BL" ~111~1"mu'l~in1'lm.J1~ L1~1 
tJ I I I I tJ 

mumMi1L 1~1~nim.JM L~umwhJnim.J~ 
., 

d ., "I q 

fl11" L 'l1!ltl~n1'l~W) LL~11Un~u ~utin , 
ti ti ti ti 
11 do'-' 11 

m~ mmuLrn1Ln~1mmt1~m'l~WflH , 
., ., ., 

~~~1u11LL~1niu1ulT~1u'lLLm"~;n , 
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LISTING 1 m'lfl~ Subroutine ' StepDrive ' L~U1111fl LLtliiL "llMJ; Z-80 

StepDrive 

Direction 

Nstep 

StepTime 

StartSeq 

FULLPOINT 

HALFPOINT 

CWinstruction 

CCWinstruction 

IF Clock= 4 

DelayConstant 

ENDIF 

IF Clock= 2.5 

DelayConstant 

ENDIF 

DS 

DS 

DS 

DS 

DS 

DS 

2 

2 

2 

2 

2 

D7 

DO 0 Full step mode 

Half step mode 

L1a1~tl 1 STEP (millisec.) 

INC HL 

DEC HL 

; Time delay for clock 4 MHz 

DB 248 

; Time delay for clock 2.5 MHz 

DB 154 

Rotational sequence pattern 

DB 0 

FullStep DB 00001110b 

DB 000011 01b 

DB 00001 011 b 

DB 00000111 b 

DB 0 

FullNO. EQU 4-1 
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HalfStep DB 00001110b 

DB 00001100b 

DB 00001101b 

DB 00001001b 

DB 00001011b 

DB 00000011b 

DB 00000111b 

DB 00000110b 

DB 0 

HalfNO. EQU 8-1 

I 

~1U1U 
◄ 

LD HL, (Nstep) Step l1~~lUIU 
• 

LD B,H 

LD C,L 

LD A, (Direction) 

... 
BIT 0 ,A FULL l1'Hl HALF STEP 

JR Z,FULLinit 

HALFinit 

LD HL, (HALFPOINT) 

PUSH HL 

LD HL,HalfStep 

LD DE,HalfNO. 

JR WhichDirection 

FULLinit 

LD HL, ( FULLPO INT) 

PUSH HL 

LD HL,FullStep 

LD DE,FullNO. 
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WhichDirection 

OR A 

JR Z,CWinit 

CCWinit 

ADD HL,DE 

LD A,(CCWinstruction) 

JR Directio11init 

CWinit 

LD A,(CWinstruction) 

Directioninit 

LD ( Change Seq) , A 

LD ( StartSeq), HL 

LD DE, ( StepTime) 

POP HL 

Rotate 

ChangeSeq 

DS 1 

LD A, (HL) 

OR A 

JR NZ,Rot20 

LD HL,(StartSeq) 

Rot20 

LD A, (HL) 

OUT (STEPPING) ,A 

DEC BC 

LD A,B 

OR C 
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JR Z,Finish 

Rot35 

LD A,(DelayConstant) 

Rot40 

DEC A 

JR NZ,Rot40 

DEC HL 

LD A,D 

OR E 

JR NZ,Rot35 

JR Rotate 

Finish 

LD A, (Direction) 

BIT 0 ,A 

JR NZ,HALFINISH 

FULLFINISH. 

LD . (FULLPOINT) ,HL 

RET 

HALFINISH 

LD (HALFPOINT) ,HL 

RET 



• ~..ci~iu~L~ iL~lt\lU~L~, L~U,~8~~iM~~1n1~~,f1£1LUµ 
,. ,. 

• :~ng L~u,~8~~iM~~1n1~~,f1£1LUµ 
" • M.IK .. ,.. g~ RLn' ML~~ ~M,}RLn R~l ,, 

II NOLLV:)I'ldd\1 '9 HOSS3:X:JcldOH:>IW L16U8~~~iLUnL~RLi - .. 



~lMLU~~~tfV,:~LRB~lnL~L.111. 
n , n 

B B ~ 

~HM~~,, ~H11!11,UtLrtL~lll.1,l.lll.~~ ~~~rtB11nu11~tLun1,t; 1 rtLUllll.1,l.111. nLMf1rnrnrtBlltLIJ11~tLU~ 
l'I n fl l'I II 

• ~ ~H~~~,,Mmn~,ij~~~ ~f1M~111LR~ L~urnm~~t.M~~1n1Ylll.1f!lLU~ Lt-W-lrtttutli!~Lll~ 
I I II l'I 

-YLU111~ t~~Lli!rttt.Utlil~ Lfiru~fl/1J~ tL~~U,!t~GllnL ~ ~ t.Y 1 n~, ~~r:~MM~~,, ~M,, 
~ n 

L~~lrtttUtliltLlltYLU~Gll~M~~~,,~M,, 
n 

nuii~t Lun1,t;, rtLtYnLij~L l,1.~l'L.~Gll~l,1.1,L.111.~~ ~ULrtU,..~111.M.t nt..~~~,, tui, nt nt.. ~Lu~,, 
l'I n n l'I 1'11 

u,..~111.nt nL.~~~,, t ui, nt nL.~nL~~Llll.ijl'L. ~Gll~rtl~ I!.!:£~ rttuhGr1rnrn~G11nu11~t Lu-
" n ' " " 

• 

U~lll.nt nL I!,~~,, tuimtnL l!.nL~~L ~UL l!.Gllrt~l!.Mt · ,._ 0 0 ,.. 0 p::. ,=. ..... nL Mf11111 nu,,~ t LU-
n n n 

n~, UGG~l1111!.LG ~M~~~imt~~Gll~~Gll 
, , n 

(6uruul?::JS) nu,,~t.LUU,..~1,1.UL~Lnlt.Ll!.~LU iji.~~!,,laRL~l,1.ijLM~~l,.~G~l,1.n~, 03'1 ULI!. 
l'I l'I ,, I 

~MM~~1mt~M~[1,Ut.LrtL~l,1.l LIii.~[!, cnn::i~r:::> aApa~a:ispAq,L) t.G~1~t,l,1.1 UtM nltU[1B 
p::. l, 0 ti, .. l,-, 

I I fl ,, ,, 

~G11nuL.111.tLUrt~r1w f1lL.n~LMornrniuGG~tG~, t~rtGYtYlrtl,.L.nt.LU~~l LrtG~ 
I,, fl I 

B B 

111,MRij 1 ijl,.ftt.U11tf11 l!.LGG;lll.f1tl!.; 1 L.~ 
,.. ,.. ,.. 

G;III. t1,.r1rn1UGG~LlM~rlJL.~n~inL~L.~ (s:irn::i~r::i renuabas) ~R~1n~Y1~ t.M·t 
l'I I l'I . I 

n~1 l!.LG rt~f1Wnt~~~,, ~M~ij~1mt~n~, ( 03'1) ~~,,~~[11 ~G1~1111,~~, ~LM~M~~~,, 
I I fl I 

~ M11UL l!.Lrtrtt, ~M~~~,, ~M11 ~ GllL MIMt LU nnfu n11, 1.1111., ~ t(1~L~n1,~LMO rn~ 1 ~Ltll~Ltu 
-. ,.. ~ ,.. 

~ LRG~ 111,~Ltr1,..n LrtlW& 1 tLUI!.~ dm 1, ~M ~ ~~,, ~ M11 M~ll nL ~111,t Lu 111.Lr1W1~f!l~l!.,rm1, 
I fl I fl II 

tui,~t~ . n~ ,.. 
n 

' ,. . • RM.tlll.Un, mm M.MlH ,.. 
~ ~ 

~RtM111nLli! ~111U ...... ... ... ~ 



fl ' fl \ fl 16 vm~ l ~mii..u ~~y l ~u c-111L~IAM.IALl3, IAr. m.1.nurnrtmmu,,~ r.LUrtYflt[,I;: ~,, ~H~trt;: .t.(1(1i ~i~~rtm~ l'1 l'1 I fl ,.., .., .., I 11 11 t l'1 

" L.,n;:t?.C-L~U~H~trt;:r.(1nt~ M.LU OOl LtUULrtijiM.LU~rtl31113:~t~ OOO'Ol LtUULrt~i~H t l'I 1'1' I II 

c-~~1,;:t?.~r.RU,.13t~~ttl311fl~, lltLrtL~~HC-~~,,Mi1m1,L.,IA. sa➔Aq)[ Z£ ijrt~t-,.IA.L.t?.rtLtYRttw.t:11~1 1 l'1 l'1 II t 

vos-z f.13fl1~13il61. .LNVOJ01W L~~i11r.r.ut~~L16~YLUn1,11L~n13~r.LUM;1r.Lun1,161,13~1 .., l'1 l'I 
II I 

r1rn,uGGt-~ .LNVOJ:J1w w~, Mrt~nHi, r. 13~, t~rtGYtl,I 111il61,t-L~U~H~trt;: .t.[lnt~ I I .., I ,,, ft • I 

C-L~U~H~trt;: r.11nt~fll'~1,nl3(113~l nL MMim~ 1 
I f1 II I 

" . " M~fl, t~rnrtl311fl,.,tt~n~, c.-u1vsni Lszs r.Gfl i~Gi 161,rt.t.UnGflrnrnrtl311fl}nt~ I l'I II I l'1 l'1 I 

~ir.LUc-G~~ l.C-L~ 
fl l'1 I I 

" . flfl11(1LrtLl.6(1i~, ~1. rtYfltYLLU~uc-,rtLl.6 11~1,nu,,~L~Ut~,, u~~ l£ fltYnt?. u~~;:~1.6,, II I.., l'1 

• . . . n~i~l3~~C-l311fl,.,~-(C-Lt~)~~r.LUrtYfltYl3~1 t.13t1.t.~ir.131.61~:IA.it.t?.C-t I I ,, ,, , 

rtYfltY[li IAM.IAL 131 
~ 

" • . IA.tGM.nLHnu,,~r.LUGr.G~, r.G~ ir1m1,t ir1~, nLMflrnm~rnrtGl1M~(11 t~,, .., I I ,' II l'1 I l'1 

tAM.nGIAL 13M.C-L IA. ... ~ 

nLH11~1 t.131.61 t~11cr1,r.1,111iuLt?.rtr.un.Gr1rni ~ttl311fl}YL.U 11t~Gu;:r.11 tt~r1wnt~ · l ~ 
,.. ,.. 

" " flfl1111r.11L~~n1. rur.r1rt~C-L11cr~i L.IA.llLLrtL~~H c-~~,, C-H11 M~HC-~~,, r. LU~ 1,L. IA.C-~ ,, ' " 
fl 

" . " ~Ln~Gl.6 c-,.r.Y 00 l LtUC-~~rtLtYl1t~ rtl.lflttmt~ULt?.~rtGl1C-Gl1nun~r.Lur1~1 r~rn~;:r,~~C-L11G '" fl fl 
• ~ifl~l3:~C-Lt~~1,rtYfltYllLLrtL~~C-t~;:~~,,~ i ~ij~~c-~ ( uwn100) u~~ 9£ ( MOJ) t ll11 t>l n~ 1 11 I f1 l'I 

" ~H C-~~11 C-H11flfl;: t.'C-1311rtW11;: 13~i U G~C-~~11 l ~[lr. 
' 

r--------·-, ·--------7 I lt~ll.tlmtl,-! 
I ' I I -------. I 
: .LNVOJ:J1W : 

I I 
I I 
I r------. -------I I I I ~ i ~cr~~t-1311 , 
I ru.unGr1rn1 I 

I 
I 
I 
I 
I 

flW-~lHLU ,. .. • rtYfltlmtt:1 

L------------------~ 

( I [ 8'1ddV) 

r. Gli. , t M.rt m.H. 1,1 l rt ... 

• 



3- 5 .3 

,., 
~1Ufi1Ufil-Jn1~~fl-~U ~t1'1~~t1fl1Yl ~~1~ 

.. " 
Ltl~~tl11 (Silicon Controled-, 

' ' ' 
Rectifier) 'fltlt1Un~l-lllW~m11YlLL'fl~~m._i '1'1~tJ~ 2 , u 

#8255A 

P~o 
I 
I 
t 

I 
I 

PR7 

PRO 
I 
I 
l 
I 
I 

PR
7 

PRO 
I 
I 
I 
I 
I 

PR7 

' ' 

Vlt'ltlt.Ll'I 

~tJ~ 2 LL~fl-.3~1Ufi11Jfil-Jn11~flLL~~'11J~:)..:J~~tlflLYl u , 

OC . FULL WAVE 

220 V. 

I ' ~ ~ ~ ' ' I 

iC1I1J1CW11nLnt11..:i~t1..:i Lt1~~t111 uu~~1flim1n~1~~t1l-l~ ~1n~t1~~Lt11~'WYI ~'1 WW 
~ , 

' ' ' _<f "I q.Y. .. .. "I ... <j q.Y. .. .. "I tl1~ LUU"0" ( Ll-Jl-lCi(l,ll!1ClM~nLntlH-~~tlfl LYl~~fllJ) ~~ti "1" (l-J~qtl!1ClM1nLnt11..:J-~~tlfl L'r'l 
~~ ' ~ 

~~~fl) ~1ninHw~i'1n~11 ~~~11~~t1~~ 1 LlM ~1l-l11nfi11Jfil-ln11~flt11J~t1..:i~~t1flL'r'lLfl s u , 

fl1'1 



3-5.4 

'f' 1./ ;' ,' I ' ' 

~tliVILtl1VIWYl-ltL'llL~tl1LWtl1t'lfltiL~tliLW~Ltl~LtID"i 8255 ~:il-lti1~tliVILfl1VIWYI 
' ' 

,' t.l I.I I' ' I 

3 ~fl'lVI 11:i!Uu n7'l~LLrrut1m-Jt'ltltln"lllV1;nL na'l Lfl~~tl7'l iimuflJ.Jl1t'ltlflLW 1 l1in ( LB~~ 
u ' 

I' 1,1 I II I.I 

a1'l 24 i1> -l~'lTJ "la~ 8255 1 i1(LL~Mfl:i11llii2> LLt'lti1n1'lflLLnut1aJ.Jt'l 3 m":il 
u u 

I' t,., < IJ I ,' t.l 

3. LJ.JLfl'lfltlJ.J~1L1lfl'l 'l'll'1J.JLfl"iflflJ.J~1L~fl'l APPLE II V1il1u1viLi1ualln'lru1ut1aJ.Jt'lLLt'l~ 
' u 

flii:il~1:il ~:ilt.l1-l Ltlti;fl~t'lml'i (LULl1J.Jfln"l1i'Mfl > l1fa;a~t'li1a"'nH'li:ilmli1'1V1fJ-tJ:ilntJ~LLt'lt 
I V ~ 

· a"nt11 t~ L f1lil1-li L i1u (Lu 1 l1J.Jrii1a"'rM1 > -l1mLtlu~J.J~ 'l ti~i::ia"rM'l!l1li1Ll:i!ritJ~ LUu'1ll111J.J 
I I t I 1,1 I 

'ltifl ASCII ~1u'li~n1~1'1V1fJ Ltiu"lll~1J.J'lticfvln11~a~1'lLrn:illl'ltLV1f1LV1fJLTJafJ'lutl'-l-lW 
' u ' 

1,1 1,1 I' I I I ti 

fl:il\Jti ~:il~7l-J1'lClL'llLJ.JLfl'lfltll-J~1L~fljLfl;fl:ilflti "1 vii1ni'lll"itJ.J1t'l~t'ltlfl:iltlfll-Jt'ltlU1fl 8 tM 
u 

I I I.I I.I I 1J IJI I 4' 

~:i1~1J.J1'lt1i'l:ilt1t.JJ.Jt'lLL1Jtmunw"lri LL11i'l1m1t1'l'll"lM1™~flnu'1J.JL!'l'iflflJ.J~1 L ~tl"i APPLE rr 
u ' ' 

I.I I II II 1,1 

n11-.i'ri L 111fJJ.Jt1aJ.Jt'l ~1J.J1'lt'l--i'ri L 11;uJ.Jt'l'):iJl1u1 "lm1J.J'lumtvi~1umuflJ.Jn1'l u~ri:il 
u ' 

I tJ I I I II I.It./ 

~t'l~:il LL~fl:il ~t'lflfJ Llt'l t-l ti1ni 'l LL~fl:il ~t'lmJ.JtiflJ.Jt'lTJfl 'l l1~"uiivi n1 'l LL~M ~t'l'llrinam-ru1um.Ji'lflt'l:il 
\J 'IJ , , , 

1,1 1,1 I I II I t.1 

u q _cf "' .., "' ct - u <II V) 
tlfll-J~:i!VI LUti!l1~LLt'ltmt.lrM'lfl7J.J1"iCllJUVlnt'l:illJULL~ti L n1Jtlt.ll-Jt'l ( Diskett) LLt'l~fl7tint'lUflUJ.J1 Lfl. 

u u 
V 

n7'lL'll:i11ULL~:il LL~fl:il~.Jt'l 
I.I I.I 1,1 I.I 

ni 11.lau t1t.JJ.Jt'l~il11"rnL~:il LLi'lfl:il ~t'l ~1J.J1 "itmi "lrii:i!u 
u 

II I .., I I I I ti I 

1 • L TJLL~ti L f11Jtlfll-Jt'l Lll'l LLn"il-Jfl1Ufll-Jn7"iVli:il 7tiL~Lti'llt.l:i!L~LL~tiLLt'l1 L Ufl L fl;fl:il 
u ' 

I II I II ti I 

4 'l .., 0 cS "'q'l q 
2. Lfl"it.l:il-l~LL~fl:il111"i1:iln7'l L'll:i17ti111:il 1lt'lflm:i!LLtitti1M1fi LTl:il1tit.lU1:ilt'lt LflfJfl 

Vt.I I I.I I II II I.It.I t.l 

0 0 q \I) <II 
3. Ut.ltitlfll-Jt'l111l-Jf1!1LLtitti~tIDn L 1-ltifl'lU LJ.Jt.lnflLLtlti RETURN t11n7'llltltitlt.ll-Jt'ltln~fl:il 

u ~ ~ 

I I ti 11,1 I.I I.I I.I I.I I.I 
qo ~ o ~ · ..,,q ◄ "' "cl 

mJ.JLLUlM n7l1tifl L fl"it.l:il-ltVI 1:il1timJ.Jtltll-Jt'lVlllfltiVltiVI tl1n7"illfltitltll-Jt'll-Jtlfl~fll'it'l1fl L nfltlU 
u u 

I IJ I tJ I t,.I t,I 1,1 V I 

◄ 4 ~ . ◄ ~ 4 ◄ ~ L ~ L 
L fl"itl:il-l~tmnMtlt.l~fll'itnm L nfltlU L l'ltl Ll1LLn ti Llmn1ltl:ilflfl ll 

u 
~ I I 

y:il nti'um:il "1 LLt'ltfl11l-J~7l-J1"itltltl:il LL~:il LL~fl:il ~t'l 
V I 

, • ~1J.J11mL~'1:il~t'l i1a"'nH1 (LVIU-!l·Jnt]li LLt'lta"'nt11tvh111~> Ll1l1~flU:il (LflfJnil11.lri 
I V I.I I II II V 

L1t'l1'lun11l1fJf!U:i!Lfl), 
' 

~ ~ ◄ ◄ 4 
Ll1n'lt~'l1J l1'ltlLt'lt.lti 'll7fJ,tl11 ,tlti LLt'ltt'l:i!Lfl ( 1 flfJnil11.lri 

-liu1Ufli:i!t1B:iln1'ln"itl'i1u l1;an11Liau"l;> 

I G I.I II "'q ,_J O I.I .: <Cit, <II 

2. ~1l-J1"it'ILL~fl:il~.Jt'l!l1l'i (~:ii l'it'ltl111flfJ~L'2lLflfJL'llflfJi'ln7l1\l'1) Ll1l1fJflti:il' n"itl'i'lU l1"it.l 
u ' 

I I 11 11 I.I 

◄ q 4 ◄ ~ 
Lflt'lfltiVI 'll1fJ,t111,tlti,t'l:il l1'lflLtiLL'lJ1VltLLfJ:i!Lfl 

3. t'l1J.J11mLflfl:il~t'lmYMw l1;an1l'i L fliau"ll11 '1; 
' I II II I LI 

4. fl1J.J77tll'l:iltltll-Jt'll1t'l 7fJ"1 1 l1J.Jfl L l1 LL~fl:il~t'l~fl1ltl rnJ '1 fl 
u 



3- 6.1 

' ; 

~m'lvll'ltl-ln71B'WLVltl 'H lM A/D & D/A Converter f11JLl-Jlfl1fltlml1LVltl1 LLUUsingle Board 

I I I tJ 

1-J-i 1B L flfl 1 vi1ilfl LLU-J L ifunmll VIClFl 1 vi Ltl'Wt:fu-Jtln L1lVlfiu LLUU1-J-l 1u'W 1tun ' .. 
I I 

q q _s Q d<II .; ,Y, "i 
( ANALOG )LLl'l~ LLUU1-l-l 1fl-lVltlfl (DIGITAL) "ll-l1-l-l 'itl'W1fltl nnfltl 1-l-l 1ti1.l1 ~lnfl~m~cmJ1CU L 'W 

I I I I I I I I I 

.., .; .;i .... Q<\I .; ,Y.. - . il .., .;"I .;i -1 .'! 
flfll:ICU~VIVltlL 'Wtl ,l LLfl ~1-l-l 1vl-l1ltlfl nflt11-l-l 1V11.l1 ~l-J1fl r-rn~!,1~1CU 'Wfl fll:ICU~Vl L l-J\PltlL 'Wu -l "ll-l-l ~ L u'W 

I ti 

u ..Y-.-, tJ .., q " 
flfll:ICU~"lj,l~1CU~tl-l1~f11JLL1-lvl'\.JVILLVl'Wvl1!:J\Pl1Lfl'll 11 0 11 LLfl~Lfl'll 11 1 11 

I tJ tJ I IIJ I 
.;i .; • .., "i .., Q • ."t .; .; '.:I 

Ll-JuJ.Jn11'W1Ltl11-l-l1Vl-l~tl-l1.l1~L1lVll-J1L'll-l1'W11l-Jn'W n-i1LU'\.JVl-l~1ltl-ll-J1-l-l1L"lltll-J 
II IJIJ tJ I II 

l!:l-l (INTERFACING CIRCUIT) 1-J-J'jV,,l~tl-ll'll1i1!:JmJ~,l-l~VliLVl~1l-J11~Vli-J1ti11l-Jrn.JLvl 
I I I II I II .s .; qQ<\I .; ,Y, .... "i .cf ,Y.._, Q 

"ll-l1-l-l1Vl11'Wnfl81-l-l1L1.lfl!:J'W~CillJ1CUvl-l1ltlflLVILU'W«.au1CUtl'W1flun (DIGITAL TO DIGITAL 
..,~ ~QI 

I ti 
.; ,Y.._, Q il ."t .... .,. .. 

CONVERTER) LLfl~1-l-l 1 L Ufl!:J'Wtt.j,l~1CUtl'W1fltl n VIL U'W~1CUYl-l1ltll'l ( ANALOG TO DIGITAL 

CONVERTER) 

' ' ., 
n11'Wi1~1JULl-Jlfl1L1.l1L~~L~tl1 (Microprocessor) L1.l1.l1~!:ln11'l'll-J1'WU1-l1.l1~-

' I tJ I d' I 

L11V1-iiLtl1.M-i~11u-J"n11L1.l~WLL1.lfl-Jttllru1cu-i1n1~uu1J.J1fl1L1.l1L~~L~tJ1uun~1-J-.:i15LflflLVl1-
.... \J 

ti I ' 

ilflfl1!:l'WunV1~u~n11LL1.lfl-Jm1cu-i1n1-J-i1~L~fl1Vl1Uflfl1!:l'WunL'll1~1~uu1J.J1fl1L1.l1L~~L~tl1 
.,., \J 

I V I 

~ ,l~~~ :;:a-la 1i'l'ii 1-l-l 'l' L 1Juuudro11ru;~11ai;i L ifuuu1~an l!jtJ 1-l~'l' n.1iuui'CillJ1CUtlU ,~an 
.., u u u 

II I Ill ti II 4'IJ I.Ill 

L ifu~~rafl L 'll1l-J1 L ifur11 L ~uJ.JL rN i-l1n1H,1fi".nw-i~ 1viuu~in111.l1 ~~nV1L'll-l1'Wi'W~'W~ 1u'llt1-J 
,' ,' I 1J 

n11~lJL\Pltl1Lvl~- (Interface) 1~1JU"tl-!T~1 11'l'E:13-J~1L1ltl1LLUU Single Board i1'l'll Z-80 
., ., 

LW CPU (LlJ1Mfl11W~'ll Single Board Micr oprocessor 'lltl-l Multitech ~lJ MPF 
I ti I ,' I ti 

IJ <q O ,q _c;f_ _ q 0 

I) nu IC VIVl1Vl'l..!1VILU'W 8 bit A TO D Converter LUtl'l' AOC 0808 LL'fl~ IC VIVl1VllJ1 
I ,' 

i1Ltl'W 8 bit D TO A Conver ter LUtl'l' DAC 0800 

' I 

~1VlfU I C LlID 'l' ADC 0809 Lti'l..t A TOD Converter 'll'l..!1fl 8 bit ~,l~ 
., .... .., .; 

ffi~ l-JU 1lfl -llJ , 
I 

Q "i .; _y __ , d ."t "'"' .., 
1. fl11l-JL111un11L1.lfl!:JU«.J,l~1CUtl~1~tlnLuUvl-l\Pltlfl (Conversion Tome) LVl1nU 

100 psec 
., 

2. L'll Single Supply + 51/ 
I ti ti 

3. ~13-l11~1.l.f1.Jr11 Analog Span Voltage Reference Lfl lfl!:l-l~rl£l-l8!:l'l'~Vl11-l 
\J 

' 0-5 L 1flVI 

.; 
4. l-J 8 Channel Multiplexer 



J-·6. 2 

I 

5 • nii-Htll L ~m1i 1 5 mW ,, ., 
IJ I tJ I.I 

6. Output LW~1"~01U~ (Tri State) i~i.ru~~~1"1,n~a1~u~,~nim1u~a"~L~L~U ,, 
I 1J 1J t I 

... ,.l!._, .. ., ~ ~ ... II) 'l ... ,Y.._ , 7. "~1Ul.'lllU1MlUL ra,-wvi "ll~:.J~" L 1Uun LVIV1j1U11 Ltl~W (Converse) L'lllU'lfU ~~ 
~~ 

II II ... 
L ,umamL~1 

I II II 
qq C:, O C) U n1,a1ufi1~:.i~a~:.i1n A TO o converter V1:.i~ra~vi1n1, start LVlnu IC 

..: ~ t1
0

1 ,J ,'.J IJ 

ADC 0000 L,un1,Ltl~uu1~u'l~fi1i~ ouT "1vi"Wa,viviL,1ra~n1,a1ufi1 
I .,. 

L"u A TOD 
I ti V ,' • ... ... .Y..._, .. ., .'4. _ .. a V11n1jLtJ~wL,umamL~1 ~1H>i!,ly'1C1J8UL~uj'WVJ:;;J~ ACTIVE ( L1.nrna :.in11 1 ") L,1n~1m,n 

I I IJ II I I ,' II 

u1Ufi1L~L~UL~UL~fiii~aU'WVl~'W8jV11.JU 
' I I 4' 

:.i1mtl~ 1 LL~~~~1LLVIU~m,:.i"~~1tm~ IC Lua, ADC 0808 ,ADC 0809 ;J~ ,, 

LW 8 bit A TOD Converter 

Connection Diagram 

Dual -In -Line Package 

THRESHOLD 1 
CONTROL, Vlt ---4 e 

lour 2 

·v-

• •our 

MSB 81 
s 

82 
5 

7 
BJ 

84 

TO~ VIEW 

I ... 
jtJvi 1 ,, 

l& COMPENSATION 

a VREF(- 1 

U VREF(•I 

1J v• 

12 
Bl lSB 

11 
81 

10 
86 

' 85 

I I tJ ,' 4' 

jl.M 2 LW1~:.i,~!l'lum,.auL~m Lvl~ IC ADC 0808 nu1"Lfijfi8"W1L~a, ,, 

LLUU S i ngle Board (MPF I) 



3-6.3 

+Vee 
D ~ Ci~ 21 r-

C/l 
..J 

¢ 
3 

ICLK;:: Q 
5 

PR . CLR 10 

4 1 PR ~ 
1K 

5V D · ~ INT 
1 2 r-

C/l 
11 ..J 

CLK ;'! 

10 CLR I +5V 

A2 23 CLK 13 C 

A1 24 B E06 
7 <1K 

AO 
25 

A 

D7 2-1 

I 
5V 
' 

DO - ., I 2-s 
0\ 
0 IN7

1 

co 

I 
Q:; 

0 

~ 
91 OE 8 u IC( l',,l 

z z 

CE1 L~ 
rnoH---:-J ' VR1 

G STAR.T 

NR --t>o--J . I . ALE 
22 REF(+ -:- --

12 1 t: 10K(B)X3 

~ 

sv -

~ 
A4 I 14 

E~ 
E1 

CD 
M 

A2 .... 
(I) 

A1 tjl Y7 ~ 
r-

AO 



3-6.4 

I I t.1 tJ 
"l"" ..... "" "0 ""'i ~:nm-l~1 LlJ'ruVl 2 Ll.Jffi'11n1'Hltl L 1HU1tlrnLt-11 n~:;Vl1 n1™flt-1tM L ~w LlhLLrnJJ " .. ., 

~fl~tlnU IC ADC 0808 
4' 4' I I I I I tJ 

1riHt11iH1~r11~1,~'luw~ 3 ~-.l~:;V11n11t11umfu1C1M'lri~1n VR1 c-nu 
II II 

A TO D LLt-11LULOUL1LlJ RAM 

" ~~ 

MAIN PROGRAM 

START 

OUT PORT 

HALT 

Wait for INT 

READ A/D 

END · 

4' 4' I I I 1J t.1 
~1n1~r11t11,~ L11L;Hu11,hLLn·rnn11t111.Jfl1~1ru~1n VR1 ~ mo 'lriri"-l,1 



ORG 1800 H 

MAIN: IM 2 

LD 

LD 

LD 

LD 

EI 

OUT 

HALT 

IN 

LD 

RST 

INTR: ORG 

RETI 

A,18H 

I,A 

HL, 18A0H 

( 18FFH) ,HL 

(IN0) ,A 

A,(IN0) 

( 1900H) ,A 

38H 

18A0H 

IN0 EQU E0H 

3-6 . 5 

;SET INTERRUPT MODE 2 

;DEFINO HIGHT-ORDER VECTOR ADRESS 

;STORE INTERUPT VECTOR 

;OUT PORT IN0 

;WAIT FOR INTERUPT 

;READ A TOD 

; STORE A TO RAM (1900H) 

;RETURN TO MONITOR PROGRAM 

;INTERUPT SERVICE ROUTINE 

;RETURN FORM INTERUPT 

I II I I I.I 

~..:i~1n1tJ·rnnnruL'i1~1i.l1''Hltl1tJfl1~1n VR 1 1,i L'11.1~1tM1..:J IN0 !Jtl..:J 
I I I Ill.I ti I 

A TOD ~..:Jfl1~1m1~~nnLnUL1LU RAM~ Adress 1900H 
\J 

I II I II I I I 

~1n1tl1LLm~ 1 LifuLwu..:i11J1LLn'ilMU~1t.1~'ll'lun11a1ufl1~1n A To o ~..:i 
I.I II I I I 11 

L 11~1i.i11ni'1LLtlrl..:JLtl'iLLnWU~"1~1i.l1'inLL~'1..:Jfl1~tl1UL'1W LED 7 Segment LLrl~LL~'1..:J 
ti II ti I II 

!Jtli.l~tl1'lJLfl~rltlflL1rl1 i..:im:i1tlti 
\J 



I 

11.l·rnml-M 2 ;"A TO 

MAIN: 

CLR: 

OUT: 

INT: 

ORG 

XOR 

LD 

LD 

LD 

INC 

DJNZ 

IM 

EI 

LD 

LD 

LD 

LD 

OUT 

HALT 

IN 

LD 

LD 

CALL 

CALL 

JR 

ORG 

EI 

RETI 

D 

3-6.6 

1 INPUT (INO) DISPLAY AT LED 7 SEGMENT" 

1800H 

A ; CLEAR REG. A 

HL, 191 OH ; SET ADDRESS OF DATA BUFFER 

B,06H 

(HL) ,A ;CLEAR · DATA BUFFER 

L 

CLR 

2 ;SET INTERUPT MODE 2 

A, 18H 

I ,A ;DEFINE HIGHT-ORDER VECTOR J\J''· -.-- -~ 

HL, 18AOH 

(18FFH) ,HL ; STORE INTERUPT VECTOR 

(INO) ,A ;OUT PORT INO 

;WAIT FOR INTERUPT 

A, (INO) ;READ A TOD 

HL, 191 OH 

IX, 191 OH ;SET DISPLAY POINTER 

HEX 7 SG ;CONVERT HEX.DATA TO ?-SEGMENT 

SCAN I ;DISPLAY LED ?-SEGMENT 

OUT 

18AOH ;INTERUPT SERVICE ROUTINE 

;RETURN FORM INTERUPT 



INO EQU EOH 

HEX7SG EQU 66DH 

SCANI EQU 624H 

3-6.7 

t II t 

l-1lJ1UL ~Wl HEX7SG Lih.J Subroutine 'lu Moniter Program m:i..:i MPF I ~..:IVl1mJ1vi 
' t II 

LU~WL~~ 16 2 i-1inL\-1L~'U 7 -SEGMENT FORMAT 
II t 

SCAN I LW Subrutine 'lu Moniter Promgram ~a..:i MPF I Vl1l-1'U1vi 
II 

SCAN KEYOARD & DISPLAY 1 CYCLE ~1n~11LU~1~ 
I 1J I I II 

~1ri1ll,LLn·rn~ 2 il L~m ,1uftlfl1 VR1 ~tV11'li-1 L ,1t111lJ1,ria1Um ~1n m o 

I.I I I I I 

"I <; «:I ., -!I _ct d ., <; q 

Lfl L flrnLflfl..:lfl1VI LED 7 SEGMENT 2 i-,~nVl1..:1~11lJE "ii..:! L ,1 nfl1lJ1,riflflLLU~..:i LU'rnn,lJVI 2 
I I II t I 

L ~avi~tV11'li-1t111lJ1wa1ufl1~1n VR1 ~ ..:i VR3 1flrnL~fl..:li:Jffl'l1..:i LED 1 SECMENT fi'..:i1u, 
I 

q 

LLmlJVI 3 

I 

11.l·rnmiM 3 A TO D 3INPUT ( INO-IN2) DISPLAY AT LED 7 SEGMENT 

ORG 1800H 

MAIN: IM 2 ;SET INTERUPT MODE 2 

. LD A, 18 

LD I ,A ;DEFINE HIGH -ORDER VECTOR ADRESS 

LD HL , 18AOH 

LD (18FF) ,HL ;STORE INTERUPT VECTOR 

EI 

REPT: LD BC,03EOH ;SET COUNTER & SET NO. PORT 

LD HL, 191 OH ;SET ADRESS OF DATA BUFFER 

OUT: OUT (C) ,A ;OUT PORT 

HALT ;WAIT FOR INTERUPT 

IN A, (C) ;READ A TOD 

LD IX, 191 OH ;SET DISPLAY POINTER 

CALL HEX756 
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CALL SCANI 

INC C 

DJNZ OUT 

JR REPT 

INTR ORG 18A0H ;INTERUPT SERVICE ROUTINE 

EI 

RETI ; RETURN FROM INTERUPT 

IN0 EQU E0H 

IN1 EQU E1H 

IN2 EQU E2H 

., ., ., ti 

L~a,nu IC D TO A LIB1 DAC 0800 U1~ 

DAC 0800 LW DIGITAL TO ANALOG CONVERTER tlU1fl 8 tM LflU~~ 
I 1 ti I I 

ani1ml~L~a~ivruiviLU~Uun1~-

.,. ., ., ., 
011EULm1L~~ DAC 0800 nu,~uu1"Lfl1LU1L~~L~a~~~~a~ffi~1lJVl1~L81~ 

4' I II ;' Ill ;' ;' I II II I.I 

WV!Yiaffl LflU cPu ~~~~t1a"~~~~a~"1LL~~t111~La1~i'Mrla1~ ~~'lutMm1w1fl'ltl z-80 . .. . 
I ., ., 

PIO LULfl1a~ MPF I L~ULa1~a1~ • 

1. Fast setting output current 100 nS 

2. Wide power supply range +4.5V to +18V 

3. High output compliance -10V to +18V 
I I 

4. nii~mlL~U~1 33 mW yj +5V .... 
I I 
~ • 0 ., 

~1mt1Vi 4 LL~fl~~1LLm.J~011~flmtJa~ IC L IB1 DAC 0800 .. 



1 ov 

-

I 

'ill~ 5 
\J 

IN) 

IN4 

INS 

IHI 

INJ 
s 

START 
I 

EOt 

1➔ 
I 

OUTrUT ' £NAIL£ 

CLOCK 
10 

11 
Vee 

IIH(•I 
11 

I) 
GND 

z··J 14 

J -6 . 9 

Dual-In-Line P1ck11ge 

ADCOIOI 
AOCOI09 

TOP VIEW 

I 
q 

'lUVl 4 
\J 

a 

21 

21 

2S 

14 

Zl 

1l 

11 

1D 

,, 
II 

11 

16 

IS 

IN2 

INI 

IND 

ADD A 

ADD I 

ADO C 

AU 

z- lMSI 

1- l 

z- l 

z4 

1-tLS1 

REF(- ) 

7-4 

I II . 4' _-

LL~fl,:J1..:l -l 'l~ 'lil u n1"JB1J L 'rl£l'l L "r'l~ IC DAC 0800 nu1~Lfl'lfltllM1L'rltl'l 

LLUU Single Board (MPF I ) 

DIGITAL INPUTS 

MSB 
B1 B2 83 B4 85 86 

5 6 7 8 9 1 0 
5k 

1 4 

DAC0B 

5k 
1 5 

3 16 1 3 

0.1uF 0 . 1 uF 

-r ri Cc -
v- 0 . TuF v+ 

I 

'ill~ 5 
\J 

LS B 
87 8 3 

11 1 2 

-

Sk 

1ou'I' 
• 

.. 
1ouT 

5K 

r•:o 



3-6. 10 

I I LI lJ I 
Clo q do q'1" .q v 

L"m11n1w1m..:i-.11 L 1 !:JU1£lf:JLL~1 n-.1:::v11 n11Vlfl~£l..:I L m:ru LU "l°LLn"l"VlflVl£lnU 
I t, I 

IC DAC 0800 ~..:i L 11-.1::: L ;!:JtJL1.l'rnm"t'l11..:i sciu2-_-e wave m1"ii 1 KHz 1 Vp-p LL~:; 
I ... 

SAW TOOTH Wave fl113-ffi 
• I LI " 

qq q O 'l 
fl1fl-.1"1£l~-.J:::Vl1 ~L£l1VIWVI • 

I V V 

KHz 1 0 Vp-p ~ ..:i'l tJn11 L ;!:JtJLU "lLLn"la.JU L 11-.J :::'rl£l..:1Yl11-.Jt'lt!U 
j' " I lJ 

11~vi LL~::: 1 o 11~vi <i..:i-.1:::~1?1L?1-.11n DATA SHEET 
\J 

I I I lJ 1J tJ t' t' 

~tl..:IDAC 0800) 11~fl1LVl1Lfl -.J1flUtJ-.J:::Ylu..:I Initial L~ Z-80 PIO L~tJLtl1VIWVl~tl"lVI 
a _, _, ..: ' <:l 

LL~:::nt11iai'1:J1Yl~1~1w1'luwvi 6 ~11:J'lun11 L~w11.J1LLn1" 
\J 

... 
n1ru square wave 

' ,., ... 
L 'UIVIU 

., . 
~£l1l'lfl1U1n 

mJ1..:I L 1~1 0. 5 ms 

,, ' 
L £l 1Ylfl1~1J 

mJ1..:IL1~1 0.5ms 

I ... 
WVI 6 
\J 

• 

... 
n1ru sawtooth wave 

I \I ... 
L'nlVIU 

... 
SET fl1 L 'HJ'rl\J = OV 

A=O 

t' I 

L £l 1Ylfl1 A 

mn-H 1~1 

INC A 

'ln 



• 

3- 6.11 

square wave frequency 1 KHz 1 V p-p 

clock LU MPF I 0 = 1 .7895 MHz 1 clock= 0.5588 p-S 

1 pS = 1790 clock 
., 

i.l-1 HIGH = 895 clock 

LOW = 895 clock 

Hight 

-0.5V 

+O.SVI I I 

Saw tooth 

L-..__ Low -. j r-1ms 

frequency 1 KHz 10 V 
p-p 

1 ms= 1790 clocks 

J- 1ms --1 
1790clock 

This program covert digital to square wave 

frequency 1 KHz, 1 Vp-p 

TDELAY EQU 40H ;SET TIME DELAY 

DPORTA EQU 80H ;DATA SEND TO PORT A OF PIO 

CPORTA EQU 82H ;CONTROL PORT FOR PORT A 

MODE 0 EQU 00XX1111B ;SELECT MODE 0 

DINT EQU 0XXX0011 B ; DISABLE INTERUPT 

HILGHL EQU 86H ;Amplitude =0.SV 

LOWL EQU 79H ;Amplitude =-0.SV 

INITIAL PIO 

ORG 1800H 



3-6. 12 

LD A,MODE0 ;SET PIO MODE 0 

OUT (CPORTA) ,A 

LD A,PINT ;DISABLE INTERUPT PIO 

OUT (CPORTA) ,A 

DISPLAY SQUARE WAVE 

DISP: LD A,HIGHL 

OUT (DPORTA) ,A 

CALL DELAY 

LD A,XXH 

NOP 

LD A,LOWL 

OUT (DP~TA) ,A 

CALL DELAY 

JR DISP 

DELAY: LD B,TDELAY 

DELAY1:DJNZ DELAY1 

NOP 

RET 

;OUT 0.5V 

;DELAY TIME 

;INSERT FOR CORRECT DELAY 

;OUT -0 .SV 

This program convert Digital to sawtooth 

frequency 1 KHz,1Vp-p 

DPORTA EQU 80H 

CPORTA EQU 82H 

MODE0 EQU 00XX1111 B 

DINT EQU 0XXX0011 B 

HIGHL EQU FFH ;SET HIGH LEVEL =10V 

LOWL EQU B0H ;SET LOW LEVEL =0V 

• 



J-6. 13 

;INITIAL PIO 

ORG 1800H 

LD A,MODE0 ;SET PIO MODE 0 

OUT (CPORTA) ,A 

LD A,DINT ;DISABLE INTERRUPT PIO 

OUT (CPORTA) ,A 

DISPLAY SAWTOOTH frequency 1KHz 1 0Vp-p 

DISP LD A,LOWL 

OUT OUT (DPORTA) ,A 

ADD A,04H ;INCREMENT REG.A 

CP A,HIGKL ;check if 10V 

JR C,DISP 

NOP 

NOP 

JR OUT 

~ .. ., 
~1nn11nmt1m·rnuL ffi'j L i'lff A TO D CONVERTER LLt-i:: A TO D CONVERTER 

I II I ,' I.I I I.I 
cl 'l u u "I "i .. ◄ d "i d o L i'lrh 'l111i1nunu1::1.JU Lil Lfl1fltll.Ji'l1 L ?ltl'HLUU Single board 1Jfitl1U'll L mJLL\J 1Vl1~n1"ru 1 

°' ,' I.I ,111 I II II t I 

Ll.J1fl1fltll.Ji'l1 L 1ltl1 LLUU Single board u'1tltl1 ::un~'l'll~1um~-i'1tUJ1nw ~~Ll.Jl Ui'I 1:: ~ ~ 1:: • ., I II ., II ., 

~~l)tJLl.JLfl'jLU1l'll~L'lltl1 Z-80 l~1W l11!:J~~1l.J11~u,::~ffl1L'llnu'1i11fl1LU1L'll~l'lltl1Ltl~ 
I.I • I.I ., 

qo., qcj"l ◄ "i _Y.U cj ◄ I.I 
u,~~~~t-l?ltl\J-J L flt) n L flUtl 1l'l™t-inm 1i'11J!j 11JLLUUL flU'ln\J 



3-7.l 

I 11 
.., ., 4 

n11YiW1 Ltl·rnn·n.1111~1 Lfl'HJ-ilmU STATIC RAM 8 Kbyte 

n11mru1 'ttl 1LLmm 1H1 L flit1-ilf1l1'iULJ.JL mflm.JVh L m:i ;LLW single board 
11 I II I I I I I.I 
., ., "" "" "I ~ 4 0 ., 'l 'IJ'IJ J.Jfr-.ltJ.ln11LtlflWLLtltNLLfltLLnLtitlU'1lfltlm 'lfl1 "il-ilLJ.ltlt.lClJ~1 Ltl1LLmJ.JtlU L'IJ RAM LLfl'l u u 

II II 11 I I I.I 
0 .. .. 

ml1~~tVI1Ll1'ttl·rnn1J..Mu1,~t1u'lu RAM tl'utt1M1u'ltl VI1n1, RUN n1l11nLfWlt1t1~flYifl1fl 
• 'IJ \J., 

I.I II II I.I II I I.I I I 
"I _Y-_ __ ., """"" .. "" ., 0 'l ""., .1 •ri ., "" 'l Lfl ~1lllAJJ¥11tl'IJ'IJnJ.J'lfiLLn Lflt:.M1 RAM Ll1J.lflm!CUtflfl1U ROM "il-il~~1 Ll1 LU1LLm~tlU L'IJ 

- u 
ti I I t,/ I II I.I I 

""I 4 "" "'" •"I', " RAM 'IJ'IJ LJ.li1IOM1U LLflt LJ.ltl'1ltl-iln11 LtlflU'IJLLtlfl-ilLLn Lt1nrl1J.J11nV11 Lfl LflU-i11ULLflt1'lfl L ,, u• 
II I.I II I I I 

'l 'l -~ ., -~ .. """" "" .. "" ~ 'l ., ., n11Ltl RAM Ll1LU'IJ RCM 'IJ'IJLU'IJ'lfiVILl1J.l1trl~rlmtrn'IJ-ilL'IJn1ffl9lJU1LtlrnmJ.J • 
I I 11 11 I 

n1H1Lfl1tl-il ~-i1n1w1 RAM J.J1Lt!LLVl'U ROM L11uuJ.J'lt! RAM t!ufl STATIC J.J1nn11tiufl 
1111 I 1,1 I 1J I I I 
u<q q q r: q 41 

DYNAMIC Vl-il'IJLYi11t'l1~'1Jfl DYNAMIC J.Jn11l~-i11'1Jfltl'IJtl1-ilU-ilU1nn11t!'IJfl STATIC L'IJtl-il • 
II . ' 

"" 4 ~1n'1lt1-ilJ.Jn11 refresh 'ilfltlflL'lfl1 n1, refresh titl-il DYNAMIC RAM fltlt1U11Jn11t11ti 
II II I II II 

4 " "" ., " L'IJ8-i1~1nn11Lntrot1J.Jfltltl-il DYNAMIC RAM J.JflfMCUtflfl1Un11Lnu ~1Ltl1LtlL'IJl1'1J'lUfl11J.J~1 
u 

I I.I II I/I.I 

~ "" 4 ~ " ""I tJ,t~tltl-il Capacitor "il-il~t'118-il"n1, Charge tJ,t~8UL1tlu-J~-il~1J.l11t1Lnu.J,t~'IJ'IJLfl • , 'IJ , 

II II I.I IIIJ I 
., ., ~ •ri " "I "I ... fl-il'IJ'IJn11 refresh ~~1Ll1 DYNAMIC RAM ~1J.l11t1LntroBJ.lflL'lLfl rl'l'IJ RAM ~'IJfl u 

11 1J I I I 11,1 I I.I 

.., 'l 4 "I "" """ STATIC tn.htl-i11'1J-i11Un'l1 DYNAMIC RAM J.J1n L'IJ8-il~1nLJ.J'118-ilJ.ln11 refresh LL'1lnma 
I I ti II I I IJ 

~4 ..... 'l ""I ., ... 
L~Ufltl tl'IJ1flfl'l1~tliM STATIC RAM VIJ.Jtl1UtlU L'IJVltl-il'1lfl1fl'IJ'IJ LJ.!"11-ltin LLfltfl8'1Jtl1-il~tJ.J • u u 

I I 
4 ... ., 

11fl1~-iln'l1LJ.JtlLVIUUOU Dynamic RAM u . 
I I II II I I I I 

1.1 c:l,,e. .., 'l cl 'l -~-. .., d4 .. cl 4 
l1flOn1"IYkl1fll!L'Un11LtlflW RAM Ll1Ltru RCM 'IJ'IJnfl8n11LYiJ.JLLU'11L'1181 Ll'ltl~1~ 

11 IJI I.IV I II 
"I "" 'l .., .., ... "" " ., "I L ~ L flU-il L l1LLn RAM '1lfltlfl L 'lfl1 fl-lti'IJtltlJ.lm'ltlnL t!Wfl-il UU RAM ~ ::n nL OU1™1 L 1'1lfltlfll 'lfl1 

u " " I I II I I II I 1,1 ti 
""'"' .., ... .., .., ... ... ., 'l "I 'l "I "I 'll11UL Vl1VI L~ L flfN~10LLU'1lL m:11 U-ilfl-il~tl L YiU-ilVl~t"l™1tltlJ.lfl L'IJ RAM LJ.l L l100M1U LU Lfl " .,. . 

I I II I I II 

~1mtl~ 1 Lifu1,:i~1~h1'lun1,11mLU'11 L 'lltl~l1nu RAM 
" 
+ sv .. Dt---~p----...0 ~w • 0 

1N4148 

<?. 

,. !,• 

1N4148 

Bl 

1
4.5 V 

~ 

I ... 
.,tJvi 1 
\J 

TO RAM 



3-7.2 

IJI 1J I I II 

• d1 q 1 cl f) 
fl11~1fl11~~1 2 Kbyte ~~Lm.J fl11fl11~1t1u1~ 2 Kbyte ua1~ ~L~U~~a11an111~~1u 

I I.I I I.I I ,' II IIJ 

U1~au1~1fl ~~L11B1~LLn1tJLflmvl~ IC Llltl1L~U1!1UU ~~1tJan'lu1~~1ml.M11a~m, 
I I.II.I t II II I I 

LL1l~::v11L ,,.,11a~ L vim~~, Decoder ~~ 1tJmrnL~~;~ Lifu~rn'l,,.,m,iiun, ~LLi'l~1nLLU1l L 11ai L vl~ 
.., .., 

~1nt1Um~1tJmu 

I I I 

tia~u;~ HITACHI ~~ LW Static RAM ~;jW,flfl11~~n~ 8 Kbyte LL~~nunnLLi'l1vl111 
' I II I ,' II I 

~1n ~~t1a~~m11-1t1a~ IC L 1.ID1 TC 5565 ULLt'ltM'lu11.M 2 
. u u 

NC 

Al2 
A7 
A6 
"!6 

A4 
A3 
A2 
Al 
AO 

I/01 

I/02 
I/O3 

GND 

• VDD Ao "'Al2 Jlddress Inputs 

R/W R/W Read/Write Control Input 
CE2 
A8 

OE Output Enable Input 

A9 CE1 ,CEz Chip Enable Inputs 

All I/Oi"'--'I/Oa Data Input/Output 

OE Voo Power (+5V) 

TC 5565P Al0 GND Ground 
CEl N.C. No Connection 
I/08 
I/07 

I/06 
I/Ch 

•Directly TI'L Compatable: All Inputs . And Outputs 

•Standard 28 Pin DIP 
I/04 

•Pin Compatable with 2764 type EPROM 

~ TC5565P-12 · TC5565P-15 

TC5565PL-12 TC5565PL-15 

Address Access Tillie (MAX) 120 'ns 150 ns 

CE1 Access Time (MAX) 120 ns 150 ns 

CE2 Access Time (MAX) 120 ns 150 ns 

Output Enable Time '(MAX) 60 ns 70 ns 
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< V 
0 u u "" 4 II.I ~1l1'l'U IC L 1.ID7 HM 6264LP U'Ufl(U~J-JU\JlLLfl ::?11 L lUJm.mu I C TC 55 65P 'Vln • • I 1J I I .' 

tli::mi LL\Jln17num::LL~Lvltru\Jlin11Ll.ID7 'IC 5565P 
I.I II ,'IJ 

u "" q u ~1nt1t1mltlfl-l IC TC 5565P uu~::i'iu11n1,~fltl1tlfl'3 IC LUfl7U\Jl7'3nUtl1tlfl'3 ti 

' t I.I II ti I 

IC L1Jfl1 2764 ~-3 Lifu EPROM tnJ1fl 8 Kbyte fl-llJUL 11~-3~1i.nit1'l'll RAM i1u'lu;iiLL'vlU-l 
V 

"I ., cj 

tlfl-3 IC 2764 LfMtJ'VI 
I < 

cj " ~,nnl'VI 3 LL~fl-ln17~fltl1tlfl'3 EPRa-1 L 1.ID7 2716 (tnJ1flfl11J-J~ 2 Kbyte) ti • 

v• • 1 ., 2732 (tlU1flfl112.J~ 4 Kbyte) LL~:: 2764 (tlU1flfl112.J~ 8 Kbyte) ~:: L mJ fl11n17~fl • • 
~ ,.,,... II ~ ., cj cj ~ .r cj 

tl1tlfl-3 IC 'Vl-3 3 L 1.ID'lUJ.Jfl112.Jf1~1Ufm-lm.UJ1n L i'il:J-3LL\Jl IC 2764 2.Jtl1 Li'im!Ui.J1fln 4 tl1 
I II ,' II ,' II II II I.I 

~'3tl1U'l::Un\Jln17L'll-31Utlfl-3 IC LUfl1 TC 5565P u'l'vlL 'vli.J1::~i.JLL~10~::~1i.l17tlL'l!LL'VIU\Jli • 
~ 4'.l I J' II 

LLmJ-3tifl-3 EPROO 'Vl-3 3 L1Jt11'Vln~·ni.111J1fl 

! e .. 
f 

.. i ! f 
Ypp : 

Yee 
A12 iSGM 
A.1 A1 A1 Yee Yee N.C. 
Ae Ae Ae ;.. Ae Ae 
As As As At At At 
A. A. A. Vpp A11 A11 
A3 A, A3 OE Ol!/Vpp OE 
A2 A2 A2 A10 A10 A10 
A, A1 A1 CE CE CE 
Ao Ao Ao Or Or 07 
0o 0o 0o o, o, o, 
o, 01 01 05 05 05 
02 02 02 o. o. o. 
Gnd Gnd Gnd 03 03 03 

I ... 
71.M 3 
ti 

I ... 
;;i1nnl'VI 4 

< II 

Lifu1-3~nJ,::Un\Jln11'l'll-31U IC TC 5565P 'vl~fl HM 6264LP i.11 ti • 11 ,' I I.I II 'l .1 ... ., ... <I 'l 
L t!LL'Vl1J EPRa-1 L 1.ID7 2716 , 2732 LL~:: 2764 ,i-3m,~nn1, LtlWtlfli.J~ LL~::011 L ~fin L Tl 

ti 

I ,' l,J .r 
-31u'luLL\Jla:: L ut1·rn-3u 

I 11 11 I I I.I ,' II 
<lq ... 1 .. <lq 'l • -Li.lflL'llLTJU\Jtlfli.Ja i.JLOU 2 Kbyte Li'iflL'llLL'VIU IC L1Jfl1 2716 Llru1 SOCKEI' ti 

TJfl-31'3~1~1iutt1L~U1JLLV11J~ RAM L1Jt1; HM 6116LP WLfdt1-3LJ.JLfl1t1ai.m1L\Jlt1;LL1J1J 
II I t I.I 

Single Board LL~::~::11a-3 L~t1Un11 L ~uu socKEr 'ttmtlaau'twrn 1,2 LLa:: 27, 28 aau 
lltll II I II IJII I 

t1ani.111Jt1n SOCKEI' ('Vl-3ih ;t1'l'vl\JliLL'vltJ-3tl1\JlHnu> LL~1tlfu sw4 'l'vlt11:M\JliLLmJ-3 "W" 
ti 

1,1 t I II II I II 

(WRITE) 1.1,"u sw3· 'l-v,t1u1iiLL'vlU-3 11B" nTH ~wt1t1i.ia'lun,M1~1i.111m ~t1n'll1-3n,-, L ~wtfl ti ti 



3-7. 4 

1 NC 

2 A12 
I SW1 

3 A7 A12 °"]_ 
4 A6 

Sw2 

5 -5 <>-:i.. 
6 4 A11' ?" 

7 3 SW4"R " 2 3 

8 ,.2 R/W SW3 

9 ~1 
"W" 

27 

10 ~o 10 KA x 3 
11 IJ0 

12 IJ1 

1 3 LJ2 

14 .,ND -:-
1 5 ..,3 

16 LJ4 

1 7 LJ5 
18 .,6 

19 IJ7 

20 ... E1 

21 

22 ' 

~: ! t! 
26~CE2 
28 V 

DD 

1 N414 

-'- 1 0.1,,UF 1.sv-=-

l-
T 

I ~ I.I 

11.l~ 4 LLt'tfl -31 '3 ~1tl1~~n~n11Ltl'311.J I C · TC 5565 P u , 

I a, o 

* m:J1m .,,~ vt1LLl1lJ..Jl1JJ7 ~ L fl t! t1D r.1LLmJ-1t11tru socKET rc vl't ti'lunTHLVlUYJ ROM ---· 



3- 7 .5 

I I I I II 1J I I 
"i -'I v,q ~ ,q "l "I.,. -'I ,q 

4 Yh~ Lfli:JL'f-!ElmJ 11..M SWl Lrn:: SW2 'll~LLrm=:~1~LYJWYJEU,J'f-!LflLlHm..t 2 Kbyte Ll-JtlLYJt:JU 
\J 

I/ 1,1 1J 1J I I I I.I 
,$,q "., "IO -'I., ,q 

YJE)l-J'f-!L~1~L1t:JmElt:JLLa1 Ll1U1U SW4 LUElt:J1l1LLl1U~ "R"(READ) L~l-JE) Ll'lElUEl~flUn11LYlt:J'U 
\J \J 

I.I I.I I/ I " I 4' ., ., .. ◄ i]-"I .. -'I "I "i .. 
YJE)l-Jffl'IU LLfl::Utl~flUYJEJl-Jar-Jfll'l'f-!1fl LUtN~1nn1, L 'fl1Jfl~1Vlt!YJEJ~ Lt11El~ Ll-l Lf11ffil-ll'l1L m, ~,n 

\J \J 

II I.I I.I II 

., - • ◄"I "I UUL,1n~1l-l1,nu1~t1l-JfflJLULLVIU IC2716 Lfl 
" ti/ II Ill 

◄ " - " .. ◄ ◄ ..i ., ..i ◄ - Ll-Jtl L t!LLVl\l IC2732 fltl ,~~:: L tl1tin1'H YJWLLUU L flt:J1nun,ru IC2716 LL?l~::?la~ L flan 
I I II I II 

ufU?l1LLl1U'3 SWl LLfl:: SW2 
◄ ,q VJ q ◄ O"J ◄ 

LUtl'3~1nLYJWLfl"r'lfl:: 2Kbyte wrn~::U1LULLVIUYI IC2732 LLa1 
I I l/ I l/ .., "I .. 0 

u,u SW3 Ll.M1l1LLl1U~ 11 A" 
o "I u d -.I "I ◄ 

LLa1U1YJ1 27 LtJ?1anuYJ1 WR YJtl'3 CPU n~::LYJt:JULffllla:: 4 
I II LI II I 

Kbyte ~~~::'ila..:itJfu SW2 Ll-1 open circuit raat1L1a1 LLfl::'l~ SWl LWt11L~an~1..:i 
I II Ill.I I 

◄ ◄ ◄ d ◄ ., "I. • 
OTH~W Ll-ltlLYJWYJtll-JflL~1~L1t:JU'itltl?ltl'31.hU SW4 LU1l1 LLl1U'3 "R" L~l-Jtl 

" I II I I 4' 
◄ ,q ◄ ◄ - • "I • -Ll-JtlLYJWtltll-Jffl'lfl:: 8Kbyte Li'ltlLLVl\l IC2764 flU1LULLVl\l?nLLl1U~YJtl'3 RAM LU!l1 " . 

( ., ' 
'IC5565 l1;tl HM6264LP w Single board Ll.!Lfl1ffi:.M1L ffi'i LLa11.lfu sw4 i.tJ'il1LLmJ~ 

I l/ I 
., "JO I\ ◄ "W" u,u SW3 LU'il1LL\1t.!'3 "A" LLfl::L\1 SWl LLa:: SW open circuit ffitlf1L1fl1 Ll-Jtl 

II ti I II I · IJ . 
◄ "' " ., "I • UG ·"I q "I L ~WL ~,~LLfl1 L°'r1U'iU SW4 LU'il1LLl1\!~ "R" ~1mrun~1l-l11nu1 LULLVl\l'VI IC2764 Lfl 

II I I I.I I II 1111 I.I 

~:: L mJLf111n1W1 RAM LUV11 RCM ~~1l-111l1LLnLYJ LtJ~WLLUMYJtll-JflLfflJ\! Ll-1 
" 4'1 I I I I 1,1 

"i ., "i ◄ .of. . ~ ◄ "I .. ., .. 
1.h:: Ltlm.J ffi n1 'ii'l<;JJU 1 LU'i LLn1W11~1 L t11a ~ L 1.rum.11..:il-l1n 'D..:Jan LW1\!U'iHVlr-J r-Jfl'il IC t1~~:: 

" I I I ti .. ◄◄ ... ."4 ◄ ., 
~fl'il STATIC RAM Vll-Jt111l-J~~'3'D'3tl1~~::LuU 16Kbyte 32Kbyte 64Kbyte l1'itll-11nn11\!U 

I II I . 
I\ q -,j O .cf O I\ 

1l1ULU IC Li'lU'3 Chip LfU:.11 aanl-J1~1\1t.!1U LLfl::~::LU\!r-Jffl'l1Ll1~1\!tltl'3 memory W 

~ .. ( d '◄ I I 

L t1'itl'3 Ll-JL t1'it1tll-Ji'l1 L ?ltl'i L fl00'3LL?ll-Jt111l-J~~-l LLfl ::ti 1tlflflt111l-Jt:J'3t:J1 flVI 1'3 hardware fl..:J 11.l '" . ., 
"lfil-110 

• 

~-
1~ I ,· . . ..-: 

":-
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I I II ,' I t' 

Lt11a~a~t1a"a t1a";1L9la 1~1ua 1u1V11fll'lV1 

( Modem• ) 

... u ~ * 'l11u~ vmaa1ari 
' 

1 • lJVIUi 
I 11 ,' I V tJ ,' 

n1,aaa11t1a"at1v~tltl";1L9ltl'J~Ull"L'llnu'lum:u tl7fll:JarULVl'Jfll'fV!LtlU911 V 
t II II II I 4' II I I I 

'l ., ◄ d 'i' .Y., ◄"' ., ◄ 1 • _cf na1 ~ L un11a~t1v"a L\.191UaV! ~un L l'l'l7 :1Tfj111L Vl'J'tll'n1"9lr19l~tllll'lnMUV!nLL'IM q ~ "q7 Luu " , " , , 
a, I I 1111 I I ;' 11 II I I II II 

.. 'l 'l ~ ◄ ◄ 'i' ., ◄ • ., ◄ ◄ ., _cf 9ltH L riua1ua~ LM).J LM'tlU L 1..lav~vn um1a1u L mfll'IVl).JtJt1q1m-1t1t1 t1t1).JaV1q:a~uu91t1~ Luu 
V 

I ti II I I I I I 

◄ .Y. 1"' ◄ ◄ 'i' LLUlJtlUn'J).J LLa:m 7).Jtltltl ~'(lQIU1ClltJtl).Ja9ltl~ ).IL nun 17'D1~fl17J.m (Bandwidth) V1a1u L VI 'J-, _,., ,.. 
,' tll II II I I II II . ... 

., 'l 1 ◄ .. ,,j .. .Y. 'l fll'IV!Ut.U.JLMU 7U r1 tl7fl17ml L nun 17ULLa 1q: L nrin1 ,a~lV!tlUtltl ~t!CJ.l!!7Cll L ua1u"1n Vli'L M 
IJ II II 11 4' I I I ,' ;' 

t1t1"a~tll'la1tllt1q1nL~"lri tl~uu~~9ltl~~vtln1cuL~t1).J9Jtl'l':M11~tlt1).J~1L9lv'l'n1.1a1uLV11flm1 
V ' 

t II IIJ tlll 

◄ 'l .. ◄ 1 Ll'ltlLMLnrin11a~tJtl).JatJU r1 
~ II I ., ◄ ,,j 

vtln'JCUtlUUL'l'Un11 Modem 
V ' I I I ;' 

Modem LtlUtliUt1"1q1nt1i11 Modulator LLa: Demodulator ~~LtlUt11..ln1cu 
' I I tJ I 4' 1J ,' I 

~ait1cu'lun1,ava11t1t1).Ja'J:M17~tltl).J;1L9ltl'Jlr1UL'Da1u1V11fll'IVI Ll'l'J7:q:LtlU911Ltlauuioo1cu W tJ WW 
U I 4' ,' 11 I I .' II 

t1mrn~).J1q1nt1t1).J~1 L Ylv'l'M;v L V1t11iru"a'lM L Mm:amrn:a1m1oa~~nult1m"a1u1 V11fll'IVl1ri V 
I I 11 

2. tltl1Jtl7Un7'l'av'i't7'JtJtl).Ja (Communication Link) --I II I 

. n11av'i't7'Jflv).Ja (Data ◄ ◄ Communication) 'J:M17~tltl7UVI 2 Lll1~ M'JtlWl-nn11 V 
I I I I I 11 11 I I I 

~ 1 ., ◄ "" ., ~~vuM1~ nanu t1t1n11a~o1ut1t1).JaM1t1qfl1:uut1t1"a 
◄ _cf ◄ .. L vrn L uun 11t11m,t1riM 1t1LLanL 1..lauu V V V 

11' I I I I I I I I II II ;' I I 
~ ., ., 'l .. ~ ◄◄ "I ., .. .. ◄ ~ t1a"a~~nuua:nu LUn1191ri91aaaa11,~M11-3ao1uV1V1aul11~Lnanuu q~91a-3"aun1M1Lt1a" 

V V ' 
I I ltl I 11 4'1,1 ti I 

◄◄ ◄ _cf .. ., 1 9ltl'J:M17~21'ttl 7UVIU L l'ltl L UUVl7 ~ L r!Utltl~fltl).Javtln 'JCIIUU \'Hlfl a1ua~ (Transmission 
V ' 

I II ,' I ;' 11 

Line) ~-3LU1..l~quttuU).JL'D'i't7UlVl'Jfll'fl1 LUa-3q7n1:UULVl'Jfil'll'l~fl7'JtlU7U-37Un17~tl17~ 
' 

◄ • l'ltl'ft).Jfl1 'J LLa :).Jq 7U 1U).J70l1tl 
I I II I I 1111 

Lua~q1nt1cua~~t1a~a1ua~onniMuril111 1uL1a11iL1a1M~~q:~t1).JLMt1t1).Ja 
' V V 

I I I U I II I I 

1 ◄ ., ◄ _cf " <I ona~u1u tlll'IU~ 1 element LVl7UU M'JvlUUfl1'J'i't~tltl).JaLLU1JtlUfl1"U'iH tl ,'.; Ll'f1:LUtJ-3q1n V , II 1 

;'I II IJ 11 11 I ,' V 
"" .q'l ◄ u u u .. q 1:uut1a).Jl'l1 L 91a 'JV! L 'll"n11w11:uut1a"aLL1J1Jt1u 1u Muut1a).JaV1q:aanq 1nf1t:inn L 9lv1q:91a~ V V 

I II II I I I ,' I I/ 

tin L 1..laUULM n'.fU'tlt.U.JaLLlJlJvUfl'J).J L aunvu~q:a ~11..lm"'i't7UL Vl'lfll'IVI L Ufl 71 L 1..laUUfltl).JaLLUlJ II V • II ., 
tJU7ULtlULL1J1Jaun1iruq:t1nV1iltlU DC-Controller M;tl 1l7tl Interface LLa:1un11 

' . V 
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· L1Jiuu;t1l.JaLLU1JtlUn'H.JLiJULL1JlJYJU1UnL;Il1fl Interface L tlunu .. , 
I • ,' 1J I I 

.Y.. ... .. ., -" .Y.. "" 'ri[lll!lC1MtJ,nt't,rnt1n-;i1nflt1l.Jli1 L 9Jtl ,uu L UUri'l.'l!lCII digital L l.JtlU 1U 1 ,.:i-;i 'j 

' ., ' d ., _'f .Y.. " <!I "i ., '1 ., .Y.. Interface nU-.:JLUUt1'l.1Y1CIJ digital LflULfll.J LUt1-.:i-;i1nt't1ULVl'jfilil1Ll.Jt't1l.J1'jU'j1Jt1'l.'l!1CIJ 
., ' IJ II I/ ' I 

Analog lfl ri"-.:iuu~-.:i-;iiLi1u9Jtl-.:J~tlUn,ruuU1-.:J LLUU digital h1 LL91t't1l.J1'jUillif'l.'l!1CIJLLUU , 
I I II I 

' ' ' ◄ ~ • ... .Y.. 
'HU-.:J"il-.:Jl11'HU 1V1LLtla-.:it1'l.'l!7Cll-;i1nuuu digital l.J1LiJULL1JlJ Analog L~UntlU~';j~Una-.:Jltl911l.J ,. 

., ., I II I 

a1u1wH1l'tl1 t1tlnmri"-.:ina11h1LLn Modem , 

K:ompu- Inter-
'' ~ 

ter t f 
face 

Parallel 
Data 

' 

Digital 

! + .__ Mcx:lem 

t SJial 
Data 

Analog 

j 
. 

sion Line 

Digital 

+ i 
t 

Inter- Tenni-
Modem ..._ ._____ 

t face t t 
nal 

Serial parallel 
Data Data 

., 
◄ 'jUVl 1 Block diagram LLtlrt -.:in 1 ,a-.:iLLa duYJul.Ja .. ,. ., ., 

3. an'lffil~n1,9Jt1tltln,run11a-.:in1uYJal.Ja _____ , _______ .._ 

~-.:iN1flrut1~1-.:ill~ -.:i'l un 1,~ -.:i~ 1u;t1l.Ja~m ,-;i ~;-;i, ,ru1ri~ 1n11~ -.:i~ 1u;t1l.Ja L i1mLuu ., " ~ " I tJ I ti I ' ., ., "'l . .. "' ◄ "' "''1 q q a,rna~'ilJli'itll.Jnu UL 1a1 L riu1nUll'jtlLLU1Ja-.:i'HH)'j1J L fl L liU-.:JtlU1-.:J L flU1 ~ ,.:J\i-;i 1 'j(IJ1 LLUn 1 fl L i1u 

"" 2 LL1J1J fltl 
' ' ., I I 

1 • Simplex fltln7'it't-.:J07UYJtll.JaLuan'lffil~l11-.:JL~U1 ,. 
.,, 

lll.J7UU-.:J11 ';j7nt'to1u~l!u-.:i .. 
I -., IJI I ti II I I II II 

~-.:innni'HUflL'HLi1uua-.:in-;i~a-.:iYJul.JalrtL;U-.:JtlU1-.:JL~U1ll.J~1l.J1'iU-;i~iuYJul.Ja1riLaU a1uan1u ~ " 1J 1J 
II II ti ti IJ I I 

,q ,q • L _'f ., d ., '1 ,q ,q ., l1Vln1l1Ufl 'HLUUU 71Jn-;i~'jlJYJt1l.JaLflLliU-.:Jt1U1-.:JLflU1LflUnu ,. ,. 
I I II I II I I 

◄ ... • '1 ... ◄ 2. Duplex fltln1'i~-.:JU 'lUYJtll.Jtll1t'tll.J77U-;i~m~l11 Lfl 2 l11-.:J t'tU1Ul1'HU-.:J"lt't1l.Jl'iU .. 
1111 111 II I II I ti 

-;i~ Li1u1fll1.,-.:JUa-.:JLLtl ~U'ill ~-.:JLLUU Duplex U~1l.J1'IULL1J-.:Jlflli1u 2 LLUU ~a .. .. 
I I II I I ., I I I " ... , ., "" ... 2.1 Haif Duplex Luun1,~-.:in1uYJt1l.Jtll1 l.J~l.JU1ruun LUt1-.:i~1n11ao1uV1 ,. ,. 

I I V I I 

'l 
... ◄ 1 ., 'l ◄ ., ... ◄ -" ., "" ri~n1uV1'HU-.:J l.Ja1l.J11na-.:im1~11J'llt1l.Jtl u L -:ia1 L f!U 1nu l.J switch L at1n11-;i~ L uum~-.:J'H'ltl .. 

., ., 
m,u 

2 .2 Full Duplex 
_c:f I I II c:I ,' ◄ 

Luun1,~-.:in1UYJt1l.JaLL1J1J Duplex Vlt'tl.JU'iru flu ,. ,. 
ti I ti II II II I 1111 

<!I "'l ◄ "'1 Yltll.Ja~~nna-.:ill'itl'llJ UL1a1LflU1nULfl 
◄ 'l ◄ ., ,~uuu~~9Jt1-.:i ~a1ua-.:in-.:i 4 Lt'turi1unu ,. ,. 

4. n1'ltltlnLLUU Modem 
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•IJIJIJ I II I 

Modem ~a11~;UUL~U~U~ Acoustic couple modem ~~1~iCJ,ll!1ruLUU1U 
I I I I/ f' 4' 1J 

t111"nL~u~a~~1uaan-11nai1w~1uLn1u1nwt1na~1~1fiYM LLa:::~ ,n~~~1~1fil'i~L~11"1fl1-.. .. 
I I 

1 ~u~a~Y1"11u L ;a~in1·rn1md'CJR!1ruY1a1u 

111t1a~ 

Transmitt 

RTS 
OCT 
DTR 

... 
a1uu1:::nau~ant1a~1~~1 Modem U1:::naUfl1U 

- 111t1a~ 
., 

- 1l1fl1U 

Frequency 
hift Keyi 

Transmitte 

Control 
Transmli:tite 

Lowpass 
filter 

• 

Transmit ' 
level 

Pdjustmen 

Speaker 
Driver 

I I 

◄ • ·" 
1U~ 2 LLafl~ Block diagram n11~1~1Utl8~1l1fla~tltl~fl1 Modem .. 

- 1l1fl Frequency Shift Keying Transmitter 
... I ... 

◄ ... .Y. dl . 
1l1flU81-l-1:::L1Un11 1l1flUa"~CJR!1ru (Modulation) n fl LW11:::11n11~1~1U 

... I I 

!18~1l1flU-I::: Lifun11uaml'CJR!1ruLLUU Frequency Shift Keying ~~LifuanMCU:::~U~!la~ 

n11i:1a"a(!.1!!1CULLUU Frequency Modulation 
I ... ~ 

(FM) 1~-i1~aanuuu1flla~Lua1 566 
I • I I I 1J 

~~Lifu1~-i,niLUflaCllll1CUfl11"0~fl1Ufl"fl11"0fl1U1:::fll.JLL1~flU (Voltage Control .. .. , 

qscillator) 

- 1l1fl Low Pass Filter 
11 V I I a, 

◄• "'•".Y. ... 'l 
1l1fl Low Pass Filter U-l:::~1~U1~n1-lfl~Cllll1ru1Un1U~1~fl11"0a~~~ .... .. 

I ... 

aan-11naCllll1C1MLifut1a"a .... .. 
- 1l1fl Transmiitter Level Adjustment 

... ... I 

1l1fl Transmitter Level Adjustment U~i~U1~Lifufl"1J11.Jt1U1fltl8~ 

d'(!.1!!1CU;a~a~aan-11n Low pass. filter 'h, ... ~trU1flWa rn"1:::ua:::a1"110~~~1u Acoustic 
< II II <' II 

coupler lu~1"a1u1~,rr~n~fl1Fl11.Jlfl aun1CIMlflLifu potentiometer fi11"fl1 .. , 

- 1l1fl Speaker .Drive 
_, ti I II t 

111.fl Speaker Driver 
.... ◄ ..Y- ... .., 
u~1~u1~t1u1u~Cllll1rut1a"a~1u"1~1n111fl .... .. 
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11 I I/ I I I 

"l q "l ◄ ◄ q ., • 'i qq 

·Transmitter Level Adjustment L'Yll.JYIU1~L'YICJ!YIUL~tla1>.J11{l'Yl~~~Utltln'Y11~a1L~~'Yll.J 

... 
impedance 8 l~ 'n11~~1L~UanliCU~'lJtl~ Non-inverting Amplifier 

- n1fl Control Transmitter 
V I 

l~1rut1t1~a~t1t1n~1nn1fl FSK Transmitter 1u~n1fl Low pass filter 
I V V 

~~Onfl1Ufll.JLftUn1fl Control Transmitter IC1IU1rufl1Ufll.JL'Yla1Ulftl.J1~1nlC1IU1ru 
" , vv , vu 

Request to send (RTS) /~1ru Data Terminal Ready (DTR) ~1n Modem 

Interface Card LLa~/~1ru Data Carrier Detector (DCD) ~1n'il1Ll.JL~l.JLtl~ 

I I 

LftU 

q.Y- • ◄ "l • 
WtiClllJ1ru RTS ~~ft1Ufll.Jn1'J'Yl1~1ULl.Jtl switch LIU LU?11LL'YIU~ Originate mode (ORG) 

V V 1 \I 

I I I 

..Y- "' • ◄ q. 

LLa~i'ICIIU1ru DCD nu DTR ~~ft1Ufl>.Jn1n11~1Urnt1 switch tlU'Ylvl1LL'YIU~ Answer mode 
V V 1 \I 

(ANS) 

., 
mmu • 

mmut1t1~i11>.JL~>.Ja1>.J1'HlLLaMLU1U Block diagram l;ft.,~t .. 

Micr~o Buffer 
Amplifi 

rrlpass 
Filter 

Limi,tter 

Mark 
Filter 

Space 
Filter 

_J ~ ------~~ ------ I ---- I 
A~ Mart 

Barrlpas 
Filter Limitte 

Filter 

Space 
Filter 

Differen 
Intergrator 

Data 
Filte 

1ufi1ufi~n1fi~~,..,.,.._ __ __. , 
I 

1U~ 3 Block diagram LLaMn17'Yl1~1Utltl~/l1ft71.JYltl~'n.,1Ll.JL~l.J .. 
II " IJI ltJI 

~1n1ut11~uu a1V1~ 2 ?11~~'Yl1'YIU1~L~UL;U~?11lavn Mode L'Yl1UU11i1Ll.J-.. 
11 IJI II I 

d ◄ .cf ◄ .cf ., 'i d q 

LflW~~Luur.ia~(Originate mode) 'Ylltl~~LUUr.llU(Answer mode) L3JLftl.J'YltltlnLLUULLt'l~ .. .. 
II II II 1111 I II 

◄◄ •. cf '1 ... Y- "J:'. 
fl11~TJUUa1>.J11o'YIH1ULUULLUU Full Duplex Lftft1U fltl a1>.J171la~i'!~1rutlv~t'lLLa~7Ui'ICJ!-

" 11 I II I IJI 

onru'llvl.Ja 1 ft LU L 1t'l1 L fiu1nu n1 l~tltlnLLUUL'YI Modem lL?lt'l~rl.,1a1>.J17{l L avn 1 ft11~~ L ~ur1"1 .. .. 
I " 11 II I 

a~'Yl;tl?l.,171Jlft l11L'Yl1~~'J'YIH1l1ft11J?l.,~LLM1fl Bandpass Filter 1l1fl Limi tter 1l1fl 
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II 
q 

Mark Filter and Space Filter Uti ::n1 fl Difference Integrator 118'1~a~ 2 ~fl 

II Il l Ill I I II IIIJ II 

., q ., q1 ., ◄ 'l qq'l 'l "' ~ 
L1lffi'ILL1ltl::'fl11s1::11'3Y11'1fl11~0 1LL11nm-1nu L Wtl l1fl17~Ul1 Y1 un7'j1)1)'1ltltltlt'l1'Hl'j'31l7~ , 

~1'1J'j1j1U~B'3 CCITT. 

- n1fl Buffer Amplifier 
I II I 

1'3~1~lflLifu Non-inverting Amplifier ~'3~ Op Amp L~U111l1i'37U Op-
Ill ., IIJ I 

.. 'l 'l .. .◄ .. .. ., ., .. 'l 'l ◄ ◄ .<f 
Amp ll' fl U111flULUU'flUYllflU1nUnUl1 n Un7fltlU~ fltl LUU J-FET Input Operational 

Amplifier 

- n1fl Bandpass Filter 

1'3~1 Bandpass Filter L~U Active Filter 'flUfl Infinite-Gain 
., ., 

Multiple-feedback Bandpass Filters '118 Cascade Ltl1Yl1Unu 3 'flfl LflULL1ltl::nfl . , 
I I .. .. "1 ~::iJ Center Frequency (fc) LL'1lnfl1'1nU 1.1 LL'113J Quality Factor (Q) ua:: 

., ., 
tl1111tlU1U (A) Ll11nU 

- n1fl Limitter 
" 11 I II _, 

... .,, .Y.. 'l ◄◄ 
1'3~1n1fl Limitter u~::l11l1U1l1tlflW1YltlB'3tlCllll1WtlaiJa l1Ll1tlBLl'tU'3+/-.... " 

I II 4' I 11 _, 

o. 7 l 1al1 L ;t11.lt1u'll1n1Jmfl Mark Filter ua:: 
.. .. 

Space Filter Ll1~~tll1'1ltl'33JTI11tlfl 
I I II., ., 

W1fltlt1'1-ill'l!1Wtl'3 fltl lll'l!1~aan~1n Bandpass Filter ~tlU1flll1~iJ1n 011.lt1ulll'l!1CllU 

II I II II 

'lmm Mark ua:: Space Filter LflU11H ~::l1i'll1 Op Amp LU1'1~1 Filter l1"'3i'ltl'3 
1,1 • ., ., 

.. 1 .. .. ., ""'l 
Lnfl Saturation fl LiJtlLnfl Saturation output ~1n Filter l1'1i'ftl'1~::t1nt1t1U l1 

V 

I I _, 11 

... .., ◄ .Y.. "... " 'l .. ., "1 .. 
3JtlU1flll11TIU flt) tlCllll1W~::nnt1t1Ul1LLHflUll'J::iJ1ru nt1LflU'1TIULLHflU liLt!U'3tltl'3 Op Amp .... " 

a., I ., • .,., I ., 

fl"~uu~::1iJi'f 1iJ110LLUnaan lfl11m::u~t1aiJa~ Lifu Mark l11tl Space L tl13J1 
" 

n11 .detect 
., ., 

'l "l ◄ .. .. ◄ 
t1aiJa u1-1~1n1flt1111.1~'1Lnfl~fll'tti1flW 

" 
- n7fl Mark Filter ua:: Space Filter 

I I I ti I I 

.. .. .Y.. .,,.. .<f ., ... .Y.. ... 
LUtl'3~1nfl113JOtltl'3tlCllll1WtlCll::l1iJtltl3JtlLUU Mark nUfl113JUtltl'3tlCllll1Wtlru::l1 

UV V UU 

II I I II I II I . 

◄ .<f ◄ ., ◄ d . ., ◄ ., 
iJtltliJ\HUU Space 3Jfl1LL'1lTI?11'1nULl'tU'3LtlnUtlULl11UU flt) ~::u11nm'1nut1,::iJ1ru 200 Hz 

" " " . ., .,., ~ ~., ◄ .. 
fl'1UU1'3~1l'ttl L ?ltl1ct1l11Un1fl Mark Filter ua::n1fl Space Filter ~'311B'33Jfl1 

I I ., IJI II I II I 

Quality factor (Q) i'l'3l'ttl L;a~~::'ll11'1~1a1iJ11nuunaanlfl11loo1rut1t1iJa~lfl11Jt1u 
" ., ., ◄ .. 

m::UULUU Mark f requency l11tl Space Frequency 

- n1fl Difference Integrator 

u u " " 
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II I I I 

., ., 'l ...... 'l 
Mark LL't'l:: Space Filter UU output ~1n Filter m flVllJ'lJU1Yl 11cyn11 output 

' ., ., 
• I.I II.I 4,q 

'lltl-3 Mark LL't'l:: Space Filter ~::lJOU1lJ1l1TI't'l1JnU Ll.Jtll.J'lltl~'t'l Mark L'lJ1lJ1 output 
., ., ., 

,f 'l • ... ., ... 
'lltl-3 Op Amp ~::LUU +12 V LL't'l:: UVl1Utl'3LflU1TIUll1lJ'lltl~'t'l Space LTl1l.J1 output~:: 

Ill I I/ I V 

LtlU -12 V LL?lll1Ll.Jjj'lltllJ't'l~LtlU Mark l1;tl Space LTl1lJ1L't'lU output 'lltl-3 Op Amp~:: 
V 

LtlU O Volt 

- n1fl Data Filter 
., ' ' • q • I.J q 

n1fl Data Filter ~::Vl1l1U1Vl01~flfl11l.Jll'lltl'3l'l1l1:: (Carier Frequency) 

., 
' ' 

detect Lfl 
... ., ... 
lJ1U11'3't'lmtru::Vl~l.JlJ1fl1 

V 

- n1fl Carrier Detect 

l1;1~'lltl'31'3~1;f fltl fl11~~1J (detect) ;,jjf(IIIJ1ru;t1lJ't'llJ1~1n output 'lltl-3 
vv V 

' 
n1fl Difference Integrator l11tlLlJ 

- n1fl Carrier Detect Delay 
111 II II II 

l1U1~'lltl'31'3~1U fltl l1U1'3L1't'l1n11 detect d'QJ(lJ1ru'llt1lJ't'lLYIU1::lJ1ru 2-3 1u1~ 
Vu V 

I 11 " I II 

n11~'3'lltllJ't'lVl1'3~1ULVl1~l'iVl Ltlun11Li>Ju1::aVlfin1l'ILU011l'll-31U'lltl'3fltll.Ji1 
. V 

~ II i' ~ "" I' II q "'1.\ 

L flil 'SL lU'l-ltlU LLa :a J.Ji)fli)J.Jl'f 1 L flil 'SL 'll1J.J7J.JUVIU 1VIL U nn 1 'S n·rn~ ilfltl7l-1n 'S'SJ.J 'S ::uu Mo9-em 
V 1 1 

I I/ I I II I 1111 I 
◄ ... ... 'l . ., ◄ ... ... ◄ ... _,f ... 
~ '3 L 1l.Jl.JO 11 'll '31UOUtlU1 '3 LLl'l 1l1't'l 1UlJ10TIU lJVlfl11lJVl L 'llUUtlUU L uun 11na 11Vlt]H!)LL't'l:: 1 '3~1 

I/ I I I V 

L'll'31ULVl1~~iLtlU l110Vl1Ulfljjfl11lJ~U'l~tlU1TIVl11U11U't'l::LEUfl ~1lJ11llflmt1Lfl~10LtlTI 

1 . James W. Coffron 

"Z-80 APPLICATION" 1 SYBEX Inc,1983 

2. Sol Libes , Mark Garetz 

"Interfacing To S-100/IEEE 696 Microcomputers" 

Osborne/Mc Graw-Hill , California, 1981 
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Microprocessor Bas ed-Sequence Control l er 

..... 
1J'Vi,;,J..:J L t'l1Vl'l'l::: 

lu~ 
., 

1J'l":::J.J1t'l~t'ltl 

u 

1Jl1tWIUtl 
II 'II 4'11 

1 flH ..:i1ui1 L ifun 11u·1 LJ.JL m 1 tl1 L 'llclL 'lla 1 J.J1'l 'llllVIU1 L t'IU 1l'hi1'l un11fl11Jfl"°11 , 
I II II II 

Vl1,31ULl1Jrnfr;n'.J (Sequence Control) ,Ulfl11Ul ..:JU 1flLUfl11~fl1lu..:J'llfl11JfllJ Vl1L r1a12J110 , ,, , 
• U " II ..: .: II 4

11 .f q • -t 4' U 
aamm1J 1..:i,;,i1fl11JflJ.1.L1J1Jt'l1 fl1JL flUvi 1..:i'ilmiu 111ft L ma ..:ivia11..:iwu2J,;,i1u1u1 Lau 1 28 m , 

11 II I I 11 

tl1:::nt11Jfl1U111'11~L1i'l1~aa1:::11anu 10 rl1 INPUT/OUTPUT a1lJ710tlU1ULflO..:J 48 ,;,}fl , 
11 ,11u1 I I Ill.I 

~iu1ur1u1l2J~t11t1a..:i1Lau'l'll1flau1..:11l.J,;,Jin~,;,iiu1u Lfl;tl..:Jfl11JflJ.JU'l'll MPF-IP 'lun11fl1u , 
I II i' " II 

fl"°11vii..:i1u LflUL~lJ1..:J~1vi1..:if11ulf11flLLnm'l'll 8255 PIO Lifu INPUT/OUTPUT ua::: , 
11 11 ;' I I 

')..:J~1Ull L 'lt'l1fl'lU Z80-CTC Vl1..:Jfl1U'iltll'lll'lH ifu1tl1Llfl'j l.J111'l~at11Jflil..:iaa ~n~ L mnil tl1 -
11 I I I II I 

-!I 'i ... 'l'l • .. • -!I LLn rn L ti 1 L fl'jt) ..:J llt'l::: LU'lllfl1 MltlUVI 'll un11VI 1aa~n ~an 11V1flaa1Jn 11Vl1..:J1Utltl ..:J L fl 'jt) ..:J 
111 II I II 

'lr1~a~a1u11ou111J'l'll'lun11fl11Jflllfl11vii..:i1uau1..:ia?11uu~u11..:i..:i1ua11a1r1n11J.J1fl , , 

1 • 1Jl1U1 

lfl'l..:J..:J1U "Microprocessor Based-Sequence Controller" LifULfl'l..:J 
I • 11 i' ti;' 

..:J1UV1flmt1r1aunn 11'l'll1JJ1 fl1Ltl1 L 'llal ,la 1'l un 11fl11JfllJfl 1'l'Vl1 ..:J1Ullll1J~ L fl1U'II fl1 'jfl11JfllJ , , 
II 4' II I 

lLUU~Lfl'lU'DL'llLUfl11fl')Uflmu1un11~a11t1a..:Jl1..:i..:i1ua11a1r1n11J.JLTitl1Jl1ntl1:::LnVI L'llun11 , , , 

fl11Jfl1fc11U'l'f1Ufl1 Lau ..:J n 11 fl11JflU'l 11 °tl'111;Vltltl..:J lil L 'lltl; lla::: 1 :::uun 1'.Jufltltl ..:J Lau tit! ..:J L 1 ..:J , , 
ti 11 11 4' i' I II II 4' 

..:J1U Lifu11u 'l Utl~11 L 11'11tl..:JL'lltltlnm~il'nn; L t'IULLJ.Jlrlan Ll'hi1 'llu,'llu..:J L 'lt'l1 fltlULLVlfl L 1ltl 1 , 
II II II II 1 

Lifu~iu,umn'l un11tl1:::nt1u LifU1tfl11JfllJ ,;,i:::11t1..:i'l11 L 1a1mn'l Ufl11tltlnLLll1J ~flrr..:i LLa:::1 lJ ,, , 
I II I I Ill I II 

'l ◄ 1 -C,d -C L L •"' cl °tl:::fl,n un1HtlflUULLtlfl..:JLLn ti 'll..:Jflr1J.J1Ufl'l1"1l..:Jfl1 'll•nU Ufl11fl1 LUUfl1111fl1°tl..:Jfl1U ,, 
11 4' I II ;' 11 I ;' I 

'l u1 m ..:i ..:i1uu-..ifl1.h:::a ..:ifl'lr1ruflt1'l ,i1 JJ1 m 111 n 'll'tl L 'llt11 z8o mr1u1~LLV1U; L OOLLJJ , w 

II II i' i' I 4' 

rn~n L'lhf1'lun11f1,1Jflfflh mu'il flfl~iu,ualln 1Cllfl..:J L ifun11 L tlauun 11tltlnLLll1J'.J1fllf 11fl , . , 
<' _If_ . <' cl cl II ,' d ., 

lL 11 lJ1 L lJll'lltll'lll ')'j L 11 L lru ..:J L YJUULlhLLn rn'lr11JJ1 fill tl1 L ,ia L 'lla 'j mm~::: ~fl,;,}11, 1tlmu 
II I II II 

fllla
0

1 fl1.lffll'lltlUn 17Vl1..:J7UtlU 1..:Jtlu91L UlJ~ n 1 'ltltl nLLUU n11un 1 ti ua:::n 1 'j~fl1lu..:Jl1 ~::: 'j'lfl L 11 , 
11 I i' II 
◄ ◄ "I :'I' 'i ., u .. ~ .. ◄ TJUlJ1n L ua..:i~1n 11.fl1ffil ..:J L J.JL fl'j Lll H "ll'tl L 'iltl1UU 1u~:::ona..:JLLa:::J.hh :::'CiVlfin7l'ilJ1flW n11 ,, 



rat, ~1,1,r, !.H~HLt.LttU GGttLWGf11:'ijf:m :::~Uijt"lwtU LIA.LU ML~111. 1 [11 Li1 Hl.lll111A.t'!.1.L~t'G~t'Bl6 IA ,. ,.. ,. 7" ..,,..,.. ,. IA ,.. ,.. "° • I I l'I I /I ti t fl I t /I 

" " U llttLt.Yij~C, r.~rm~ 1111\~fl. 1 LttU GGf;!tL~111. 1 ~~m1~f!.llWMJA.11~~G~t'jl_l,LG 1 t'~!.LUl_lA.N!.U11 
/I I l'I fl I I 

-!.fl.lnmi ,UL!, 1t.~11 LMtLWllt.ratn1,[11 Li11 t. VU111UGGIA.U~G~NJL~flU 1 !.LUn1,nL~ll1. 1 dI-.:ldW ,=:,,,J' o II\ ,..., ,("oJ' ,-:., 
II I fl ti I I II t 

• t'Gl11!1f't~WllJLGijl,.L!.1 

" 
dr-.:1aw t'Gt1 3NI'l .1xa1 ~nL~111.ir.PJJ,.G~l,,l.!11!.LUL_1A.G~1 tt111.1,1,1,~g~tt111.1n1,fl.t,Lrl1fl,.~ H 

/I I fl I II 

" 'lOH.LNo;) t'jl_l!l!41,U!.LttL~~~nL~111. 1 !.HU,.Gt.J~l,,U11!.LU~!.LUI:' ~G~ 1 IA.nJ]. 1 ~!, 1 GG~t,t~H t'ij~,, 
I l'I /I I /I fl I / 

ijG~ll1.~LttUGGnrL ~111. 1 !.PJJ,.Gt'ij~11:::~11 ijmiL0U~L_~ttLWllt.~nl,[1t, L~ 1 t'll~ m~ 1 t.,.~11 ;1111. 

" G~!.PJJGC..Mt'rat 300J IIJSV ~111.r.n~,m~[11ijUUUIA.ll~L~fl!.GM1 OHVOBX3~ NVJS !.LU 
I ,-a ,_ ~ " ►-r' :=-, ~ I ,-r 

" ~ dI-.:ldH c..~,,ijn111.L_u~L_~ttLwnqm1, 3n'NA .L'lnv.:130 ijn111.t._UULHjll1. 1,1,~~ijttlA.l~L~, 
II I I I /1 

3 'lOH.LNOJ ijU!.LU~Gµi dr-.:1dw t'G~,,r.~ rn~~ijtt111.1n1.1!1tt~niir3JLGp-tr.u,,r.111 111...~ 
• nL t'l_lA.v1. 1,fl,.!.111.LflJ].~l_~ttLt.l!lnt.~t'Grl~G~ m 1,111... Li11 ij['t111.t',.IA.t'jL.l~M!.fl::: t:11:'G~l!l 1 c..~,, ijL~M,ij~~ 

II l'I I I I f1 /I ti I I /I 

f't1 Lt.ttLWG~ t'ij~,, :::~u I:' G!.l!l 1 fl~ 1 ijhJnllrl 11,1,NJLl!ltttt1 U LIA.LU HYU Gttll1.1,t:IC.. r.1mr.u,, !.fl.lGtt 1 IA 7" Ii' "' ,.. ,-. ,(" • ,.. IA ,. ,-. i;, 
I I /'I I I I I /I fl I I 

" ttll1. 1.f~\t'j L.~111. U11fl.1.fljUl:'GMJl.1,H ij~M~ 1 ~t'jL_t,t'2LttUGGt'ij~11::: ~ dI-.:ldW t'G~Y 1 ~~M~ 1 
t fl I II /11'1 /I I I I 

" " " Jl.1,H LU f't1 G!.111.:::rnRU~U UM fl 1 Ut:1 G~t'1,1Lt, M111 t-JL tl.!6111 t:lt. !.MIA.L mtLIA.:::t:lntt!.U11 !.fl.l ij, !.~ 
!Ai;, ,. ,.. "' "°" ,-. ~ ,-. • ,-. IA 

l'l/11'1 I I /II t/1 /I II 

" . c-wm,u GGhl t'Gt1Jl.nt.t,, ~c-jl_l,fl,.!. dr-.:1aw 111. 1,GM.1 nnc..~ttr.u,ir.111 c-GflYt'~::: r.11ij~ 
II ,' fl I /'I f" ~ I ,' 

HO.LI03 .LXaL ttr.unr.111 L. Z 

• ~ijl.l:'~11ll!.LttL~f~l, 1 ~l,flt.~C..Jt1j: 1 ~L,.n111.L_IA. dI-.:ldW "111. 1,,M~ 1 r!.U11!.111 

----- nL I:' l_ IA!. LU ttl!lflt. l:itt !.U 11 !. 111 • Z 

" . 111.\.L,UJ ~G~r.t:1c-wrn,uGGr. Luu,.~111.G~t',!UtUL~Lru~::: ~~ur.LttL~t'GF~ ,! ~Ht'~ fn,.w, ~u~mrn~ 

r1wr.~c-wurnu mL;rw.lttLt.l!lttt'G~ nLt'LIA.t'Gr.~ m, ttr.u11r.111m~, :::~1,1,r.Lu ,. ,.. I;> ,.. • I;> L, ,.. ,.. 
I 1'11'1 fl I II t 

C..J OL tWG~:::r,~~~L~t.1t'J>C..J~!.111.LflL~t.1nL; 
I I n 

n~, 1aut.reqJ I:'~ J.LJ-08Z Jl.1,:::~,, 0/I t1j:1 Old SSZB Jl.1,!.LU~ij1.!.C..11ij!,LJmLijnt.~ 
II II /I ,' ,' /I I 

" . flr111UGG~f1,.W 1 ~!.Ht.ttL~nLI:' L_wtGllt' ~t'G.~~ 1 t'G"l.6U un~fl \U11!.LU~,.111. 1, ijL~~~~ij~t'ij~,, 

" ll!.LttL ~ flfl11UGGl'3UL ~!.U ,,r. 111 !.LUfl!. U!.LttL~t'G!. y, 111. 1,tt!.U11r.111nll~, GY!.t.11t,tGJ].nL ijt'LIA. 
,. ,. r ,. ,.. i;,,, ,. 

nLc-t'G~~IA.Lru~r. Lun1, dI-.:1dw w~, M~1,r.Gp., ~P., r.11 l!.l!l lttt.P.1.ijl.!:ftLH r.~1 
I ,' l'l/111 

LtAl/.1.U~IA rn,m~ \~P. ~!,~ 
II I ,' II I 

• • t't.nlA.11 :::~t'l!lij~r 1, n:u L~ 1,:::~n,.t.fl_!tt'~ fn,.w 1 ~M11ttl,flt.Y!.LUn 1.; GJ].1 ~Jl.1 !.111 !.l!llttl!' i 

z·6-£ 
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1,1 I.I I.I It.,, I I.I I.J ti 

Lm 1'1ltl-:J niu'1tJun'1 'llL i.JL Vll-WIBffi'lL Vll.JY11i:Jl'lil-:i CONTROL R LLnL 'llrl n'1ltl-:J Vll.JrlLLfl'J nnium m 1-l 
'IJ 

I I tJ I I I I t.J tJ ') '1 ...... 
L Vll.J-li.J l.Jl.JVH•m 

<Id L.,. .. 
Ll'l1tl-:Jn-i:LL~rl-:J'lltlfl11l.J'J1 l-Jl.J~rl LLfl: 1 v,r1m El 1 l'li l-:i fltl ~ n L v,r11uu L 'll 1 '1tJ 

1,1 I I II I II 

Li.JLUtl~Vli.J1i:ll'l11l.J-lil1'1v,,"u'l'll-:i1u ~-:i-i:L;WL'l11'1tJLW MACHINE coDE 'luifn!lru: Li1u 
I I f I I.I 

fi°1l-:i'ltJ L ~i:ln11hLLnwc1u~nmrnm:inmvi°1-:i ,u 1tJ1LLml.Ji:ltli:l L v,c11uu-l: L ~i:l-:i ifu'1tJ•vi°1-:i1u-li.J 
I 

d u • ') 
Vll.Jfln-l::ncii.D.J1Vl1~1i.JLVll.J 

I ,' 4' I I II I.I t.1 

'1li LLVl1N'lltl~flmLci:m 1l.JVll.J1i:l'lltl-:Jfli:l'lltl~flil~au~™niv,ufl'lun,,.'l 'll~ 1ui1 '1 fl 
II I 1J I I.It.I t.1 I ti II 

LL~fM L 1Li.J'ltJ~ 1 'lun1,'l'll~1u-l;~ L ~a'l v,~ L ;w1i.l1LLml.J'l 'llmn-:i~:mn 1A1~-:i,uu'1flV1i ., ., 
I ,' I IIJ tJ I ,'IJ f I.I II 

LL~Ui'la1~~n L -l1:, LLt'l~iMflil~~'llu~i.t1~1'U'1l1 ~ nu'lli LLVli.J-:J'lltl~flWi..181 L~El'lltl~ n, ,'l 'll~ 1u ., 
I I II I.I 

'i d .,. • "' u q 'i d 
LU'lLLnWnL'Wi:J~LL'1ltJ1LL~tJ'Wt'l1~'1lf-nJU\/111Ji.J'U KEY BOARD 'lltl-:J MPF-IP ~L'lli:JtJLU'lLLn'll.Jn-l:: ., 

1J I I I 1J II I II I I I 

"I ..... ,q 'i 'l 'l u .. u ,q •..Y 
nfl Lfltli:J1~~1i:J ~1tJ1tm1, L 'llW Lll'lLLn'll.J Vlt1nml~-l:na11 i.JVl1'lltlVl 4 '111tli:J1-:Jn1'l L 'l1Wfl1ti~ ., 

II II . II 

imK1J:n1, L;WLU'lLLn1lJ TEXT EDITO~ ULL~M'lli.J'1ltltJn11Vli-:J1i.Jrt'Ji:J FLOW 
I 

CHART Li.J'llJ~ 2 ., 

L 0 LO ·TIM LO · CNT ANO ANO·TIM ANO·CNl OR OR ·TIM OR·CNT 
Q w E R T y u . I 0 

LO · NOT LO -N·T LO·N · C ANO ·NOT ANO ·N·T ANO·N·C OR-NOT OR·N ·T OR ·N·C 
A s D , F G H J K L 

ANO· LO CNT TIM OUT OR · LO ENO 
X C V B N M 

t I ,' I 

11.lvl 1 LL~fl~'lliLLVli.J -:J'lltl~~i:l'lltl~flil-:iau~n ., 
I 

2. 2 1i.l1LLn'll.Ji:lt1i:ll1'1v,,"u1~-l1c1a~n 
I II I 1J I IJ 4' 

'lu~1w LLltJ1tJ, LLn'llJi:lui:lVliV1tJ1™iau~n'llu~Vli.J1ilJ~~~ L ai:J LL'lla: 1tJrnn1lJ 
I I.I t.1 I I II I 

i:ltli:l-l:nnL~i:ltJLW MACHINE coDE u11-l'l1'ltJLtitl~tJVli.J1i:lfl11lJ-lil1'1v,,"u'lt1~1tJ ~~1u,-., ' 
II 11,1 I/ I I 

LLn''nl TEXT EDITOR -l:VliVltJ1~~'1-1Lfli:Jtl'11LUl.J'?i LL'lll"l:LU'lLLn'll.J-l: L ~i:J~rnJLULlJVli.J1i:Jl'l11l.J 
I I 1,1 I 1J I I ,' I I II 

• ell ... 'l q 'i .◄. . • ... ..... ~ 
-l1 LlJtlL 'llJ t!~11J'\/lc,n.J LU 'l LLn'llJ-l: L 1Ji.J n, 'l n1VltJflfl1 L 'l lJLL 'l n'lltl ~ 'l-l~ L 'lltl'l '111 ~81\11 L 'll~ 1U 

II I I 

u d .◄ q • 'i q • _y o "' u 'i 
~nrruun-:i:: LUtJn1'l L 'i rnn.n Ltl 1 LU'l LLn'llJi:Jtli:JVlf1:fl1-i.Ntltl nl.J1Vl1t'ltl-l nntJ LL'llt'l: LU'l LLn'llJi:Jtli:J 

II I ,' ,' t II I 

• q◄ ,q ,q il 'l 'i u .◄. . !'I ◄ 
-l::V11Vli.J 1V1fl~ L 001 ·n t'li:!Vlfl n ti~ ,u tJ LU 'l LLn'llJtltl nmfl~t11tJ::'lla-:ilJu11 L w 1~ -..i, " L ufl II Vl'ltl ., ., 

I I II II I ,'f 4' I II 

_-, ~ u d "I L • "I ,q ◄ u u 'i 
''lJfl" "ll~~fl1tJ:L'l-1cl1tJtJ-:J:Ln1JL1 tJVli.J1i:ll'l11lJ-l1 1 LlM'lltl'lLt'li:JVli.J~m -l1ntJtJLU'lLLO'llJ 

I ,' ,' I II II I 

d ..i qL u u .◄ ◄ ◄ !'I 
i:Jtli:ln-:i::m1-:iflM1'W'lltl~L1ID'l'lLt'li:JVl t!~1'U'111'UtJ11LU'U 11 0 11 Vl'ltl 11FF 11

(
11 0 11 fltl1~-l'lLUfl ., 



3-9.4 

I/ I 
"' q ~ d _,. 

Program Tex ---- L !JW 1'3.:J'H1El.:Jn'lJ L.,mm !J7 LA 'Hl,J 

Edi ter LL~:;un1YJL1J'iun·rn 

U ~M ll 'i'i'Vlfl 
I o 

vi~fl!lu -Jfl1i-J 

q . I 

~ !JUlJ Machine Code !lu-Jfl
0

1i-J~u~n 

,~ L ~wrin L ;1'1 u~1um1l-l.:i1'11-.,ftM1 
1J 

-J 1u m llfi l-lil L mu 

d o <q <~ ..::i " _;, .. ~ 
lnllfl1Lllu'i'iL~U~LTI,lJA1~'3~u.:inuu 

I/ 

L!J7LlJ Relay Number Buffer 

I I .. 
~W~A1 LINE NUMBER ... 

L~l-JA7Relay Number Buffer Pointer 

.. 
L nlJ 

II 
q • 

L nw .Machine Ccrle m~11·vi1u 
' nimJ'1M71~ Relay ;-inr11 OFF 

I ;' ;' ~ • 

71.M 2 l~~1~11,m"-m1u Program Text Editer 
" 



l-9.s 

INT 'Vin 0.5sec ~1n ZBO-CTC , 

TIM 
I I~ 1J 

t-1flfl,L.1~~~...i La111tm...ii1 

"' L nlffi1 L 1frJ 'l TIMER 

~ ~ ... 
~-.l L 1~1'Vl..:J 10 m 

I .J ~ ' "' 
U~~fl1L1~,'Vl~-.lLD111 

I 

~'1001\J~ OFF 11.l~~tl\J 
OFF 

., I 
.... 

'V11l:J'lltl-.lLU"lLLn'il.J L l'ltl 
I 4./ • ◄ t 

LL~fl-.l111:J'11l.J~n1'i~-.l L 1~1 

... 
l:J-.l 

~ .; ., 
~..:J L 1~,'Vl~tl-.ln7'iLL~~LLL'lfl-.l 
'c; ~~ LI 

11~n1"l L 'il.J~-.l L 1~1LULL~1 

I 

\UJfl 't'l..:Jffll')U~ ON "lllvt~m.J ., 
Yn lfflEl ..:J 1 ll ·rn n·rn 

uit'lrnu~ L~mlfl-.l TIMER t111J,ll 
., I I 

1llL 1Lm,,J1llfl11i.A1Vl-l~LL~fl..:J ., ' 

~m"lurauvr'i1:J~o-.11lli LLn·rn 

l'liflii..:ia'11ll 

I ~ ~ I I t 
.,~ 3 Ll'lfl1!117flLLM..:JLU'lLLn'l~l:JfllltlEl-.lfl1i-ii1,i...i L ,~. 
" 
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I/ I I II 

. <!j il "I -~ <!j " ., ..... ., ., " 

"FF" fltl1~~1 fl) (11 LJ.JLlJtl "0" Vl'lu "FF" n~::LL~fl-llJ11viffl'l~fluum-J1 Vlt-M~1rn.mn 
,11 I I ti I ti ti II 

tiiM 11::'llu-3 ~ L f!Ui1miiflu~ nt1U~fl'lJtl-lfli/-3f1£l~nnutlVltl7flirl'-3flu~nu LLfl1 L nrnfl L tl1 L 1 
I I I lJ I ," I 

L ~tl LUV!iflu~ nnUflirl'-lri.,flLtl Ltl1 LLnwvi
0

1-31mnn -lfliill Vltli~f!'lltl-lflu~nuufM~ L f!Ui1m1'3 
I 1J I I 

"i "i ... ""I. '"'"I... '1 ... 
( L.~tl LU'lLLn'lJ-JUuU OUT) LU'lLLn'li.JUuW~::u-3 Li.Jtl1~f!Yltl-lflu~n LtlLtlf!WLi.1.lf!-3007\l:: Ltl'l-

.'' ti I I " tJ tJlJ 
... ., ... ... ... •'1 ,Y. ., ... 

Lf!UVJ(ln OUT tltl L'W11::11n11Ltlf!W001tl::'llu-l'lJflfl1fl1Lf!U~tltltl ~::Vl7LVIVltl7~i.J~~'lJtl-31-
\J 

4' ,'II I I.I I I/ I II IJ IJ II 

... ... "I .1 ,Y." ... ., ., ... "1'1 '1 
LflULUtl'ltlLtlf!W~(l1tl::Ltlfl1U ~'3Vltl1~i.J~~LVlfl1tlU-l~tl-31mt7~(l1tl::Lfli.lLu1L1Ltln11L~ 

-a:1 , 
0 

, 11 .J .., '.fa a '°q ,. q . 

'37tltl n Ltl1 LLn'li.JUuU'lJu-3fl1rl'-3i.VI L tlf!W~mtl::1 L f!Utln~:: L nm Utl11 L f!ULLfl::~fl'lJtl-lfltl~ nnutl 
IIIJ I I I II I I' 

Vltl1tl'u'ltli.uviu1ufl11i.i~i L~uuin11Ltl~WLL1.lf!-lWLtlviin11Ltl~wLL1.lf!-l001ti::'llu-lLUu1 
,1 I Ill.I ti ti 

,q q q V V U V') , 

1 L f!Uviri nL tlf!WLLtlfl-3001tl::UtlVl-3Vli.Jfl 'W 11rnnuvi nm L tl~tltlvi1U'lltl-3 LU 'lLL n'l iJ 

I 

L~tlLlhLLn'li.l 
\J • 

I I.I I 

RUN i.17G-lfl
0

7rl'-3~flvi1un~:: niu1UVIi-3 7tlltlflirl'-3 LL 1 rm n 1 f1Utl111\Ufl11i.l L ~ 1i. tln71vii '31tl'lltl-3 
• 

.-.; . .. ... .; . ... .. " .; 
Li.lLfl1Ltl1L~~L~u1vivi1'31tlLWtl1Ltl1tl1vi (nsec) n11Ltlf!W~ri1ti::'llt1-l1Lf!UL11'Wtlvi~:: 

I I.I I.I 

Lm'liLVILnmfcyvi1i.tin11L~-31tl 
I I I I ti I 

irMC1J::n11vii '31tl'lltl-lflii-l Ltl 1 LLn'l i.JUuULL~fl::fli/-3~ ::vii '37tlflfl1Ufltl 111-3 mJ~ 
I I/ IIJ I I I ti 

~fl'lJtl-ln71viiflu~nL vi,uu i. \MU~ ::uni1t1u1-3 Flow Chart 'lJtl-lLtl1LLn'li.lUt1Uflirl'-l i111-3 
I 

., '1 ... 
L 1fl1 fl-lLLflfl-3 L tl1tlvi 3 

\J 
I.I ,' ,' I .IJ I I/ 

q .... "'~~" 
3. fl1'Uli 11 fl LL 11vi~11 '3 L 'Wi.J L ~i-l'lltl~1VI 1U MPF-IP 

I I/ II IIJ II ti I 

... " '1 ~ ., -~ ., • ... 
1'3~1vi~1-1'3'lJ'ULVIWL~ IC 8255 PIO 2 mLUtl~1Vl7Vl'U1vi INPUT/OUTPUT 

LflUn71niVltlfl 0255 i1LL1mifu INPUT/OUTPUT viin'llv-lLfl~u-l ~1u 0255 i~~v-l'l; 
I I I.I 

i1Vl1U'lJU1U~t!Ltl lflU"n11niVltlfl Port ~1-l~i-lU 
I ., ... 

~ Port A Li1ti Output 8255 mvi , 

~ Port B LLfl:: C Li1ti Input 
I ., ... 

~ Port A LLfl:: Port C LW Output 8255 mvi 2 

~ Port B Lif'W Input 
I II II ti II I II 

Ltl~1tl'lJu-li1i-3 L 1fl1UtlLflL~ Z80-CTC VIU-3i1 LflUn71Ltl1LLmi.JLVI Channel 2 
I I.I I 

Li1'U Timer Li.J"n11 Interrupt Prescale fl1U 16 flnflmJ'U1~n1 
\J 

fl1 Time Constant 
i I/ I I I I.I 

nfl1 OEEH (238 j1tl~U) LVl'lJ1 ZC/TO 2 m:JL~tli.lflU CLK/TRG3 
<!j • 

l 'Wtll..ltl'U~ 1'U 1tl 
I/ I 1J I I II I 

fl1'3'lJtl~ 'ltlUL 1fl1~Vli.lf1Ltl L 'lJ1 Channel ~ 3 ~-3 Ltl1LLn1i.lL 1 L w Counter ~t'11i.111(1 L nfl 
II I I/ I II.I I.I I I I.I 

~-- "I • ., ... ., "I ... ~ 
N~y1ru INT L'll1~ · cpu Lfl fl1~1tl1tl'UUVl~-3Ltl1L1i-lfl1 OE9H (233 j1tl~U) ~~~::vii L VI 



3-9. 7 
1J I I,/ I I I 1,1 

V .q ,,q c:f ~ o <ti _'I V Vj <ti V 

CTC ~1U Interrupt ~n~ 0.5 1U1'Vl L~B'Vl1~U1'VILUU~1~1UL1~111.l~~fl1L1a1'Vl ~-3LB1 
., ., ., 

L 1'llB-3i1i-3 L 1~1Vl-3 10 i1 
I IJ 

0 q ~ '-' q 

~1~11~fl1u1ruL1a~Lnfln11 Interrupt ~1n~~1fl-3U 
\J 

I 

cl " L1a1'V1Lnfln11 Interrupt· = (TC1 x TC2 x TC3) / f 

Lflud TC1 LW~1 Prescale 'llB-3 Channel 2 = 16 
I 

TC2 LWfl1 Time Constant 'llB-3 Channel 2 = 238 
I 

TC3 LWfl1 Time Constant 'llB-3 Channel 3 = 233 
I 

f LWfl11~n'llu-31~1.11.J = 1789772.5 Hz 
I 1J I 

~ ~ cl " " cl 
~-3~~~flL1a1'VILnfln11 Interrupt= 0.49574 1U~ 

I 

., cl "i 
4. mau1,rn11 L 'llUU 11.l1LLm~ 

II I.It II 

a·~wruw~un11 L ~WLll1LLm~1~ L fl~B-3'Vl1-31U~fl-3U 
I I II ~ 11 I II 

1. Lll~W1-3~1~fl;LaULffl'l1~L11flULfl~LW Ladder Diagram • 
I I II II I II 

◄ _•L•.Y, <!! 'I • 
2. ~1n Ladder Diagram L1.JaUUL1JiJfl1~-3aa~n1.JuUL'll1Lfl1B-3 MPF-IP ~m11n11 

I I 

~ O ,Y cl cl m,~ Ulflfl1\'i-3VI L'llW 
11,1 11 I I I II 

3. /-3'1 m11-31uLfl\11n1~~~fl /-3 L n?J~mn11'Vl1ft1i-3~1n LED ~LLlifl-3L 1 
I I I 11 

., cl . ◄ 

9'11BU1-3'Vl 4.1 LL~fl-31-3~1l'llh~nBUfl1U\1a1u Block 

◄--a1--► •--b1--• 

023 069 0215 026 e ; l 071 024 I 021 

I 
◄--a-r-• ----b;r-• 

c\ • .. , b • -ENO 

Ladder Diagram 



3-9.8 

KEY INSTRUCTION DATA 

Q LD 023 

F AND.NOT 069 

A LO . NOT 071 

R AND 024 

N OR.LO -

Q LD 025 

R AND 026 

Q LD 027 

F AND.NOT 070 

N OR.LO -

X AND.LO ·-

B OUT 047 

M END -

* L ;WLU"HLO'nl Block a1 LLfl: a2 

., ., 
0 0 .... 0 .q ...,q t,I 

LLfl 1\J 1 ~mtia ~ n1~v11fla -.:i n>-11V11 flt! -.:i nrnJt1 nfl~ ,l 
., . 

fl1f:Jfl1/,l OR .LD 
., ... 1 . ... ., * L tlW tl~LLn1>-I Block b1 LLfl: b2 Vl1Ut),l L flf:l1ntl'll1,llJU 

., 
O O .q U O .... -., * U1rlfltltl,ln1~Vl1fltl-.:int1t1,lVl,l Block a LLfl: Block b >-11Vl1fltl-.:inrnJ 

I I 
0 "' ... q * U1rlfltlt1,lflt1-.:int1t1nVI Relay ~n out 



02 0 

I 
044 

I 
'T'IMO 

02_J 
I 
I 
I 
I 
I 
I 
I 
I 
• 

3-9.9 

I I 

i1au1~~ 4.2 n11~u1~n1iU~LUfl~a~ R~lay 

~5sec 
020 
J{ 

©3sec --·- .. 

KEY 

Q 

V 

Q 

F 

V 

w 

r~----- ::F u 

G 

INSTRUCTION 

LD 

TIM 0 

LD 

. 
AND~NOT 

TIM 1 

LO.TIM 

OR 

AND.N.T 

~t1-:?J1 f-.- t2---I B OUT 

ON --Delay 5sec OFF-Delay 3sec 

~ • I 
I 
I 
I 
I 

046 : 

I I II U t II 1,1 

., .. 'l fl°' ... ., "I 
~1au1~~ 4.3 n17L~ TIMER .L~Lnfl Pulse vn.liUfl11~n11~Lfl 

02~ 

TIM3 

-A- ~ ~ o I 

TIM3 
4 

KEY INSTRUCTION 

0 8 Q LD 

G AND .N .T 

L V TIM 3 

w LO.TIM 

B OUT 

I \ II IJ I I I 

DATA 

020 

10 

044 

020 

6 

0 

044 

1 

044 

DATA 

022 

4 

2 

3 

046 

1E-t~t2~ 
q ~ ... "' 

•~~1~L~~ 1. fl1fla~ Time constant ~~::1.JaULfl1LfliB~~~~fl1~B~L~1tB~L1~1~i~ ---· I II 1111 I II II 

u u "I u ◄ 

2. Timer LL~~~~1~~ L 1~1 Lfl~~LL~ 0 .5 sec Cl~ 128 sec Cl1'fltl~n1i 
• u • IJ 

q ., "I 
L1~1u1un11u ~1~17Cl'fltlU7~naurruLfl 



~nGR!,11M~~LijttM1 ·~ ,.. -,(" 0 "' 
I 

NOH ~mniLu~LML~ 
I 

~Gll~Ltijtt~1 rJljllj1.111.U11 n~nLnnLM~IA!.LUL~t, ~L~IA;:~~ULtt da'.ls ~~i~ijG~1 ·£ t I II /I rl fl II 

UtG~tt!.U11!.f1l~i~ij~Gll~ULtt~ da'.ls ntn~~~L)l~~ttLtijRtnwt~, • L 
II I 

. " GijLM,~ ~IA~LIA.t n11 tjl.UGLtUtjG!.~M~~rr.n, RL ~L~ttlA~G!.ij 1 LIA 1 ~~ML ll!JI...W.;:!,fltt~, II> ,. ... ... ... II> ,. A,. I, • ,..,,. II> .. ·.; ... I, t II I I I I I II 

MWltij~ij!,ij 1 LmMll!.LttL~Lt!jLij~~ l.tl.GH!,11 MIALn~LIAIAR~ 1 t;:t:m ➔nd'.lno/'.lndur ntnL~ ~ ,I? " · • ~ .~ -r " 
0 

r,, ~ · 
R~ 1 !.nt nL~RLRll!.LUG~RL~nllL!Atjl.nnL~HijllA!.t 11lHLJl;:~,, !.t 11!4GJ1,nL!jULHGn 1 ,, ... O I I ,!' O II ,f r,, ,, ,, fl II;, 

• • ijl.ttttU~L~~GnL~ ~t 1n ~n l~,.rni.m,ttijrtWtLU 
" ni~Lf11.~n ljl. dwv £ n~1tt1.~L~1.;:tL~f11. '.lnd'.lno ~Gll~H~nlltLttL~L!.1~L~IA !.LU II /I 11/1 

II 

tt!.U11!.f1l~LUR~1 apo~ au14oew ~Lt~,;:~nL~~~~ttLtijrJtnW1G~~t!.~G~1 lj~~ttl. fl I fl I I I I 

" 



3- 10.l 

< V < 

n11fl11Jfllm,~V11 m.JL 'll'hJ1r1111..l 1 L 'il~ L 'iJtJ 1 ---·----------
( Microprocessor Lift Cont¼ol ) 

' ... ., "i .Y. * 
~{) ffil'1 L rn·1U ~1i'i'n~ 1mll1n"v1U/u 

< I ... ... y q ".c!J * 
tlfll-J'l'tnfl U>JU'IJ VI 1i'Vi fllJ fl 1lJ , 
"'4' q * ., .. 

UU?Wl Vli'n n1 fl 11 wru w cnmJ~ n~ .,., , 

' ~ UVMB O '111 LL~ '3 :El'v1 ti 
' 

., 
1Mflflt:J:i) 

1/' IJ ( ,. tJ tJ 

1Mm1wn~11ii>Jn11'l 'll1J.J1m1tl1 L 'iJ~L 'il:EJ1J.J1mur1J.J~1ivm'lfl~i~:EJ>J;Wn Lifu , 
( " 11 ~ " 

~Vliq>J 4 /u 'lJ'W1fl o. 7xo. 7x3.0 Ll-Jm LflL;uu1tJrnn1l-Jff1,,.,{u'l,,.,1J.J1m 1tl1L'iJiqL'iJ:El'l 
\J 

t' IJ 1/ ( I II • 

z-so STARTER KIT r11ur1J.Jn11V11'31'W'lJ:El>J~YIVI LL~:;'lfl~11>J1>J~1B'WL<nt11L~~ L~:EJV11,,.,u1~{u , 
V I V 

,.Y..,_, ,Y. "i ... ... ., ... 
t'lllU1ClJL 'lJ1 LL~ :;~>3 ~(l[lJ1ClJ:i):i) n~ 1n'l :;wmuriJ.J L flt:.ll-J11U~:; L :El Uflfl>l'U 

,u~ o.,~ , 

tJ IJI tJIIJ 

1. L'll Photo couple {llif(l[lJ1ClJL'lJ111'lJCU:;U:EJU/'ULfl 
.,., \J 

I ( IJ ( 

2. ~-J./(l[lJ1C1Jfl1tJrll-Jn11Vl1'31'U'lJ:El'3l-J:ElL '11:El'in1 :;LL~\911 '3 'lJ'U1fl O. 5 LL 1 '3l-J1 22 0 L 1~VI 
.,., ' 

v.. ' ~ .J.r ~ 
L,,.,~VILrl~:El'UVl'lJ'U,,.,1:El~>l 

I < I 

..Y. 0 qq.q "' 
3. ~>Jt1(l[lJ1rnmur1J.Jn11V11 >J 1'W'lJ:El>Jl-J:El L vi:EJ1 n1 :;u~m >JVIJ.JYmfl 

' ' 
0. 5 LL:Ell-JLLtl1 25 L 1WI 

_ ,uo., , 

I < 

L Vi:i) L UflLL~:;Uffi.11:;\?l~WVI 
\J 

1MlJ1 
,11 1/ tJ tJ 

ir~~WLV1r11u1~uvi1>J1J.J1r111tl1L'il~L~u1n11~1J.J1n V111,,.,~11r11~n~>J i>Jtl'u 
, \J 

tJ ( tJ I 1/ 1/ 1J 1/ I 

~ 1 ... 0 1 "i "i C'\ C'\ ... ~ _Y. ~ ., ... ~ 
~'3 fll-Jn11'U1L:El1 l-JLrl1Ltl1L'il~L'il:El1l-J1L'llL'U1:;tJtJft11Jfll-JYliq~irotJ'iltl'IJJ.J1n'lJlJ Vl'3'ULlJtl'3~1n1'3 , 

I tJ 1J 1,1 ( I tJ I tJ t 

.q ~ _Y. v o <I .q VI ~ q 

~ 1 fl11JfllMii~irotJ'il:El'U'U'U tJ 1 ~ n:EltJYl 1U:Eltl n'lt1A 1'U 1'Ul-J1 n L l-J:i)V):i)>J n11 L tl~t:nmtl~>J LLn L 'lJWrn L Yll-J , , 
IJI IJ I II 1/ I I.I t' 

L~l-J Vl1Lflt:.1'3U1™;tltl1~~~Vlu'3Ltl~UtM'3,,.,l-J~L~Un1fl ~11Jn11'l'll'll-JLrl1Ltl1L'iliiL'iJ81L'U , 
II 1J I I/ 1/ IJI I tJ ti 

1 :;wmUflwu n11V11>J 1umJnu1tJ 1LLn'll.M L ;wmJ n11 LLn1. 'lJ~>JV111fl>J1un11in n i>Jtl'u~>J Lfl , 
( IJ ( ' (' I.I ' 

u1L:EJ11J.J1r111tl1L'il~L'ilu1J.J1'l'll'lun11r11ur1J.J1~wn11V11>J1u'lJ:EJ~~,m ~>J~YIVl~'ll:EJt:.1~~r11ur1J.J 
, \J , 

I V V 

Lflt:.I Magnetic contactor LL~:; Lifu1 ~tJtM'ntJ'il:El'W~1,,.,ftJ'lJ:Eln1~fln11fl1tJfll-Jfl11Vl1'31lJ'lJ:El'3 , 
,. ti " 

.. ... 0 ~ _'4 - ., ... 
~V1V1~:;~1~u'3'lJ'ULtJ'Ufl'3'U 

( I.I I.JI I.I 1/ 

... "'I "1 ...... ~~ ., 
1. ~WVl~~Lum.!1~V11tJ~ flt:.1ii11LU~1~~Vll-Jr111l-J\91:i)>Jn11W,,.,1tl~>l Vl1>JntJM11~n11 

\J \J \J 



3-10.2 
I I I 1J I tJ I I I I IJIIJ c!::t q C\\ "I u u C\\ 0 u ~ q ~ _., u q Lfl~u'IJVltlu'1~WVILUW::UuL~1W Lml t1ru::~vl~n1~'1Lfl~uU~~'1n~::Luf11UL~i'l1::ffit1ffi'1n11~::~'1 

\J 
1 I f' II I I I ti ti I I 

ell '"' v "i -~ 4 :'I L ... ~ q 2. rnut-ll'l~VlI:Jfl1rn.JLflI:J~11 tl1::vi~::LufluI:JYl1'1L1~1l1U'1LL~1tl1::V1~::ufl fl1 l-ll.J~'1nfl " , \J • \J \J \J 
I II IJ 1 1 

tl11'1tl1 ::vi tJ 1::Vln~::UflVlu~U~fl Lrn:: NL fll:J~11~1l.J11Clfl1Ufll.J011 L UflUfltlnVILflLUID~ml~ tJ \J , \J , \J 
I IJ 

Vll:JflU'1fUNLfll:J~11 , \J 

I 1J ,' I I ti I I/ I f' I.I 
ell :"I ... ... ell~.Y. ... • "i "i ...... 'l 3. L lmtl1 ::viufl L 1I:JU1ul:J ™~~:: L fl~uU~ LtlIJ'IJVln1l1Ufl L fll:JN L fll:J~11 LL~::tiru::~m'lvl L nfl \J . \J 

1,/ Ill ,' 1J I ti IIJ " .Y. . .,. .. a ., .Y. .,. 
~::C1'1uu~Vlu'1n11 t-ll'l~n~::Y11fl'1~un1::v1'1V1I:Jfl ru IJ'WV!ffi'1n11 , 

I IIJI.I 4' I ti IIIJI ti 
ell'1.,." .... a ... .Y. .... • "i "i ., 4. Ll.Ju l.JlJNLYlt-M~ t-ll'l~n~::fl1'1uf:MIDJ~Clnn1V1UflLfll:JNLfll:J~11Vlfl'1~fl \J \J \J tJ , ., 

1'1~1fl1Ufll-ln11~1'11Ut1u'1™~ 
.,., 

1'1~1fl1Ufll-ln11~1'11ut1u'1™VM'1Vll-lfl fl'11tl 1.6 n11;flVlu1tVl11'1 ~~I:J , \J \J 
IJ I IJ 4' 4' 

11U1'1~1n1wun'l'lJ IC#8255 ~'1Li1u PPI LflI:JL'lJ 2 Y11Li1U~U~i'lu1~ an 1 Y11Li1ULu1~ , 
4' I IJ ... _q_ . ., ... 

~mi 1~ 11!:Jfl:: Lul:lfltlu'11'1~ 1LLVl1 ::1tl L Wfl'1U , \J 
I I I I.I I ... _q ell ell ... ., ., ... .1 

1tl~ 1 LlJU1'1~1 DECODER Li'luL~unm1VlflVlunu IC#8255 ~'1 3 m "ll'1~:: \J 

IJ I 

n1l1Ufl PORT NO. LVll1U IC LLVlfl::<;11 monru SPIN LL~:: SPOUT LWttmnruLL~fl'1~Ui'l~ .. -- , ., 
LLfl:: Lu1~~~1nY!fl Z-80 STARTER KIT , , 

I 4' IJ 4' 

1tl~ 2 Li1u1'1~1iwuLffi1 Lfll:ILY!Lu~~u11 2 
\J 

., ., 
Y11 ffimfui1nu Li'l11::11l-laLV!a_1 

I IJ 4' V IJ IJ IJ 

~ YI Li1ul-lu L m1'1YM1m::LL~V11'1 i--iw ~::~1l-l11C1ntf1.M1'1~1'1m1vil-lu"lfl Lfll:1011~; n'l Vl Lu~ , 
4' I 

~ . ... ., 
"Du 11~1--11'WV!fl::m 

C: " '~ IJ.qq 1tl~ 3 1'1~1 SYNCHRONIZE 'lun11fl1Ufll.Jfl11l-JL1'ltlu'1l.JuLffi1UU L'l11fifl1U \J , 
I I 11 4' IJ ti II I.I I f' 

'1 
... 'l., .,.,,. 'l ... ...... '1 flt.1Lvl~tlu'1n1::LL~ WVl~1l:I LVlflUl.Ju L Vl!l1 fl'1UU~--lffi'1 L Yl1'1~1UVl11~Vl1~fl~l,Jl.Jl.Jl'!Ul:lu'11'11tlu'1 W , 

, , \J 

It ti ,1 I II IJ 

~tfu ~~1l:ILVllIDLVlu1~'1'1tlua~wu L~uLVl~~f:M1n11fl11.JfllJLW~Lfl \J \J , 

.J " ,' II U I.I .c:il 4' ,' - ~ I.I _c:f 4111 w~ 4 1'1~1uu~i'lu1~ 'lYl1Ut1ul-Jfl~1nfll:lua1fl Ic#s2ss 'lu1'1~1ULY!Luuau-., , \J 

., ... ... ., ... IJ _q ... ., 
~i'luffl lJ PORT NO . 60-62 Lfll:ll.Ji'lu1~ A 1Utlul.Jfl FLOOR KEY , UPKEY LlJUfll:l(KEY) , \J 

u IJ .cJ I.I u q -◄ q ' u cA q ' I.I f1wrnnfl'1tli'WVIV1a'1011 LLfl::l:MlJ OOWNKEY ,UP KEY LlJUfll:I (KEY) ~rl-11U L 1l:lnt-M~tlu'1fflJ 
,' II II I ,' 

4 LLfl:: 1 Vl1l.Jfl1flU i'lu1~ B fmum1~1ri DOWN KEY tlu'1iu 3 LLfl:: 2 ~'1ti1Ufll:l(KEY)i1 ,., 
4' IJ I 

vifrn ~l:ln~vl~tiu'1iu 3 LLfl:: 2 ml-l~1im 'lJuru 
I ,' 1J I I.I ... .. ., "i 'l _q __ .. w~ 5 1'1 ~1uUi'l~i'lu1~1U~ulJ~~1n SENSOR Vl1'1~ Lfll:IL~ IC#8255 LUUuU-\J , \J 

4' . 4' IJ I ... ... ., ~ _q ., • 
~i'lu1~ lJ PORT No.70-72 l.Ji'lu1~ A 1Utlul-Jfl~1n SPEED SENSOR "ll'1LlJUVl1 01l1Ufl , u 

,' I 4'11 I f' I I II II a cj V .. V ell ... cll q ell _Y. ,') fl11lJL1'ltlu'1lJ£l L~u1~tlUflW~~'1Vll.Jfl Ll.JuflW~Lfl~u'IJVILt11Vl1uuun~1nuuLfl SPEED SENSOR 
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Ill.I II.I II I I II II 

...Y. ., _'4 __ ., L ell L o ., d ..i L 
tlB~TIWlJ~~Lllll~1~~tJa"t'l ~ IC#8255 LWB~~ ~ CPU ~1n1'jU'j1.Jfl11"L'j1 ua~1nu lJ 

" I tJ I ,' I.I I 4' II ,' II 

~1uu!T~LL~fl~~1LmlJ~tJB.,j~i'l~Lmfm.1'lu~W~~j11JmU Wm~ B futia"t'l~1n Door Sensor, 
" " " 

I II I 

'i ..i ... 
Safty sensor ,Door Close LLfl~ Door Open Key Ffp Lfll:!"1M PB0 a11.Jt1B"t'l11U'j~~ 

" " 1J I I.I I I 

~ ell., .. 'l ,./', ., q 'l . .,~ ell "I 
ufl~'jBU~ 1M PB2 fl~1~'j1Jn1'j~'j1~~au11 "fl\JLtl1"1 l.Jtlru~U'j~~n1t'l~Ufl~'jBL" ~1U 

II I I I.I 

tM PB
3 

LLt'l~ PB
4 
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-1>-~j 

~ 

-t>-~j 

-c>-~L~ 

-c>-!Q.j 
lltf'Wf .... 

P--Q ... ~ 

-t>-~.~~ 

UP,DOWN KEY 
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R.OOR.ll 
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3-10.6 

'----------l/¥13 Vt¥ 

.----------1~..:- 70 
-------'l'IIO 

USS -----------11'84 ..-------~Pal 
-----~Pet #71 
------J,&I 
----.J· p,o 

00011 SENSOR 

OPEN R6ADV 

CLOSf /1.EAIIY 

~ENSOR,DOOR OPEN,DOOR CLOSE KEY 

STOP SENSOR 

FLOOR Ill' 
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4/CJt. 

j 0/JEt' THE 0001! 

S'i 

-1· Voe -00""N TWf! LIFT 
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a . j UP TUE Ul'T ,,,. 
.11, 

"' f~A 

CLt 00 l<E'/ . 
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CLR. OC KEV 
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, .... 
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CL~~, tMU1,0Pl2l ll'fY 
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START 

IET 255 PPI PORT#COH-C2H TO 
INPUT,#CltB..C6B TO OUTPUT PORT 

CLEAR INPUT & OUTPUT POR'l' 
AND CLEAR UP,DOWN FLAG 

NO CLOSE . 
THE DOOR 

CDC!: SPEED & STOP SENSOR ----4 . x 

INPUT FLOOR,UP,l>OWN ICEY -------

.DISPLAY LIFT uC 

w 
I ...... 
o . 
CX) 



w 
I 

1--' 
0 

\0 



CLEAR UP KEY 
SUBROUTINE 

INPUT SPEED SENSOR 0 
SECOND & THIRD FLOOR 

COMPLEMENT AHD 
SHIFT RIGHT' BITS 

OUTPUT TO CL.EAR UP ICE? , 
T SECOND OR THIRD FLOO 

.RETURN 

JIBTURN 

CLEAR DOWN KE 
SUBROUTINE 

OUTPUT TO CLEAR DOVJi KE 
OF SECOND OR THIRD FLOOR 

SET DOWN l"LA 

RETURN 

w 
I 
~ 
0 

~ 
0 



TES 
DISPLAY "1" DELAY 10 .S. 

YES DISPLAY "2" 

c.,.; 

YES 
DISPLAY "3" 

I 
f--' 
0 

f--' 
f--' 

STOP OPENING 

YES DISPLAY "4" 
THE DOOR 

CLEAR DOOR CLOSE 
KEY 

POP SPEED SEHSO 
FROK STACK DELAY 20 .S. 

RETURN 



UP THE Lll"1' 
SUBROUTI1'J:" 

OR BlWtJ: 

UP THE LIFT 
AT LOlt SPEED 

UP THE LIFT 
AT HIGH SPEED 

RETURN 

DOVJII THE LIFT 
SUBROUTINE 

OR BRAU 

DOVN THE LIFT 
AT LOlt SPEED 

INPUT FLOOR KET 
AND OOVN KEY 

RETURN 

SLOV UP 
SUBROUTINE 

UP THE LIFT 
AT LOW SPEED 

TRIO REVERSE 
CURRENT TO BRAK 

STOP MOTOR 
& OYF BRAKE 

RETURN 

SLOlt DOVN 
SUBROUTINE 

DOWN THE LIFT 
AT LOV SPEED 

RETURN 

CHECK SENSOR 
SUBROUTINE 

INPOT SPEED 
le STOP SENSOR 

DELAY io ■S• 1-----' 

SET POI NTER 
• SENSOR 

SET POINTER 
•FLOOR.O 

RETURN 

SET POINTER 
• FLOOR.2 

SET POINTER 
• FLOOR.:, 

SET POINTER 
• FLOOR.It 

DISPLAY ERROR ALTERNATE 
WITH POINTER 

w 
I 

f--' 
0 

f--' 
N 
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O U O q 0 /: . c!I q " ' I.It.I 
◄1. .... al.lmnM t1u~1>-J1'jfl lJ1-:Jt.lU1-:J~1Vl'j1M1VllJ1~1Jtln'11LL'YllJ-:Jfl1-:J9ltlt.l-:Jn1'jLfl~t.llJ~tlt.l-:J'YllJWfl • • 
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V1i-11uei·rnu ~,J~ ~1i.V1LL~UL~V1:n~>-J L ~1:,~1>-J11flV1WL1.lLflV1~1u"11rJ1Jfl1u· L ~t.1'Y1~:~1i.V1 
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2 Latin Control Valve Ll'ILl'IJJ1~aJJnUt!JJfl11 Controller LLfla~LLUU 

II II 

3 Ll'I Simulate fl11fl1UflJJLLUlJ Cascade Control 'tri 
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Disk Drive 2 ~1l11tl Disk Drive nu Hard Disk 1 mLLa::l1U1Ufl11i.1~1m i:ffl 192 
• 

4'. I.I • .., • ., • ., • 

Kbyte ~amiih ~'j~hJ n'fu~aa..,;alm ifu~aa~Lfl LL~tl1 Lifu~aa~::'ll1~'l V1n11aamLU1J '31U 

II . " tltl I 91 

◄ d " '1 .. 'l .Sq~ 
YIU Ll'i11::~::a1i.111t1Ll1Utl1U1-.'l~'j~'jt)3,l"JOUi:fa-.1l1U1Lfl LfliMUU~a~:: Ui:ffl-.lLl1Ll1ULUUa1i.i~ 

I II I ti I f'' 11 

~,3~::vii'lmrnnfl11i.1LLv1nm-.llfl Lfl1a-.1;i.ll'l~tl EPSON Fx-1 oo ,MX-1 oo l17a 
., ., I 

Compatible l1ia~::'l'll Plotter ~LflLflU Houten Instrument DMP-41 pen-ink 

plotter 

., " " 
smARTWORK 1.l1::na1Jf11UL~a 4 1~al1an 

j' I ., 

1 .SMART .coM Lifull'la~~-.ll1in11 run 
I f II f' I 

nau"l~~::'l'llhla~u n11 run 
., I I .. l .. .. 

11.11LLn1i.iu~:: i.ii.in11 L1.laumL1.la·~u~a 
4'' II II II 

2 .EDIT :ExE Lifuhla~ 'll'l un11V1°1n11LLnl YI 1.11'i.n.11-.1LLa::a11-.la1u1,3~1 
• 
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.. , .-.;_,~ .. "◄ ..; .. " ◄ 3.PLOT.EXE LUU ~flVIL~·lun11~2-1m,1a11ria1u1--1~1 Vl1'1Lfl18'1~ml'l'118Vl1'1 
I tf ;' 1 ;'IJ 1J ◄ , ., • _,., '1 1 .. _cf '1 ◄ Lfl18'1~aa~L~a, flHliCU~tla'1fl1~'1 U ~au~~LUULlJU VILaan 

" .,v t IJ f'" I.I 

4.SMART.STA Lifut~atl82Jm1~tfLU EDIT.EXE llfl~ PLOT.EXE 1~flU ~8'1 " I I I .. .. 1 a~ Drive A ~aa11L 1a1vi run 'll1LLTI'J2J8U " , " 

., ., 
ffll~8UTI11Ltf smARTWORK 

I I I ti 

1 .La Disk ~LifU PC-DOS version 2.0 '1'1;8L'l'12J011ULU Drive A 
I 4' . 4' .,.., ◄ 4' " "' 2.LuflLfl1a--1ria2-1~1L~a1nu~a2-1auL~1 

I I 
., d L ., ◄ .. :1 3.18~UTI1~Vl'1 selftest La1~ ~1ULfl8UlJLLfl~L1fl1 

I I I f I 

4. L81 PC-DOS aan 'la smARTWORK LU Drive A '1aLumL'lla1~ ., 
•format LLa1'1u Drive B 

., . ... 
s.nfl SMART ,a~UVl1'11UL1ml18U 

II I.II IJ · IJI 

6 .nri EDIT LLfl1~lnam1~~'1!1aanmru1--1~1'tri ~--1uu~a~~LLafM cursor au 
" I ti I ... . 

V12Jm! 1ilf!H • 
I I I I II I I ◄ ,q ◄ cl't.. .,. ... n11Lriaauvi~a--1 cursor a12J110Lflfl8UVI fl 4 VlfiVl1'1Lfliln11nfl'IJ2J ~fliJVI • II II . t I I ., • '1 ◄ ... 't • ◄ .. TI11Tifl 1 flH~~Vl1 VI cursor LflMlUVI 1J 1 9l1LmU'1Vl'Hl 1 cell (0.0S0 11 W1fl ~H) 

I t II I II I II IJ I I 1 · ◄ cl d ◄ •L ◄ ◄l • ◄ n11LflaauV1Ln~a--1nri 'llaJ shift Lrn1nri'll2-1'il1i.lVl1a~11~~vi1 VILflaauVI 'll 10 muV1U--1V11a • • 
1J I 1J I II I I " 4 .iC .. .'1 ◄ ... 't •. 0. 500" tlU1fl~H V11anri shift ua1nri'll2JffllUUVl18a'1a1--1~~ Vl1 VI L flfl8UVI 'll 5 m , . 

I 
I ◄ .. ◄ ... LLVIU'1V11a o. 250" t1u1ri~H n11LLari--1i:iauu~a~~LLari--1i:ia 2 11 high 4 "wide '1'11aL 1un11 

window 

I I 1,1 ;' I I II 

fl
0

1a--1~ !!LU Li'la EDIT LLU'388nLtlU 3 ~ 1Ufl.,'1U 

1 .Single-Keystroke Functions 

MARK ROUTE--F1 

PLACE PAD--F3 

WIDEN--FS 

PLACE FAT~ELL--F7 

F2--REMOVE ROUTE 

F4--REMOVE PAD 

F6--SHRINK 

F8--REPEAT ROUTE 



Change Layer 

Backspace route 

Move Cursor 1 cell 

Pronpt for Corrmand 

PgUP or PgDn keys 

Backspace key 

Shift-Arrow keys 

Enter key 

2.Display - Control Function 

Alt-F1 Toggle Color - b/w mode 

Alt-F2 Toggle Color - intensity 

Alt-F3 Toggle Color - scheme 

Alt-F4 Toggle background Color 

Alt-FS Toggle opaque/transparent mode 

Alt-F6 Toggle active layer's Color 

Alt-F7 Toggle window . 

3. Corrmand - Line Input 

clear 

cleave <direction> 

s ,ize 

dip <direction> · <#pin> <spacing> 

load <filename> 

mouse 

quit 

save <filename> 

sip <direction> <#pin> 

backspace -- Delete character 

Esc -- Erase response 

Enter -- Process response 

II I 

LLa:: 2 '11JJ1'Jt'll11•31ULflLUVIU~il cursor au ., 

-

I 

LL Vlfl1a'3 naJJ • 
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II I ~ I I II I I t 
◄ ... .,, "I 'l .,, "'I 3 ~:::11t1..:inri Enter nt1u~..:i~:::VUMfl1t1-l911 -l"l Lr! umuI 3 u.mnri EnterLfl'itl-l ~:::LLi:IM • 

I I 1J ~ I I/ .. ., ◄ .. •J'"I 
Command: Vl1J11Vlflrn..:ii:lriLLfl1~-l~ :::m-Mfnt!-l L fl • 

Single - Keystroke Functions 

-
11 I I/ ti I 

MARK ROUTE ( F 1 ) 'l 'lla°1wi1.1nTrnillUfl~flL 1iJVIULLfl:::~fli:lflV11U'lltl-ln11 L ~tliJ • • • I I II I I II tJ I 
◄• .. .. 'l., .. ., _'4 ... Viti LiJtln1llUfl~flL1iJVIUVl~fl fl m cursor ~:::L1JflUUflmKU:::L1JULi:IUUt!U 3 Li:IU LLfl:::LiJtln7 . •· 

U I I U I 
. d .. _'4 "' 

llUfl~fli:fflVl1ULi:11~ cursor ~:::LtlflUULlJULL1JlJLfliJ Llfl::: L fl; tl-l ~::: LLi:lfl-l Lau L tltliJ~ fl'llU1 fl 1 2 • • • I I I I II II I I I/ I 

~ "'I O 1 .. 'l .Y-... 't ., ◄ mils co.012 11
) 'Yl-lLfl1t1..:i~:::mu1unau flUVI~::: 'll1:::u:::V11..:i1ruV1 i:lflLLfl::: iJYlunmaut1U"l • I .... 

VliJtlU .. 
II II II II 

REMOVE ROUTE (F2) LYla°1ll11JfllJLi:fUVl~Li:fut1t1n 
II I I I I II 

PLACE PAD (F3) 'l ,,,I', "'l .. • 1 .... Yl1:11ll11J a pad VIVl1LlllU-l cursor flU\1"TJU1fl Li:IU 
I ~ I 

~1¥1u~na1..:i'llt1-l pad L Vl1nll 62 mils ( o. 062" > .. 
U I I 

REMOVE PAD (F4) 'l'lla°1ll11Jt11J pad ~<;Jim,u..:i cursor t1Ut1t1n .. 
II II t II 

WIDEN (F5) 'lYla°1WnJtlU1ULi:IU~fl1nfl1U (F1) ~1fl'lllJ1fl 12 mils 
., 

(0.012") Llhl 50 mils (0. 050 11
) VlfltlflLi:IU 

11 111 II 

SHRINK (F6) L'llif1ll11Jflfl'llU1fl'lltl-lLaU~fl1nfl1U(F1 )~1n'llU1fl 50mils 

((:l.050") Lifuw1ri 12 mils co.012 11
) 

U I 

PLACE FATCELL (F7) . L'llif1ll11.JLafl1U1-l~1'llll1fl 50 milsquare 
I/ I I II 

REPEAT ROUTE CFS) 'l 'lla°1ll'JU L ;uu~nu1..:i~1~i1TJu1m V11"1n°lma:::'ili"1nu 
II I II II I 

'l .. ., 't" Change layer (PgUp or PgDn key) L'IILtlaw~1n'llln.lU tl'11Ufl1-l 
II ti I I 

Backspace route (Backspace key) L'llfllJLi:IU~tlWU~tl .. 
11 I I/ I II 

Interupt route (Ctrl-Break) 'lYlllUflLiJLllLfl;t1..:itl°1u1u'lun11a1n · Lau · • I I.I I I/ 

L~11:::Lfl;a..:i'l'IIL1t11flauTJ1..:iu1u'lun11fliu1u 
II I 

'l 4 1 .. .,, Move Cursor 1 Cell (Arrow-keys) LYILflfltlU cursor UVlfl:::cell ll1tl 

• ◄ .. 
1 V11UllU-lll1tl 0 . 050 11 'llU1fl~H 

Mov e 5 br 10 Cells (Shift-Arrow keys) 

d 
cursor L11"1 

U I I 

'ltl'lun11Lflat1U~'lltl-l 
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PromEt for_Command (Enter key) 

Command-Line Input: 

nvi Enter 

Diaplay - Control Function 

I 

~ .q "" • y 
L 'Wtl'Vl-.i: 1Uft Tel sl 

I I II II •11• I 1111 

-"' • J' ◄ ◄ ., ., 
Alt-F1 L UUftTCl s1 L 'W:aL atmfla1UVlsl'fltl si'lJu 1 

... ., .. . ..~ .. ., 
flUVl'lJU'VI Vl1 '31Utl u~ :mu tlU1LLa1'lJU 

" 
I I II I I II · 11 I 

◄1 1 · .. ~ ..... ., " .. ~ ◄ 

'VI ii fll11sl1U-.i:mmM 'fl1U'Vlm1,3 2 ?Ju L'lJUpad -.i:m1Ll1atl,3 

-"' ._;, 4 ~ 
Alt-F2 LUUft1~'3L'WtlL'W" intensity 

Alt-F3 LiJur1il'3Luiuu tone a 
Set I 

red 

green 

yellow 

Set II 

magenta 

cyan 

white 
I I II 

Alt-F4 Li1uflia,3'fl°1l11U LUauuau1n-.i1nfliLiJU'l'l1 

" 

I II II I II 11 11 I 

Alt-FS LiJufliallmL'flfl'3 2 al11tl 3 a 01 2 au;L 'lll~iM~'lJuuuua:'lJlJa1,3 

I II II 

-.i:1"~aLL'flfl'31l1L~U 01 3 a~:~iL'Vlin'3LL'flfl'3 
I 1111 

Alt-F6 LiJur1ia'31l1'lJUL'VIUVli'31U 
I II II 

Alt-F7 LiJUfl
0

1a'31l1~tlfl1'WLL'flM1l1l'M.,-Jl1"fltltl'3LU1LLnW 10"high 16" wide 

II 

uu-.iaVJ~'Vl"fl 

Command - Line Input 

II II 

clear 1?Jaua1u1,3~1'Vl~'Vl"fl 
II I 

cleave 1 'lJYJU1Ul11tl L ;aua1u1,3~1:aan 1u 1 mmil1Ufl~fl'Vl1 '3 L ifu 

N 

w E 

s 

., ◄ 

L'lJU TIU1U'Vl1'391:1umin 1 cell -.i1n cursor t1Ul11tl 0.050" 
" 
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., 
dip (dual in live package) L~LUfl1'ITI1VIUfl pad 'lJn~'lJ1Ln~ LflU ~n11 

., 
n1V1Ufl~flVl1~Ll-tnau cleave fin n,s,e,w ; ~•1U1U'lJ1'lJn~Ln~Vl.,~VliJflLL4'lt'I:::U::: Vl1~'ItVl11~ 

II II II II 

'lJ1fl1Un11~ L~U dip e 14 3 VllJ100~ la~ 14 'lJ1~LUVl1~~:::1uaanTJ1 1 nHYI .. ., 
m1iJn11~TJa~TJ1la~ o .3" 

., ., 

cursor 

load dhm11 load LlhLLfl'IiJ4'11U1~~'I~1n disk L'lJ1"1LLOL'lJfl~LLU4'1~ LflU 
I 1J I I I 

q • '1 ◄ Vla1iJ11001VIUfl Drive Lfl LflU load c:ufo1.pcb VllJ100~ LthLLnliM~a 

ufo1 .pcb LU Drive c 
II I II I I 

'l" 4.-1 "1<41 d,., • . ~ mouse L~nu hardware LiJa~ mouse 01LlJlJ mouse OLlJ~1LUU 
II I I I II I 

quit L~Ltluri1i~L~a~1ii:::aan~1n1u1LLmiJ Edit nmJLTJ1a Dos .. ., 
save LtlUn11 save LU1LLn'IlJ4'11U1~1i!H 'lJ1 disk 1flua1iJ11on1V1ufl 

., 
Drive Lfl 

I 
4 q q ., 

sip ( singel in line package) L VliJnU dip LL~lJLLO 1 L flU1 anoo:::n 11 
II I. 11 I I 

'l 4 u ◄ q ."111 ◄ q L~LVliJnUOUL~U sip n 10 VliJ1UO~ iJ 10 'lJ1 nLUV11~LVIUn'lJ1 1 nUVI cursor .. 
I ., I 

Backspace au~1arnt11:::vi11~n1,~J.rnf11l~ 
I I II 

Esc VIUflfl11Vl1~1UVlnau1~nauluan1,1~~1uu,n~ , . ., " 
I ti 

Enter vii ~1U~1lJfl1 l~LLt-11naul tll'li ~ 1uu1n~ 
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lJ\1 fn 7 l-J~ L ~l!t 2 

PC-DRAW 

1~1!t!i ~'1L-J;~'i 

tJ I I.I II II 

PC-DRAW L~\JLlhLLmJ.J'ltJntJLf);tl'1PC-16 BIT 'ltJ--11umu L;l:JlHLtJtJLml7 
1,1 I .' I L' 

q q " ~ 

L 'lJU\JLLtJtJtl'1la1l·m'i'iJ.J .,~., PC-DRAW 1.l'i~ntltm1rnL~Uflan 3 L~\Jfl1UO\Jfltl , 

- L~uvi1 - L ~\JLL~\JL i..i 7Ul1i n ( PC-PRAW# 1 ) L aviDRIVE# 1 
I I I 

-LL~U~2 - L~\JLL~Uinformation (PC-DRAW#2) 
I I I 11 

-LlfiUYi3 -L~\JLL~\J'lJtll-J~(DATA) 'll'lviDRIVE#2 ,, 
t, I 

imtCU~n11'ltJ--11u PC-DRAW i1~11.lfitl 
I t, I 

,q ,q . ,q,q 
LL~\JVI 1 (PC-DRAW#l) a1u L 'llWLL1JU'11\J-J ~1.l'i ~OtltJfl1rnL1JU'11\JVI L 'lJU\JLL~~ Template 

t, t, I 

◄ ,q "I "'l ◄ ◄ 
L 11a1J.J1'itH ~tlnL 'lJU\JLLtJtJ--11\J Lfl LL1JU Free harrl nu tJ L ~tlnL fl1£l'1l1l-J7U-J7n Template 

IJ ti IJ I 

'i "''l ., 'i ,q .. 'l ,q ◄ 
( LflW'in'1 um LllrnmJ.J.i::l.J Template ?'ifll-J1 l1 2-3plate J.J 5 m.J1 m.J1~~ 21 Lfl1£l'1 

I I 1J 11 

◄ .. "I 'l .. ◄ 
l1l-J7U L'i1a1J.J1'iCltltlnLL1JtJLfl'itl..:ll1J.J1ml'iJ.JL'lJ7 Ltl \J Template Lfll-J l1'itlt'l'i1'1 Template 

., 
L l1l-J L tl '1 L fl ) 

I I II IJ I 

,q 'l • ◄◄ ntl\JVI-J~ 'll'11\J'1ltl'1fl1\J'1Cl'1 LLtJU..:11\J 11-J~ L ~WLLtJtJ--11\Jtl~ L 'i 
d"' ◄ 
nl'l-i 11ru1 L ~tl n 

I I I I/ 
qq ~ q .., .., 

Template VIJ.J L fl'itl'1l1l-J1~i'ltlflfl~tl..:I nuntJLLtJtJ..:11\J . 
I I I I I 11 

◄ ◄ 'l ., ◄ 'l~ ,q ,q 'l~,q 
Ll-JtlL~tln option 2 \JLl-J\Jrmn Lfl'itl..:1-l~ i'l'lltlLL1JU'11\JVI-J~L'lJUU Cl1 i'l'lltlVI ,, 

I 1,1 I I 1,1 II II I I I t.1 

,q 't ◄ ., "I 'l. <j 't ◄ ,q ,q'l 
l-JtlUL~1 \JL~\J DATA Lfl'itl'1-J~Ltl1LLtJtJ'17\JUUJ.J7LLn L'lJ t11 t'l'lltl l1l-JLfl'itl'1-J~ LmUJ.JVI l1 ,, 

I t ti I.I I t,, I 

L~~t17l-J~tl Template vi-i~'ltJ'lrH 'i1 L~tln Template vi-i~'ltJ-i1nviLLt'lfl..:IW-Jtl1l1l'i 
tJ I II I 

-J ~ load Ltl'i LLO'il-J ~ !J1l-J1 L ;l-J L ;Wl1;tlLLn 1 'lJLLtJtJ'11\J'1ltl 11.l 
tJ I I 1,1 

I 

◄ 
L fl'itl '1 

L~u~2 (PC-DRAW#2) -i~'l'll'lun1GML~£ln option 1 'lu Li~l1inLVl1tiU 'tuL~uvi 2 ., 
1,1 V tJ I I I I 

• • L ., -, ◄◄ d ◄ q L 
-J~U'i'i-Jf11LLU~\J7n1'i 'll PC-DRAW Vl..:ll1l-JflLtl7L1Ll-JtlL~tln option 1 nLll~WLL~\JVI 2 t'l 

, . . 
I.I ' I I • ti .., f II 

L'lJ1 DRIVE#l LLVI\JL~'U~ 1 Llfl~ Vl1Vili.Jfl7LL'U~7ffiHLfl18'3 tl1'1£l-3n7'itmULl-JUr1im;a'ttJ ,, 
I I t, 

--111.JPltlLti Lll~WLL~uvi 1 (PC-DRAW#l) ntftJL'lJ7L1.JmJ.JL~J.J 

LL~Uvi3 (DAT~) LflW'in~-J~L~L ;~ DRIVE#2 '1l~tlfl L 1~1 
I I II I 

• _y ,q't 'l ,q ◄ ◄ 
~11.lfl7-ci'1VI 'll 'Un1'H'lJU\JLLtJtJ'11'U(Ll-JtlL~tlnoption2) 
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Funtion Key 
I.I I II I.I I 

Fl -niuLJ.JU'Vlin -m~1~'17ULfl~aun1~a'1niu~LJ.JUV1innfl Fl \J \J \J \J 
11 IJ .' I ., -~ ... F2 -~'l7'11'1ntUJ -nfl F2 fl'HLL'inLUU.;Jfl!'!UUnfl7'11'1nflJ.JLflau Cursor J.J7ma.J • \J 

IIJ tJ ti I 
U q,q q V VJ ,q LLU1nU7ULLrnJ X ma.J'i!'l~~a'1n7'infl F2 anfl'i'1.;)~ Lfl'itl1'1nflJ.Jn'i~l'i'iUBiJ( 

\J \J ., ., 
'l ... ... 

n1.;i~L'VILflnn'i~l'i'i1Jnfl Errl ) 
I I ... ... ... F3 -SaveLLlJU'17U nfl F3 L l'ia Save LLUU'17U L fl'iB'1.;J~n7J.J17 (S/N/R?) fla 

I I I I 

S-Save,N-LiBave,R-Ltl~w~a~.;i~save 
I.I 1J I I.I II I 

., -~ .. ... "I F4 -fl7nL~m'1 nfl F4 fl'HLL'inLUU.;JflL'iJ.JmJ!JB'1L~m'1 LflBU Cursor LU . ' 
I IIJ II I.I II II I I 

~iLL~~fl1™~B'1n7'ifl7nL~m'1 nfl F4 ~nfli'1.;i~1fl L~~H'i~'Vl17'1 . .;Jfl~ni • ., ., ., ... 
~flVl'12.;JflU • 

I I I 
I 

... ,q<!j 'l •"'.. -~ ... F5 -fllJLfi'iB'1'VIJ.J7iJ m~VILfl'iB'1'VIJ.J7~Lfl~n7fl'1n'i~l'i'ilJ nfl FS .;)~LuUn7'ifllJLfl'iB'1 ., ., 
'VIJ.J7WU 

Alt-F5-;7'1117l'i nfl Alt l'i'i.,BJ.Jf11J FS .;J~ L~Un7 'iflULLUlJ'17U~LL~fl'1B~'1'VIJ.Jfl 
\J 

I I I I 1J ~ -11111 ,<II 'l ot.l q ~ V F6 -'VIWLfl'iB'1'VIJ.J7iJ ID::;vJLfl'iB'1'VIJ.J7iJLfl~n7fl'1n'i~~'ilJ nfl F6 Lfl'iB'1'VIJ.J7WU • ., 
~ ~'VIW Ltl fl'j'1fl ~ 90 

'· I I I I II 
~ ~ ~ "l o'-' q ~ ..., F7 -!JiJ7iJLfl'iB'1'VIJ.J7iJ m~VILfl'iB'1'Vl"7iJLfl~n7fl'1n'i~l'i'ilJ nfl F7 Lfl'iB'1'Vl"7WU 

I 

.;i~YJu1uaan1tJ 2 ~Ln~ (1 ~Ln-~1/4 YJB'1mJ1flLfl;B'1.,,,~1u) 
I i I 1J I 4 q 4 oU q o'l ~ F8 -iJBLfl'iB'1VIJ.J7iJ m~VILfl'iB'1'VIJ.J7Un7~'1n'i~l'i'ilJ nfl FB ~~Vl1L'VILfl'iB'1'VIJ.J1iJ 

ti I LI I ., ... 
UUiJBL!J1J.J1 2 ~Lnfl (l~Lntl=l/4!JB'1!JU1flLfl'iB'1'VIJ.J7iJ) 

I , I I 
~ q ~ o"' ,q Alt-F7 L~~ Alt-FB -!JUliJ/Ua Lfl'iB'1'Vl"1iJ ID~VILfl'iB'1'VIJ.J7Un7fl'1n"l~l'i'ilJ nfl 

IJ I 
... cj ·'l ... 'l ., Alt-F7 'Vl'ia Alt-F8 ~~J.J~~Vl1L'Vl!JiJ7iJVl'iaiJaLtia~'i1 1 ~Ln~ 

I I 
... ... 'l ... 'l ... F9 -LflanLLUlJ'17U'Vl'iBTemplat e L'Vll-J nfl F9 ~~ L ~anLLUlJ'11U L'Vll-JL~~ wrnTemplate 

I I I,,' I I I I 1J 

L'VIJ.JLfliJLJ.J~a'1niu1tJ LJ.JU'Vlin L~anfl F9 Lfl~tl'1~~01J.J~aLL1JU'17UL'VIJ.J n7LJ.JL~~a \J 
II I ti tit.I l l 11111 

LLfl1nfl Return LL~fl':l17LY!LL1J1N7UL~J.J~1f1UUL'VIL~~tl Template L'VIJ.J n1'l~ 
I I I I 1J II I 

Template L'VIJ.JL~~a'l'VIJ.J n1'l~auLn1nnfl Return 
I I I 1J 

0 • 0 Cit, 4:f O O ,q ._, Al t-F9-LL~~'1mLL'VIU'1.;Jfln7 L Ufl!JB'1 L fi'iB'1'Vll-J1iJ nfl Al t-F9 ~1LL'l-1U '1~fln7 L UflVl'1'1-1J.Jfl • • 
WLL1,JU'17'W~ ~n nLL~fl'1aa hm ~~ ~iflnua L fl~B'1'\-1:IJ7iJ L ~l-Jfln'flf'1~flni L Ufl~ ~'\-17iJLtl \J • 
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K 
KANIT 

ENGINEERING 

CORP.,LTD. 
80013-4 Asoke Din- Daeng Rd. Huai-khwang, Bangkok 

Tel. 2454451 , 2450419 Name Of Agency 

PUMP PROTECTION VALVES, 

YSR.WaY' STEAM PRESSURE/ TEMPERATURE 
CONTROL VALVES, BOILER TRIM 

EQUIPMENT, STEAM TRAPS . 

l=U.J'I 

SAFETY RELIEF VALVES 

SERCK AUDCO PRESSURE BALANCED 
PLUG VALVES BUTTERFLY VALVES. 

~ ELECTRONIC INSTRUMENTS 

G~~~~ LEVEL INDICATING METER 

PRESSURE GAUGES 

Cval· FLOWMETER 

BALL VALVES AND ACTUATOR 

LIE TEMPERATURE & PRESSURE CONTROLS ,, noi;ct.1. 

l .HYaDA 
•.JAPAN• 

LEW.A. 
LEWA Hefbetl 0 11 GmbH + Co 
0 ·7250 Leof'lbe,g Postl 1563 

AREA TYPE FLOWMETER 

THERMOMETER 

MATERING PUMPS 

€i Sam Dick Industries GAS EVAPORIZER 

REIEliEff THERMOMETER 

(FISHER] 
HIGH QUALITY ENGINEERING PRODUCT 

process man ager console 

PROVOX 

INSTRUMENTATION 

CONTROL VALVES & ACTUATOR 

• globe valve body class 150 . 

300 , 600, 900, 1500 & 2500 

• butterfly control valve 

• vee-ball valve 

• p iston & diaphragm actuator 

con lro l valve 

FIELD MOUNTED INSTRUMENTATION 

type 2340 

electro nic 

trnnsmitl:'r 

• temperature controllers 

• temperature transmitters 

• pn eumatic va lve positio ner 

• pressure contro llers 

• electro-pneumatic va lve posit ioner . 

• electro pneumatic transd ucer 

• pressure indicating contro llers 

• 1emp2rature transm itter 

PRESSURE RUDUCING REGULATORS 

• general purpose regulato r 

for liquids. gases & vapors 

• small vo lume regulator 

• high pressure regu lator 

• gas service regulator 

• water pressure regulator 

• high capacity regulator 

95 series 

RELIEF VALVES 

relief valve 

type 

289P-6355 

• pilot operated back pressure 

regulator or relief valve 

• pressure relief valve 

• pilot-operated relief valve 

RELIANCE ELECTRIC,, AC & DC MOTORS KANIT ENGINEERING CORPORATION LIMITED 
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'ill ' c:t 

44/3 Tongtorsoi 1 Sukhumvit 55 Bangkok 390-2692 



BROWN BOVE RI u PS System 
BROWN BOVERI's Static UPS Syst 
power your vital installation and ens 
continuous working right through p 
cuts and failures. BROWN BOVERI 
proven UPS equipment will also ensu 
protection from mains voltage and 
frequency fluctuations . 

• 

/ 

, 
BROWN BOVERI UPS Systems offer : 
• Higher Efficiency 
• Power Ratings up to 1800 KVA 
• 20 Years' Experience 
• High Reliability 

BBC 
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