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The graduate thesis present low-cost video line

selector is must for any one working on television and

video circuits. The reason is plain video line selector

has two input and one output. One of the input is for

the composite video signal (CVBS) and the other for the

BCD switch block (discrete switches) used for setting

the video line number. The output for connecting to the

trigger input of an oscilloscope.in particular the"invi

sible“test lines transmitted as an extra service by most

Television stations are indispensable for aligning video

circuits as well as for bandwidth .and picture qualite

assessment.
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Band )/111 | Band IV/V Baud 1/111 Ba d IVV
Country” (VHF) (UH}Y) Country (VHF) UNF
Algeria B/PAL G4, HY/PAL || Jumsics M
Angola 1I/PALS .. . || Japan M/NTSC M/NTHC
Argentina N/PAL N/PAL Jotdan B/PAL RN
Australia B/PAL | ... ... Kenya B/PAL . L
Austria B/PAL G/PAL Korea (South) M/NTSC M/NTSC
Sshruin B/PAL ce . Kuwait B/PAL ..
Bungladesh B/PAL Lebanon B/SECAM
Barbados N/NTSC | ... Liberia B/PAL .
Belyium B/PAL H/PAL Libya B/SECAM ..
Bermuda M/NTSC S0 Luxembourg C/SECAM [G/IaL
Bolivia N/NTSC . 1/SECAM
Brazil M/PAL M/PAL
Brunei B/PAL 4 .. Madeira B/PAL
Bulgaria D/SECAM | K/SECAM || Malagasy Ky/
Cunada M/NTSC | MUNTSC ) SECAM
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Chile M/NTSC | M/NTSC of)
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Yy PAL
801 PAL JNIRIFAUDBIAIUIIRTTN 1t HuS9TuAY

S¢ps i
- £ 1
1o 12052025
1= b 1sseaze,s
5620ps L 225202
—+ 22028 e tree
vy V0%t T
oIVIS MY
Ve Gmv
0.45 ) “I/OJ "
034 X% it
015 44ko 15mv
ol o% \lop-aumsms»a.w:
]
Lne planking

1 1 S2ps N
R 1 Y
120520253

UIRTFINIIRVBITEUY PAL
1 ' v -f o, o
R AU INTIAIEADINANY AL HITUNY

{me s

lr‘ﬂmm T UWMW‘
TV TTITUUATITT TV T T TTTTTUULTIRY ¥ ==

=t
kel
oo
LS
L =

L ——1
—.
e

[ ——
e

[ ——
=)
—d
——
—
ey
e
—
e=21

éf

. RynanBedsruy PAL



. Vi (g P (8
AR BN TWAR TN TE UL 19D 9ALNIRI D IVRAN UaL Daag

CAelAnMAESNnaY

1521 +135°+

NM‘V‘IT\I"UULM_NTH’TU"\I‘—W

Q) 621 622 623 a 624 ?

b) o9 IO 3 N2 3 K- o35 I3 I e 39 20

dyunaanTuRadatotut a9 edunan

(4 9 S ] o4
URERUYINABUTUANIATETUE IMUAVAUKIAY TIad 1uavIYaan
l 3 .: J $ . ar L] 3 .
£29B9AUNIAIIUNTE RSN 9B 29T Fulnwarude 1o e va 0l

r—fimm——r——l.r.s. —-‘
N\ ey ¢ =

bl

Fryr tioig

13 5 16 ” 4

I R i 54 F.L SR

izl

6 327 328 329 ' ‘230 . w2 333 W4 35 336' 27

\ .
Vudmoamt?unaqﬁmmﬂmnﬂw

A3 28762



DI73uNY (Scanning)

a1nn11n1nna11u1ua1uwanu11n1uﬂ1enaunvua1u1udauﬂ1znaun1uu1n?eun
azaﬂnaon1wnda1ﬂatuan11xﬁuaﬁn11uwan1nuanoTna~@m1unwu n1an1udoezdonaean
tHudduueniuly nwaa1n1unazu1amn1a 9 twawﬁuwxsnanu1uu1utﬁun1umuu1as§
Fand1 " prtauny ¢ tﬁunﬂtznaunu1ﬂun1u1uaaTn1ﬁnuuxwun11 tauduny a3ty
Taelng Foldsewy ParL S$1umiduauny 625 i

J’J:;Fau\ [a}'u/-mo

Q
c
c
g
4
1
m

3uﬁ 2. 14 wanansasnunuuiiauta
MTaunul 2 3580 SEaununuufiuta (Progressive scanning) lat
3%'aunuuuuaﬁun§u (Interlaced scanning)
awnsuﬁ 2.14 et ldmirannui$uan a-bic-d.e-f aufivaafing
k-1 %utﬁun1saun n1ua1ﬂna1ni1ﬂ1ﬂ111uauawnuuaoanatuuaun11a1uuuoﬁausan17

Raddatuin g 1ﬁun17aunun1i1uaaﬂ%aTaaTnﬂ 15807 NITANLILUA U

{

3ﬂﬁ 2.15 (a)MITALNULUUANY LAY

A}



3ﬂﬁ 2.15 (b) msAannuNLYARULAY

qwnzﬂﬁ 2.15(8) art§u1éinn17aunu1?uawn 14243,4 15un31 Dade
(0dd  field) uaﬁ?uvzui1oxéuﬁaiﬁuﬁat1%uiaoi1aTiuaaunu1ﬁ§nn§onﬁo It f
(58 5.6,7 1nﬁ5nn§auﬁe,x?uni1 ﬁaéﬁ (Even field) tfunisaunuuuydudy
LAy %oﬁae?inwsaunu?uuuvﬁgﬁa 2 a3y ofudadoonisdony ae MwRoSu® f
Aoalinsdefie 60 fly fufio s Funnsdonnammeny 9 W 60 snduios 57814 Tuse
vwintnd 9150099 MIRUNLIVUARY L Ay

Tumsaumuduitiool3nsaun luuwats 2 afy  msaunuuads 1 efy
¥ond nsauny 1 Sad (Field) uarmIsAuNY 2 D88 15009 1 1vey (Frame)
Tusewy 525 Ay a1n3ﬂﬁ 2.35(b) mauny 3 DA 5§ 262.5 18 ¢ aSeuterog

- lo o '
525 (A )-tuaa:z'mm'naougnuumauun%msmi:gmaomu (persistence of

)
EL)

. o é .
image) uatsznr11a11un17x:aouaomaoﬂaanﬂas (Phosphur)  fiaonw M1 lsnaw
VAR . e M ¢ Al Coae
maoﬁannnueuanoag1umurnﬁaﬂnaaoaunu1asaué7 MM MURINI ML 525 1Au
L) - o&gdo * o r ’, (Y]
500909 UNMD 1 Thann1sm kS usa anaw (Flicker) 16fiainadh
€ 14 . » . o . A
1un1vaununouuun11uu1uaruuuaauaﬁu xunﬂunu1ﬂqn15uzaeunatxnu
. T o . o . 4 [ . ' o e g b g
wad eossuiuun Al fonwruounar nua 1t lunrsndun S e uitue
() . 1O o , o ga *
vovim lusfitieh awnzuﬁ 2.14  fiduirsan b-cyd-e  1Au8 1500 LANANNY
& o 3 L7- [ ] -3 -]
NAY (retrace %Sp  Flybeck) xéuu1uun71na115u1un17ﬂsznau1ﬁunwuaeuve:s
ATl ingfao MISAUNLTD IR LaARs DUzt I TUE 18 En T A nuY 91w
. 3
UDUURY IINVURIRTINILAITAUNUNI LU
ﬂﬂzﬁntﬂ (Deflection)

Wunwsaunuxﬁaﬁattﬁﬁuun1u1ixﬁu%mm1m1uﬁ1nweﬁwudeu?atﬂﬁnu%mmwu

1uﬂ11ixﬁunwuﬁuaannnunweﬁwu1ﬂ?ae§u1u1ruuTnvﬁnfﬁuﬁao?%éwSlannsau

N



. z . - '
3151annsauu1du131nn1111un1ﬁu1aeataﬂnsauﬂaanu1a1nﬂu3xaﬂnwau

Tosn1513uram e i wToudin§ni 183 SiannTout (hdoudl FamninfoufitiSoni

~a " o . - o €
MmN aaanivo 9315 LaanTouty SO TTE 24 [T DIV PIRPRTC-Tes SYVerty (RS e

14 ! a
faetinnI1T LUABuTANI

CLECIECITATIC TER4£ 100w E ECTACLAGREYIC DEA FeTiow

'
m{»ﬂuumm

I Lrne 1 1eesy

znﬁ 2.16 WAAINITHNINTDIAID LARSITOU

q1n3ﬂﬁ 2.16 Lﬁaﬁﬁﬁxaﬂnsaud1uau1n1uﬂ1aﬁméu?aau1nuﬂtvﬁnﬁaz
lﬂﬁauﬁﬂnwan1u5n1151un11uu1omaaauwuﬁu . ﬁa&u%oa1u170n1uqu7znun1on11ﬁn
Lw999393 LaraTou liMan T ss0 vau it w S TaruTy i Afng M7 edoud
moumuaut?an‘h m'iffmumoumunu (Horizontal deflection) mfmf:;'nu’ﬁ'
nouuaRe L and NI ININARY (Vertical deflection)

nsauny lusaoan iy Teavrnise Mawuaiinén Faatreaanmearediniu
Tunraunu i fusosefo sfin 1S suunuouuasiuads uu1un17untuvuaﬂnuaﬂ11
dwrosaar Tns o Frnefi uazlujaunutasatéunuauav:es1unauu1aunu1uuuu

d o . ﬁa'
LIRINNAUNTIILEND Y Im?iﬂ

B
A — IR 4
[
e ’1)—&11'.——-—.-.{ i-‘- {J J
‘-q—nn/»ﬁu——-—ﬁ"”" vty

3uﬁ 2.17 uanozﬂnﬁuﬁutﬁaﬂ



3%ﬁaxﬁ11ﬁﬁ?nnnws1inﬁuﬁulﬁan (Sewtooth wave) §ufunseuavso
T inafivuiudingg asuﬁ 2.17 n11unv1unxuzaaunxnu1zauunmnavnvn1unouu1u1u
ua:uuvmolu11a1lvuinuna*1ﬂn1umauusuaann1

awnsuﬂ 2.17 7ﬂﬂﬂuﬂulRuU1%lun17uanﬂﬂnﬂﬂ ﬂd?ﬂﬂ1ulvnbu ABC
un?un1oﬂﬁunﬁwoxﬁuavutunuu ABC’ mouuaxﬁuaaa1énusua1a1anmsauaunnlﬁuau

LIAM33 LA uAr Sandy Toofiaamsaunuasy 3 TOVUTOINNIUDY FiD
1,000,000/15,750 Sufi = 63.5 Suq5

e luey

4 oo
3ﬂﬁ 2.18 UANIIEAITAUNULLID

A3l 2.18(e) ﬁ11ﬁn§uﬁnLgauﬁﬁnv1uﬁtﬁwﬁuﬁoﬁ1uuu1uauuarun1§a
T andeiu a1n3ﬂa:xﬁui1§151aﬂnsauaxxnﬁaﬁﬁ1ﬂnwomvﬁﬁa Tuwne 18eafiuf
e 1ARDUTAISI9A 088 801 uen’ i 10 Auns 031930 1 Ay frnufvosndutiy
Eosmomnowifu s LHI92 MU oA aldidus omnesn 3 (& au3Y (b
uazn1lunv1numaonnuﬁulaauquuuauaulﬁu 3 wemnnfy 2 i ald
1dunsy 3 uéuttuxﬂuvnun1n2ﬁ () unRnuervo s (Au T inSoutufo usne fuuaeesin
Ay 3 3w ldiduns omamiuouey 372 (Au narSosniusn 1 sou fiarldidu
Fsouaudn 372 mnSineadef 2 vosmatsty f09153fnan e sod
wuo ¢ adulvdm ) nsaunuSEtiSunn NS AUNLARY LAY fanxunwain1u1an11
ﬁvunawunﬁm1awn1eu31ouu7uuuuaxuuvnxﬂvunxuuntun1a11nlénaunu 262.5 1Ausp
nINNIug uouuunansonvuauaxan 262.5 (Muram RN N0 LIRS 0TRD %o1unan
a1 dumunutonun 625 LAUE BN AunURR LAY

13



- Tumm; u{

., ": —_— 57.7}“""",_')0"\ ' {;‘“{m\obm?ﬂ‘:
. Ol s3.54¢ o (LOH3)
g \ t .
I \
51
Bl e N ';\J
B o s L] X

\3{ ' > o= pnstemiy
3 ' [}
t — M !

do-{uhu BRI
(15760m3)

-

315 2.18 UARINITAUNYLTD ARt Sogy

awngﬂﬁ 2.19 uaneﬁonws1in§nﬁnxﬁauﬁ1n¥uuu1uauuaruu75a1u?znu
525 1&u Tnuﬁn71uﬁn1ouuauau 15,750 18503 uarmufinieuunds ee 1Band  3n
ﬁuﬁﬁéaoxﬁnTﬂéwnfunwsaunumﬁeﬁwﬁxanﬁ:au o TR 1uB05 o 9 1%y 490 Ay
trintiu ' .

: n'l‘-si og‘ (Synchronizatiyon)

xﬁa?ﬁnwuﬁ¥u1ﬁxnﬁbuﬁun1uﬁdau1qnﬂsrn17505n11u51xﬁuﬁaxﬁaol?uo
xéuﬂunun1oﬁ1u§uanﬁux?na1nxéuﬁ 1 foduf 525 ims sfut Auannumiedud e
8879815007 n13% 98
- - S5ns8edfa ngadaedoXpabiiey  15ania Snwfe (fioan

O - 9 " 0 c » A
nuuqun11uﬁuautﬂamaanv1uﬁﬁu1§aunﬁeuu1uauuarunvnemao1n?aesu

[ -~ ,'6 4
:‘-ﬁ_'ﬂ'. (223 B Y |

’ -/
¥ pa ety
| I]" j:l
] a {8 [
i 2.2e uansdggnSedfsuauouuatuunts

> . > : dey NS - -
. ah z.2e 1ﬁuzﬂﬂﬁumaaﬁmy1u%on%odo:7u1unau&yy1m tiofis iAo edu
y ' R v e o
ﬁaruunﬁyy1u§enaan%nn%ﬁm1un1utﬁaTﬁnvuqunﬁuﬁulaaun1i#1v7un11un1n1ﬁn10ﬂau

TR I$¥niumaedude
agﬂuﬁvnvnuﬁ?unw:aunun1ounvuau1ﬁ1ﬁu 15,750 18504 Barmuhvos

14



SnnSodmouwanouar iy 15,750 (3snd dae Tuame WBefiunafilunisaununig
[ 4 " o e . { b cs ' v Y
wWNININY 60 1 Bsad uar AT IANYNT I JuNIFFD 1Yy 60 183nd 1¥ufy

2.2.5 Fnaw (Video signel)

°. . ( ’
tiona s Instimdnnw unaﬂ‘lunaaonamwu'n.lﬂ?«uuasm'mazamn
roan bl i fudpgng eualiin St 15onn v

() : )

N 2.23 uansn A Sy
(1 ' ;
N 2.21te) At (b wAnshem s Tewite  pwiaEnE
5 .
TIEPMWAN SEMWINWDRKIDER T wou  bar 9993 7usEEAN ) A7k

tue&ypmmwamn W) 31 ude ) uamnam'mawaoﬁm'mmwnum'mnm

4

(L)

; 4 3%
W 2.22 wansfypunwaananimian Tnefind



Wh 2.22¢0) fio awdwdmesoy  BafRrsencdusunu A eno As”
o o ° e o Y P4 4
ar1ﬁﬁm@1mn1uxﬁu3ﬂ &) anfiSunanddn e ndiSusimnnugon
. SOy
AN AT BT R
FIENIWTONTY
Py d e o . o '

ALNMED INITFUUUDNINT I IRediD ams sfuuA I fiDed @2 1uaT

AND SIEAY L SuATD I uacﬁns1daunv1u§adan11unﬁ1a

MYA1Y (Brighinesc)

uﬁud1xaﬁuna1u;inmaeﬂuwuaino AMURA AINDIRIETIETIORLN
o s ' o Zcua R o > v o 6 s oo
wSoUdLNIIAIRRULA 16 nkuav1onaauu1nwanas§1ﬂ1uwauna1ovuu1nluuoenu

’ o . e . ﬁ v & =2 & o & o ¢
AR INYTNN ‘ﬁDGQTnﬂQDﬂ1uﬂ710} u?ﬂ 9 ﬂQRUlNDQﬂQQDﬂWVQBHW1“3770

[
& o U

AARY  TADIRWIEIDNINEINDINITAINATINNAN 1uLnaaesun11uavwomaan1ugnn7nqu

Teonisluda (Bies) Tdfumananiu

7273 x'Eu (Contraest)

pn s luSituangti Fnnne1 93 ru 31988 il s dns fulen
vasn iy Founnin 931N ATISE oneeie CRIUE T TR e C T ETRRY A
auu?ulﬁu1ﬂn1unvnuéaan17maeﬁ17gnnw 175 U3 UA 2 Sas 3 Sy T6 onsien s
a319aaM 9naTinge 011ﬁarﬂ§u51ﬁ1ﬁ§uaﬂﬁun11u§amaaﬁmmwmnﬁu Tuiasoody
1n1ﬁnﬁn1sﬂ%ﬁﬂ71u1iuﬁanwaﬂ§unv1u§owaoﬂmm1mn1w

n71uliunaonwu%nagﬁunv1uai1oévu 1§0931n3 e fuTesuyAng 19y
(Beckground) uanoﬁcdvuﬁéwﬁqnmaonwwiwanén1ﬁ111 uﬁﬁﬂogniwﬁméau
AR oRD L Toufu T B e Ty s flanananfiaed 1nnga
AR 930 D TRETOUI NI ﬁoﬁuﬂvnuaiﬁonnﬂﬂuﬁao%oTﬁnvsﬁavaiwou1n
xﬁu1ﬂx§aﬁa:1égﬁé1?ﬁﬁwa§o 9

17tat 1DuR (Details)

an1umaoswvar15Uﬂ%olgﬁni1 ?iwg%n (Resolution) wSomrnte
1au%uaﬁﬁuinuaudvuﬂ1vnaunwu (Picture element) a5mnirnls  Sofuannned
fotruaray 5o5uxnfao?uinsﬁn{ﬁﬁiwuvuduuﬂsunaun1uu1n and 1068 301 au
i himafiElesinly afiniaw 150, coe 30 Tolinonadetsusosnma fiowld
funenund '

dn398UTD 0 Aspect ratio )

5a5m71ddu1ruiwonvﬁun51euarn71u§omaeaanww%eﬁu1n131u 413 Tu

1 4 {o o - > . ' 3 Ly 4
Qn’tuu’?un@ﬂ1Uﬂuﬂ5ﬂ7U 1u7jadn1uﬁtu1u1ﬂﬂ71°lﬂ117ﬂﬂ1u 011Ultbﬂ71d7uu

avﬁ1?inwsgn1uﬂu1uaa wosmSodmundewm e



] ' . FIRST FIELD

"l e FIELD BLANKING INTERVAL »!
|,' E : Me e 'a
i g !
‘H !
H
* * *®
4 s & 7
- R )
vt
.
il e - FIELD BLANKING INTERVAL !
: ¢ : tHen !
[] -
. . ',’ !
; h¢ i
1] j “ ' '; -
e e !J u [ ® - [
309 310 311 312 313 314 315 316 37 3B 3V 820 . 335 838 —>
g k i
H = sominaltine peried (64 ws) il -
] = Bne dlanking Intervel (1220.3 yrs)
FSD = ald sync dstom . : ’
® = falling adge of lins sync pulse . ‘800032 - 12

* Tv-field transition without equalizing pulses (EBU/PAL standard).

e

L
a
ks
L4

2

FIELD BLANKING F{TERVAL
Hea

622 623 624 e25) 1 2 3 4 s
£50
] H .
(]
'
' 1051
1 FIELD BLANKING INTERVAL
: e
* L ] * * : L] L ] * * L] ® L] [ )
309 310 31 312 M3 34 NS 36 17 318 3 320

338 338 —»
Ene ma.

= nominst fine pariod (64 ps)

= Bne blanking inferval (12203 ps)
= fleld sync datum

= falling edpe of Hine sync pubo

_— .

1]

1 TV-field transition including equallzlng puhes to ensure near-perfect inferfacing

(EBU/PAL standard). . A



urf 2
oo#3a Tas 1ay

2.1 i11ut71€cunom§uzﬂa§u1&?

e.¢ 1 fufins wius Tnesa loud 3 sEwsni400a8a Taaled i ol s i
ﬂzﬂaguv?aﬁgywnn1e1ﬂﬁ1ﬁ§n17tugsudﬁ1ﬁﬂ1utﬂa1 wfoiund1 Suiteri$uroo taa)
16 endotresy® 1.1 ?cxﬁuzﬁaﬁumaousexaﬁau1wﬂﬂtu1n 220 Tvaﬁﬁ?%ﬁuagnﬂu
ﬁﬁux?auﬁaﬂﬁ?uzxt?iaaﬁ%aiaa?eﬂLﬁaﬁexnﬂQfﬂﬁgut71ﬁ¥UQamaeﬂTaUW%ﬁ 2 ms/DIV
(0.002 {ui¥so%09) ﬁﬁunnsswﬁqnsnﬁsnnEUqrsﬁu?€i1 iaee1uzoezﬁﬁgu (Husne

N

1 : Co . '3 o & 9 4
sturmie 10 Yos fefieaiduvroinan 20 afuaf  fedwiliotsidosnisrsuennaf

- 4 . » ’ F-4
ﬁaefﬂﬁau t7ﬁnawsﬁ1uaa1ﬂs1n§nsmaﬂﬂu

ev1uﬁ3ﬂﬁﬁu 1/(€1oﬁ1umoegﬂn§u)

1/¢20 % 10°° Sut)

50 18sad

< qa :
uans1n§ﬂ1n17ﬁoangévyaoﬁiaiasiﬁﬂ (sﬂﬁeﬂwuwsncuu1ﬁﬁﬁzﬂa5u

y n [ . o € ’ 1 '3
Ina% 1Rouds chsrau---1an-—ay adutiuly Forinliandin¥aua I fiisaiade

v
LI A N
ﬁswwaﬂaguutru.wnﬁu

3 a ¢ y d
lunns o inessvesudnnacy ovadstnouhiiduddnwnfidovaon
‘v g -~

‘= . . g .
welrsise ?eﬁ1vﬁ1ﬁuaﬁezﬂa§un1eq Wigrdiules ety

18



tialindmusuny X une Y Murivsonuainniad Toehunu x* ey "UnNuUIRY"

UBE "uny Y* @59ty "unuutedu” (osufi 2.2 vrenow) Ausefulugoianmtien o
. £ > 4 ¢ Co "

ﬂsﬁhgxﬁugﬁavﬂ¢uuuaonua7nﬂtsﬁ usennsrﬂnﬁu%@yﬁuﬁxsﬁtuunﬁajﬂﬂvwoﬁuéﬁuvu

» 'S . 'ﬂ d v
1u51uﬁ.?yeﬁvaywoﬂﬁ3ﬁuas1tvusﬁutﬁuﬁucco Lerosiwusanudnunulo "uny z#g

vLefe "enuaT 9" 209 (u?azﬂaﬁuﬁr )

- o

I/m-..y (4298)

afa ¥ (1350)

ol
(73 iwene)

sUR 2.2 nasrwueinusinen Wunvrosnaw

sncreuiedtefu tevseifiuléin 0oatalaaleUfeo qUnsé
n1oTﬂﬁ1ﬁuﬁﬂezﬂaéu€oﬂstnouﬁvyoeéﬂstnauéﬁﬁ@ﬂ1ud1u76uﬁ IWIGNY X)
LTEHU (WA V) UALEIWETIY (uny Z) nws?%aoﬁ@a?aainﬂ&ﬁaﬁosnngzﬂa?uv
ﬁyy1uu?oﬂswngn1s£n1e1wﬁ1guq ﬁﬁ11ﬁ7ﬂywauua1uoeéﬂstnoud1oq R RGN
ﬂonaﬁaoﬁuﬂnww%gywuu?aﬂs1ngnnsén1c19ﬁ15uq tﬁase1§§Uﬁﬁuﬁyy1modﬁagn

. 2.
¢iDe wsaseeueflowdnnasiieuivaatiao fy

19



2.2 waonnTeToxaonunTne L T8 oot 157

- - -

L, . C e e
vAOAN M ToUROALA TIN5 ¢ §UtﬁuuﬁOﬁyyynnnﬁfﬁnaﬁeuaaﬁnnwﬁe
’ . 4 .
Faunsnusevon 1 furBndneg Tﬁn1u§ﬂﬂstaaanns?io1u%esco€u1ﬁ1usﬂyattﬁyﬂ

U]

. \d Ad : : J
npva e ouwe1sﬁnwuuaonanunﬂeq tua1usz§7aseﬂ§1ewu51uﬁsuﬁauﬁu AUENS T

sun 2.3
[ ]

Uudidnalpu

e e ... .-

W—/ﬂ_d'
uolne R Sidnrsaiing

RIDINAYBY

IBNIMNAQTY
. RAIIDIURY

3 } 4 .
<yt 2.3 Tasea§1c§u51utacuaaﬂn1w

e

’ d R »
. q1n3ﬂﬁ 2.3 stisulenn TeseadiehutiveoevaonniwstUsenoudng

d -3 1 v' » .

Tud L AN oLUAL DN W TURTT L SO0 UFS el iwaaifos iuuren FuognT INaTg Tudu
€ & p . : .

10 Tudiannsouliy 8zannsousz1€q1nnﬂ7tﬁuwﬁoc1uunua?nn7&vawﬁun71u?ou Y5y

d 3 » ] R ce
3&anﬁsouﬁsﬁﬂ§u9tgnﬁ1u§u Teon1susuitRoudus sduls

ITe L0 Tputiuns efufin
9 & ‘ . o [y " [Y ]
ue ina ieﬁewalﬁﬂ?uﬂmeoeﬁlﬁnnsauﬁ§onsznusan1w§swu1uunnﬁavn1onu Surqv

» y 4 » d . g L
ewaanfistuluindoninefudae Sisnesoufifinenr. s iwn TBuelnadonanit senay

¢ : . T ¢ o
taudd 1 Ennsoting €001stﬁuuun?&scﬁ?ﬂoaﬁutvu?oﬁﬁaniﬁ ﬁ17ﬁ5tanmsougn7ﬁnﬁﬂﬁ



natw i fukf fnerou ﬁwb;ﬁnnsouﬁsznncﬁﬂatuuiﬂanwan:ﬂyeﬂuuuqswuuﬁtuuaﬁo

- - . - - - .- -

L] J 1 ] : x
nouﬁqtrensanQan1w1uﬁqﬂ £1u7u35n171un11t5gosuvn15;§ncsouuowsuuooonLﬁu
N5 i Lnuinm iwEn 1 (MAGNTEIC DEFLECTION) fiu nasifiee iinain wi1sda
(ELECTROSTATIC DEFLECTION)
(1 > .
1usauaonn1w7n7ﬁﬁux71?€uaaﬂnﬂwienﬂoﬂuiﬁﬁaﬁﬁsnnsxﬁrouuuuuu
. : ;
udiwiniven wedwdunstoosdainsdeudu aainnsﬂnﬁ aTicio o TuREISTIEE Tay
g . : o ¢
ﬁnﬁst”‘ﬂuuﬂﬁocat1a1aau$ﬁ011ﬂtsv 180985 1 Soe Luufiiea s e £40na Be ey
» . .
51ﬂtuqﬁﬁoﬂiuaamn1w§eﬁ1e1u7ﬂvon§sn1$tﬁﬁetuuuuu1ﬂﬁ1aﬁn

¥

‘N ¢ ' :
t11a1ﬁ0§uwﬂﬂqu15?ﬁiﬂLﬁutumeﬁﬁa s RnAseUfMsnTENUSORTHILRD
Cl B 1‘- ﬁ o & u\lsa‘no - o .
vifisnas i Sosumeuud ulilse v Juay fouuus oéiu IinfidawinSeaunsaiicondn
8d :\lt 'y s 8\1 E & a vl . Cln« v a
LANeSOUL Le I MININTTI0% 7 IWAIAD9T T 0 LT unfusa twani Sines Luu I suutufan o
g ¢ : S : £ :

nwsLaﬁoynzaeé13tannsauuazaﬁossﬁﬂﬁusoﬁuunzwanxﬁve;uugﬁ (a5 2.4 dsenow)
[ d ‘ o . 1] .ﬂ » 4 ﬂ.
s18xﬁnntauaegnno1ﬁsﬁvatuu1ﬂ?uﬁﬁmaotwanuuuﬁuusoﬂu1wﬁﬁfan11 #1381 8nes ot
dwuaonu1a1ntwantﬁﬁexuuﬁafonsznuwanﬂwﬁuﬁwuudeﬁﬁﬂ01UQ1ntﬁu Gl lufius oy
€ . . 4 g X ]
Wariwaaifigoiuw - sureroonisifus it Sanda Buranasiiisoiy (h)

86 x . o ™ A\ C ol o o
7uuaaﬁn1wnﬂaowuﬁuag nwantuuocuuasiﬂsunnsoonuuu‘wcnvﬁusunmnﬁstuuatuuss

. ' ' ;
wusiulesns sfueriudnodng  (v) semdnciwani oo tuy



DN MaTY
EITDAY

) - mamduauu ‘\ \
F"l'}——ﬁ ﬂ’iul'vmmnﬁ’uomu

\ < H
—

31!?1 2.4 vanniseonag Dy i vunvryiwnsin

D‘ *> O d . « ' [ L 9 U o
LEBRIGLANNTOUWINTENUNOATIYN Justigmonwto s IKuna15 1 Sosun s
. €s . » 1) : .
fiaawts A tat L%’.Qfmsznmﬁnu%'aaum‘iu i‘m%’umst?oeumﬁ‘limuuﬁogummﬁa

£ «
£915stunn szmmmﬂstsoanw 1¥e1ulunsBr090078a 185 TSy 152919517 150 ume

1 eucyi8en Lo Lur 1981R IR IWATINS dsewna 90 1ulesSuaf

o
2

f5evsof

| 3

M. \ ;
(1 TeTesfunfiurinfiv 11,000,000 Susf &zr'_w‘lsrm'au‘lurﬁﬁﬁﬁmﬁotrmgzﬂnﬁw?o

ﬂs'm‘,mso.m\‘lw Faan 19qfiorsldmas. Tosumetistat 13Re AN WRT oUT LY

400 UaRSunR (1 HaR%unf tniafly 171,000 Sunf)

y €
€151¢h 2.1 &7 Socunedeat 1t luvronnwn

4
-

i‘ﬁmaah 13043 & Mg
(rnmziox1iou E1A9)
PiEB1) o 25ms
PI(BT7) 1WuI0umADs 400 ms
Ps5(BiE) Kiwomin 28ps
P25(B25) L £Y 60 ms
P31(831) 1 90 us

. 4
2.3 BANNTITNO WML IWID000HTR TRA TA1l

s idnE1Ruud aoﬁ?aﬁaﬁaﬂzwwmm:«omwzﬂaﬁwﬁet) 1&es

’ 4 . » w
msm:uwmwm'nexwaoaﬂunouﬁ*ﬁy £olfun 1381 cunu X) usedu (uAY Y) At



PAITURTING Cuny Z) do1ﬁ§;71stnd1150n17nnu~ﬂ1uzoeoeéﬂsznouﬂeﬁ1u Sonfle
sﬂﬁ 2.5 Jsenounisofuag 1Uﬁ 2.5 usneve uune'Uﬁnu1.gu%etﬁuNnﬂ1nn17n191u

¢ & : 3 ] : ;o
T000RYSENOLMIRINGINRID ts1etc?u§a1suns1ntwamtﬁvo;vuuu171u?eﬁuteﬁuﬁtﬁu

4 : ' v & 3 y 2 y
%utﬁut%otﬁuﬁauog usoﬂunﬁouunkwantﬁyoxuuuuvs1uﬂuﬁnustusexﬁyosuu1ﬁ51
3;5nn70uxa50uw1n%1n1ﬂw?1 Zoisdnifontuin nntenw

uy ey

VAWAWAWAWA
7| N A

; [ » > [
zﬂﬁ 2.5 aaﬂuﬁuﬁusszuaﬂoz1a1ﬁhusoﬁu?unsﬁzﬂﬁﬁuﬁ1vu
usitoesansonwi 12 vuIns it vuouy vetlamns ndsoslsing
] \I & \1-4:. vl o oa (lm " s
na1enmsingas (s Tee laudiivunt 9 $IOUUN SUNUNST ODAKLY (RSN~ ANINS NG 8

1ﬂzv1§uqﬂﬁgn§aﬁﬁo @3 2.6 dsenow u577ﬁ§n17;?uéunvﬂﬁnﬂwn1n%1y1ﬂmaﬂ

0 3 >
s “111nnut€u ayt109q Do1458 (vl ‘s‘senwuﬁsnuﬂﬂon.w*“ﬁ“uﬁgqﬁni1uuqo

FS Y
NwW (RE A28

o e B e B e B

1M 2.6 NITAVURT LTINS 26NN t*aa1u17nuﬁnozﬂeﬁuuuqan1wﬁﬁmu1ﬁ€1ﬁﬂuﬁuou
v

, d M ‘ld * .
og9 15finaB8ns Lrulifig e ithmn na1dalusaefinasniranawdounsy

~

I3 .
uﬁncfﬂn1e€135auu tﬁunwenaﬂﬁn1w91n1111ﬂ%1ﬂ R Ausan B-—ma fudou
3 ¢ . | 4 d » »
wga0 A---+B lusifi 2.6 ﬂsﬁngnﬁsmsﬁuﬁ1ﬁuﬂﬂ01ixuu€nxsu§u1uzuﬁ 2.7 &y
»

¢ L2
tuqﬁﬁc€1&5uﬁacﬁ17ﬁnﬂ=nwwan1w=an B--->4 Tﬁdswngﬂutuuuuwanﬁw netileanng

Defudndi Enasou 1&7&1&ﬁouﬂﬂﬁoeonww?ufcuvtﬁnwanwanqwuﬁﬁeé1uudcn1exvﬂﬁo



na128otentofigo ﬂ1?ﬁn11uﬁi1¢zaowon1wsﬁugué?uiac B--—A &wanti&ioud

zﬂaﬁuﬁ1ﬁgstxﬁuﬁezﬂﬁ 2.8
sunfulug23 A— B |
v [

\

\

. \ :
A‘ . -
3UnRulNT 29 B— A (1Rudbuniu) |

30% 2.7 URGINITRUZCUTDINITATIRNINSIN A—--»B Katidutounsusan B-—=a

- . ] ~ v €
<in 2.8 Eﬁaﬁu u’m‘f’:mﬁuz'.!ﬁ 2.7 (roeianiSadudgounduvunely

e

et 2.9 cﬁumtuﬁmn'wL:J?;yuﬂmmu;':maer-‘.u‘:zrnau%emuna"nﬁa
n'\nﬂ?\!uuuﬂmuse?{uzﬂa‘"cfu ) o’!cuﬁm'ﬁuzﬂﬁnn%unr‘.’u‘h AR Bon insatDinar
eanevuzosluion zﬁa‘é;‘iﬁt‘ﬁau‘xv'.."fu«.u-.’umuf.u'luuu'as1m0waae.uﬁimn:ﬁ FuuKY
muqu'luuu'age\em:tf:use?.u X Sy (Y) ﬁauofai uaz?:n?cmur:.u?cﬁ'r.x.ﬁ';?;ﬁ'mq.un'm!

; : )
mwrmzﬁmce‘;’uzﬂ«ﬁu (2) Sould wafi s anguusol

osunsfise aﬁuzﬂﬁﬁuﬁeuam

'l'ﬂuzﬂ?; 2.10

24



-

1387 (X)

(YY) A

e« = = -
e Sy

AWRTII (2)

——
[

s ¢ [ 4 '
zﬂﬁ 2.9 @WRINuETDC00AUSENOLTIIATNED 1987 15 et UREAIEIY  Top
&
SouILINELIRT
' \1 e ¢ I 4 ~ » . q Y 03 "
08179 lsnnwosavsenounsm s ona1as L flusedioe s uUseRudsune
fule Huogned %cw:‘ﬁnwwm1uzﬂﬁ 2,10 vusorovoostalaniey  wandanasrieny

Pl e i 3 g 4 ., 0 ) A . ﬁ
vov0vmsenovrsant Tiys esauty zﬂﬁﬁuﬁ1éﬂe%auﬁuﬁuﬁczuﬁ 2.11 éaﬂnuquaotuu

. &
1£i1§ﬂu?alaaﬂx?uﬁu?uﬂ1fﬂ31nn1wuuseﬁe11uéﬂ€@asﬂe§e
] > & ) ..
(oesannrsrtanInse 1fefugfung ludae L-—=E Telemsfiutuoy
v & . ‘10\100'0 a v e a 1o ,a' [ 6
e ULYANNIS NN N T8 ﬂmf&auascgﬂnuseﬂuuﬁﬂﬁcnxnﬁnuzanfwhguuaa fist i syl

Lenouttiutoutiu Tanuﬁazzﬂaﬁuﬁazﬂéwu7cﬁuﬁ3ﬂx?uéuuennd1eﬁu (gzﬁﬁ 2.11)

. ‘ ] " l. (] Ll U

uﬁﬁﬁujnﬁ1u1snﬂ§u€eu1tnwsn11nn1utﬁs?uﬁﬁvuseﬁuﬁeﬁe1vﬁeu51 TUefuf {fsedoy
d : [ 9 ; [ ] y .l [ ¥ 'l :

ﬁusuavuxﬂuzﬂﬁﬁutﬁﬁvnu ﬁozﬂﬁ 2.10 n1€n17ﬁn17n11ﬂn1w1?uﬁuﬁﬁﬂusoﬂuﬁawuﬁc

g,
a\‘;;h (Y

o & 2 . 2 .
ua:y¢wa1ﬁ§ﬂﬁaunl-zaunuﬁuzﬂaﬁunnwsiuus?unqw nnbta1TSortnTes o Trs iy

(SYNCHROKIZE)



- ....;;;

S

zu‘ﬁ 2.11

. 4
2.4 NITNILTIVIOIUNULUUIRY

[3 4 : ]
2.4.1 pomsenotrugiuusrriinfinine wsoeduden

: ¢ b4 4 ;
s;t.fﬁ 2.12 uﬁﬂeoe»'-.ﬂst:nwwupuweunuumm'lun170%'mw.~51?.m7
. . o 4 ¢
¥107uLoauReY ﬂ01ﬂ5$t51¢5eﬁezﬂn 2.12 Gifluinad
s

fraddiseiuitinestod  w a‘uc‘ionrﬁmo\*ﬁgyﬁn.q:uﬁonﬁ

o . : -
awsnfulesuduviefo AC,  GND uat DC ’lumﬁ?«c‘:aemfxﬁangﬁq:yw‘iﬂﬁﬁmmw



[ 4 .
FutinkBun® ~ace undmandoonti Bonadanafild i3 '
) oy wroe tnns ovuogdaefutiy{uf
" " - » o ' ~ 1 )
DC tuaﬂquuu1ﬁ AUBUS "GND" (450 n317um ~ GROUND) 298567ULT1209
a " e Y [} 3
ooafaTanlausy lidoidafiudan e winsedossfiu (wfonsaud) 8o iriafui-dmasue

r's €' o . y c’ ] ;
0 (fug) Tanadofivaled nrsydudumisan® GND LPULTSRUINNAE L RDSERSLAUNT o du
4 o v

.4
oom

108 uhtBousedu 0 Tradh)

—_}—ruatiRantiavesf iy
(Yeumaniuusievi Wi ALl
; RUMTREDDINI AURY)
AC i EETVERY A -
G+ CND . eanvaly .
! nl AP 1y SN
bece Tuuuaey

AR

(¥n SwITcH Lﬁnnﬁmmﬂmaéﬁmﬁunﬁq Ac ﬁmmﬁwa:dwuﬁua1nvavﬂ11u§§o
ATANANA CUT OFF 75M379 2-10 Hz 180 SWITCH I&aunfinuminbe
u&Fna @A L INAsRna S LINAUN I TRRND U gy

ﬁmmﬁmﬁdﬂu SWITCH Rondagasstuanlussd@rannnudag
xwﬁﬂ:ﬁwﬁmmﬁwﬁ 0SCILLOSCOPE A1uATnIA ¢y A=fonune udadTan
TWUAWL e TNat Az NI IEE eI aate i OSCLLLOSCOPE NORS128E Y
AVRiTAE DEALULTN tnansauiy Sagoaaunaacin wé L Sa s Sy a e e ng 15
NNFEDY Unaanod oo e Mlouan 1ANRY .
QmﬂuﬁéﬁﬂﬂUﬁzﬂﬂTﬁDﬂﬁ?ﬂﬂﬂauﬁmmﬂmﬁﬂ
(1) l#ﬂﬂﬁhﬂ»ﬂﬁnﬁhﬁﬁuvqﬁhﬂuxﬁqu%uﬂmﬂﬁ'U%uﬂmﬁqnamwauﬁmmﬂmmzﬁhq

T uSu (iguDEINgNADSU UL
(2) zfpwniniTaanouFyone iR aunn INIARER WAD NS
ﬁ?ﬂlw@ﬁﬁﬁﬂﬂwﬂuﬁmmﬂm%ﬂUﬁsﬂﬁUﬁ?ﬂﬁﬁuﬂDﬂﬁﬁﬂﬂﬂﬂuﬁmmﬂm

AU FumTU Sy L RUBL A UF NG ARy AFNNT0L Y TE W aLEA AR LipadaY

frannoun G Sun Uy (Rsuu i (39030 STEP ATTENUATOR ixzuam 1y

JnduunnSeeuen 1 ¥avd 1N sunsnpudgge deinavauiute- 6dB




zuﬂ 2.14  usaodnwarsuti®iSeaulisoonts Fourouuy AC uny

TR
usnounum3wl 909 -3 10fiun ISiSudae

2.5 NN IWTDORMAIIUDY

2.5.1 AN/
ﬁuduxﬁﬂetuu?uuuvuauvaouaown1waoa§aiaainﬂsa§ "ﬁgqﬁmﬁuthﬂ"

Jeuog 5@31mﬁus§av5ﬁtgnn?nana4 (TRIGGER) v%p nstéuﬁﬁs%1€ou1tﬁ35@@1aL%1
uon1uosant nﬁsﬁﬁeﬂuﬂuunuuuvuauu?ounuz1awﬂ:ﬁaenﬁu1ﬂadwagﬂéooudué1 For

L L & > > ] 03 LY y
?ﬁﬁn17u€1tﬁuﬁoelﬁﬁﬁLﬁﬂﬁ@@ﬁdwutﬁoyﬁﬁnﬁsuﬂsﬁ1t?¢x§u0ﬂ1ouuug1Lﬁaiinvwanww

k3 )
Tﬁf@ﬂéﬂeﬁugvuwoounuuuauausztﬁuﬁouaﬂeﬁuzﬂﬁ 2.15 san Eﬂse

c ° {o £ o 4

viwidune 15w T8 RenSnunodisd (TRIGGER PULSE) n?nsnoswaﬁnsﬁeiuwznseéu
o = g / Ps 0 \ »

Tafn1sratenw - Seseuuiul i onfuqn “EnSninosikonenw aolubisqse

[ 4
naanenIsNIurodunats L Tngar L Bunded

: - fygrmunanuia
UL LI ion /]
. ninniia nanuie '
- - o O - € - o -~ .
a[y{vjmn’n‘na{ Y‘linlnaiwﬂﬁ awmﬂmlnﬂ ”“D'n.'“
(Fygyinuy) )
. - _ _ ~ |

nndiuua NNBLIWNEN
FTAULUIUDY |

» ) &
5ﬂﬁ 2.15 Tﬁsoa$1cwugwumaeunuuuauau

" J 0 { 9 0
riouSustnanfisniani Gensnnosend fafonfuinessidninod

>
(LIMITTER) 1eﬁ%dﬁuﬁaeﬂsznau¥unwnaeﬂstﬂ?gutﬁvuuseﬁuuas1eqswﬁnétSCHMITT)

\ ¥

AP » g J .
YindnfiuosUnfuloma nnsﬁaowuﬁﬁgaztﬁvﬂtoewcqsnﬁeuowwgtﬁﬂﬂnzﬂﬁ 2.16 (fp

28



#@ywat£1ﬂ1uu1ﬂvoﬁsa9ﬂlnafﬁ@@1nﬂd1uaonu1stgnﬁmdauuuuazdau#wcoan o3y

Usenow)  erweqfitvuenls d1useﬁuﬁﬁ1uuﬂmauazmﬁunwsﬁnﬂ@gnu 1515807

- 4 (v s Ao * 3 ’
TLRUNISTSNINGT (TRIGGER LEVEL) sefwiona 1 ifumuandadn lunisdwuedauyye

Suduluntsqranaw
~

-~ \d N P

Sy AN
[ 3 )
sy L0 N W S

(")%‘ ~(v) SRy (n)
o7 TITTN ‘\:’. .

- &
 EGHY sumand NIl p—————
nininpy /

o Q [3
sUh 2.16 Teseadrsvoonitaniifionsnnodead

" dygIsu (n)

1:67un?mnak

X
S

UIINUNINUVDITLR

g

) ]
]
]
A S A
\ I—L\; T\ J;f_—\" i[—
4 X '] Y
Ll: \ /[ L\ I: 0\ 7:
.J'. l\__I: .L___I: ,L—/ :
o ! ! ! !
TINRUAY | ' ' 1 H ! '
- ¢ - & ' 1 !
VBININLNDIWARA [

~ (ﬂ)/

» £ ’
i 2,17 gueRudinnatudawineg sosmattiBangnino e usnonas i Uevdn o

L4 .
1781 wataWwIwusstvrIi 9ty

29



egretsfiony  raoonfildsanaessfBainodBetymunenufiee 14 fu
e (v (o v 8 a ¢ & v Osﬁ o, e
TANINDTWAR Se6D0 1T NTTLAR L DUR I SURIIL UL udnafiufon  (SQUARE WAVE)
Y $ . 0 '71 v .
fidnas damnog oS tmiy VesrinaustIanvatautia s o338 (HYSTERSIS) agﬁiﬂ
(g-' v v e ‘\1-1lo~c - v v & -
ristuwoloofiuduyarinines il wineufiena e Bossandasunauy SouuS ey e
ﬁﬁ?ﬁﬁiuuﬁeL?uﬁu?unﬂsn11ﬁn1w1ﬁnstnUﬂstsﬁauéaﬁﬁqumsun1u

Euﬂ 2.17 uﬂﬂan17Lﬁﬁsuuﬂaonwux1a1moezﬂﬁﬁu§@@1uﬁ1ud1cq

'dl a'.o a ‘u‘t 2o g W o € g o
sansseiduing9ikedtosnininoswasvuseaidingn Trhiunasrininedoging iinliog
E.ﬁ v e o < . o § -1 . o
retiidunasInus 9Sur1¢ U (THRESHOLD VOLTAGE) %097¢s5¥iae Felanwar sl
. d i) L :u L
Eaimosia oo lafimudrua 118 Liwatumt snas 18 1uneiog o a
[] ¢ h, » []

1HolénSninosWadudano Tudanadantiss Tuataefonaa tnmifonaanaw

10Q7d1u§ssdat%1tﬁu§u (LOOP) AunnenaSedontanuifog 1ew7ﬂi1yﬁ11ﬁ1ﬁ&yywm

SuiPorfisi2e 1208 Snldr9ssdaninofSufinsinod (MILLER INTEGRATOR) 69

uﬂﬂ@?%ﬂu.ﬂﬁ 2.18

<

Q)7

NINMNDINRN -
(n)

(n) rl-n-r n']ﬂﬁ'uﬁﬂ IDI . N

RTYIYITIN.
o
:b

R
(@) —U'I_J i
. - —-EK )

(4 ]
lesdoov mamiGes yIuuiey
(9310niRpI DUTINILNDY)

z;r’n' 2.18 uansniniiindygnihifou



offnnantninoféad $ 0 finrafn Walanrainn - Swyaoonsoe
- * - .. -." — - - .- , .- PR TN -.. .'-. e
Festinmsenateiu 0" 15 1eTon b eg‘luarnmﬁnuso‘lum‘béh wfoufutivees
3uﬁmsmos‘ett?mﬁwﬂftgﬁwd'meﬁ?nm (TIME CONSTANT) ffu CR emt 18ty

{ . 4
rearidnsentaiuladonn inefse Douns Ttumsn rofsad Sa8n fagisauuy

4 »
00NTDIISTRRLRTS aeﬁazm xﬁugo%uwﬁcszﬁuusec...nm‘luss.uuqon'mwa uIfieeiu
. . »
'n'nfzﬁuseé’ud'auﬁﬁtﬂaun?\'uu'tﬂn'mﬁﬂLﬁn%’ggwmmtm nivedninoonsoslessniel
& ; a2,
enuuleTon D ?.uﬂﬁvunﬁmﬁuﬁm?oﬁﬂﬁ'z Ustsﬁgnmuayﬁﬁunuﬂstg C 0979895
« L ]
[4 . v » Y [
fmmasazgnmﬂaanomaﬁ’wﬁu SUASETILT OUARA I LY AUNT 9eufINA h?.gsxweamw
& . =
maawwgnw%’wqﬂweﬁanw
- 2 » s o o v ] f
LBNISEITUTE SIRAULAD 295591 12130emeni Uadans inafist 1 Bn
; € o », [4 3 ° ’
oonifionmrudmnanSninoswad lnitnase 21esloadoon (HOLD OFF)  sefiwtinfl
g . Ty Al o
Nudefinga8s rhmmxho;'ammuns?uﬁmsmm}wgwnsemLﬁmeﬁs 21121090 A
(4 g [l . »
Andiafaainn 29sstsearvanlilongninofvadi 4 n1ant L eduanad Idsundanas

4 ¢ y % ' 4
ﬁ’lﬁﬂft?ﬂtlﬁﬁﬁéﬂﬁ&?fu Eﬂﬁ 2.19 uﬁmzﬂﬁﬁuﬁquma’wmeq AIUUNULIET TN

4 .' . 1 g
ewu%uﬁussmﬂogx}ﬁﬁummu

e

(ny nIninpivaR

- - - -

(v) Frymprane

(n) spyIUiRou

e

(3) fyyniloadpan

1[_"1' uduanudun M Eadognntiu Soy
MM 2.19 uanozﬂﬂﬁuﬁm'm'lumuma 9 930761 oy

3



ﬁmm1uﬂusﬁaﬂﬂiﬁoanuﬂszanﬁ?uunod1uuuoﬂuuuvuauraa1n5 Setiwd
ntetYETMAn (MAIN AMPL!FIER)&worawysvuus'autﬁﬁ uaﬁ1v7u&ﬁyetuna18t§nn7ou
. 2 . . v - & v o
1 ﬁ@@ﬁmtuawustgndeﬂo1ﬂﬁouuutvﬁotuuuuvuaumaesauaaﬂnwwannouue

. » 1]
SwmandinasiRosta s 8nsnnstorrvoeneseieving zﬂeﬁustganWQ

- 3 -3 o~ [} s W o‘lb
1u@tu uSgraeesiuin mmssnasnanenw felwaTuideafiuntsnal s
g€ 2 ¢ e y4
nen i Tatuiuies (A uhidmaaogu)
- : L. J ~ O F,U R D’
uoniviiosntt unuizawfounuuou defiartwddaluudealyil
3 ¢ ¢
tlsznsusn unuﬁ?i‘ﬂuussﬁﬂ51uxqa1 eouumn$ 2 luntsnaanaw
€o£aeﬁ1nnsﬂ¥unﬁyuﬂﬁgnﬁoe
< &, S o g
szn T hE00  YNULIRIUSERD ORI YT UL URDUE I FnS R 6n W
| 3 . .: L y g L} ' L d
Awdudgafidavhinr lusufedagafifanufiss ibdaeiforas Wnasdwrunfy  nas
"‘y " ‘o 3
naenw Sulyiedeosentn ooasslasiay flginusnsartanif it lunisniae ldvleeoy
. 1] ‘g .' J
UUSOUREANIWATOIUADY0S  uRtATUsERwsnU R euldsndY 1-2-5 (Yui8enfy
4 g . y s ’ » J :
fshunNUUUIA S upnenid ﬁguﬂ¥unﬁatﬂﬁyua1x1a1n1snunﬁn1wayﬂonasﬁao Eofild
-1 « o e
VOLUME 1TuL&e3iunstunuuuiIeng
2.5.3 58n1767¢9 lun1sniantw
~a £ & (1
1. nen s Tud@ luseuunisnSninodninanansuseeosdngn inof
o_ "1 g Ve >,
wanTipnTeau iTunisnieniw  uadamanin e R RIE AT onnsu¥udes sounSninod
N e . £ o 4 ° > "
utdivnesy fselottnnantninofizd ifefu ildnisnarenmSolils Sown
7ﬁ1ﬁﬁsﬂa§uﬂsﬁnguuﬁouaoﬂnww uontuﬁasﬁna1tugﬁon511uﬁ1 nnsﬂdﬁzﬂﬁﬁuﬂswng
© . M , c [ ]
Uusauaann1wﬁoﬁﬁ1;uq5uq 5n ¥y nasfuduesds TuuuadsvTouwnvowls e sy
v v i ﬁ\[ _oﬂlgm_ a Sa g_"\tn s‘lp
Uuduasmoufimannnifiuly  sulh%8gantnonodDounnfnde HOIINTEAU IV
» fo g '3
ndedayianining % asrn 0w 18 inA 18 Sudy ﬁ1n1nssnﬁnu17&n1?vutnua11eu51ng

: ¢
furvsovaonnn (Taofinasnaneniwons s $adevas fudaaidaf 16) oaseholunasis



swoorfaisaleviduan wﬁnnwsﬁﬂwunfnéuuwzﬂnﬁuxﬁc§ﬁ17m1gsu1ﬁ1ﬁsﬂseu1azﬂa5u
\1 . lib v & v o l‘l s - v, y \1
Negynai & sem s wsnUud e stiursn nos uuauzﬂﬁaunqunugnﬁe &
> £ ] . . ", . S 8 1]
u?a1uns£ﬁguxﬁann17nac€ou§@qwmagﬁ GND (woUTu@ e vt ssERy
(4 € s s 6
useeu 0 Tvad fwnis i tdnasnrenwiio 1 il fuastcuusonan tefisraraanly
nas 149Ut ufiu
nsnEnIw e Saseg e lui ﬂsﬁun‘ostwwvvatnrwuvﬂn;hwcenawﬁns1
o . Z v o o cono
VSBNI1 RISMeNwLULBRSE (FREE RUNNING  SWEEP)  wetednnsnnnenninsSese
£ = o o '
NRNISAIANINKULSATERUNTIS A I0aw uuunSninosuSouLi4nSevae 138037 nag
nen LA Tuii  (AUTO FREE RUNNING SWEEP) w3oifwntion 71 AUTO stuy
\1 o _( R T )
NISAARNIWL Ul strnaIsnaenwLLSase (o »Lﬁmm1mn=ntnas'aaaguﬁnnuﬁqum
Sninodviadfi i {endnl
rSninofwadfseUiuL Uieus UNISNITINAINILUNS N Lnos TeedSaTulia
[ Y U&g . L -]
sTuun e WL LS Tude s nﬁewu167ﬂgnﬂsnsawaauawuﬁqqﬁm
g fvgold ¢ i 1318 2ro8snannt
nfninotwadvsols fwmanarulisonsninoda danrsasassoufir 1sle Yredengnnt

158077 AunsIiesoenITNIRN ISR LS %eegﬂuivo 30-50 1854

o o , ¢ € [
mswstuunen wirudaluld fufufaansyleafidndariaisns 14

&
srwooriatas et fulutdsesinfy fudisenunismannuumsn nosty udise'lal
eV ; ) o o /4
snsanenmvuusdast Wuef Ll duet1afidtiode i funsdSnTula SouuIuY
£. ' [ .
n?ntnosﬁeiiafétﬂ?yu1unns§§@q1uev1aﬁnnq NITARERAIWILLIMA sUn L Senfiua

wumin® (NORMAL SWEEP uSo NORM)
& &
2. MITAIIRAIMLRED  UNULIRITOCODRZA IAA 1ALUNSEYIN 1SN RN INT DY

y » (49 &
& 1aﬁxnn feTN eIt 1981 Tnu?ﬁ%anvtnﬁsna1ﬂn1wﬁuﬁusnumae§@qwuuuq i fia

‘2

zﬂnﬁuﬁyywmﬂs1nguuﬁou30ﬁnﬁwQUstu§e§ wmuqﬂﬁeagﬁuﬁ



D‘ 0 4 U 4 - ‘
gﬂn 2.20 EﬂﬁﬁuﬁtﬂﬁsuuﬂaetunﬂﬁuéquuuvnﬂsLﬁﬂn?ntnosﬁaé

U]

3R 2.21 #arasangufi 2.20 () (Hold

L]
‘

gnaranwaruung
1Eoisweinaldoortalanlatusnoguefudinadesii 2.20 (n) wuso
nwleeSBundin Ty suefufi tdse (Budesuf 2.21 Folisuafusiwiunndoufivod T
v ’ . y a‘ﬁ , 2g - X - ’ e & &
pnunnasotuRILEEASIneaA Filuisulin ies e difnnavu Roveundaen  1ReSuBeunn
' ¢ : ' $ &
erseustdunininingd fosuf 2,20 (1) wedwansunsarin B¥aati e Refy

z . L L] 1
tﬁﬂeﬁsosﬁnvﬁczﬂﬁ 2.20 (&) zﬂeﬁuﬁﬂs1nguuﬁausa:nwwstﬁtaw1td1u A Eﬂﬁ



2.20 () Fl¥swasoudnBoeniwddoude uﬁﬂa1u7ﬂﬂ 2.21 &  nsnraentw

- - -— -

. [ 4 &
nifey u?anow?ynsntnaswaén&nﬁwuﬂuosousn‘wﬂeaseLwﬂvszuut71LSﬁﬂ11 N15N2A
nWLdiEY (SINGLE SWEEP)
nﬂsnawnnnwuuusﬂsvse?usuanuﬁsnnguuq vaoanwifpedastor (a0
t’ ‘1 g [ 4
aun  uabil aoﬁwnz7a1ﬁ0911uaa1omueﬂﬁs;sﬁeuaon FANSDVADANINAULIN HILUULSI
ﬁounuszﬁetnagﬁvgnwcﬂﬁw1515 %gﬁctnngﬁ?iﬁuiﬂyﬁ11ﬂ€eowﬁunwsdﬁyzﬂ ALY
na1ae lusear 1 8eneioly
» "
3. nasnenunnle3o 1781 n17n11nnwwuuuuati?ﬂ?unﬂs%u1yzuﬁ5u
Soyaiawizdu Fesenanafiennly nsrsesefuliadionatunisfionisrety
» - « o Co o e ‘lt«‘_ : ]
UNULIRT N&EIIDNUIVUSARDNIT LRUAI WL SN NIIRATH g 9B A 0d UL BT
[ » 1
esudanin Gae%8n5 1 Tull 8513001Qﬁ12ﬂﬁﬁuaguuunut1a11u$10£u0 ve7e Twjoon
xﬁa{1us1naztﬁbn1ﬁ

LNE0879 LTU zﬂ% 2.22 (n) 61u1n50enwsmyﬂazﬂﬁﬁu1ud1u A oon

: : p oy 4 Lt
1ﬂ1uuu1uauiﬂ9n17tﬁuaaannwsnoﬁaanu?ﬁae?uq nazTézUﬁﬁuﬂazﬂn 2.22 (%)

v

uaeﬁ1u1ncﬁux1a1n17n?ﬁanwwaon1ﬂ5netiéﬁozﬂﬁ 2.22 (&) %ezﬂﬂﬁuaauﬁﬁaenws
ﬁoxnnrw EWAGIOONUDN SOVAORN TN Tunst i dusnt ﬁOﬂUﬂﬂttﬁuiﬂ1ﬂ60 nis I Sunane
awsInduiesa A Tuzﬂ 2.22 (n) Saifin 2ﬂ1ﬂ1qurmun1ﬂ7UGEUﬂ07dn 2.22 (9)

fusaflesnung n’e;nnalﬁ BANNISTOINISNINEAWMUULYTES 9175 1nc(3yuuvnﬂttuutae

35



(v)
1]
‘ m
)
4
! (n)
1
|
™ @

4 < 13 ]
zﬂﬁ 2.22 nﬁstina1nn11ﬂn1wuruﬂetﬁotaaﬁxioﬁaLnPEUaﬁutaw1zdau

. 2 ,
NSRS UL IS ELYNITI RTINS B0 n15UsES 9 12RINIRN N LS

' . e 0 »
fINT1 nmﬂn?aag Td uaeqmﬂn'xﬂ!%'uwmﬁ'nu itk itle] "Iﬂﬂ’]h"it':ﬂsﬁft’ﬂt m‘lﬁsﬂaﬁu .

oA, b . 2 g
A A oreene viudeTii 2.22 (9) SEmisnatenawidutiisiSenda  nsnaaenam
wuvdseSeiaan Tt 1 ReuiuSEna 1089 2undanasnarenawudn 1eyﬁ11ﬂﬁuueﬁ1uqu
209007 ZA 1an lalseafiin "A SWEEP® A WTUnITNI N IWRAN Ust "B SWEEP"

Fmfun1TnanenIwinds 89 1989

\J A a K
awdudrauneti 14 lunasnaten wiunise o1 3an iy sHduyIadu R
sannrsnenmsndoui$1vesstuTouifisuen (COMPARATOR) (Hofdynlyunn luy
; g ¢
fosemile (osufl 2.23 tsenow fise Wi acon fuflana Lnedwfunasnaren iy

ﬂse%oxvawoanuﬂQwﬁoﬁ1vﬁnﬁeququﬁ1uude1unwszﬁ?yuxﬁyuéﬂzaa 2985 1S e fipuan

xs"um’ns}u DTM (DELAY TIME MULTIPLIER)



sUh 2.23 SEafrednainadwiunlann sy S 9 iana

2.6 n1515VUFe501M wRDANIN

2.6.1 n1TSvAwEIe

n1ssetfueatwainevossueiudnnia i ldTanns Reuuynorius oy

.

&

Tuwos AlvunnSavoousonnaw uantuﬁaawnuyeﬁﬁ@qwmﬁa1uqaﬁﬁuﬁndauai1euuwa

4 , & o & (-4
waoFA W IngRaiusfiun1snaanIw n1sAauenduliSonfiuin Suuuhofle (UNBLANKING)
n"‘lda tl <
uardwyan [EnAoRaIs tne lunasnaenawiiu e
o .t qv ’_‘1 o -
MTNIUBDIEITAALAIWAT oS s ublonsno usUR 2,24 nEnafio
; . [ e . [
ﬁ@gwmtnaﬂunﬂsnaﬁﬂnwwstgnﬁautiﬁﬁ?éﬁsauwyauuuaoﬁe dnoonzennniyivasy
[y > o 5_; [Y) Y - o o .
ONUBULTIRNTATOVADANIN NI LURBUSLIULD N IB0ENDD 97 ¢ /% st ¥anUf Ul AearY
A4 » y ~ 4 4
si1svusovaonnx Inan o lugrefidrne ine i Dedunsninodsiad  2ossrensBunufeRe
ﬁzﬁ1ﬂﬁaﬂﬂgnaineuuwonnwnwunﬁssﬂﬁauuﬂaezoo%@qwuﬁu&50ﬂuﬁzﬁ@qwat%1 udi1fo
S - YR - lv!vﬁéd - v o a o't‘l.'._ [Y € a
FandadunSninodWasBuiludaefinasnane: wnduurfisni Sudulndronseonsduungofle
o . . . Py . . o ]
szn11ﬁ1ucﬁn§navwo%eivulﬁ?uﬁtﬁuaiﬂons1ng€auﬁuﬁuzﬂn§uﬁ@q1m (esuUh 2.24

Eﬂﬁ 2.7 uatzﬂﬁ 2.8 dseriow)

a7



3

_/va:mm"\r . L

MNesAunn XA m .
Buikoo LT

T
P

M¥1vo10 UNBLANKING

B. o~ * d o
TR 2.24 nrsUfuminuatae Tenlea9sseonoSunus ofe {UNBLANKING )

2.6.2 n13 IisuRsd#an

.
$ o e

& & v’_a. s o . fo & € o o,
relvhia uardaen O CIMIMTIVTWAUGAID LAnes oufiRpopoony1ean
q g o ﬁ o 3 v\ib 81!;5 :ﬁ
WA TETDIVRONNTIN  MeRD TR0 s TN U UG s us o8 w0 087 T aBius enousu U
d 'z’ H L »
tnuéﬁLsnnsoﬁnéquﬂeaaef1yﬁ17ﬁsﬁu511oﬂs1ngoyﬁeeu¥ﬂuueau30ﬂn1w

v [ 0 u:n‘ [ 4 '
Teom IS8 i sflasnneoud o8 sviioufune leua%e luany

(3 « . v U
Snfusedosudniey  Yuoondsis ﬁTadnaTﬂﬁ»unsquwﬂnsaU FURUSL IS uuLf sqneda

&
« Ju‘iﬂ'm *..unw‘ie:wur.smﬁmﬁ'nxmw'zoeqaw.aﬂnw‘imw muu

. )} J 0 y
uwnﬁnﬁsﬂ?UQua11uaaweTﬂuﬁnq €c50¢ﬂ¥u§uiﬁﬁﬁlﬁaaﬂﬁﬁoeﬁu those 18 duriof

erdn Tustoruieq ﬁnntuuvn?wiﬂﬁﬂuatﬂuﬁv1uai1¢xiﬁﬁ?yﬁu Teemrnu¥ueausing

L)

»
uasER I TUS L I IAAT v Ay Tee ShIudE nalniYutiSonsa n1sUsuIvia
Salul® cauTO FoOZUS)

2.6.3 n1151R2uR0 1 50909 LU0
- 8 [y \I - \z . e
&10ianasouiuseoniiniy fleomuw Iwnarausuivin - Tagiawie
&,

] S C a ¢ | ]
auﬂeﬁowataeauwu&acvnnnannﬁﬁnsssatﬁ SuldunzanaliwsnTanty LBnfwario

ooatalanleylsdcrian



Q) ™

sUf 2.25
]

y & €s &
sUf 2.25 du eAaciviafianisnisaneoorta TanTauri Wkasos
[} ‘ L] 1] L ] d U .
suuy iwanTanddo duaan e I8ogre Istie esnnawiiulei1ifois11c00a2a 8500
W . L] : 4 d
Tunuane Yuoon/arSuan uévuguﬁate?neTﬂ 180 D@1 (RUATASSELROUTW T DR LEN

o~

dopfesU 2.25 () uarsth 2.25 () uaselaifliomn Tuudnas Meruudusenas e

uéﬁﬁuwnts1ugutﬁ?oo1ﬂ 90 09A1 n?aagute?oe1ﬂ 180 09A1  sanuuriwdos 08 &

<yt 2.25 (n) uatzﬁﬁ 2.25 (). ruadestatn Due ludustdona  fudonastnle

‘?c€1&ﬁuﬁoegﬁ1eﬂﬁgnﬁao

Ill‘j
\
\
(n) 3Tncnimarniincaiu ’

. . . . .
#if S winlen () nadisrdnemnitaLitvaonlin

luooa8ainaleufiu ﬁtﬁna1p§cuﬁ1an1sa1nsﬁﬂetaotﬁuaioﬁusﬁuua

el o se : o
wIsInFLRLLvan Tan 5§uﬁﬂcnaw1§uﬁﬂe1uzUﬁ 2.26 (n) Tﬂaﬁﬂgoa081ﬂ1ﬁnﬁv

v 6 . N "-' Y-
vaosnwidURDe IRDNTEua TnanIus uAs L LI L A o Y iRnAuuu inang e seun

~

damanassaiBucros i dusinelf



2.6.4 Ydoewinesinanantm
y e 1] * .
vaonnnt 19 lwoosds Ins Taudy dau?uqﬂnﬁasnaaﬁnegn1eﬁ1u1uvoc
eonwwsﬁaiaaTﬁn176ﬁu1u1a3@@1au?od1unus1a1ﬁian1ﬂ§nwa1ﬂ1éﬁaﬂ uaannﬁwciuﬁ

. & -,
stiitvdosndn o Waina1ds1efud e 2ann Tdoosina  (SCALE ILLLUMAINTION)

” .
awaIed s s ausu sy

fu

1uns£ﬁ?1ﬂacnaﬁen§11a1u1snuaotnu senzeotietaisy  lutoeds
» ] y o . 4 ‘ .
UFIRIT unﬁ1Lﬁuﬁacﬁﬁnusons&ﬁaennsman1w=ae§uﬁ§uﬁtua¢1uu1£ynn 51ﬂnuqﬁ
3051tﬁuﬁaaﬁ1wﬁoeacnaaon1wﬁené11
.Y o0 ‘1 ° Co o .ua'd\llqd- o
FWSIISNIS lunsmsinandeluandeiy Rifividdsfito  Sxoemina
51u1nssﬂnaﬂudunsaouﬂeﬁ11oaguﬁ1uaaﬁn1waan SEWUIIVROANIMER LAARAIEY WyY
ek e T aan
vfu Ruas 17 waedr 1iudu Teet ldunae S D Nt L Aweel
F-4 C o -\1;. 3 -'Gltu\l
1. #inasduas fuos ifiudrontidaiiedae urttdroume tIolefiu'lv
’ ta & o Ly Y "l [ r :-‘ s o : -
Roos19 168 Tefeaidfuun uﬁﬂguu uon ivuosInuIwes i TovumsetuSodndnnsg
YusT 1 Tooumaens lur1s Sunvdng

gU [ Y] .Y
2. sinsRan ainsiduliinldfuinfimaoen Wity METAL BACK

‘l oo [ ’ [4 e -0 . & Cl Ba
URL IUNSANILS SOULS 3@ LS 78 ¢ armsauwuma"e VROGAIWLITUUSE 'Zn‘:twnmjﬂvaau

. -
Aua7£1sﬁu%ﬁgﬁﬂtﬁaﬁ1§aﬂuﬁLnﬁﬁwuﬂutocuaoﬂnﬁw Teonsaufidul  wasannasda

| 3
L 1

IWdoeasreseéifen uadwanusoanan lilfury METAL BACK FinRLTuloIsSLLoY

tuu&ﬁsﬂn 7un'nx1uut71unlzaxnauuﬂ JIY)

J ' ° o ) y

3. sl Turinafimndd ol neradulurosvronniwassy 1o

Fwsnl¥iooainedamnon TWld ?uns&ﬁszdﬁgnwwzﬂaﬁu Srvissinooraasleufi 19
g U [ J 4 N U

vaoeraynt Qeéaquuﬂﬁfﬁ1UQﬁuﬁ1ﬂﬂisﬁuﬁ11uﬁﬁléuﬁﬁbdﬁﬂ17ﬁ0é511€ﬂ£0515

N e c‘, ¢ ) s &
tﬁuﬁ s0an SovursE TR uwannaﬁetUﬁvuuwﬁiuuuaLnaﬁuﬂeuaea&naﬁmnwuwnﬁeiu

40



NISHOIFINOF LNATDIRROMNT 3uezow%vua0ﬂ1ﬂua1ﬂnae ﬂﬁnSoo§n1e

AOULULAE R 42D nRDAN W 1eq7uﬁzﬁ1uuﬁoaaeuaﬁthxﬁ#ﬁetiuzﬂﬁ 2.26 (%)
AwFudiumiouse S1urvzoennon WiuseSnasoonuuyifioTlen uiine uﬁﬂuna1ﬁu1nﬁqﬂ
weifiman i Ruea AT stoouaon Iiuan vty l1awdﬁmzﬂa§uﬂﬁq1mﬁ1nﬂonﬁw dvuﬁaé
ﬂnﬁuaoﬂnﬂwszU71ngaiweuﬁnniidﬁugu

2.7 QUﬁquud1oq 30000#12 1as lay

2.7.1 4uﬂ¥uawwuﬁi1c

Uifuenwaine  CINTENSITY)  thwdinfudsdfua- Tunorseusne
: i (7 : . .
n%ﬂﬁuuaTnﬂzocuROﬂnnwnﬁaavuﬁuﬂ§u1uzaoa15tannsauﬁaonQﬁnuﬁ?na fwvanySuaa
. d » » ' nq " - 3
t00815tﬁﬁn70ulﬁu§€§u Eﬂﬁﬁu&yyﬂanUsﬁnguuuaaﬁn1wn511o uardouae Eﬁﬁﬁu
~ . C -
Nanravusonawistiions
’J -go 19_, & a 9' -2
ueaUraRAEIY. fvanva lufidn i gaudng. suefuyusoiadng
s 2 35 v v & - Cla' = o
Ty A wyunfufivfisslinge sy unqesﬂﬁauqxuwﬁTdewnuaaﬂn1w SORADANTIWN
[ 8 g (]
($luoordaTns Tethiv ddsvefutnnatsangminsuusonawifuiasiwnun  §aifos
y cve * a o 3T ]
uaeuu:auaaﬂnwwszt§0u1ﬁe1yﬂauu4uekuaqﬁe%eunoonuuu Tarursnu¥usulis du
.
{

. > 1] - » [ 4 .
ﬁ?ﬁeaaegﬂeﬁuﬁsﬂngﬂuaotﬁﬂ?uﬁut1ulionua?nﬂ ilofioonas ioﬁuﬁeaaﬂﬂsuQuﬁtﬁa

)
[N »
Wenumienndosnis

2.7.2 Quﬂ%uiiﬁﬁuazﬁaan

3 d ) e & [y
315zannsbuﬁbcoanQﬁnmvuﬁTnﬁaoeuwaﬂn1w s&gnﬂ?utﬁaﬁua1

20,

o ¢ . I - & - - T
SianmTouLang watwuRuniSount b isnksou (ELECTRON GUN) vioti otV

]
am

4 . 0 o ' 0 y LA '
: nnsauﬁn17ﬁaﬁﬂiaaaﬁouuﬂouaonn1w s nUTunssauT edufdou tnundu

o 3 c * y d
nasou twoﬂﬁgﬂﬁ7ﬁLﬁuﬁﬂnauustﬁwuﬁntan guﬁﬁ1uﬁ1ﬁﬂ¥uﬁﬁgntﬁugnnaunﬁa

am

s J

{

L - 'U [ z d- Mg
O#@n (ASTIC) zutﬁmvﬂsuzunﬁzoegﬂﬁﬁtgna¢uunﬁo Twid (FOCUS)

9’ e - 3 L} v .
inﬁﬂs1ngvuiaaaoﬂn1wuustu1u1ﬂxﬂ%yu1ﬂﬁne 1015105 UA AT



v Kofuluntsigeny Geaasﬁ?un71uﬂi1e?dﬂéstﬂuﬂsuu1eﬂutﬁgﬁauuﬁvﬁoﬁiQuUﬁﬂn

—_— - -

. . . ) - - e e
lﬁ1£§nnnu moewnuu%e1i§uiﬂﬁau¥hgnnsuu?ﬁﬁwu1nuan aarReinainenfiiinnou
» e - - q~¢\1c ‘e sﬁ 8‘1; .
nafivautusossousonnmonsiaun v inldiiafy B fuidudy woudnn fio
[,] , . (Y . a' [}
lﬁﬁzﬂaﬁuvusan1w uﬁ??%QuTHnﬂﬂfuuneqﬁzﬂeaunsenauna1oﬁuavu?umoeﬁauﬁaﬂn1wﬁ
TUNANI LRUDFY
uozv\lna a s . a \1d v &
Quaannuuun Lo iasuidasudieruaitese ifeundas 1WSay Setiv
a v & o Lo\1v.db [ Y "ﬁ-l v avM e o W '
torsuas 1 Spusosuat e s tuudioovdu v Seefialusn, uaqu7un1uuguuoﬁu na17
o _o v & &
FONRNTIVILUUVLS UG O 9nNY
é1u%uaoa?ﬁ1aﬂiaﬂﬁﬁ1eﬁsn11ﬂnwwuuuﬂ7z3exaaﬂogévﬂ Unsefinesy
[ J . [ '] [ Y] L Y d
It adnlulitfauaws oufly i s luSoouduIwinudentamin st U s lUEany
2.7.31.!m.m13m1"w
0 4 o €
Quuqu@ﬁui?ﬂc (TRACE ROTATION) lﬁuguﬁ1u§uﬂﬁ1uﬁwﬁu¥ulﬁxﬁu
797990 uWAUA LN& T LU LD YT S SOURDRNW
» Ve o o 'S 3 RY
s5u511euuﬁauaaﬂn1wa1ﬁwxtﬂsuanswas1nau1uuu&uan?an SUNT I
3 . a . |'
ﬁnnﬁyaﬂﬂﬁ1n£1uuuetﬁuﬂgnﬁao ﬁouuuﬁes1nﬁ11000&§aiaa7aﬁ7u§aﬂie1uﬁuuuouu§1

€ s y €

[Y) - € ° 8' a’ . o .
vfu luuwafars Suoonsan wSo o é lunﬁnw7U¥UﬁeQuux§aﬁuu Lﬁ@lﬁTﬁx#unag

‘1 [V o v ) W 1 A‘ [ av . 8 o [
HIUITERUST 9 ﬂ'l?}}fﬂ'l;u.’ﬁ@nﬂ']?hﬁtfJUF.'?UF;IJFI??H'N'“ I'J.RN"!'JF.CX!JN‘IQW'UD%HOU') (Zta]

uaoanﬁwﬁutﬁuxaqiqawaonﬁuﬁineuueannwﬁnﬁstﬂﬁﬂuuUaetzﬂﬁ 2.27)

\ l J‘ ; ! \‘ =t m”l:“m;‘n"
) Y ' H

*rwﬁﬁ'ﬁl-nﬁ-;... Ty ; ‘?.;3- +

— ] 1 NIMIY M AN

ot T ERER 2N U E R NI FIP T AT IS

—
>
-~



] 13 ] [

l : ] - - ]
i'i‘lll,

1 !T A

4
=

& el

HE pPHE I
.

—f e ] .

s~
e
~—

L% M

EU'r’s 2.27 hwﬂ%’m}mﬁaugu (AuA7 Y

2.7.4 s"’:m‘tﬁonnwﬁhﬁcﬂgzuth

o

¢ AR
$0unns 09005 %A Tna lathiuseao i Sout $1un renouRinanig lua ey

R . g — ‘c J ] " 0 y
Tureseuinonsioll  sedaSesse '«wh‘ﬁﬁmﬂﬁzmﬁaLﬁaniﬁﬂ'eoo%@rgmvﬁ'\ﬁw%ﬂ sy

‘ i 4 'Y ' L] N
wdanasWese (lesnasaoifonTasnse) wiodnianseusafy  (TauniseoiFourny

¢
3 xrxuﬂszs‘)

N ni A
, NPT Vssssaamon A arm

gﬂﬁ 2.28 2e858UUE

: ¢ € .« o
guﬁ 2.28 uﬁm‘nss&’ﬂﬂ%e‘limwaﬁowd sansdidiuda tﬁam"uﬂ%m‘

> o [l J o & R < : . ]
Yufdumie £C ie’.yy'mﬁn?’.u'u‘f'rr;ﬁ\.‘»:m::’ut:mﬁuﬁ‘:mm}ng C 2evwviinfinsosiondiu

» . . z
nTruraseoon nowdypiastidagnienoulinia nsifondumieaSedidu  Sedornag

L)

'76%’331&;i'l‘r’uﬁunsruaaﬁw?c% na L 3tdRuns ruRns suar ARy uaLs108n15 TRd



.

nawwtﬁauﬁxﬁunsruasﬁuxﬁwﬁu 1unsssiu§ﬁ1tﬁuﬁ7zg c u?aﬁuuﬁea1w1§tno§wzdo

. ‘
viddumiviuidirosntanoutionna (fefiditsenna 1 o) uredsenouty

: & F 2
sﬁuvensoow1u§e ﬁeuuﬁnuwnﬁ@q1xﬁa11&ﬁn11ewsiﬂﬂgo§€e01ﬁnaumuﬁﬂﬁ@qﬁma01ﬁ1ﬁ

' o ’ :.
lunstaoedn 1&&11»551quusoﬁnﬁinwsﬁUUgouuu DC

O |4

z ] ' d
tuﬂanﬂsn0uﬁ§q1&taeﬁ@qwmﬁa1uﬁ£1uuqz§uogﬁuaﬁ51tnuﬂftg C %09
l N (J ’ “
erdhiie Tunsfdorimundainie (SPECIFICATION)  wossimluont3i dnuarnudd

: ¢ .
t%egvﬁuﬁxﬁu 5 856ed e 20 wwneiBsed (-3 wZiua)  fweretisfnuarsutielunsg

L r
ftwontdeuiu ac duBetuies

L] A ® e . * -
nswduif o darafundeda idasedoiSouTrons e 18t ess

noudis Tuuﬂiﬁnﬂiﬂun1s%@useﬁuns:uﬁnscu?oﬁ@qwunszuﬁaﬁuﬁﬁﬁﬁwuﬁé171uﬁo
ns&ﬁﬁaenns%ﬂgﬁ@@ﬂaﬁon7zuanseuaznstuﬁaﬁﬁiauﬁuag

n17ugu4u1uﬁ GND %aL€1zocaaﬁ%aTaaTeﬂwtQnﬁﬂaonﬁ1n1o&snau
Saa %1t§1zaeaoannuﬁ@@ﬂthQnéatiwﬁunsﬂvué &efuusonnonnngostians
seouuTefy "0".(§uéJ TvaéxsnﬁneruguguTﬂﬁ GND (Ronsasaoustdudede (0 Trad)

9 A lF (d & LY
LABNDU NOUSLNNNISIRUSSOUNTLEURNS §

8 0 s ' . . 'a
7uu10ﬁsot71qwsﬁuéaotiaaﬁ%aiaaiﬁﬂtﬁanwnﬁsﬁnﬁqywmﬁeﬁnv A

]
o~

Sl + M y € y £
NS LURRRULALNSEURET 7un75n1u§uﬂntsﬁugugulﬂﬁ AC uatlfiwsuﬁﬁﬁuﬁuﬂuﬁﬁcswa
» Y ) Y [ [+ ' ﬁlq [ - , € -
NN N AW It AIUNS L URARY finulsesnagluinsuseonus séiunsruzas s91iwio
F » : " . a k. 3 g
(udsey 7u¥1escuatuzﬂanuﬁ@qnmsrTuﬂs1ngnseusxamnaneeouaaﬂnnw ¢e vl

> U e + ' U
€o5n111€1cqs%ﬂﬂécﬁ@uﬁﬂéﬂuzﬂﬁ 2.20 nessesnataserovinuswrowno Ul rou

1] d . L * U v d
5u4uﬁﬂxaeszﬂ?uﬂﬂﬁ GND uﬁvna?wsuciﬁﬁusﬂﬁéaonwsﬁﬁa1 t50ﬂ7ﬂ78? C riuseg

d . ¢ 3 ‘
suieuay Sawanlinfunf Ac SURRUANIIAAISEAS 1NN ONAT £ LD ¢ SOURDANN

b



2.7:5 gutdaunwuuuvﬁvuazgu;dounwuuu1uau
-, -— —-— - - .
4unfoun1uuu1ge

tarFountwuwafs (VERTICAL POSITION) sﬁuz}uﬂ%’mﬁox‘a’auzuﬁﬁu

© » ) R o d ] . | 4 . Py
vuUsonn (v Euusony tﬁouguguﬂﬁuﬁﬂﬂuﬁﬁawuLzauwﬁnﬂ < hﬁuexﬁauiuunﬁnuquluﬁﬁ

d : 0 ' 0 [ | 4
muitiung suafuseifouas famw 'guﬂuﬁﬁﬂﬂwuqﬂ zﬂﬁ%uanﬁﬁztﬁauiuu?aaaeuuqﬂ

[ 4

WABSINSONTIW &odiy Seeasuivduvistosutivateay #0191 UaBudunalu
Fundofids inause See tEdne

Juns&iaTerSndus efunsrumnse fmanisadfudedn Taadsados
voLTs/D1v) 14ldimmesn 1AuRTevusasevanyag s ansonw ﬁesz?i@unﬁounﬂw
U?uad1@1751£31uﬁsntéauﬁﬁtﬁuai1cn§uu7ﬂs1nguuﬁavaoﬂn1w1ﬁ F8urleferin 18 Tng
115 UBuen Taadnodos T sy (¥udrTandeoros 1 Bnae)

1un1s§ﬂdwusaﬁunsxuﬁﬁseﬁﬁugu?uﬁﬂﬂ%o1uﬁ GND udu¥uds 1 Auaing
Isanquusonmludwmisfinnesy 19y vindosnnsausetudunE Iy Ausng
1uéwuuﬁoéw§ﬂrpeﬁauaaﬂn1w wFotadosnit Yausstuaraufidosui duaine luduuye

S RINDON PN ‘> .cl .cl. c - :i
uuc:-o':woruauaac-.nwnas 14! "“NL' L" ‘i.ﬁe-ﬁatacwnm WY LVARNR LS00 ( ﬂﬂb;l

auvietdusitcvusoniwdsenoute)
QMtﬁaun1uuu1uau
guzﬁaunwwuuvuau (HORIZONTAL POSITION) sﬁ"dulhaxaaunﬂhTﬂ

] . d U 1]
N1927ewS0T77 $0ISOURDRNW cﬁauguguﬂﬂﬂuﬁﬁn1u&zuu1§n1 surbuinnse (Rou

‘ 13 A *
Tun1ev21 Turnendotudans uuu(-« nuSuntng Eﬂaﬁuﬁetﬁau1ﬂn1o%1ﬂ fvan

¢
NUUuﬂunmﬂvsunﬂtiu«11cs~ﬂeﬁoﬁs1n W Funiemoud-emTorintoesovaonn v 3e9ﬂ

y4 v o - s 4
usztﬁuiounnm1eni1§qsuoLﬁyunUQutﬁaunnwuuvae
o c 1 1]
A essate luroen Tayiy 7utstﬁ§ﬁa£u5@yﬂmﬂ7wngnaneﬂouaan

g » ; e U » 1] : y
nw s ofu ey B iuuremoest 2611 Moy ue B0 duT oduTving of dou

45



1ﬁﬁu1ewstﬂ1nﬁqnpuunnd1e (DIFFERENTIAL AMPLIFIER) soounuuunfounruny

BULOU Lﬂﬂnﬁstﬁnavqa fﬁzﬁ11ﬁuseﬁu1ﬂﬁ1ﬁudutﬁﬁoLuunﬂsauQNTUﬁvn

TeRy
L |
) 4

&n WS L RovtuuTon suar tBoulugemTora1i®nwusnsg

. y 4 1 ] L] 1] » ; d 1] Y e
quﬁﬁ1uﬁwﬁﬂs?vn1usoﬁuﬁen517a91ona;ﬁaenﬁogutﬁaunnwuuaaouﬂz

v founawuuruoudiuioe

- - c
2.7.6 thnfudes1asrounus s

> €
ocﬁ%a?aﬂiﬁuetﬁacwsnou%quaieivslﬁnswa1u1sn%otnmg%@qwmmuﬂﬂ

0
(9 o

‘ . f 4 J
Lanuang 1ﬂﬁuﬁe£@gwmzu1n?mq1ﬁ wonsnud sliainafisonaonniwifotre IS a s

Seaus esu ot susug

FITA & T s T TR T R ’ =
- ’ . 7’ G ]Jo.lm!'o’]anﬁnﬂ‘
LI /! SmV 1] ) {
.‘1"1ng7—(—l—r—*j,_¢o___‘,%
I 10:.V T o jJ (¥4 4 IL
20n.\ -] S e
YSOT‘\- o = o
Hl i
00.2V G & 1 /s { —0 .
TO.SV o O-J . ~0
U

3 - I

2V ») o L o

S e >

G
r-db=n
Lor
]
RE 3G
[}
. o

Eﬂﬁ 2.29 7ssTnoulaninii$n
d111ﬁ5£a€aosﬁuéﬁuanqﬁxs1finasnﬁvﬁcioeuﬂﬂoé1useﬁuLﬁ117#7u

. 3 < v e [ 4 - [4
DIV 5u«ﬁué1gatoo DIVISION (vt9%09) tuioe QUﬂsuon71$uwyunuﬁousoﬁguﬁwan

' [ 3 N
f0%08 (VOLTS/DIV) stifiuadedeosas sroudrn gearsrninesafiidatuntaness



en1gunuuuvﬁo zuﬂ 2.29 usnslmsondtotosrensdonsnn éeﬁ1u1snﬂ?uﬁﬁsﬁu€uQﬁn

1 fuz fus
1 € . 3 ¢ .
a1T7annoioe€szgn£aeuaué1xﬁaﬂ%b?uﬂ?uennatﬁoe (VARIBLE)
d '. [ ]
1ﬂ1uﬁﬁn1uttuuﬁﬂnnﬁuﬁnﬁﬂ1uuue CAL (CALIBRATION) vSouduifieulunondainaley
o [Y) v v 0 " . 1 J
fiiteruduieeia iy 70&56&lé”unweoonuuuqiﬂ1u17nﬂ1uﬁwﬂﬁgnécouuué1 wwazidio
.g- ‘Q" . ' A [ 9 } [Y ’ a'\l- s lq‘. . . ‘o.,
Yaloghidumie CAL wrinvu danlfy VARIABLE u1aogna1uuuo CAL @1l3adeooe
fiswldseemaintuainanfiuiese
» 0 : 3 . T £ 4 ' »
4uﬂguﬁ1natﬁae?e5unusauognugu113naoiaeaaﬁwuﬁnﬁ UFunaezun
[Y A = 8 e:.' Y] c" € a - C My .
2D ¢ORT 1L IS5 L IOUNUT S neu1waﬂsuzu1awaozﬂaauug@1mlu? wioRn leoge
[] » ¢ [] .
Ao 1UDY quﬁanuﬁsntﬂﬁvuﬁUﬂﬂfoeguﬁﬁu1ﬁn1ﬁ 2.5 in1 sﬁoL71uQuaﬂnd1uuue CAL
d (] d -:. ng‘ 1] » v' ’
1Uﬂuﬁﬁn1ustuu1§n1au§ﬂ ovﬂ015nnﬂuuﬁnquu1u1ﬁagnﬁwuuue CAL @usefuhisoau
0 o »
TsnainaruaTedstionainsneutisss SeesedinseYoaulstusod
2.7.7 dinBuiaen lunasaiantw

.Quﬂ?uxva17unﬂsn1ﬂﬁn1w (SWEEP TIME/DIV)  stl4a%ad 11Sey

o> [ [4 o ¢ t Z o =
AETUNULRLAN lfl!ﬂh't?%oﬁ’) CHINVINNNIRLIRDS  NisIWDLYRUAN "lUﬁ‘—l‘igw‘boezﬂﬁRu

.
a
s

wuifoy uaﬁnﬁﬂéuﬁ17ﬁtvawﬁénucgnasauezLﬁﬁauﬁTuuuauauuuﬂauaaﬂaww (wfo
a1 U260 W) ST oSeunda

n17ugu§uﬂ¥uéﬂéoLﬁoo?eﬁunu€1uﬁu4u sweeP TiMz/DIVv  1ulufa
a1u1§uu1§n1qu§aﬁé1uude CAL @1%09 SWEEP TIME/DIV ﬁﬁﬂuuﬂé1vq»ugu<tsﬁué1
1an A8 Ennsoudos 14 lunns efoufily 1 doesing

q» SWEEP TIME/DIV sta-anseududnifudusan 1-2-5 LYuLREny
U VOLTS/DIV uanq1nﬁquﬂ$uda;§0050€19ﬂ?ué11u61oaoeguﬁcn517515adﬂedoLﬁoe

ﬁnunnuqugus1nﬁﬁuuﬁo cal 1uhSenuiSuuntna Sumn FITDILIFININENN (SWEEP

TIME) stidfeulunda 2.5 wia



ﬁh@ﬂuzunﬁaaﬁuﬁtﬂuaﬁu ﬁnu1nss1ﬁ¥u§u SWEEP TIME/DIV ‘ddos

&0 srawATheseaIwoon luLwILoY YRYe inauseSaen IeREaany QunsteaTay

A .e c «» 1 . : » J
1681 1R ATe Ry ﬂxéaeﬁerﬁsunaxﬁaoT€ﬁ CAL unﬁ1t§naﬁaon17§ctnngzﬂﬂﬁu

[} » ' . > 6 >
LSﬂDﬁiﬂ?ﬂ?HU?ﬂﬁ1ﬂolﬁaauﬂx SWEEP TIME/DIV nﬁalﬁ1&:ﬂaauﬁsuu1zﬂu

[1
2.7.6 thnliuseenmsnineTUREAIILURIA
° 4 a » oy 8 e . ’ &
neiiewsosrtetuy  fadusindfniaist  Snasnaianiwdosniy
€os:ﬁzﬁeﬁuﬁq@1xﬁs1n§uuaouaaen1w Qu TRIG LEVEL fiu Qu SLOPE st futaniuus
ﬁ1uuﬁczﬂﬁ%uﬁﬂx€1ﬁaiﬁﬂstL?uﬁnnﬂsn11nn1w
J d . h LR )
sUfi 2.30 wansufionleorunsuzocoonfalaalaylud-ufiifisadoofy
[ 4 [3 . » .
wsanininos  darnanSnunos selnessseigiEgisssudass tinnudadoudo Wiy
1 (3 a8 a Y o o ' o [
WSTANA WSTARA WSROI DTS 9fuyann  vioavuat DA uvuounlion Joutgua
o & (Y P o & £ o a s o o~ '
AR S INS RS eYIBURISEIR I (R0 L RondulanadtinuToausina sssrenedisnan
- s a “tbn -\1 3 S a ﬂ‘lp
tRostadodnnantaines duriaess inado y erginntimnsanininos IWasssing

. 1 = d ﬂ' L y \ \d
ﬁ1eﬂu1£1u1ﬁﬁ§q1uxiﬁﬁtag1uzvouvnnsaaUﬂmnu dutiiwinfii Sonsewin e fnnn

H [ Y3 \J d .
€UV S DALE INAIINED Yu SLOPE

// ® -
vyl ——y ass nn
IXh] e tY LW

22} t o { e ! [RARW W

Aty ee i e- - '

vy SLOPE l .

rinnei ] . nafnlidg prat iy
(i LW .

9 [ 1
syt 2.30 2¢ssrSninos

48



dy TRIG LEVEL fu qzﬁwuﬂwﬂu¥udﬂ1uu051¢&7%91ulﬁoﬁ11ﬁ

e85 inaifurnefiaus sfuuandofiunudiosnns

s:duniningd
|
|

v

y [3 0 £
zﬂﬁ 2:31 EURURUSTEMIN IS LEOUNS N LN TURLAI A6

Ui 2.31 KAROMISY9WTo9y TRIG LEVEL uarty  SLOPE tunsf
. " g (3 »
ﬁﬁaenn%«otnnggﬂaﬁu?uzmtﬁn1ﬁetﬁuawgozu Wifon sLopE oy + umﬁﬁéaonﬂsg

o Aq'ou ’ € o ﬁ . & ftl—
Eﬂaauﬂuzaznn1aeaﬂﬁ1aonxaan SLOPE i - &7udn TRIG LEVEL  sugheldisn
> ° ’ [ &

ﬁwuwsn1§aun1uuuewaegnn?ntnos1ﬂQ1nzﬁu15 80 ovElandseaa  GotiuisaSe

ﬁ1u17n1€4n TRIG LEVEL ﬁ?u&ﬁo&iacL?uﬁueaezdﬁ%u5@q1m15



unh 3 §UIUAINTIN (COMPOSITE VIDEO S1GNAL)

SuuInnTw (Video signal) U5Enauste &87uAN9a13A7Y

ﬁa camera signal w?a picture information synchronizing

pulse WD sync NISATUAY TERITNILATDIAIUALLATOITULALDlank
. . o o v " a9 v v v
ing pluse i(wonilvwoslsinutdy avanay
SunmaINNao95Ua)FIunNY blanking pluse Lﬁuzﬂ (b)
o W "

b 24
FNUY FUNY sync pulse tﬁuiﬂ(c) naﬁﬂtﬁu composite video
v

signal
z 4 24
c >
'y 3
S g
m m
IAAAAANAAAN
ad Ting cby Tine
4
>
e
4
<
hj

Y

¢ Tine



HSTRL S GNAL

L

SUTTIIRIIURAI VIDEO WAVEFORM 23 IMAGE ©89 HORIZONTAL LINE

o«
1 2

9Wwnu 3 tdu  AMPLITUDE ®83 VIDEO SIGNAL uysanily 2 &>u WAVEFORM
fouf 75% Butlu w¥a 25% Mindaifu SYNC. SIGNAL

1udIupnY CAMERA SIGNAL ®munsi AMPLITUDE ﬁﬁqﬂ IGERLRE R IN T REY
gn103 PICTURE uvmxfi CAMERA SIGNAL #§i AMPLITUDE g§9nn usmafiafingn
?xﬁuuﬂﬂSﬁsﬁUﬁaaﬁwmﬂm NEGATIVE POLARITY 1 IUNISHINS LI 1ASDIUVY

NEGATIVE MODULATION fing§n wSan wiadsn sme CARRIER AMP. §ids
“ 1 T ToTal. L oaanb,'u Peried Lop ¢ o.lbps

et
Py o1y kma Syne poles B3 20.4p8
11 o) fetmr uni parred caps |

mar Ll o],

- -

too e e - — - LD e

"% F———— ;
Fiod Porch

> —L/.—.)
(1-]

Noald AN Ir \ ¢~

P

< —

COMPOSITE VIDEO SIGNAL uUStnipufidy BLANKING PULSES 14"11417’117';
NS EAUARNINEIEAY BLANK  LEVEL 1udn9 RETRACE %1% liiwuidu RETRACE
UUIDNIW #9339 RETRACE (Aian59fiu TIMIRG 799 BLANKING PULSES

BLANKING FULSES “1u COMPOSITE VIDEO SIGNAL fivia HGR. BLANKING
PULSE u&t VER BLARNRKIRG PULSE

HOR BLANKING PULSE wnwiin#i BLANK t&u RETRACE SNN#NuBI7DI9D

100 $— —— = = e e — e e - — e —— - e e ey e e — e
T‘SanPuLs‘ 1l
Donkin olag ang leve
po
%
MWt A W WV
o t K- Hat 'bLa«-L'nj PLos by

Plduvd Iwformad von

DOPJHJ Lan u5y.

51



CNY wAEIAUTIBTEI9BA W TULART  HOR. SCANNING LIRE A2 NA HOR.
" BLARKING PULSE Qnﬁagnzﬂﬁﬁn LINE SCANNING FREQUERCY 15,625 Hz

VERTICAL BLANK PULSE »n*miin® BLANK i1&u RETRACE #83 ELECTRON

BEAM Qﬁnﬁﬁuéﬂeﬁuﬁﬂuuunaaaanﬂw tﬁﬁﬁuﬁﬂnﬁs SCAN ufes FIELD ﬂdﬁuﬁ
VER. BLANK PULSE INAY 50 Hz uufRr FIELD
HORIZANTAL BLANKING TIME

loe

pr
v 1 B R il =
o a
©
e <
- o.g
g 2 -
- 0.9 2
5 L > |
',: o6 )
L =
£ qo -
< <
0.9 d
" S C P -~ 4
o

SEHTT¥vin3d HOR. SCANNING LINE w35 HOR.PERIOD (HOR PERIOD)
64US Fyuunudicy H  (Hussuziaeadafiuiunas SCAN  Asu 1 1&u dudaud

TRACE 1USunszvone RETRACE



- T T

HOR BLANKING PERIOD XNaqustunm 18% ©89 LINE PERIOD wininanu
0.18H HOR BLANKING TIME 33wy 0.18%64US=12US #1 12US ﬁlﬂélﬁu
19877 ELECTRON BEAM 14U1un15 RETRACE S:w319 HOR SCAN  1dusin 1y
A53AUE29 BLANKING »S292nmin

U HOR BLANKING PERIOD ®uasnann PERIOD vpIwily LINE SCAN
\¥AY 64US-12us=52US 1flu PERIOD maewila LINE SCAN tawizdiufiuna i iu

HOR SYNC PULSE Nzuaninafiu 0.07H wSpivafiu 0.07*%64US=47US
SUPERIMPASE aguu BLANKING PULSE PERIOD ¥ivdauu HOR BLANKING
PERIOD i#3fiy 120US-4.7U8=7.3US Sa¥uUsEumpguussfiu BLANKING LEVEL
tfusny FRONT PORCH u®&z BACK PORCH uwmiln uRtAIumidy SYNC PULSE AA
AaNny ‘

FRONT PORCH ¥ PERIOD 0.02H ua: BACK PORCH % PERIOD 0.0SH
NAnAd71 FRONT PORCH n31 4 1%167 wia FRONT PORCH tat BACK PORCH iwn
fiv 1.55US uat 5.5US SaguUssuIm -

BACK PORCH #89% PERIOD stfinaday 5.8US tRadn1Samiuiiv TUNE

DURATION 183 BURST 4.43MHz COLOR SYNCHRONIZING SIGNAL



“q

279U ®AY DETAIL n1ulu HOR BLANKING PERIOD 1um1513113R119

PERIOD TIME
TOTAL LINE (H) 64
HOR BLARKING ) 11.8-12.3
HOR SYNC PULSE 4.5-4.8
FRORT PORCH : 1.3-1.8
BACK PORCH 5.8
VIRIBLE LINE TIME 51.5-52.4
YERTICAL BLANKING

tﬁaﬁuQﬂnﬁﬂﬁ SCAN ufinx FIELD «~103finu  RETRACE ¥BURNI
ELECTRON VERTICAL BLANKING PULSE <:unstfiu VIDEO SIGNAL lfﬁé BLACK
LEVEL »7¥inna iy RETRACE VER BLANKING PERIOD Nnunaustunm 0.064V
(59D V 1%1Au 1/50SEC  VER BLANKING PERIOD Iwafy 0.0684x1/50=1,250US

1HUE 29 17RIEN UL L REINAADNNS BLANK (du  HOR SCAN LIRNE 14589
1,280US/64US=20 1&§umilolu  FRAME %50 40 1&utumile FRAME (#21Ry 40
L¥U DISANUINRAN 0.0B84%625 = 40 THimNAUAN) 1WsAEatu 129 1981877U0Y

fis 1,280US unn37n BLANK 1du VER RETRACE £3%123 1781 1vR03n 1297 1wln
i 9t BLANK 1&u VER TRACE wA9&2UTUUS 1900 DUUULREEAUANI DA I AHIUF Y
N1y1u VER BLARKING PERIOD H%ﬂgﬂdﬁu ﬂ-ﬁﬁ Aylu VER BLANKING
PULSE ustnpulunaay  SYNC PULSE YRIES U LY 1eiun EQUALIZING PULSE
VER SYNC PULSE umt HOR SYNC PULSE Lﬁagwﬂﬁlﬁﬂ?uﬁuﬂﬁolﬁﬂﬁ BLANKING
TIME Q¢andRvIsuiasuaSyyiaoan 1dy 2 FIELD ﬁatﬁaﬁuqﬂ FIELD A umzfu
87 FIELD ﬁ TUNING #8983 VIDEO SIGNAL ﬁbﬂﬁﬁQﬁUﬂée LINE (HALF
DISPLACEMENT) ﬂ%dﬁxﬁuiUﬂﬁnqmﬂuﬁﬁﬁao INTERLACE SCANNING Yu189
Reasmrfituiisuunaugy (fpfuge HOR SCANNING LINE 3 1dugaiinn
1udIu&19 RESTER VER BLANKING PULSE 1ulnuszdufaninnng BLACK LEVEL
1n589  wW¥snAunn VER RETRACE 1u VER BLANKING PERIOD #1291787 VER
BLANKING PERIOD L%uﬁuﬁﬁaﬂéwnao EQUALIZING PULSE 3%wunu 5 U stHr
19 HALF LINE %580 H/2=0.5H S&w373 PULSE #a PULSE 538 2.5H win 2.5



55

. LINE aufinnnfiog SERRATED VER SYNC PULSE s%u2u 5 PULSE usSTHzwid
HALF LINE INTERRAL O.5H iwlaufdyu ifanwinfi VER  FLYBACK 1u1495
SCANNING sau Z.5H #8f9y 5 EQUALIZING PULSE 5nnéuwﬁo uarngNEDI HOR
SYNC PULSE
5AHRT138AYAY PULSE 1u VER BLANKING PERIOD 1AusAa1uA7157135198191

PERIOD TIME
TOTAL FIELD V 1/50 = 0.02Us
VERT BLARKING 0.064 = 1,280US
EACH VERT SYNC PULSE H/2 = 32U5
TOTAL OF 5 VERT SYNC PULSE 2.5H = 160US

| EACH E PULSE
EACH SERRATION
VISIBLE FIELD TIME

970 VER SYNC WAVE FORM B3 CCIR 625 du tavdgg s VIDEO
AN IVULRERIIURAINS  FIELD § WAY FIELD A fNRYAU  EQUALIZING
PULSE §nusn 1u VER BLANKING PERIOD zo3dqqimuns@el TIMNE DURATION
w1931n  HOR SYNC éULSE ﬁagﬁﬂﬁhwﬁoﬁﬁvﬁa 1 LINE SCAN auwmcidnfu
qunmunauy e aduIRE 1/2 LINE tifu Woll insnx TIME ©89 HOR PULSE
199 EQUALIZING PULSE ‘B3ntfiuzans FIELD & win FIELD A Srasaduidnn ¥
TIME 89 HOR PULSE 1¥niu  1uudar FIELD #%19Au 1/2 HOR Auiiinanivan
N1% SCAN uvy INTERLACE fuip9

SERRATED VER SYNC PULSE 1umianawi wnawmiinfitaduay ELECTRON
BEAM 1finUstquu CAPACITOR 1u%995 SCAN #uifinosan VER SYNC PULSE g§n
1SN 1IAYINBADNIINEA999 SCAN 1#BnS FLYBACK VER FLYBACK 15u9%9
Usznam 7 LEADING EDGE v89 SERRATED PULSE an#i 3 1ffpacnn TIME
DURATION 123 VER PULSE Niv1Aiu 1 HOR OR 1 VER SCAN VER FLYBACK l%N
fuiils  VER PULSE 2 gnusniiutly  innAudn VER  FLYBACK 1§ufuann HOR
LINE SCAN #ign BLANK #1uWuty 1 1#u uar EQUALIZING PULSE 5 PULSE #
pdfinuminfii DURATION = HOR LINE SCAN 2 1duna dufin HOR SCANNING



LINE 947y 2 a30uanuils  191Ay 3 14uA%y GAuUssunmmiadiuston0a90a
n BLANK 7inuifin VER FLYBACK 333 9 ﬂﬁﬁugqﬁaonﬁwﬂuuuﬁﬁoLawﬁ:ﬁﬁuﬁﬂo
1899859uE UysSENm 3 1&uASy (HOR LINE SCAN) #i7BKHRIN VER BACKIRG
FPERIOD fiana1n

VER BLARKING FERIOD %Gtﬁu TIME DURATION 83 PULSE SIGHAL
(#8015 FLYBACK 5tw419 FIELD 1UAIAW uUDNSANMMAHE L&y TRACE UTI83UN1
ATURIITBINDATK fBUNIS  FLYBACK 939 on BLANK u&7 #3iuxfAnnis BLANK
LINE SCAN f1uuurn3vnandiy tviloudu  #aazaSurudniuil TIME DURATION
183 FLYBACK 1uia$paduvaiy  1fn 1 fisuAutia iid1udu HOR SCANNING LINE
iMIAuYsTNiee 5 HOR OR 5  LINE Sa8AU 3 HOR A9 889  LINE SCAN ﬁgn
BLARK fiaunn5 FLYBACK & &3ufndppdvanivisi 8 LINE A39  ud28usnnann
VER BLANKING FERIOD 20 LINE SCAN s 11.5 wSaussuam 12 HOR LINE
SCAN #ign BLANK U3 120 )uuusnaesany

LRSIERE HUT UMY FRAME ®DIN W RASTER 1uuul VERTICAL 9= 1afitfiu
0 WUF LAMUFIUVUDDIIAAINGN BLANK 1Y 12 LINE 1unﬂsﬁﬁ7uéﬁagn BLAKK 3
LINE A7fiaiu 1 FRAME 183A1W A7 1Roiior 1Tug09 (%1 NafilAnen VER BLANK
PERIOD unnsnonifiudpanisid iy TIME DURATIOR #8? VER FLYBACK u&n
I 1M¥ATE1U 1 FRAME #IULUURSHIUSN9809 RASTER nanay ¢BLANK) 24 uwx
6 HOR LINE SCAN fnéiay fufis ﬂ?ﬁugonaanﬁquéﬁniﬂunﬁ Favaa 1aSpasutd
(RNDUNATES AMPITUDE #INUIM SAWTOOTH Muuun VERTICAL 1Hunasumisiy
1SsuS DB :

VERTICAL SYRCHORNIZIRG SIGNAL

VERTICAL SYNCHORNIZING SIGNAL ustnausay EQUALIZING PULSES,
SERRATED VER PULSE unx HOR SYNC PULSE QﬂUSS?i%ﬂu LINE DURATION st
miﬂonﬁsﬁuqﬂnﬂs SCAN 1u FRAME wilo  funsi5uédu SCAN Bn FRAME wils wn
VIR INILEIR0IAINWNIBYEIAYIU WAVE FORM 189 VERT SYNC SIGNAL

VERTICAL BLANKING PERIOD t¥u TIME DURATION ¥83 VER SYKC
SIGNAL w3p1Tud2919a7% PICT.INF. gn SUPPRESS w3pgn BLANK Hawin
VIDEO SIGNAL Anwty PERIOD § whwiin#ifinanszdua¥ VERT TIME BASE #iu
$u1%uﬁuua:ﬁu§ﬂ VERT FLYBACk %1y TIME DURATION #  14unnias
20%64US = 1,280US VERT TIME BASE ﬁulﬂéﬂofuwﬁqﬂuﬁﬂaﬁuﬁ 50 Hz




~

SERRATED VERTICAL SYNC PULSES LﬁuQﬂﬂao PULSE n413 27.3US
Mu7u 5 PULSES ufin: PULSE ¥ DURATION %Ay HALF LINE INTERVAL w3p
H/2 SURCERRE LTI VERT SYRC PULSE annuﬁtﬁanszﬁu OSCILLATOR ®83
VERT TIME BASE w2wWAuluidad VERT FLYBACK stwing  FIELD n15 SCAN
SERRATED VERT SYNC PULSES % DURATION 2 LINE A% NMEiu VERT BLANK
PERIOD 9%u7uvawna 20 LINES

POST VERT PULSES SUPPRESSION PERIOD lﬁu PERIOD mavgn HOR
SYNC PULSE #10fis%wau 2 LINES #39 15u1281817u unD tHg s sy 1aSne 41
Wwns8ugn VERT FLYBACK fiau# #i PICT.DETAIL #89 FIELD w3y  SCAN
dnndonila PICT. INF 1ugaaiignsnun LEVEL 15 m sz BLANK w3a 138071
PICT DETAIL gn SUPPRESS Stwi13 PULSES PERIOD ﬁﬁUQﬂﬁao VERT SYNC
PULSES f19uuifugaras EQUALIZING PULSES

EQUALIZING PULSES ¥puna PULSES WIDTH HAuninustuas 2.3US 94
wIu 2 #f ¥ARY 5 PULSES & TIME DURATION 7fn: 2 LINES A5 9 uART gAY
firuminurewiy VERT SYNC PULSES 15mn  PRE VERT SYNC EQ PULSES usc
POST VERT SYNC EQ PULSES A NR%Y EQ. PULSES o+ifufinofitTundnefia
tHanm#nasusn VERT SYNC PULSES 19 ia8895u s FIELD & ume FIELD §
DANNIIUNNBUTFUSIVURE TIMING AsSINU

ODD FIELD AND EVER FIELDS n15 SCAN ¥a3’m ELECTRON uyuy
INTERLACE ufst FIELD usznaufiapiduy SCAN  1Tu9nusuitazf VERT TIME
BASE ans:ﬁuﬂﬁmﬁoﬂuﬁﬁonaﬁotﬁu HOR SCAN lﬁaﬁuqﬂ FIELD wila ua:ﬁqﬂ
URTH 1§y HOR SCAN 8980 FIELD wils FIELD Z98ugnnis  SCAN 199 PICT.
INF #yafianan91®u HOR  SCAN 13un FIELD A (ODD FIELD) FIELD 3ofugn
175 SCAN ﬁﬂﬁumﬂouanaqﬂzﬁu HOR SCAN 15un FIELD A (EVEN FIELD)

LINE NUMBERING 1DUfim10uUsnwNiy 1R1e0d t&u HOR SCAN 1u  FIELD
1DINHuID U FRAME 1290w LEADING EDGE 289 VERT gnusntﬁuﬂﬁuuﬂol%u
fun15  SCAN ufinz FIELD usr FIELD %augAnas SCAN AAuUgANIS SCAN
AAnuntiafInei9 18y HOR SCAN 15un FIELD & (ODD FIELD) u&2 WAVE FORM
naauy ?oﬁwmﬂm VIDEO 5u§ﬂﬁ HALF LINE INTERVAL ﬁlﬁunﬁséugﬂ 0ODD
FIELD wSa1du SCAN lﬁuqﬂﬁﬁuﬁ 625 1du a Qﬂﬁ ﬁalﬁuqﬂténﬁunaonﬁs SCAR
1u FIELD ¢ (EVEN F1ELD) w%ni5uéfunns SCAN 1&ufiniladu FIELD daty
Fo1su  SCAN 1&uusnppo  FIELD ¢ (Huidu scaN W L RINTI Suilanaada

57



i 2 -9 o ¢ é
ﬂdﬁngﬁn ROIHINTAUIRANNATY (U SCAN wwnsiRindaifuidu SCAN (Huusnaag
ol @ & e P o o~ » eab & @
FIELD f f11Uulie%a1du sCAN  1&ud 1 fiec iSudunnananotdu SCAN F91duvy

.
o

W iwsz tfufinils (SuflspuenanuIaRatumie FULL LINE INTERVAL Hd
o & '

HALF LINE INTERVAL fledu a%wuwmisi3uéiu  ODD FIELD 1u WAVE FORE un7
313 at1Pun1s  SCAN 1duiviatiiduduny  S915u

=

A9nRanm 18y SCAN
AV sRugA FIELD § w3a FIELD usn 389n75 SCAN #i&u 312 a%9 1ynfu
NEN2TANRIY 18y SCAN 71 1 agfintumis i5nfu EVEN FIELD iday

L] Ql * dv 4 o
AMUVUI LSuAY ODD FIELD sauniniz1dsny



56

t; 5‘[ ot d o * ‘
unn 4 lﬂ780Lﬂaﬂkﬂuﬂuﬂuﬂqqquﬂiﬂﬂu ( VIDEO LINE SELECTOR )

o
2191 dus Line Selector %1ATUSYWNHA ANHA qquﬁvouﬂﬂuuﬂ)Luu

1
[~

o o " o ¢ . b4
AYNL MIIATUINTWFU URSI9ATUIY Video ﬂ?HLMﬂNﬂMOWﬂ

H ]
Fovadvauii Awn

'

el S =23

o’

£aNFRINENAL 1NE Set HuU TV Field w¥a Line Triggering sﬁaneﬂﬁan

- &
ﬁutﬁﬁwﬂﬂﬂo Video ﬂuué&uﬂﬁo Specific Line WANEREIIATW Thuay L DU
. ! }
AwdIe tusiyd Nuey Re - Triggered ANH wa, Sync BPulse Bidann

o o &

! T &
anuiati e/ LaNaetN ANt ENE  uas L AT heRedafiall Aevuaaeligana  Video

R

aanuny /AU quﬁﬁunﬂﬁuesunmﬂﬂOﬂuuu iuiFoedudeu uﬁvﬁﬁﬂuﬁaaéuﬂn

Boudin onaTRIafTAL RIWINNINAYN 2 time base tartiafdau

!
1% set URe mﬁwwuammﬂmﬁw frisTsanin q MU {9% monochrome stari-

case ®aU ﬂsuﬂﬂcﬁmmﬂm TV field ugy Line sanimnidaadial

L]
v o ¢ : .
. MHINeaS Video Line Selector ’“uﬂﬂtﬁﬂlﬂul ﬂoﬁl@ﬂvauﬂﬁv

[=]

ADANIRINAYYIN Composite uﬂ“QVQQGMWHWWUQOHMNQM%QMlGWW' 89N TUL U

(3

o/
) 3 2 o ) o
s hudganatiasnniesaant sed@taltd  LusagarunaiiAaeoaalauanatut s 8n

{ 1 ]
uqnﬁﬁu%uuxuuuﬂ a4 Video Line Selector 1418ANN90%MAy1Ranie1 Line

t

o @Y v , of
WINVVANMARIHAYITNABIAMTYRS LT 70 Line #a38IanIu

o
WNNTg - Set up @a19¥nie wia HeiReniedune Line nﬂnmomuﬂmua

1

ens-
(e
xS
o

Line (Yu7¥uuy PAL)



BACKGROUND TO VIDEC INSERTION TEST (VIT) LINES

</ V)
VIT Line wmadisnmiatsonsiufls aaniwrsefigarainsiimd uavau
d' R 1 %4 [-% o/ t
\Fevwey VIT Lines s¥sfiumiiwdchsfesiunisfusessas EBU  ananiady

q¥uy PAL G/B/I (CCIR Specification 624-2)

¥

]
o 4 . 1 -4
wh¥uayn199891u VITLines % vsuurunin W18 duninssiuiaue

ﬁoﬁé (Transmitter)

2R O

! 1 ogddv [~
MU 1UTIEATAIMLANANY A LARTUNUT druineRegaeta
S a o
WuBin 7 miaihen ; anBesegy 4 nvReReRn ; TV-bandjetc.)

grePusoniy (

v
LR TUD %U Services ﬂﬂsﬁﬂuﬂQﬂﬂéﬂqiuuéﬂqﬂﬁﬁﬂﬁQﬂﬁﬁ

e~

VIT lines 17 and 18
= - ;’.

‘ = 4 i

- &= -
v 8 st Y et te) ) r
104 4 L S
09064 o= = o — —
ceadeed o
P N
a4 AT 1}}1
(X ""ﬂ
JL.#-“
° W 230N aCeet i @G MW 488 04 YO WE T W MBS
[ o T
= 1

VIT Line 17 U8y 18

-3
(a) uRASAMINUTYAT max #99 Reference Bar IA¥i51AVMSIUSYRY 519 U

2
e

o
TYRY AN

Test : LF - response ¥ BT UUNITAY



(b)

Test

(c)

Test

{
2T - pulse FMTUAITUTY LHU AIINNUAVLUUEUBSIAM  TREAMUAIT T
! 1 |
B2 $291287180 4 589 rise - time AusruuBafaraafige soefumnn
- 0/3” o ¢
Sinusoidal Bp fc FBiu T = 1/2 feo. uwayIwWingnaAssyuy PAL  ax@ian
dl L' ] (=]
#5gy fc = 5 MHZ uRvidNs T = 8.1 us <QMfa18ey 2T pulse &
. = o
sinusoidal slopes U8y HAMNULIRIIVIAY 0.2 us
: dd oy
NIASAVNDULEESAN Amplitude 989 2T pulse WiAwIE69fy Reference
& ) ) D g 1 "
Bar Audnuarsssnagui Ruseiusesdaeanafigetusyunl samTuu

5 ) @ |
Ty UUANTRARIY o W avusafuniTgyiy 202 A1 fufuorauds

20T ~ pulse fau¥un19vANaY Chroma Uy Luminance Response URY

& b1
At SututF s es RS unaynine fauusynsusasfggianaull 20T - pulse

o1

a9 26T - Long Chroma Burst LW41¥41 20T = 8.5 MHZ uRy |

aaﬂuﬁuaogmmﬂu Chroma = 4.43 MHZ ﬁﬂﬂﬁéquuwanUﬁaé%mmﬁmﬂuéouﬁ
avtiZunsTunnanofuonntUnas Band Width Limiting Factor AuTEUY
a8y

20T pulse éﬁzﬂﬁuﬂaﬁﬂﬁ FiRTEY Amplitude U®Y Phase Distar-

tion




(dj

(e)

Test

62

response (1) Amplitude t89 Chroma RARY

response (2) FITNLANAT S DY phase delay=s 270 chroma U8y
luminance

response (3)  N1T9INAuULEY (1) LRY (2)

Monochrome Staircase §1m3un1aUTy i Bulisdnimne TAuLAsy Ty RUey |

[
¥4 Step 8% 148 mV

e o =) 81 4 a & . .
: BUNALEY Step MHALUNA SAUNINTATVAIMIWNIUAY non - lineavity
o o ]
Multiburst S9uSUATITRIANGT A LRASCURUBIAIINARYYIA burst Qu S
[=] [ (=] d'
Amplitude 1§ty 420 mVpp usvanAou 8 us Haadaf 125 KHZ il
t
Funnfaginete

< =
: ﬂﬂ?ﬁmigﬂﬂuéﬁdﬁQﬂNﬁﬁd e L ANTARINATITRARSE Y Amplitude #

Ko i1nnBuusn uﬁsﬁﬂuﬁugnﬁﬂanﬁé burst




VIT LINE 339 ufy 331

(f)

Test

Test

Staircase with Colour Subcarrier 9%y Differential gain
=) . a v o .
w58 Phase error defection ﬂumqogﬂuﬂﬂuﬁﬁ T¥AUY8Y Subcarrier
d o y
im1 AU 288 mVpp niteunfauiaTee¥u 1ASeuMy URBudY uevdouley-
ABUYBY Liminance 38 us long 4.43 MHZ Tnﬂﬁnuﬁnﬁﬂo%mmﬂm burst

2882 mVpp -

! 7
Phase #8¢ Amplitude WRALUSADDANUUN Step DEIWUANUIR (40—
44-48-52-56 us) 151 S RTAL L#SMﬂNDUﬂuﬂﬂ usyaf Vector -

scope SUIMTUNARRBLUNN Y L WS

Colour Subcarrier Signal U&¥NITIHIHLEANUNEY Colour burst
fwfun173m86e Intermodulation Fuwiae Chrominance 4®8Y Lumi-
nance Component MNIRIANITNTE9181 Chroma Subcarrier (4.43MHZ)
L% o’ )¢ c' la'
DEANILNT  T¥RLUEEY Luminance Qsﬁowaym 2.65 V
| </
:  Amplitude MRAUARMAUTINEEUTEIUING 78-92 us awleusnBy  Inter
]
modulation H%1iugein Nyanaf (uluuuuss (g1) w¥edn  Hawoa

1
517 AY LUSHUBUSY (g2 : 9ufuUsey Subcarrier I9MAU 420 mVpp)



n i it 4

:«.
.1

o &
%3 S ‘%

Sa

P
- ¥

B e

!

-18

LINE 17

OSCILLOGRAM

LINE 330-331

OSCILLOGRAM



65

o ala o L u - (
ﬂﬁ?ﬂﬁ@ﬂﬂﬂ@ﬂkﬂ?ﬂdtﬂ@ﬂlﬂﬂﬂ“ﬂﬂﬂ&qquﬂ7ﬂﬂu

A duER wdervarsemififu 2 dauwtay 1E1 wez 102 wnuia
| ] |
Huunfiggraied warBndaunileBa 103 Be 108 wauiRNtuarntag L LUy Say

pulse word '

- 1 ]
2sariugnaufay dovBuyn uay wilsianiyy Buyvnilsnmfulygyna

[ o o ()‘ 1

{
Composite Video uayfuwnindumily Anid1fy BCD Switch  Sauf BCD Switch

4
U

|
| v d Y o 7. v
| QWIIUUIN SIS LRV BI LRUN L TIR B AT WwMUL YD

L]

o/ ¢
/YY1 81N L ﬁ’lVH"Wlﬂ BII9T

]
&
Buwvnas s8tad 1 HawaneFuyraai fuss

R s , , ] ,
IC1 As LM 1881 aaniufiuuus taficoudainad 1 du Chip Aumwnnf

A

LA Synchronization pulse asnx1a1ndgyananiu Buwi fe wiany  Susangn

{ ¢ o : '
' BT ared il SouRN Byt ae AN LAARI VI BIAATINTN 9 Sync-pulse WAy

i
o

</ ]
Odd fiu even fields U uife¥1e raster. AAEiAWAZOHM9E¢ Burst
URy Odd / &ven teqazMWNﬂU7synéﬂﬁeﬂuﬂuqonea 1o Burst 4 us (9148
burst pulse smdunigfiuanuautdu 1u79y LM 1881 48l Line Sync Output
&yyra ODD/EVEN 48¥ Burst HAwL¥1MU IC2 way ODD/EVEN Out
] 7 '
put toggles ﬁaéuuﬂGUﬁﬁﬁuﬂaoﬁmmﬂm Equalizing pulse @ﬂuﬁﬂﬂ% field
Sync pulse ATy field usn NITHUAU word comparator WURAIGLATU
@’ & t @ a & [ &
fasususIRssaeiyyIn pulse  HuLae tuT1E21 L unn T Ratustnegani §a
. o oy v v i a
half-way A8&A line u7n iHaiLa11iA1 2 (0016) dauidng 1C3 Thu Buuw
' o/

1% | ] ’
#7 B MU +5V  a19 w¥n 1AaFu A% Line Asus ¥y 5 Line wenfidnenne

o
N19ATIANBUNLNIUYBY Equalizing pulse §A%IH



66

L4
Timer IC2b iHunnevnsn Uk sUs U s Ria ODD/EVEN Q

1819 889 Timer #oii1fy LOAD Buwwensdafly 103, I1C4, ICS naa

’

8/ ! L s cJ o/ -3
vivIugey  IC  twenBarfianTanfrsuritursefpgranifan 1 881 1m0 9%k

{
)/
(afunfifisy Load 181450 susin

fyyra BURST/BACK PORCH 47usunsndss LM 1881 Suiidunigad

ﬁﬂﬂﬂﬁdﬂﬂMgUﬂﬂ€ﬁ1U§N Load A%n1s%197U88Y Counters Non-retriggerable

[
v o o o a
7

o
monostable IC2a euafifstineduniasiufi oAy

o

v . a
HRAUAIAN 5 Line UNYAYIWS
a v / & g4 _ v
BNHMNSHAY Equalizing pulse monotime 98y IC2a 1HUNISIEVMIY 48 us
Tﬂ&éﬂ R2 sMy C4 Hamrnnmuum Monostable triggers UU Equalizing-
pulse, monotime ﬁﬂNTGﬂN%ﬂ little shorter umi1 little longer 62 us

o 1 ] ! .
wFan1nninBhissnn¥ani7iBusrey 1022 FevuBn TANNNTIUNIUAUAIL L AR E DY

Blanking

t
LAEMUUIT ®I1auRNEDY Line number SHEBANIAAEEISUNI NS5 99

o & va .
MTAMIANTRVIRY L BIMIM BCD Switch

Jg 4

[}

s N 4
Line number word umNy Switch word &7ﬂU75Qﬂﬂﬁéﬂuﬂéuﬁ
dﬂ
MNo

i
bit 14 An usyY Bn #8929971u58u19uy 4 bit Rulds 74 HCT 85. '
v o & . %
A = B U817 Output 989 Last comparator &5 IC8 <xivu High awwinnng
o/ V] ! o/ t
UWUUIU Line matches AuwsRfudaisefiarv¥vnnisBeianiiudag BCD aSué

]
. v
U8y Trigger UT¥NBURIY SIunnee ey Colour Burst % 4 us wR931A¥BULIN

t&9 Line - Sync pulse.



COMPONENTS LIST

1 680K R1
1 68K R2

27K R3
3 47K L-WAY SIL array RL RS R6
Capacitor:
9 100n C1 c2 c8-cik
1 100n ceramic c3
2 1no Ck C5
17 » 100m 25V radial' c6
1 10m 10V radial SR
Semiconductor:
4 N L4007 D1-2-3-4
1 LM 1881 IC1 .-
1 7LHCT221 1c2
3 74HCT162 I1C3-4-5
3 7LBCT85 1C6-7-8
1 7805 IC9
Misceilaneous:
1 mains transformer Option: VR 1109 (block)

or 207-863 (RS Components)
1 PCB terminal block K1
1 ‘BNC or phono socket K2
1 ENC socket K3
1 PCB 900032
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Lm1881

National
Semiconductor

Corporation

PRELIMINARY

LM1881 Video Sync Separator

General Description

The LM1881 Video sync separator extracts timing informa-
tion including composite and vertical sync, burst/back porch
timing, and odd/even field information from a standard neg-
ative going sync NTSC video signal with amplitude from 0.5
to 2V p-p. The integrated circuit is also capable of providing
sync separation for non-standard, faster horizontal rate vid-
eo signals by changing an external horizontal scan rate set-

ting resistor. The vertica! output is produced on the rising «

edge of the first semation in the vertical sync period. A de-
fault vertica! output is produced after & time delay if the
rising edge mentioned ebove does not occur within the in-

Features

8 AC coupled composite input signal

& >10 kQ input resistance

m <10 mA power supply drain cument

® Composite sync and vertical outputs

® Odd/even field output

m Burst gate/back porch output

= Resistor programmable horizontal scan rate (up to
64 kHz)

8 Edge triggered vertical output

8 Default triggered vertical output for non- standard video

temally set delay period, such as might be the case for _ signal (video games-home compmew)
non-standard video signal.
Connection Diagram
LM1831IN .
COMPOSITE Yec
0.1 pF
voon a0 |— 2 T 0/EYB ouTRT
Oy 3 RSET
SYNC OUTPUT 620KD
BURST/BACK PORCH
Eme—— ) )

v L

mmﬁ
viDEo puT 4

L

e oot I 1

[
1 I I |

VERTICAL
SYNC OUTPUT 9
sursT outPuT U v U U U uu — U U U u
0D0/TVEN r
oUTPUT
TL/H/9150-1

Order Number LM1881M or LM1881N
See »S Package Number MOSA or NOSE
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rAbsolute Maximum Ratings

i Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/

Distributors for avallabliity and speclfications.

Supply Voltage 13.2v
Input Voltage 3Vpp
Output Sink Currents; Pins 1,3, 5 5mA
Output Sink Current; Pin 7 2mA
Package Dissipation (Note 1) 1100 mW

0*C - 70°C

Operating Temperature Range

Electrical Characteristics
Vee = 5V; Rset = 680 k); Ta = 25°C; Unless otherwise specified

Storage Temperature Range —-65'Cto +150°C
ESD Susceptibility (Note 2) 2kv
Soldering Information
Dual-In-Line Package (10 sec.) 260°C
Small Outline Peckage
Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C

See AN-450 "Surface Mounting Methods and their Effect on
Product Reliability” for other methods of soldering surface
mount devices.

: Tested Design Unlts
Parameter Conditions TP | Umit(Note3) | Umit(Noted) | uimits)
Supply Current Vee = 5V, Outputs at Logic 1 52 10 mAmax
Vee = 12V; Outputs at Logic 1 55 12 mAmax
DC Input Voltage Pin2 1.3 Venin
y 15
18 Vmax
Input Threshold Voltage Note 5 55 mVmin
70
85 mVmeax
Input Discharge Current Pin2,Vjy = 2V 1 6 . pAmin
: 16 pAmax
Input Clamp Charge Cumrent Pin2,Vin= 1V ' 0.8 02 mAmin
Rgeg Pin Reference Voltage Pin 6; Note 6 1.10 N Vmin
1.22
1.35 Vmax
Composite Sync. & Vertical loyt = 40 pA; Logic 1 4.5 40 Vmin
Outputs loyt = 1.6 mA; Logic 1 36 24 Vimin
Burst Gate & Odd/Even louT = 40 pA; Logic 1
45 40 Vmin
Composite Sync. Output fout = — 1.6 mA; Logic 0; Pin 1 0.2 08 Vmax
Vertica! Sync. Output louT = —1.6 mA; Logic 0; Pin 3 0.2 08 Vmax
Burst Gate Output loytr = —1.6mA; Logic0; Pin 5 0.2 08 Vmax
Odd/Even Output lour = —1.6 mA; Logic 0; Pin 7 0.2 08 Vmax
Vertical Sync Width 230 180 psmin
300 psmax
Burst Gate Width 2.7k from Pin S to Voo 4 25 psmin
4.7 psmax
Vertical Default Time Note 7 32 psmin
65
80 psmax
b above 25°C, the device must be derated based on a 150°C junction temp and s package th )

Note 1: For operation in temp

resistance of 1100 C/W, junction 1o ambient.
Note 2 ESD susceptibility test uses the “human body mods!, 100 pF discharged through s 1.5 kN1 resisior™.

Note & These parameters ere guarantesd and 100% production tesied. i
Note 4: Design Limits are guaranteed but not 100% production tested. These bmits are not used to calculate outgoing quality levels.

Note & Relztive difference between the inpul clamp voltage snd the minimum input voltage which produces 8 horizontal output pulse.
Note 6: Carefu! attention should be made 10 prevent parasitic capacitance coupling from any output pin (Pins 1, 3, 5, end 7) 1o the Rgey pin (Pin 6).
Note 7: Delay time between the start of verfical sync (st input} and the vertica! output prdse.
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LM1881

Typical Performance Characteristics

Rset Value Selection Vertical Default
vs Composite Sync Sync Delay Time .
" Frequency ‘ wYs Rset
s — o y.
" ABSDICE OF VEXTICAL /
- P ~
g Mo i /
] 4 ;;/,/': L g m
Y //// // /{',// 7 w“ -
7 UL
DOUBLE VERTICAL PLSE w0
' 2 3 4 0 » © ® W W
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X4, (%1734 ki) N DOAY TWE
Gu)
Vertical Pulse Vertical Puise
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T W ™ X & X0 ° 2 ® © »
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Supply Current vs
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[
. .
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o 2 4 & 8 10 1
Vee
TL/H9150-2
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Application Notes

The LM1881 is designed to strip the synchronization signals
from composite video sources that are In, or similar to, the
N.T.S.C. format. Input signals with positive polarity video (in-
creasing signal voltage signifies increasing scene bright-
ness) from 0.5V (p-p) to 2V (pp) can be accommodated.
The LM1881 operatles from a single supply voitage between
5V DC and 12V DC. The only required external components
beside power supply and set current decoupling are the in-
put coupling capacitor and a single resistor that sets internal
current levels, allowing the LM1881 to be adjusted for
source signals with line scan frequencies differing from
15.734 kHz. Four major sync signals are available from the
1/C: composite sync including both horizontal and vertical
scan iming information; a vertical sync pulse; a burst gate
or back porch clamp pulse; and an odd/even outpul. The
odd/even output level identifies which video field of an inter-
{aced video source is present at the input. The outputs from
the LM1881 can be used to gen-lock video camera/VTR
signals with graphics sources, provide identification of video
fields for memory storage, recover suppressed or contami-
nated sync signals, and provide timing references for the
extraction of coded or uncoded data on specific video scan
fines. \ .

To better understand the LM1881 timing information and
the type of signals that are used, refer to Figure 2(s-6)
which shows & portion of the composite video signal from
the end of one field through the beginning of the next fisld.

COMPOSITE SYNC OUTPUT

The composite sync output, Figure 2(b), is simply a repro-
duction of the signal waveform below the composite video
black level, with the video completely removed. This is ob-
tained by clamping the video signal sync tips to 1.5V DC at
Pin 2 and using & comparator threshold set just above this
wvoltage 10 strip the sync signal, which is then buffered out to
Pin 1. The threshold separation from the clamped sync tip is
nominally 70 mV which means that for the minimum input
level of 0.5V (p-p), the clipping level is close o the halfway
point on the sync pulse amplitude (shown by the dashed
Iine on Figure 2(8)). This threshold separation s indepen-
dent of the signal amplitude, therefore, for & 2V (p-p) input
the clipping leve! occurs st 11% of the sync pulse ampli-
tude. The charging current for the input coupling capacitor is
0.8 mA, whereas the discharge current is only 11 pA, typi-
cafly. This allows relatively small capacitor values to be
used—0.1 uF is generally recommended.
Normally the signal source for the LM1881 is assumed to be
clean and relatively noise-free, but some sources may have
excessive video peaking, causing high frequency video and
chroma components to extend below the bla~k level refer-
ence. Some video discs keep the chroma burst pulse pres-
ent throughout the vertical blanking period go that the burst
actually appears on the sync tips for three Ene periods in-
stead of at black level. A clean composite sync signal can
be generaled from these sources by filtering the inpul sig-
nal. When the source impedance is low, typically 750, &
6201 resisior in series with the source and 8 510 pF capact
tor to ground will form & low pass filler with a comer fre-
quency of 500 kHz. This bandwidth is more then sufficient to
pass the sync pulse portion of the waveform; however, any
subcamior content in the signal will be attenuated by almost
18 dB, effectively taking it below the comparstor threshold.
Fitering will also help Hf the source is contaminated with
thermal noise. The output waveforms will become delayed

from between 40 ns to as much as 200 ns due to this filter.
This much delay will not usually be significant but it doss
contribute to-the sync delay produced by any additional sig-
nal processing. Since the original videc may also undergo
processing, the need for time delay correction will depend
on the total system, not just the sync stripper.

VERTICAL SYNC OUTPUT

A vertical sync output is derived by internally integrating the
composite sync waveform (Figure 3). Horizontal sync pulses
are not able 1o charge the integrating capacitor sufficiently
because of their short duty cycle, but when the vertical re-
trace interval is reached, the broad serrated pulse charges
the capacitor past a fixed threshold. Once the threshold is
reached, the next serration in the sync waveform triggers an
R-S flipflop and starts the vertica! output pulse at Pin 3.
Simultaneously an interna!l oscillator begins clocking &
counter. When a count of eight is reached the vertical out-
put pulse is terminated and the circult resets. Both the time
required to reach the integrator threshoid and the period of

* the oscillator are programmed by an external resistor at Pin

6. For an N.T.S.C. signal with 32 pus between serrations, a
680 k1 resistor will ensure the vertical output pulse will start
coincident with the leading edge of the first vertical serration
(Figure 2¢). Uf the resistor value gets too small it becomes

_possible for the oscillator circuit to time out before the input

vertical sync period has ended. When this Is the case, the
sequence will repeat and a double vertical output pulse will
appsar. Therefore, the resistor value for a given horizontal
scan rate is chosen small enough to trigger the vertical out-
put pulse on the first serration yet not 80 small as to give a
double pulse, rather than attempting to choose a value that
gives a specific output pulse width. if the incoming vertical
sync is not serrated, the integrating capacitor is allowed 10
charge 10 a second threshold which automatically initiates
the vertical output pulse sequence. In this instance, the start
of the vertica! pulse as well es the pulse period will be de-
pendent on the resistor value.

ODD/EVEN FIELD PULSE

An unusual feature of LM1881 is an output level from Pin 7
that identifies the video field present at the input to the
LM1881. This can be usetul in frame memory storage appli-
cations or in extracting test signals that occur only in alter-
nate fields. For a composile video signal that is interlaced,
one of the two fields that meke up each video frame or
picture must have a half horizontal scan line period at the
end of the vertical scan—l.e., at the botiom of the picture.
This is called the “'odd field" or “field 1”. The “even field"”
or “field 2" has a complete horizontal scan line at the end of
the field. An odd field starts on the leading edge of the first
equalizing pulse, whereas the even field starts on the lead-
ing edge of the second equalizing pulse of the vertical re-
trace interval. Figure 2(a) shows the end of the even field
and the start of the odd field.

To detect the odd/even fields the LM1881 again integrates
the composite sync waveform (Figwe 3). A capacitor is
charged during the period between sync pulses and dis-
charged when the sync pulse is presenl. The period be-
twoen normal horizontal sync pulses is enough to aflow the
capacitor vollage to reach a threshold level of a comparator
that clears a flipfiop which is also being clocked by the sync
waveform. When the vertical inlerval is reached, the shorter
integration time between equalizing pulses prevents this

3-57
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LM1881

Application Notes (continued)
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Application Notes (continved)

threshold from being reached and the Q output of the fiip-
flop is toggled with each equalizing pulss. Since the half line
period at the end of the odd field will have the same effect
as an equalizing pulse period, the Q output will have a differ-
ent polarity on successive fields. Thus by comparing the Q
polarity with the vertical output pulse, an odd/even field in-
dex is generated. Pin 7 remasins low during the even field
and high during the odd field.

BURST/BACKPORCH OUTPUT PULSE

In & composite video signal, the chroma burst is located on
the backporch of the horizonta! blanking period. This period,
approximately 4.8 ps long, is also the black level! reference
for the subsequent video scan kine. The LM1881 generates
a puise at Pin 5 that can be used either to retrieve the chro-
ma burst from the composite video signa! (thus providing a
subcarmier synclwonizing signal) or as a clamp for the DC
restoration of the video waveform. This output is obtained
simply by charging an internal capacitor starting on the trail-
ing edge of the horizontal sync pulses. Simultaneously the
output of Pin & is pulled low and held until the capacitor
charge circuit imes out—4 us later. A shorter output burst

gate pulse can be derived by differentiating the burst output -

using a series C-R network. This may be necessary in appli-
cations which require high horizontal scan rates in combina-
tion with normal (60~120 Hz) vertical scan rates.

APPLICATIONS

Apart from extracting a composite sync signal free of video
information, the LM1881 outputs allow a number of interest-
ing applications to be developed. As mentianed above, the
burst gate/backporch clamp pulse allows DC restoration of
the original video waveform for display or remodutation on
an R.F. carrier, and retrieval of the color burst for color syn-
chronization and decoding into R.G.B. components. For
frame memory storage applications, the odd/even fisld lev-
ol allows identification of the appropriate field ensuring the
correct read or write sequence. The vertical pulse output is
particularly useful since it begins at a precise time—the ris-
ing edge of the first vertical serration in the sync waveform.

This means that individual lines within the vertical blanking -

period (or anywhére in the active scan line period) can easl
ly be extracted by counting the required number of tran-
sitions in the composite sync waveform foliowing the start of
the vertica! output pulse.

The vertical blanking interva! is proving popular as a means
to transmit data which will not appear on & normal T.V. re-
ceiver screen. Data can be inserted beginning with line 10
(the first horizonta! scan kne on which the color burst ap-
pears) through to kne 21. Usually lines 10 through 13 are
not used which leaves lines 14 through 21 for inserting sig-
nals, which may be different from field to field. In the U.S,,
line 18 is normally reserved for a vertical interval reference

signal (VIRS) and line 21 Is reserved for closed caption data
for the hearing impaired. The remaining lines are used in a
number of ways. Lines 17 and 18 are frequently used during
studio processing to add and delete vertical interval test
signals (VITS) while lines 14 through 18 and line 20 can be
used for Videotex/Teletext data. Several institutions are
proposing to transmit financial data on line 17 and cable

systems use the available lines in the vertical interval to-

send decoding data for descrambler terminals.

Since the vertical output pulse from the LM1881 coincides
with the leading edge of the first vertical serration, sixteen
positive or negative transitions later will be the start of line
14 in either fisld. At this point simple counters can be used
to select the desired line(s) for insertion or deletion of data.

VIDEO LINE SELECTOR

The circuit in Figure 4 puts out a single video line according
10 the binary coded information applied to line select bits
bO-b7. A fine is selected by edding two to the desired line
number, converting to & binary equivalent and applying the
result to the ine select inputs. The falling edge of the
LM1881's vertical pulse is used to load the appropriate
number into the counters (MM74C183N) and to set a start
count latch using two NAND gates. Composite sync tran-
sitions are counted using the borrow out of the desired num-
ber of counters. The final borrow out pulse is used to tum on
the analog swilch (CD40668C) during the desired line. The
falling edge of this signal also resets the start count latch,
thereby terminating the counting.

The circuit, as shown, will provide a single fine output for

_ each field in an interaced video system (television) or &

single line output in each frame for a non-interlaced video
system (computer monitor). When & particular line in only
one field of an interlaced video signal s desired, the odd/
even field index output must be used instead of the vertical
output pulse (invert the field index output to select the odd
field). A single counter is needed for selecting fines 3 to 14;
‘two counters are needed for selecting lines 15 to 253; and
three counters will work for up to 2046 lines. An output butf-
er Is required to drive low impedance loads.

MULTIPLE CONTIGUOUS VIDEO LINE

SELECTOR WITH BLACK LEVEL RESTORATION

The circuit in Figure 5 will select & number of adjoining flines
starting with the fine selected as in the previous example.
Additiona! counters can be added as described previously
for either higher starting fine numbers or an increased num-
ber of contiguous output fines. The back porch pulse output
of the LM1881 is used to gate the video input's black level
through a low pass filter (10 kA, 10 uF) providing biack level
restoration &t the video output when the output selected
fine(s) is not being gated through.

3.59
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LM1881

Typical Applications

FIGURE 5. Multiple Contiguous Video Line Selector With Black Leve! Restoration
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CD54/74HC85
CD54/74HCT85

-=038:05 High-Speed CMOS Logic
S S

o 4-Bit Magnitude Comparator
ns <

& ¢ Byn—2] I s < mow

e gy — £ tr Biowt Type Features:

> By [ 14> Biewt s Buflered inputs and oulputs
5 — B Typical propagation delay = 13 ns (Date 10 Output)
T @ Vee =5V, CL =15 pF, Ta=25C
9o —Y u Seral or Paralle! expansion without external gating.

orLE-IPVSY

FUNCTIONAL DIAGRAM

The RCA-CD54/74HC/HCT85 are hich-speed magnitude
comparators that use silicon-gate CMOS technology 1o
achieve operating speeds similar to LSTTL with the low
power consumption of standard CMOS integrated circuits.

These 4-bit devices comeare two binary, BCD. or other
monolonic codes and presentthe three possible magnitude
results at the outputs (A>B A<B.and A= B). The 4-bit
input words are weighted (AOtoA3and BO1o B3j. where A3
anc B3 are the most significant bits.

The HC/HCT85 are expandable withou! external gating, in
both serial and paralie! fashion. The upper part of the truth
1able indicates operation using a singie device or devicesin
& serially-expandec application. The paraliel expansion
scheme is described by the last three entries in the truth
1eble. Circuits for serial and paralle! comparison of 12 bis
are shown in higures 2 and 3. respectively.

The CD54HC /HCTBS are supplied in 16-lead ceramic duel-
in-line packages {F sutlix). The CD74HC/HCTS8S are sup-
pliec in 16-leao oual-in-line plastic packages (E suffix) and
n 16-lead dual-in-line surface mount plestic packages (M
suifix). Both types are also avaitable in chipform (H sutfix).

Family Features:

® Fanout (Over Temperature Range):
Standard Outputs - 10 LSTTL Loads
Bus Driver Outpuis - 15 LSTTL Loads
w Wide Operating Temperature Range:
CD74HC/HCT/HCU: -40 10 —85°C
® Balanced Propagation Delay anc’ Transition Times
s Significant Power Reduction Compeared 10 LSTTL
Logrc ICs
® 4lternste Source is Philips 'Signetics
® CD54HC!CL74HC Types:
210 6 V Operation
High Noise Immuniiy:
Ni = 30%. Nin= 30% 0f Vee! € Vee = 5V
®» CD54HCTCD74HCT Types:
4.510 5.5 V Operation
Direct LSTTL Input Logic Compatibility
Vo= 0.8V Max., Ve = 2 V Min.
CMOS Input Compatibility 1. < 1 pA @ Vo.. Vo

. S .
B3 s vee
(A <B)IN 15 a3
(A= BNIN 3 124 _ B2
(&> BYIN AL
12
(&> BIOUT —— LN
1"
(&= BIOUT —= AN
1
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File No. 1770 CD54/74HC85, CD54/74HCTBS
MAXIMUM RATINGS, Absolute-Maximum Values:
OC SUPPLY-VOLTAGE, (Vce)

(VOItages reter@nCed 10 QrouUNT) ... .eii vt ettt et et et e e e e e 05107V
DC INPUT DIODE CURRENT, lw (FOR VI =05 VOR VIS Vee + 0.5 V) oo e e *20mA
DC OUTPUT DIODE CURRENT, o, (FOR Vo < -0.5 V OR Vo > Vee +0.5 L =220mA
DC DRAIN CURRENT, PER OUTPUT (lo) (FOR-0.5V < Vo< Ve + 0.5 Ve e =25mA
DC Vee OR GROUND CURRENT (lec) ... u vttt ettt vtaie e e vt e e e e e e =50mA
POWER DISSIPATION PER PACKAGE (Po):

For T = -8010 =B80°C (PACKAGE TYPE E) .ouutitiitiittteei ettt e e e e e 500 mw

ForTu= +6010 =85 C (PACKAGE TYPE E) o\oiinn ittt e e Derate Linearly at B mW/C 1o 300 mw

For T, = -5510 - 100°C (PACKAGE TYPE F'. T 500 mw

For Ta= =10010 +125°C (PACKAGE TYPE F,H) . ...ttt eee Derate Linearly 8! 8 mW/¢C 10 300 mWw

For Ta = —4010 2 70°C (PACKAGE TYPE M) ... ittt e e e e e e i 400 mw

For T.=-7010+125°C (PACKAGE TYPE M) . ettt e i, Derate Linearly 81 6 mW/°C to 70 mw
OPERATING-TEMPERATURE RANGE (T,):

P K AGE TYPE F o H o et it e e e e e -55t0 -125¢C

PACKAGE TYPE E. M Lottt i e e e e e e e e e -40 to +B5¢C
STORAGE TEMPERATURE (Tair). oo ittt ittt ittt st e e e e e e e e -65 10 ~150°C
LEAD TEMPERATURE (DURING SOLDERING):

Atcistance 1716 = 1/32in (1.59 = 0.79mm) rom €ase 101 10 S MAX .ottt s et e oo +265°C

Unit insertec into & PC Board (min. thickness 1/16 in.. 1.59 mm)

with 5010€r CORLAEHNE 108U IDS ONIY ... vttt ettt ittt ee et et e e e e e e SRR, -300¢C

7

55 ‘
[ 1 Bo BC
1
A
3
(A= Bln O_D&
2 N
(% < Bjin
O-—L/v

-]
{A> Bjout

Fig. 1 - Logic chagram
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s S

TRUTH TABLE
] Comparing Inputs Cascading Inputs Outputs
A3, B3 'AZ,BZ A1,B1 | AD,B0 |A>B A<B A=B |A>B A<B A=8B

A3>B3 X X X X X X H L L
A3 B3 X X X X X X L H L
A3 = B3 |A2>B2 X X X X X H L L
A3 = B3 |A2< B2 X X X X X L H L
A3 =B3|AZ=82 |A1>B1 X X X X H L L
A3=B3|AZ2=B2 |A1<B1 X X X X L H L
A3=B3|AZ=B2|A1=B1]A0O>B0 X X X H L L
A3=E3{A2=B2|{A1=B1|A0<BD X X X L H L
A3=B3|{A2=B2|AT=B1[{A0=B0 H L L H L L
A3=E3|AZ2=B2|A1=B1|A0=8B0 L H L L H L
A3=B3|A2=B2|A1=B1{A0=B0 L L H L L H
A3 =B3|A2=B2|A1=B1|A0=B0| X X nvl L L H
A3=EB3|A2=B2|A1=B1]A0=8B0 H H D L L L
A3=B3|AZ=B2|A1=B1]|AD=8B0 L L L H H L

single device
or
series cascading

} parallel cascading

RECOMMENDED OPERATING CONDITIONS:

For maximum reliability, nominal operating conditions should be selected so that operation is always within

the following ranges: r
LIMITE
CHARACTERISTIC - MIN. MAX. UNITS
Supply-Vohiage Range (For Ta = Full Package-Temperature Range) Vec:*
CD54/74HC Types 2 6 v
CD54/74HCT Types 45 5.5
DC Input or Output Voliage Vi, Vo \ 0 Vee v
Operating Temperature Ta:
CD74 Types -40 +85 cc
CD54 Types -55 —125
Input Rise ano Fall Times 4. 1
at2vVv 0 1000
at45V 0 500 ns
at6vVv 0 400
*Unless otherwise specified; ali voliages are referenced to Ground.
OPERATING AND HANDLING CONSIDERATIONS Input Signals

1. ‘Handling
All inputs and outputs of RCA CMOS/OMOS devices
have a network for electrosiatic protection during han- -
dling. Recommended handling practices for CMOS/
OMOS devices are similar to those described in ICAN-
6525. "Guide to Better Handling and Operation of
CMOS Integrated Circuits.”

2, Operating
Opersting Voltage

During operatiors near the maximum supply voltage
limit, care shoulc be taken 1o avoid or suppress power
supply turn-on and turn-off transients, power supply
ripple, or ground noise; any of these conditions must
not cause Vec — Gnd 1o exceed the absolute maximum
rating.

To prevent damage 1o the input protection circuit, input
signals should never be greater than Vee nor less than
Gnd. Input currents musi notexceed 20 mA even when
the power supply 1s off.

Unused Inputs

A connection must be provided atevery inputterminal.
Allunused input terminals must be connected to either
Vee of Gnd, whichever is appropriate.

Output Short Circults
Shorting of outputs 10 V¢c or Gnd mey damage
CMOS/OMOS devices by exceeding the maximum de-
vice gissipation.




File No. 1770

STATIC ELECTRICAL CHARACTERISTICS

i
CD54/74HC85, CD54/74HCT8S

!"

CD74HCE5/CDS4HCES CDI4HCTB5/CDSEHCTRS
TEST 74HC/54HC 74HC S4HC TEST T4HCT/S4HCT | 74HCT | S4HCT
CONDITIONS TYPES TYPES | TYPES |CONDITIONS TYPES TYPES | TYPES
CHARACTERISTIC UNITS
40 -55/ -40/ -55/
® »
v. o lvee] T | -esec [-vzsc | v [vee| € | -wsec | wrzsec
\4 mA v v v
Min | Typ |Max [ Min [Max [ Min {Max Min | Typ {Max | Min [Max | Min {Max
High-Leve! 2 (15—~ }f— 15— {15]— 45
Input Voltage Vim 65 {315 — | — {315] — |35} — - to |2 |—~f{—~]|2|=~}12 |~ v
6 (42— |~ |42 ] — |42 ]|~ 5.5
Low-Leve! 2 |—= |~ {08]— |O5]— {05 45
Input Voltage Va 45| — | — §1.35] — 135} — {135 - to f— | — (08|~ (0B} — (08 v
6 |—|— |1Ej— [1Bj— |1E £S5
High-Leve! Vu 2 (18| = — 118~ (Y& — Vi
Output Voltage  Vow ot 002 (45|88 ) — | — |24 {-— (24 ]~ or 45|68 |~ | — |ca ] — 142} — v
CMOS Loacs Ve 6 (s}~ |— (50| — (58]~ Vin
Ve i Vi
TTL Loaos or 4 45 1308 — | — (384 — |37 | — [-13 45 |396f — | — [384| — |37 | — v
Ve -5.2 6 [528] — | — |534] — |52 | — Vie
Low-Level Vi 2 f—{— 03| —~ 10— (02 Vi
Output Voliage Vo, or 00z |48}~ | =103 — {01}~ 101 or ¢S5 — =01l — {05}~ |00 v
CMOS Loacs Vi 6 {— | =0 | = |jO1]— |01 Vie .
Vi Vi
TTL Loacs ot < 85| — | — {026} — |033| — |C4 or 45 ) — | —~ [0.26) — {033] — {0.4 A
Ve 2 € | — |~ Jo2€| — J033} — |0<4 Vie
Input Leaxage Ves v:n?;e
Curient [ o! € |—|— =01 — =V | = |=td Be;’v;ceen 85| — | — 2O ~ |2V~ [=1 uA
anc
Gne Gne
Cuiescent Vee Vee
Device Current  lcc
or ] 6 [—|—|8&]— {80 | — |60 or 85— |— |8 |~ {80 |~ {160 HA
Gne Gnc
Aociione!
Quiescent Device 45 .
Current per Vee=2% j10 | — (1001360 — (4501 — 1490 pA
nput pin 85
1 unit loae Slee”

* For dual-supply sysiems theoretical worst case (Vi=24 V. Vec =55 V) specification is 1.8 mA

HCT Input Loading Table

Input Unit Loads®
AD-A3, B0O-B3 anc (A=B) in 1.5
{(A>B) in, (A<B) in 1

“Unit Load is Alcc limit specified in Static Characteristics
Chan, e.g.. 360 pA max. @ 25°C.
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SWITCHING CHARACTERISTICS (Vec = 5V, Ta 25°C, Input t,, 8, = 6 ns)

. TYPICAL
CHARACTERISTIC C. 54/74HC §4/74HCT UNITS
(pF)
Prop agation Delay 15
An, Bn to (A>B)out, (A<B)out 13 15 ns
Arn, Bn to (A=B) out teLm 14 17 as
(A>B)in,(A<B).in (A=B)in 10 tomt
(A>B)out.{A<B)out 11 12 ns
(A=B) in to (A=B)out 9 13 ns
Power Dissipation Capacitance’ Ceo - 24 26 pF
*Coe is used 10 oelermine the dynamic power consumplion, per package.
Pp=Vee?l (Crp+C.) where hi=input frequency
C.=output load capacitance
Vee=supply voitage
SWITCHING CHARACTERISTICS (C, = 50 pF, Input {, 1, = 6 ns)
TEST LIMITS
CONDITION 25°C -40°C to +85°C -55°C to +125°C
CHARACTERISTIC Vee HC HCT 74HC 74HCT 54HC 54HCT |UNITS
v Min |Max | Min |[Max | Min {Max | Min |Max | Min {Max | Min | Max
Propagation Delay  teun 2 — |65 | — | — | — {205 — } — | — {250 — | —
An, Bn to (A>B)out, tem 4.5 —_ |33 |~ {36 | — |41 | — |45 | — |50 | — |34 ns
(ALB)out 6 —l28|l - =} —=}38|=-—|—-—|— {43} = 1|~
- 175t — ! — | — 240 — | — | — |265| — | —
An, Bn1o 45 — |33} —f(40 | — |44 | — 1850 | — | 53| — |60 ns
(A=B)out 6 — 130 | — | == 7l — |- | =14 | -]~
(A>B)in, (A<B)in, 2 —f140l — | - | = |V = —|— |20} — | —
(A=B)in to 4.5 — |28}t — {30 | — |3 | —-|3}—}42]|— |4 ns
{A>B)out, (A<B)out € — |24l =}t~ =130|—-—|—j—136{—-1—
— {120 = | =} — {180} — | — | — |80 — | —
{A=B)in to (A=B}out 4.5 — |24 { =~ |31} — 130} — 3} —|36{— |47 ns
—_—j20l—-|-|=-126|=-}—=— | =131 ] = |-
Output e 2 e 75 | — = = g5 | — —_ — {110| — —_
Transition time 4.5 —_ 5 | — 15— (19| —]19 ] — |22} — |22 ns
Time 6 — 3| =fj=|—j86 =1 —=|—=18 -1 —
input C
Capacitance - — 100l —-fjW0]—=]1W0}—1]10fj— 410} —]10 pF

ORDERING INFORMATION

RCA CMOS/OMOS device packages are identified by let-
ters indicated in the 10110wmg chart. When ordering a
CMOS/QMOS device, it is important that the appropriate
suflix letter be a'tixed 1o the type number of the device.

Package Sutfix Letter

Dual-in-Line Piastic

Dual-In-Line Frit-Sea! Ceramic
Dual-In-Line Surface Mount Plastic

Chip . -

IZ+mm

The CD54HC/HCT series is suppliec in dual-in-line frit-seal
ceramic packages (F sutfix). The CD74HC/HCT series is
supplied in dual-in-line plastic packages (E suffix) and in
dual-in-line surface mount plastic packages (M sutfix).
Both series are supplied in chip form (H sutfix).

For example, a CD54HCB85 wilt be identified as the
CD54HCB5F. The CD74HCS85 will be identilied as the
CD74HCBSE.
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Fig. 2 - Transition times, propagation delay times !
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Fig. 4 Paratiel-casceding-comparing 12-bit words




National .
Semiconductor

MM54C160/MM74C160 Decade Counter with

Asynchronous Clear

MM54C161/MM74C161 Binary Counter with

Asynchronous Clear

MM54C162/MM74C162 Decade Counter with

Synchronous Clear

MM54C163/MM74C163 Binary Counter with

Synchronous Clear

general description

These (synchronous presettable up) counters are
monolithic complementary MOS (CMOS) inte-
grated circuits constructed with N and P channel
enhancement mods transistors. They festure an
internal carry lookahead for fast counting schemes
and for cascading packages without additional
gating. 4 ’ >

A low level at the load input disables counting and
causys the outputs ta agree with the data input:
atter the next positive clock edge. The clear func-
tion for the C162 and C163 is synchronous and a
low level at the clear input sets all four ouiputs
low after the next positive clock edge. The clear”
function for the C160 and C161 is asynchronous
and a Jow level at the clear input sets all four
outputs low regardiess of the state of the clock.

" = Yanth power TTL

Counting is enabled when both count enable in-
puts are high. Input T is ted forward to also enable
the carry out. The carry output is 8 positive pulse
with a duration approximately equal to the posi-
tive portion of Q4 and can be used to snable suc-
cessive cascaded. stages. Logic transitions at the en-
able P or T inputs can occur when the clock is high
or low.

features

® High noise margin
® High noise immunity

1V guaranteed
0.45 Vcc typ
drives 2 LPTTL loads
compatible
® Wide supply voltage range 3Vito 16V
® Internal look-ahead for fast counting sgemes
® Carry output for N-bit cascading
® Load contiol line
® Synchronously programmable

connection diagram U
LU L N L) ™
00y =t 3 ‘-“-.‘.:
- wiet
bt [ up—t
W med 3 ] o3
ll.—” [ d
(LR O L) d o 10
- Ll L] S gem 1028
~

logic waveforms
€160, -~ C162 Decade Counters
(X

[ L R

€161, -~ C163 Binary Countars

wieT 7
o™
L e TN

-

a

L% camm &
— ____

78



absolute maximum ratings .

Voltsar At Any Pin (Note 1) -03V1o Vee ¢ 03V Mosmmum Ve Voltsoe 18V
Operating Temperature MM54C160°172/3  -557C 10 +125°C Package Dissipation 50O mwW
MM74CI601 723 -407C 1o +85°C Operating V. Range +3Vio 415V
Sioragr Tempreature - -85°C 10 4150'C Lead Temperature (Soldering, 10 sec.) 300 C-
electrical characteristics
Min/Max limits apply across temperature range unless otherwise specified.
PARAMETER CONDITIONS MIN TYP MAX UNITS
CMOS to CMOS
Logicat “1” Input Voltage Min(q) Vec 7 5V 35 v
: Vee = 10V 8.0 ) v
Logica! “D” Input Voltage V w0y Vee " 5V 1.5 v
. Vee = 10V 2.0 v
Logical 1" Output Voltage Voyr(n) Vee*® 5V, 1= ~10pA 45 v
Ve = 10V, 1 = =10pA 9.0 v
Logice! “°0* Output Voltage Voyrion Vee ® 5V, 1o = +10pA 0.5 v
Vee = 10V, 1 = +104A 1.0 v
Logical “1” Input Current Vyy(y) Vee ® 18V, Vi ® 15V 0.005 1.0 pA
Logical "'0” tnput Current (01 Vee ™ 15V, Vi = 0V -1.0 -0.005% pA
Supply Current Ice cc™ 15V 0.05 300 pA
Input Capacitance Any Input 5 13
Propagation Delay Time from Clock to | Ve = 5V, €, = 50pF, To = 25°C 250 400 ny
O tag OF Yogy Vee = 10V, = 50pF, T, = 25°C 100 160 ns
Propagation Delay Time from Clock 1o | Vec » 5V, €, = 50pF, T, = 25°C 290 450 ns
Carty Out t,40 O that Vee ® 10V,C = 50pF, Ty = 25°C 120 190 ns
Propagation Delay Time from T Enable | Vec =5V, € =50pF, Ta 25°C 180 290 ns
to Carry OUt t.40 OT tpqy Vee = 10V, C » 50pF, Ty = 25°C 70 120 ns
Propagation Time from Clear to Q tpgp | Vee = 5V, Cy = 50pF, To = 25°C 190 300 ns
{C160 and C161 only) Ve = 10V, C, = 50pF, To = 25°C 80 150 ns
Time Prior to Clock that Data or Load Ve ® SV, €L =B0pF, T, = 25°C 120 nt
Must be Present tgeyye Vee ™ 10V, Cy = S0pF, Ty = 25°C 30 ns
Time Prior 10 Clock that Ensble Por T | Ve =5V, C =50pF, Ta= 25°C 170 280 ns
Must be Present tgeryp Vee ® 10V C » 50pF, T = 25°C 3 70 120 ns
Time Prior to Clock that Clesr Must Vee =5V, € = 50pF, To = 25°C 120 180 ns
be Present tgeyyp (162, 163 only) Vee =10V, C = S0pF, T, = 25°C 50 80 nse
Minimum Clock Pulses Width Vee =5V, € =50pF, Toa=25°C 90 170 ns
twi OF twi Ve = 10V, C = 50pF Ty = 25°C 35 70 ns
Maximum Clock Rise or Fall Time Ved =8V, C_ = 50pF, T, = 25°C 15 us
. Vee = 10V, Cy = 50pF, T, = 257C 5.0 s
Maximum Clock Frequency Ve ® 5V, € = 50pF, T4 = 25°C 2.0 3.0 MH;
Vee® 10V, € = 50pF, T, = 25°C 65 8.5 MH;
CMOS/LPTTL INTERFACE
Logical 1" Input Voltage 54C Vee = 4.5V Vee-1.5 Vv
7aC Ve m 475V Vce-1.6 v
Logical “0" Input Voltage 54C Vec =4.5V 0.8 \
74C Vee = 4.75V 0.8 \%
Logical 1" Output Voltage 54C Vee =45V, Igr -360pA 24 v
74C Vee - 4.75V, 1o+ ~360uA 24 v
Lonical 0" Output Voltage 54C Vee v 4.5V, 1 v +360uA 0.4 v
74C Vee ® .75V, 14 = 4360pA 0.4 v
OUTPUT DRIVE {See 54C/74C Family Charactetistics Date Sheet}
Output Source Current lgqypce Vee ™SV, Vin © 0OV, 1.75 mA
Vour®* OV, T, * 25°C
Output Source Current lggynee Vee * 10V, Vi " OV, 8.0 ) mA
Vour 2OV, T, = 25°C
Output Sink Current Ig,yi Vee =5V, Vinm * 5V, 1.75 mA
Vour * Vee. Ta = 25°C ~
Output Sink Current Tg)yy Vee * 10V, Vigny n 10V, 8.0 mA

Vour = Vee. Ta ¥ 25°C

Note 1: This device shouid not be connected during powsr on conditions.
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switching time waveforms
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National
Semiconductor

MM54C221/MM74C221 Dual
- Monostable Multivibrétor'

general description :

The MMS4C221/MM74C221 dus! monostable multi-
vibrator is monolithic complementary MOS integrated
circuit. Each multivibrator features @ negative-transition-
triggered input and a positive-transition-triggered input

.

of c;temal timir;g components. The pulse width is

approximately defined by the refationship twour) = {~

Cext Rexy. For-further information and applications,
see AN-138. © .

R IR
B S b

either of which can be used as an inhibit input, and 8 . T
clear input. . features et
fired. the . ndasl B ® Wide supply voltage range 4.5V to 15V
Once fired, the output pulses are independent o er o . R : 1.0V
transitions of the A and B inputs and are a function of annnt.zed. nose r.mrgm 045 V. 0
the external timing components Cext and Rexy. The % |97 foize-Tmomunity 45 Vee tvp
pulse width is stable over 8 wide range of temperature ® Lowpower fan out of 2
and Vec. Pulse stability will be fimited by the accuracy TTL compatibility driving 74L
connection diagrams y
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; L
absolute maximum ratings (Note 1)

Voltage st Any Pin ~03VioVec +0.3V Packege Dimsipstions . ) 500 mW

Opersting Temperature Range ) Operating Ve Range* . 4.5V 10 16V
MMB54C221 —55°C t0 +125°C Absoluts Maximum V¢ 18V
MM74C221 —~40°C 1o 485°C Rexy 2 80 Vee () ’

Storage Temperaturs Rangs —65°C 10 +150°C ud Tempontun (Soldtnn(. 10 loconds) L 300°C

“. S

e

dc electrical characteristics Min/max limits spply across temperature range, unless otherwise noted.

PARAMETER ] CONDITIONS -* ./ ] MIN 1 e ] MAX J uNITS
CMOS TO CMOS
Logical 1" Input Voluage (Vi) Vec =50V 4 3s ) v
. C Veeo1OV . - 80 ], v,
Logical 0" Input Voltsge (Viny) Vec =BOV." & -7 i 16 v’
. Vec =10V % o . 2057 v&_‘

Logicat 1" Output Voltage (Vourcy) Vee = 5.0V, Io = 1OUA 45 W v

: Vee =10V, 15 = -100A 80 L2 : v:

ot T f..;_ AW =
Logica! "0’ Output Voliage Nc;m, vcc - 5 OV lo - ‘DHA : M V
- vcc = 10V, !o = 10uA v
Logical “1” Input Current (L) Ve = 15V, Voy = 15V BA
Logical 0" Input Current () - Veg= 45V, Viir= OV -10.- uA
Supply Curremt (1) (Standby) Vee = 1BV, Ry =, 257 17 7 uA
‘ \ c; . Q1, 02 = Loic 0 (Note 3)
(Durir:; Our::n ruc:-’) . Vec™ 16V, Q1 < Logic' ), LY o
PR = 02 Log-cn (Fgunl) - . °
’ ’ Vec = 6.0V,Q1 = Logic, -
4 Q2 = Logic 0 (Figure 4) 5

Leakage Current st R/Cexy Pin | Vee = 15V, Vegxr.= 5OV c {om | 3 A

CMOS/LPTTL INTERFACE

Logical “1” Input Voltsge (Vipy)
. MM54C221 © -
" MM74C22)
Logical “0" Input Votage (v.,.,,,)
MMB4C221 . .
MM74C221 Vec = 4. 75v
Logical “1” Output Voltage [Vour} j .

MMS4C221 Ve = 4.5V, I = ~360A 24 N
MM74C221 . Veg =475V, l° =-3600A 24 v
Logicsl 0" Output Voltage (Voyrig) | .-~~~ =7 —~ ¢ : ,

MM54C221 vcc =48V, 1o = 360uA : 04 LoV
MM74C221 Ve = A75V,1 = 360kA 1. 04 v
OUTPUT DRIVE (Ses 54C/74C Famity Charactaristics Deta Shoet) -+ " A 5
Output Source Current llgounce) Ve =BOV, Vour =0V, . | -8 | -33. ’ mA
{P-Channel) Ta=25C . : :
Output Source Current (lygunce) "Vee = 10V, vou, oV, -0 -5 |- ‘mA
(P-Channal) Ta=25°C .
Output Sink Current lgx) Vee = 5.0V, Vour = Vee, 1.75 38 mA
{N-Channel) . Ta=25°C ,
Output Sink Current {lgiux) Vee = 10V, Vour = Vee, 8.0 18 - ‘mA

(N-Channel) . To=25"C




ac electrical characteristics T, =25°C,C, = 50 pF, uniess otherwise tpecified. =
. - ) i
PARAMETER . CONDITIONS MIN TvP MAX UNITS - - ‘g
Propagstion Delay from Trigger input Vee = 5.0V 250 500 .., : :
(A, B) 10 Output G, 8 (tpp an? Vce = 10V 120 250 KE
" Propegation Delay from Clear Input Vec = 5OV 20 | s00 S
(CL) to Output Q, B {tepey ) Vee = 10V 120 250 B}
Time Prior to Trigger Input {A B} that Vee = 5.0V 50 N
Clear must be set (tgey) Vec = 10V . -2
Trigger Input (A, B) Pulse Width (twas) { -Vee = 50V 60
. Vg™ 10V 30
Clear Input (CL) Pulse Width ftwcey) Vee = 5.0V -t . 80
vcc = 10V e 30 s
O or G Outpun Pulse Width (twiour)) Ve ® 6.0V, Rexy = 10k, -
Cg,“ =0 PF
Vcc =10V, Rgx7 = 10k,
ng-f =0 pF
Vee ™ 15V, Rg‘f = 10k,
Cexy = 0pF

vcc =50V, Rgx-r - 10k
Cexy = 1000pF (Figure 1)
VCC'- ’W, Rgn - 1&.
Cexy = 1000pF (Figure 1)
] Vee = 15V, Rexy = 10k, '~
Cexy = 3000 pF. (Figure 1}
Vee ® 5.0V, Rexy = 10k,

: - Cexy = 0.14F, | {Figure 2)
Vee = 10V, Rexy = 10k,
Cexy = C.1uF  {Figurs 2)
Vee = 16V, Rexr = 10k,

{ Cexr=0.F S (Figurs 2}

ON Resistance of Tnnsmor Between Ve = 5.0V (Note 4)
Rngn 10 cEX‘I’ (RON’ - Vcc = 10V (Note 4)
Vee ™ 15V (Note 4)
" Output Duty Cycle Re 10k; C= 1000 pF * =
R= 10k, C- 0. lpF mmﬂ
Input Capacitance (Cyy) R/Cext (nput {Note 2)
Any Other Input (Note 2)

Now 1: “Absolute Maximum Ratings™ sre those velues beyond which the smfety of the device cannot be gusranteed. Except for, “Operating ."».
Tempersturs Range™ they sre not meent 10 imply that the devices should be cpersted st thess limits. The table of “Electrical cw-:mmu’f
provides conditions for sctus! device operstion. . .
Nots 2: Capacitance is guascanteed by periodic testing.
Note 3: In Standby {Q = Logic O the power dissipated squals the leskage current plus Vccmsx'r"
Note 4: See An-138 for detailed explanation of RON. . .

. R
Note 5: Meximum eutput duty cycle © Rmz:‘:m




typical performance characteristics B ' T : |

Figure 1 . Figurs 2
Typica!l Distribution of Units for Typicat Distribution of Units for
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