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1. MITINRMNG (Hultiplexing)
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"5ﬂ5qqnmi17ﬂw1ﬁ§iacﬁawuqoLﬂuﬁoﬁ#uﬁutaaw UABEILTIRY L I8N
sonifudanden q T Surfiuin q fu Tnefiunavdandesiinnionninad misvesnny
(Period) vaeﬁqqqmﬁwoawsﬁﬁﬂaﬂaéqaqﬂ ﬁwL11éuﬁaaéﬂaﬁ@qwmﬁ1ﬂﬁnﬁoaanaﬁnud
aedaugominds U8 afaedy Lnéao%uas?ufﬁqqamﬁﬁaawsﬁéauﬁ1ﬁaﬁnﬁqaéwouau
LaawﬁéuﬁaaéwoaﬁnudaséouéaﬂvaaLoawﬁu n"

aﬁnnqvinﬂséaﬁaaéwui LIIINNTNANAIDE I INUAAERIUEDE 109
n7a1ﬁ1ﬂﬁn§Q51ﬁdoaan1ﬂLﬂ?aa?uawawsn%uﬁwoaw71ﬁtﬁaiaowuqanaeﬁ@qwmﬁoaéwa
uasn7awﬁﬁqumﬁaaéwa&ugnéuaan1ﬂ

1unwaﬂ§ﬁﬁn7w1i3§nwﬁéuﬁaaéﬁoaéﬂoaﬁﬁtaua Uniform Sampling

: ¢ S\ G 30 - > 3 Xy
w0 wesalnsan Flunisfu-deinsansadnsliasaan - dsswdansiaauasen |
éﬁaiunw7a§woqﬂn1& SnﬂTsnw1n§onﬁ7éuKQQﬁmaéw01£ﬂﬁwLﬂuadoaanTﬂﬂutﬂéaefu
futfunrminldmanandrovesdrimansivesrsuudiutintng lisa fu
2.2 nwsuauﬁ@gwmﬁwaawsﬁuﬁaéiunuvuﬂéu (Pulse Modulation)

Qﬂﬂﬂﬂﬁiﬂﬂﬂﬂﬂ?éﬂﬁ?ﬂéﬁﬂﬂsL§u155ﬁL$ﬁ1ﬁ5ﬁlﬁﬂﬁ@ﬂéﬂﬁ@@ﬂ&ﬁﬁ?@ﬁ?‘
Tifonan LfwéeLﬁﬂaﬁaaéﬁovaoﬁqqﬂmﬁﬁ1awsﬁ1ﬁqwﬂn17éuﬁaaéwaﬁaﬂﬂawuauaenws
éuﬁ?@éﬂdﬁiﬁﬁéﬂﬂﬂ1ﬂ§ﬂLﬂéﬂﬁ%ﬂLﬁﬂ&u xﬂéﬂﬂ?ﬂﬂuawuwsnfﬁﬁaﬂﬁ75u1ﬂﬁauuﬂ

Tunﬁséotawwzﬁaaéwovaaﬁqumﬁwaaﬁ71ﬂi vrawnTann L iunla
Tagnrdsnmawiasasimntnaais ol FEAA7981938R8 N1 IRANMLSANTR L awg
(Characteristic) Yodiaalumanaiu (Pulse Trainm) asuwdasly niainld
5nvmzauﬂﬁvaoﬁaﬁquvuuuﬂsutﬂﬁﬂuuﬂaa1ﬂTﬂa§QQﬁmﬁaaé1oﬁn?ﬂﬂiw ANTHANELW
§nianstuvas Luwouaa Fensein liwanads iy ﬁﬂlﬁﬂawuqcuaoﬁaétﬂéauuﬂaa1ﬂ
ANNAI0E19UD9AAAWINIANT (Pulse Amplitude Modulatiom, P.A.M.) 1A IH

» 4 ( ﬂ. g Ll d )
Aanin sg avadL ddguutlas lilnnafaog1 sussdain9d1T (Pulse Duration

026917



- 10 -

. v‘lvv ' v { o \1 v 1 v '
Modulation, P.D.M.) 1 (Rfunusrewads aguulas [dnnan29a1 010 98000617
a9 (Pulse Position Modulation, P.P.M.) n17AaEiRan i3gn1TnaNiaa LY
Tﬂﬁuiuaéﬁuﬂaﬁutnunuﬂu?uudaun1ﬁ

2.4 1997ANAUAG (Sampling Circuit)

‘ ~ e
° [ » v a (\1 oy
mMIeuressaTRNERRARananun1Tin-  dnadng i Tngiidannn
ovalﬁv a ¢ a‘a‘\lluv a
AvvAutiiam Jualn- dnadng we anaintlnfudannanday adntaedn 0N zex
vu ] » 1 8 i 4 1r-X3 o w o ‘
ThdanasinldIfaunslutrsain S liddeasisasnisfuaingeeda  oFo
v 1 + MR w t 1 o ( "a
wardagatinaansasin i lal frednaidu weuwnaenaing (Analog Switch) (el
U i e oaw u a { y ' a v 19 M v
w3 IuANAM L sTTIUT sRuAd AN TINYaL | T damatnaanTidanliuntus efun s i
Cingut) sz liferimesen outout) 1ald waataus siumavauldduus sduan
E‘a' LI | v a‘ u °w -3 o ‘ o ‘ a‘
SaanannnAs snuat Tuereiuluda (bias) AnadndasdndagiaindanThdeuld
fuiaus snun1 v Srassnnldfedanssen idawne luda el udaanaao uann fuan
uu
a {
2.5 M9341A7 143 (Synchronization)
TusvunmsnssagnlagniTatelsaninaTosauas L aTaeTudn Sustas
o ] a‘ Y o o ﬂl k-4 d o '8 7] L)
fauiagLratRdenadasin 812437 1AM 91uAaInLARauLiE 1L antaaatin IRdaaaTNY
a’u vo on o d v ¥ v o ‘:' r-4 ' o -3 {' v v
aransulaRnuann3edn dudosavdnmoaiiandei Fandn dunadulaslussos fvdaana
' v v v a 4 a e a a w °
1aaig Insondedaaduler ludtiaTasfuanangaiasdas 3adureaTauniainau
v ° a v wwed v u a T om '
wagaunTanTIsaon i siaTesfuduingandia syl aTasdmTa i
2.5.1 $insdularlncaiulsnsdedanasnnansuisesniin 2 53
1. mMydsdauatnIansmaifesiulaia  (Asychronous
Transmission)
ANTAIRNIN 2317 LN T h ﬁanwsdcﬁwaaﬂsxﬁuqﬂ n g
' av a & v P ' a a ¢ o w
whaztnssuadulas ludluiaiee S5udunnlflunsdsInriamTalnslion Fodagoa
1 - - o
yraarrasandenat Saeiulis fum « Tngunay gniidunil e munant TaRuuaeaaign
k4 *
vosynun q (ReuaTaeduldfudunueniniTuiy  afosfuan i Tududgnainaansiids
uwuaxaaqu?nL§a15¥nﬁququﬂuasLﬂ?ﬂ»?ﬂﬁ@gﬁmiwaaﬁsqﬂﬁa1d FIMIBLIATIN

vo i musias 1A iy dawnndrfinoainanents (e I 1AToeFuLaTauna Lt



- 11 -

1unw1¥uﬁquuqﬂ1nﬁzﬁw&uﬁ@qwmﬁw1aw7udasgﬂﬂsenauﬁaaﬁqqnm 5, 7, 8 Im uaa
WAAININNEDETINININIENT T23taaTenanadin « Hudadamunanna 2 lun s 5ude
117813 nw:éuﬁﬁaﬂ777na3§§1£53odeﬁ@qﬂmﬂﬂaﬁﬁaﬁ (Clock Pulse)  Toalifiag
Lﬁéaa?uaﬂun1n¥ufﬁqQﬁmuﬁaugﬂ1ﬁTﬂﬂnw7iuﬁwuwﬁaquénawouaoﬁn tﬂéae¥u5Qme
a%eTﬁfﬁai§7ﬁﬂwQné11ﬁdﬂaiunwvﬁﬂgcuasﬁwge?uuwﬁaﬂ uAN1D| dADN1TIN 9 UADY
11911 5ﬂ7ﬂt§7§aqﬂﬁﬁ1ﬁtﬁaq 1,200 fmAousiiinty
2. n'ﬁsi\}’;l'{y,{!’muuu%ﬂﬂfﬁa (Synchronous Trensmission)
ndsdanuynelasia wanafe nedsdaaaldneanads
Mednau Sareemsdenh Tngiidnnanasaiasiin induann.adosdediulify
dannainoanlifaraToodudas ialdi fuiadmuniranlsisovdouariadosurneny
TNy
massdggnaude lasdatiananTed e lwnfandn wuwete-
Tariia 30ﬁ11ﬁ5ﬂ7ﬂﬂﬁ7dﬂﬂaﬂiﬁﬁﬂﬁiﬁatiaﬁéﬂéu wae s Sosmnfidannanndng fuia
fmuALIaTIm oL AT s s L AT a0 T Sl seuriananTannannldi fisons sfiaanu
ﬂanﬂtﬂéau1unw7?ui11&w15asuwn5@qwmﬁéq1ﬂTunﬁiﬁaunu%oTﬂsﬁﬂinﬁugﬂ " WuNau
ViuLAgInuuLTeTe Tagia ﬁwaﬁuudiwnﬁsdaudasgﬂnﬁu1ﬂaéwodanﬂaaa§wxano1uudau
e aEIaIaE  sssanainld Tassedl I ven13dedaanade-

{ @ a v v v v ' v o
Tﬂi‘l ug lua‘lﬁt AT937HAN90 uﬂﬂﬂ{yﬂﬂmaaﬂ‘lﬂf}ﬂﬂg InuYe qumnﬂ Jd41



NITODNUUURI U I
Ve
3.1 ¥anA"T 1N 28R
TuSnarfnudnii tﬁunwvaanuuuxnéaeéeuastﬁ?uu?ﬂ:unnfauﬁQQwaTﬂa
mautsiaar Tnelifnamaassoonuuuiadasdouaeiafosiy 3 tovannna 1 fTeuy
i lnenirutonaani §QQﬂmﬁﬂaawsﬁﬁaoﬂﬁ1éaastﬁuﬁqqﬁuﬂawuéaé1uéﬁu
300-3400 Hz mumnﬂjwwao CCITT ( The International Telegraph and
Consultative Committee ) 5@qwmﬁ13ﬂw7asgnsauxﬁﬁﬁnﬁaéTﬂaﬂawugenaaﬁaéau
KUTRINTUIINYDIAIINA SV VRGN 79T ﬁ@qwm:auﬁ1ﬁqvqnéeaaﬂ1ﬂTﬂﬂawséo
(iganulaen1sans andmivd sdaunas tosianalinr oty wnlitessisand iy
s sreatamTinante  iedsdanaaTy 3 fnauas  favdvduanadelasud
Tougen [Uiag saanadsTasludasimnmnunirons eadi iafusunananendng
ﬂaaﬁaéﬁuﬂusauﬁuﬁqumﬁwaaﬁs udﬁ@qﬁmﬁ@Tnf1u{aeﬁﬂaqucqniﬁ
iodaanuTinanieiade ety fiafoatrseinoaruandaanadelarludosnann
s 5@@ﬂﬂ%ﬂTﬂ71ﬂ%§1ilﬂuﬁqqqmﬁﬂﬁuﬂl?ﬂﬂqﬁﬂﬁ38ﬂ;105QQWmﬂ7uQu 31981
Tungiadnrearaing tﬁa%ﬁﬁqumdwuaangﬂﬁaonnuﬁaoﬁ@qwmﬁﬁwnuﬂ15 .5qumﬁ
innaonuni fuiiesmredsnastasimesmrien  Bei i sansosaanuie

€ (Low-Pass  Filter) aaedlATUMdeaIndudand 935nTasArmiinnuas: fu

dgranaiansueaan o RENGIN 8 T 90

3.2 NINIMUARITARTDITITNIRE ¢ Pulse Frequency )
annqvgnﬁséuﬁaaéqoﬁQQﬁmavL§u1ﬁiﬂ ﬂoﬁuguaanwséuﬁaaéﬁe 9819%08
Aaeimifiy 2 tﬁﬁvaaﬂQﬁuﬁqeqﬂvaeﬁqumﬁﬁqans Lﬂéaoguaaawuﬁsna§1qﬁ@qﬁmﬁﬁ
503muﬂ5135uﬁ¢@1mﬁ17a17Lﬁuﬁgﬂéuﬁaaéﬂaaw ﬁa&uﬂvﬁuéﬁ151un17éuﬁaaéwo
voudaace ) dmduinaninutinanuiiodneioados iy
= 3.4%2 kHz

w{wmtin)

= 6.8 kHz



13 -

b
L + ~ n
araamcom_. £ RAl ::somgowcaom__.zc:o_maraam»m_nrm@,3hc=aocraczs 1°E Eﬁm

o38N2 = B3
I/NE = 3
€°HO 40, TNDTS “I0MINOD
2°HO 40 WADTS TICMINOD
A ]
T HD 1Y “RNDIS IOMINOD
e 03EM@R ————— {83 |
TONDIE  ONAS
W oSN |

ZHHDA2 HOO0TIO




_14_

Lumatmunraadvesmrauiad LA MUAIMITUINTD 190 vda WA a THAL
ﬁawuéuaonwséuﬁqqﬂm dwdrinariudainitnlfi 3 doviaana  Taesediein
ﬁQQﬁm%aTﬂ71u%Lﬂutaiauﬁaaéwanﬁcnaaﬁqum L§a§617m11udaunaaaoqsafweﬁqum
AIUAN asuﬁuiﬁﬁqqﬂmﬂauqanwséuﬁaaéweudasﬁacﬁ@qwmqsawnyﬁﬂn17ﬁu5qqﬁm
WA %aﬁﬁaﬁqumuuauﬁaﬁ 4 ANA9 1 ANYDIKKNAILAX foinanuinosnuon
Wadasinfy 4 tﬁwnaeﬂaﬁaﬁnaon11éuﬁquu<Qgﬂﬁ 3.1 tvenaw

f = 4f
P -
v

-d v o a "ﬂv o ﬂ' 4 ©w ' o v v
AMTUINGIUUUGY ﬂﬁﬂuﬂ1ﬁﬂ1ﬁﬂﬂﬂﬂﬂﬂﬁfgﬂﬂQQﬁmlNﬁﬂU 50 kHz #9uu

o v { _r
ANANYBIYUIUUGRIL LNNY

=
}]

4%50 kHz

200 kHz

3.3 M70BNUINIATENEN 3 Toedemn lnTErum T sanna TasntTutat1an ‘
TuN1700NUuILATaNRS L TIEBNTAENIONLILANAMINAIYE suRaEdanane Y
\A309dessing
2.3.1 NNT99NLVYAIUATIIINIMIAA (Pulse Genersting Circuit)
3.3.2  N130INUUNAINATIIRWWAIUAY (Comtrol Unit)
3.3.3 nqsaanuunqqqséu§Qqqm (Sampling Circuit)

{ é
3.3.4 nwsaanuuuaoqstawngnuauﬂ%ﬂwataas (Output Amplifier)

3.3.1  MMT09NKILAINAT ITLIUNAR
nﬂsaonuuuéauiﬁaoﬁqw1mﬁﬁozﬂiwcvaaﬁ@qﬂuﬁqsaiwoﬁu ADIAADIN L RAUNE
auffum it e1uve smizaadn vimnaad Ay %oﬁwﬁaw:mﬁﬁadaua§woﬁquuﬂvnﬁaﬁqs
nandeluiate  3.3.2 uéaqsLﬁuiﬁaaqssauﬁ151uﬁﬁaaa¥1eﬁ@qwmﬂququﬁaen17
ﬁqqﬁmﬁaétﬂuﬁ@qwmnsuﬁuqunﬁsﬁﬁewu Tnaﬁﬂawuganaaiqumﬁaéaé1uiao +669+9
Toa wavaenoodiiafaTnwtasainain i tisuetasdine feinludnandundisofonld

{ v w v {
IIRTTINLYDT 585 Lﬁuﬂ?ﬂ’qﬁﬁﬂquWﬂﬂ



5 Thresreld

5
o . O Thresiotd
omparater

Cantrol
+Oilage

- 2 Trngger
1 om.
frgger comparator

A P Jgf

7

4 > Discharge
Jaset Ommmmwm Flip-flop

nprh
pnp =

OQutout

stage

Virs < Yee l
3

‘j_ . . Quteut

o o {
'zdn 3.2 uamnaaﬂ‘lﬂasumwaw\ﬂﬁwtna‘: 555

@

s {
MINNIULDIIIRTTINLUDT 655
{ ) g =
ABNUNTLADT2 (Comparatar?) dsiLiTauiiauliainates trigger input
v 5 - a a1 o ' {
(12) fulaaine V__/3 dalaainann trigger FAMINGY V__/3 ADINITIIADT2
u a & ¥ @ )y — ' o o o:: {
aelidan 13 incReset) Tilihlaoi(F1ip-f Lo odluanusdin Feasrinlifayda
a ¢ 1o o v v o {
n7uTaIReT (Discharde tramsitor) |HUINTEUALRS|IOAMANNTEAUANATUANALEM
Aﬁn -8 ¢ . v ¢ o o
w91 udni 29 il ¢ Invert ing Buffer) as1ﬂtaﬁnqnnn13aaﬂwus§e
1 N
{ o o
ABNWNTILABTL (Comparator1)aeiifamifisr]aainavasthreshold input
(;6)  fulaama  2v__/3 Hglaawnshun  threshold FANNNNIN 2V__/3
1 oW o ¥ a5 v a ‘ o l L
ADNUNTILNDTL quaeamﬂﬁm1ﬂnwiwﬂaﬂﬂaaﬂaa1uan1us§o AFIITINTIUTALADTIBUN
v o L'l
d v e Xl qe (4 a :
nIvuduae L Joudustoinieitliaded s ldLaminimataniuse
] { vo o v £ v -
lumrliormermuned 555 Miindemowiad  awnsalnsesdenii

3.3 1a



- 1§ -
N -
Veeo
8)
Ry
7
Reset Discharge
4 555 Ry
6
Threshold
I°
Lo Tngger Outout p—o3 ’ I I l
2

} ) 4 ] Control
voliage
I
001} uF

. : ]
Eﬂn 3.3 WAMINTTHY 555 3ET19VUIUNAR

A Ty w VisTa Ja !
wa‘:uau‘lmwﬂumeaanLﬂwmwaanatuam ¥13%8993997773 855
' .' v ¢ ° v v & '
Tﬂmmwmsaﬂmnuuamw:nmnm’[namﬁwmu RAqRalmvﬂ‘Nﬂﬂﬂfﬂ’i c ﬂﬂDDgﬂ'\B

uon

ATNTINULD 99T
a & - wo ¥ e ' v @ o™
Woiduanalhiaes v Tifaess WEUUANAIATONND L NTEY  C AN
v v I't ¢ v & '4 a & ¥ a » s . v '4
zn1ﬂuquaT7an ASUUABIWITILADT2 aast1n1ﬂﬂaﬂﬂaaﬂag1uanwusnwnﬁ1utaﬁn
a' o [ 1] ) o ~m W 1 o~ d
WnNN3AARTER S BAEREI3INL IR 1] t U ﬁnawnnﬂsaunoxnuﬂssg C 3¢
andnilseaiuar i R, iaé R, BA1uiiy 2v /8 Feasrilidnan Tbiinn
ot L V) .l d ﬂ' o ) ﬂ.
thresold  YAUNINY  2V_ /3 A2AWNTILADTL flas L URaussnulIaIng  LiAsy
I's o v 4 - v { o o . v v
anwusuaaLawnqnﬂaﬂﬂaaﬂ1ﬂa§1uanﬁuuge nﬁ1wta1ngnnn13 AANTUBAT  URLUIAY
va 4 a lo - . v & ' [
RRaYrTanTINEA L RBTIINTEWA ﬁoqsnw1nn7tnnﬂssg c GWHﬂSHQNWuRQﬁvﬂﬁuﬂWu R,

o { a { a ' S R -
ULREARYITINTINTALNOT uﬂ“l"al’ﬂqﬂquiﬂ t: UM ﬂﬂﬂ'\ﬂﬂﬁ’ﬂ”ﬂ?lﬂﬁﬂf”q‘ C 3



_17_

anaeann 2v_ /3 e v__/3 Feaeirlddnalbiien trigger Sanuinfy v /3
ABNNITILABT2 nazxL1n1nﬂaﬂﬂaaﬂa§1uanﬂusﬂwanﬂsa AIUUAREITINTIUTALABTAL
° { a - a‘ ﬁ d " a v >y
wgminTeud L9muning fav s duaniueas daulimlaes © s Tudnlasalagl
\BEs V__ @wenwinumy R wae B wastdisvsawinld t, Suwid

( 4 Pa o du g v -

L8 MM 3 QztﬂﬂautﬂuﬁnﬂuvﬂﬁaﬂﬁiﬂTﬂﬂnﬂﬁtﬂﬂﬂ?u? ¢ azgnieasnn v__/3 G
¢ a o o v { o ¢

2v_ /3 Toan  Wsanmi 3.4 Fouansioaiamininng 1892997738109

o v v \ v d
558 Lﬂﬂﬂﬂﬁﬂﬂﬂﬁﬂﬂﬂ?ﬂﬂﬂ?&ﬂUﬂTS? c

v ¢
ag9auc Taam
vcc
3.4 7
a
; : f (aatauam
f I !
! | !
2v__/3 ‘ { ;
i I i
i | 3.4 9
v /3 | : | ;
i ‘
: !
5 ' '
¥ S H
L gL § 5 tz z taf_# VIRTOAUM
o v (o .
TN 3.4 0 WAL IMUNMANG 10alad 555
o n uﬂﬂﬂﬁﬂﬂ11ﬂaﬁﬂﬂﬂ§8NﬁQLﬁﬂﬂ?ﬁ? c
o v ¢ v
AMADYDITUIWURS (£) %1 1nann
£ = 1/T = 1/¢4 46 ) Hz (3.1)

- v & v v
L ﬂOk?ﬂﬂiﬁﬂWTﬂﬁﬂﬂTﬂ?ﬂOﬂﬂ?LﬂUﬂ?ﬂq C ﬂﬂﬂTW?ﬂNWﬂﬂ?ﬁﬁuﬂﬁu RB N
1

dnan il 2v_ /3 fie V__



-IB_

- v - " u oW
t, Asvalumsdndassvasiaifinlies ¢ Tas v dwiafumu R wae

A

R, 2 nfnarth v_ /3 fie 2v_ /3

v @ ' I'4
aﬂnaunwsﬂwaﬂsugmatnud1vi C #IUAINAIUNIL R AINTI9

v =y g '™ (3.2)

L) <
]

o o o ) v d ﬁ' o o
o v ﬂaﬂﬂﬂﬁﬂiauﬂﬁlﬂﬂﬂis?ﬂlﬁﬂﬂ t U
a w ' v @& a
v ADANANIATONN L NYLTEINL a7 =0
c 4

ialfaun1sea.2) Tumamnoom «, aeldudy

V. _/3=2V_/3e “/RC (3.3)

cc [ 2 B

t, _ 0.693R C ‘I'% (3.4)

2 =
v v @ ' v [
uaﬂqflﬂﬁzm'lfaﬂlhﬁ'?ﬂqﬁﬂﬂﬂ‘fﬁ? C RualumunYy R f‘hﬂu7\1ﬂu v

v = V-(V-V_) e"a/ﬁc (3.5)

[ S

vialdauniscaas Tunasnn ¢ axln

2V__/8 = V_~(V_ -V /B) e " /RC (3.6)
t, = 0.693(R +R )C 1,2 (3.7)
»
AoluaIN (3.1
f = 1/00.698(R +2R_)C] Hz (3.8)

° v v &
NITAWUAAIWATNMG R wae B, uasdiiingses ©
ﬁﬂnsmwgﬂﬁ (3.3) (NeseAullaimanyn  thresold Bevsey 2V_ /3 3

nsvusdaunislnating  threshold  (116)  felnTi@unsadinuain R 4R

A9 (R 4R Ihndnaianason B, saunudnaieneTel ~—R_
T 9 MR X
W1TAIEANTEUAN a1 197 theeshold @en CI 1 (y3wavis
« LY resho mnax
(R+R) = [V _ -2V /31/I (3.9)
A B e ee cec threshold(max?
° v a a da A [ 1
amfuluinegilfllider v__ oty 8 Taadl warnanacdaveste
% 555 mwee 1. vy 0.25 TaTaswend  cwsawesi
(R+R ) = (9 - 6) V/0.25 uA
A D wmax

(R +R ) 12 XM
A p

-a. o " o1 : +
Tolumroiffmudonn & +R, M3TEAIAINGY (R +R ) unng



N %

_19_

LUTIEALUY R 4R << 12 NQ (3.10)

A n
0 [ a a (o v o v
mu‘m‘lmnﬂ’\wuﬁmwuﬂ‘lﬁ vo= 3 us , '0! = 2us , c = 500 PF Lﬁacliﬁmﬂ'ﬁ
1 »
(3.4) ®wIAn R’ ’-)815\ ) f
< 9

5772 L 9 £ 7O

R

uaslfaums (3.7) WA B +R_ e la

R +R
A 0B

BE58 N 3 7 ‘C{

LHTEREINANNTT (3.10) L iuate

LHTIEAEUY - “R- = 2886

A

(RanldanIndidea o liimeneantunsl§if - awwnsaifonld &, = 3ko,

R, = 5.6KQ0., C = 500 PF



...20..

3.3.2 NT0ONKLIMIEAT HINAAI LA

nﬁaaa?waﬁQQﬁunauquﬁ¥unuauﬁaé (Fai3enin ﬂaaﬁiaés Clock
Pulse) 3nmiagiL Snvuauad uwﬁﬁiﬁtﬂu5QQﬁmﬂauqu ﬁ@gwmaouquﬁa§1a1ﬁau
ﬁusuﬁutﬂgauuﬂaoaéssniﬁo o s +9 Taam 5@qwmﬂ7nqui§aé 4 10 Wadvo vima
ﬂvnquﬁaé1ugniwetﬁaeﬁuasnﬁﬂﬁuﬁtvaﬁﬁﬁaﬁu 2 |usec uauﬁaénaeﬁqqﬁuﬂquqﬁqﬂ
Wi iafuhiaavinety 20 “usec t1a1§1i1unwséuﬁaaéjcﬁquaﬁwzawf (b))
qstﬂut7&wﬁ§¢qwmﬂ7nquﬁéﬁusaﬁutﬁﬁﬁu 9 ol A1 ¢, EA1AL 8, usec

Tusnanfundi WiEET YiAAR AN TENDIAIEIIITTIN B A 1
WP 2997 IN293579u%A  CHOS  (Commlementary Metal Oxide
Semiconductor Integrated Gircuit) 193579y 3 MORFlAul 29979y 4017,
4009, uay 4011

4017 ¢ aaqssouﬁtﬁuaeas 5 Stage Johnson Decade Counter
and an Output Decoder 0aqsiqsﬁwoﬁuquumxﬁﬁqqﬁmﬁaaﬂﬁaénﬂéﬂuanﬁuuawnqué
o funainonumie uav1ﬁ§qumaanﬁu1 Decoded Output "0" 9 "9" lagdllnoe
unsutaawﬁouﬂﬂe151uzﬂﬁ 3.5

frduTemianiindiin (Reset)  uasfiunaasAtduloiia (Clock
enahle) ﬁuseﬁutﬂuquétjawn 1asraed i iniataalagiin 0" asiiguannan
ustﬁuLﬁaﬂaaﬂﬁaénﬂéaqunuieﬁuqué1ﬂxﬁuuun war Fumuriowlwson T

marenluromio fudeine  Fosamanrasatiaatonlifureaoe
(1) fussdufinndiin <15 wasmeseaiuiotia (19) tﬂuqué dunai Tant g
un "o Foldannm 3 1eerearmanssianne i 1 <tﬂudﬁusqﬁuuandwnﬁeﬁuaéﬁu
awromiidoulitnm v was v_) tﬁaﬂguqnusn1uﬁ@qﬁmﬁaaﬁﬁaédwutiﬂuw 1
qﬂﬂéﬁ uaequtﬁuquétﬁaﬁanﬂguﬁ 3 xéutﬁnnn%oquumsLﬁsaﬁuiﬁﬁqqnmﬁTﬂnt5ﬁﬁgn
w2 Fldanunit 4 1evr9arramsediantue i 1 uaaqsﬁanwuzLﬁueuétﬁaqnﬂsuqnﬁ
4 Guidan ﬁqumﬁfﬂntﬁwﬁgn “o* §a "e"  quwanfusan e 1 ﬂﬂuiﬁu1u§nﬂ§u

o, o - o ¢ J .
ANTULEINMLT Clock IUATY 10 @nﬂauuﬁavWﬂTﬂnt5wnqn wor  aecFundun 1 lud

tnaiﬂﬁuqnﬁ 11 ueden 2essTaaiaeinenu duveniduiieald  dfiuTesuuon

v o -] a o a @ { a e Qv v a a v {
lﬂqﬂﬂqﬁﬂaﬂlaulOlﬂauﬂﬂﬂﬂq7lﬁnlﬁuauﬂtN01ﬂauﬂﬁ1ﬂu7ﬂﬂuvqggﬂﬂﬁqﬂTﬂﬂlﬂqﬂﬂﬂ






..22...

2w ¢ : : s S ol e oo
Fonanue Ly ! agﬂaanwusLﬁuwuena1ﬂaunssnou7oﬂunnﬂnaaﬂLautaLuauﬂﬁlﬂu
{ aAv & o " e a o va o {( oo
Aus 1uﬂmsunﬁuﬂau§nqwuuvnuwnnwn Clock usoﬂunnnﬂTﬂnL5ﬁngnnuan1usxﬁu 1
 §
ﬂ' ﬂ l o v v a' o v ( ] o ﬂ
aviasut fudug 1uﬂmsLﬂsanuusoﬂunnwﬂTﬂnzawngnvwna1ﬂauuﬂn1ust %1 9999
3
Tau%aE 9uAe L lauaTYs Oy
F- r-9 o'a'-’u v ° o ) g v a’ o
‘lu'mmuuuﬁunaan’ﬁ‘lmw:me'mtuawwi‘mﬂa ‘Huuenﬂaumgg
4 an uéa1ﬁz?uﬁusau?uﬁLﬁaqnﬂﬁuﬁ 5 153979N7 Clock  L9IAMNT0 112995
E-N Py v o afy o v o
790 4017 unneﬁu15Tﬂauﬁusonunaanqwnnwn?nﬂLaﬁngn wav 1ot $auanien
\ { o a o ' v o
RESET gy M9y1 CLOCK ENABLE ®9n71% i¥emAuant 5 wiuidtanfivn cLock
v o oy o o a a' -4 o v
usenunvwﬂTﬂﬂtawngn T LI YR - APV MU 1| MU N TRPRROR FIPY. S

agcy o o @ o §w o a v
ﬂTﬁﬂLawngn nav 1d5igat ey 00 Rgudnuetiy 1 AaNReenas

Vld
s hﬁj
lll .——2 S
‘e’ 4 g CLOTK = )L - . \ ~ A
LF-2 = r’ \ \ }
491 7q8
_Si 12 47 by '
- 5% O | ¢
’3, .———2‘ a
I____s o
Vas
TU0 3-6n wAAINITUY 4017 WA 1Tenu
} 4
PIN &3
PIN 2
PIN 4
PIN 10

o v { o '
Tin 3-61 uansdgA LB MIMTIAAAN Y 199993371 3-6n



..23_

o v a { { v )
4008 : J9ATUUTENIURIBOULIOTNIADT (Inverter) 6 M3 Tou0f
o o bd U' o ( C’ 1 L3 ° .ﬂ' v v ﬁ'
TwrearrIniRentiy ﬂouﬂﬂoquzﬂn 3.7 DULIDINLADTUNALAINIMUNNAVAAY KN T
vt o L2 ( ﬂ' Y o L ﬂl ] )
e ldannida 180 e aqqﬂmtawngnn1ﬂ7uuﬂwusuﬂutﬂaauuﬂaaagsunaﬁo

el a’ ' g ( 4 t T
0 fiy +V__ uALTIEINNTALRENATLTIRULDM IR IRBN1TIT YR UT oY +V__

+3TO+15Y
BUT MORE THAN
PINT VOLTAGE

*310+15V 0

TOP VIEW

o o " s { {
21}71 3-7 uﬂﬂﬂﬂ’luﬁuﬂaul'JQTﬂlﬂD‘J‘ﬂ'}S‘lu 4009

4011 3 2933723nae LulTENaURE 2 INPUT NAND GATE 4 ﬁaaé
1u77q773uLﬁsaﬁuﬁouaﬂoquzﬂﬁ 3.8 NAND GATE usiaesnav daniusaniioius efu
I 5 fe 9 Taaﬁxiwuwﬁuwﬁugn%eaaenaq NAND GATE usoﬁuﬁgﬂtﬁwﬁgnquﬁdn
il v udﬁwuseﬁutiwﬁﬂﬂﬁugnnae NAND GATE uﬁiﬂvﬁwﬁon?aﬁoaaauﬁLﬂuqué

L5 INuDaN ILIRUMINUYIN V_

O+3T0+15V

TOP VIEW

TiM 3-8 uanoRumie NAND GATE mnaly 4011



._24_

Tasn1anoliaeashonnaiy B0 4017, 4008, 4011 hewsaafufouansly
zﬂ# 3-3 15;ﬂuuﬁasa?woﬁqumﬂanquﬁaﬂuwsn1ﬁﬁqumﬂ7nqu1ﬁnnuﬂawuﬁaaﬂwsﬁa
‘uaﬂoiuzﬂ 3-10

TN B0 93935851 S WAI A

Tﬂﬂﬂﬂ?ﬁﬁﬁ@@ﬁmﬂﬂaﬂﬁﬂéﬁﬂuﬂﬂﬂquzﬂ 3-10 0 Folfarmmiseiat inny
WadEN9358u1201 AT (4009) qs15usoﬁut5wﬁqntﬁuﬁqumaaaaﬁaﬁﬁunﬂaiﬂawn
tiu 180 aefdauanslugl 3-10 n iothinnnanasaiaannay aud ol Ifeut $1f
11 149997937734 4017 70@777ui¢sqﬁu7eﬁun5wﬁgnﬁn1 1,2,3 uae 7 hienmue
ﬁquaﬂoquzﬂﬁ a-10 uﬁaiwLawﬁqumt5ﬁﬁgnﬁ15¥n§1ﬂﬂauniﬂﬁanﬂﬂwnﬁenaoaaas
730 NAND GATE (40100 uiaeén  lwinetfigafufivndndnoniionesaoss NAND GATE
udauﬁaﬂzgnﬁauﬁuaﬁqumﬂaaﬂﬁaﬁ Lﬁaiwusoﬁun5wﬁgnnaa NAND GATE unasdis Ll
H1439975%1204 Lned as1ﬁﬁqumx5wﬁgnnﬁuzﬂﬁ 3-10 %atﬁuﬁqqﬁmﬂauquﬁﬁaonWT

3.3,3 2997AUAWIW (Sempling Circuit)

7aasénﬁq@wmﬁiwuw?iiuanawﬁwuéiﬁaoﬁmawnn?qouaaéwuﬂaﬁuégu
et 1A uARous 300-3400 Hz dnuldasnan AIIRTINYE 9 99 TN
1uums%aau155qq1mﬁ17ansdwuaaniﬁﬁéﬁiaa waERRI R I BRI an Luaed
Tamoulwdunasinu 1GQTéN§QQﬂmiﬂ1”ﬁ701£5@q1mﬁﬁQQﬁTﬁSHuﬁﬂuﬁﬂﬁutﬂ%ﬂuuﬂaﬂ
sdrening +5 Taant -5 TaasnuldTasasaan

TuSnanfuudiiaonldreassan 2016 Lﬂuvaaséuﬁqqﬁmﬁﬂsunauﬁaﬂ
LOUWNABNEINY  (Analog Switch) 4 ﬁuiuvaassﬁutﬁsaﬁuﬁauaﬂequzﬂﬁ 3-11
KOUNAONAINTURALAIDIRENITI9INTENIN9 P Chanmel fiy N Chammel  ANAY1M
funuesaindisiaannnin 80 ko iiosindliinTeus indidn) lusasiiadng
inTeus (@il AradumsRedsesna 300 2 Tnefiadndacdnfine: SeduT oy
ﬂouquuwﬁw1ﬁu7eﬁuﬁnwaauquﬁdﬁLﬁuuvn uaza?nﬁauxﬂaxﬁaﬁuseﬁuaanquuwﬁw?i
usaﬁuﬁnﬁﬂauquﬁéWtﬁuau 5@@ﬁmﬁ1uaﬂsasdwuuaﬁgﬁaonaﬁnf1ﬂ1ﬁ1ui7axaawﬁﬁw
ﬂauquiuvaﬁutﬂunanzﬁwgu ﬂw11iu7oﬁuﬂauquﬁnnﬂavuﬁaaacuanuwaanaanfsuas1i

v v ] U 4
Capacitive Coupling muwa‘lnuuwﬂunmnf}uuanmm:n&a:mﬂﬁmﬂo 4016



- 25 -

aLter

VA
LR

zzﬁﬁﬁcargmerwmravh 6-E Witx

7
u -
at
TF
OFTOHAO
=44
(23 §
&Y
8
NS+
= <]
PI>h 2°HO [=.) 4 '
) §
€°HO =41
. Y
=
1P T
ebe *ONAS S
v




- 26 -

!
CONTROLSIGNAL. AT CH.2
CONTROL. SIGNAL AT cH

C!
COUNT *1
C

I | CONTROL SIGNAL. AT CH.]

| i [

TUUUU UV U UL e
UV U U UL U UL v e
g
g
A

-

+3T0415V (DIGITAL MODD) -
C +5 V (ANALOG MODE}

L~ 1G1TALMODD
TOP VIEW fsv(wm

a’ [ ] ] -3 (
SN 3-11 wanemumneaIninnaly sa1e

i v ] [ 2 v
ﬂl?l 3-10 udnIn1gant wwamumaﬂammmuqu
L



- a7 -

ANT29NUUYAIY Capacitive Coupling
Tunvoonunuae 197997 RC luadn¥meyo9r93Tnsaenduidsiny  (High-
2

e d I; ﬂl [ v L o - ‘ ' ﬂ'
Pass Filter) ﬂ#iﬂﬂ 3-12 ﬁa1nuaﬂa?uanumsammwmauunuas:a1ngnﬁaevaasa1uu
- o 4

L

ve
N7

¢« 10

| ]
B ——= 0

\

7uin 3-12 uaﬂeﬁnvmsﬂaoévu Capacitive Coupling
) |

ﬂ. ﬁ. 4 o .‘ . L] (
Saysangin 3-13 5auaﬂoaqumtanngntﬁaaq?uanwvzauqaa

V{ i .\—: ~
Va

0 — L——_——_————____——________J
V, o

= v v o ' 3 A
71N 2-13 UAARIANPREANNINL MUY IAY Capacitive Coupling
- ol 1

1 * v
avasnsol sswanmshitadaslenmnan v - v, Tadel

V =V +V (3.11)
1 -

y =y e "1'"° (3.12)
2 i

vV =V -V (2.13)
3 2

vV =V e "2 /RC (3.14)
L 3

!

.Uﬂn(. v
dwmduingadwugnmuald ¢ = 3us 4 & = 17 us
o o o & & 0(1
Anwaeugna Smuntiagin liauauntsi Jalave suanuiaenaingang luaeas
W d
795 CNOS 4016 fetutenvdaninluaniteifgdfulindsuananefiuinin
L4 L4
fmunln v_=0.95V,
o
0 3.12) azlf

-t _/rC
1

.95 V. =V @
8 L



..ZB...

RC = -t/ 1n 0.85

RC = 5.85 ¥ 10 "

) {( v v v
inuaAr v = 9 T?ﬁﬂ uﬂiuﬂauﬂﬁiﬂs1ﬂ

v o= 7.80 Toan

£

v = 7.45 Toan

2

I3
V = -1.55 |l3an

{
v, = -1.16 1@
[ g' o a ﬂ; ) uzv v
uﬂ8lW7WSQQQWmﬂ7UQNu1Nﬂ77Nﬂ1lﬂu VDD RININIT VEE AILURDIaNTENY Vl
ilu; 1 a [ :-u v a1 e +
aslimaindn +5 v lpefinnsanseivdgge v Sl v, diadinan v

v o § v o L ‘v a
faiwuali v anseias 2 voianeelfaees lranesin 3-14
4

R1

Tidn 3-14 uaneressasuandrandalYas
k |

B' o L v o al ( ) w “I
Tﬂﬂﬂ RL uae Rz Qsﬂq“uﬂfgﬂnu70ﬂuﬂﬁ17ﬂlﬂQﬂQﬂlaqﬂﬂﬂlﬂqﬂu -3 V 993
1
a §v o o { I @ voamo
Lﬂﬂualﬂ?#ﬂﬂ??ﬂtﬂﬂnlDWﬂQﬂaﬂﬂﬂﬂﬁﬂlﬂu 3 v QWﬂ?ﬂQstlﬂu715q500ﬂ77qﬂuﬂﬁ
o { 1w ' v " e v b v e
T?ﬂlﬂQﬂlﬂqﬂEﬂ -3 VvV aongidi Rt/Rz FILADIILNINYG 372 AIUUNININUR

1% R, = 100k U@y R = 150k

INANNNTH (3. 15) RC = 5.B85%10
1N
unt R=R /7R = (100 % 150 ) / (100 + 150 ) k = 60kn
r
LNTIERE Y C=15.85%10 "/ 60 k = 975 PF
[ '
awnsnld C = 1000 PF

I"J L4 L BI " (r. 3
LuTnuauuuav1ﬂsvnnT7atnantawngﬂqnuaa



- 29 -

V = 4,84 Volt
V. =4,45 Volt
V_ = -4,55 Volt

V = -4,16 Volt

3.3.4 7aaitawngnuﬂnﬂasuauﬂaﬂﬂataas (Qutput Buffer Amplifier)
\NOANRANTENINTE L NOuYDIANEA NI L ANNYLATOIA LUN T 9 L WY 95
é v { a & o o v é
_LawngnuﬂtﬂasuauﬂadwﬂLoasnuangﬂnua Taeld2939998 LF 351 ¢ 993577197
Sidu Momolithic JFET Input Operational Amplifier ) 1REN1TADI93T IANA

07ukﬁuaaas Votage follower fa7UN 3-15
L

[

D :
:#,/’

NSO AN /A

Vin

. T — .
7 3.15 sanenainlefivet tF 351 s 1¥eruidu BuFFER

nwsﬁwqwuuaoavﬂs1uzﬂﬁ 3-15 3191108 1deal Voltage Follower
3N dan ssenarismsnadanani oL naont 1ad ok V.= v mild
JFET Input Operational Amplifier ﬁﬁiﬁ Input Impedance ﬂgﬂ?ﬂafieeuﬁﬂ
S ONHANTENIANAEA TR AT sAITeRAOEINN  warL SotdIun s TEnetY

nl ] v a' (U I:'
lﬂulﬂ?ﬂﬂﬂﬂ Q81ﬂ70?7ﬂﬂﬂ¥1&ﬂﬂﬂﬂﬂ01s1u€ﬂﬂ 3-16



OTTOPas

X A2STY

TTTh

F ST
5t
SEEEE

_30_

-4

[
]l
e
5
[~
=

aulTer €X 40007 S600+-QO

|
[ "ONAE =}

-~ & QOF
LY » Ly
s

T

T Edqddds

B




—31_

3.4 nTeonuuuiAiesdy 3 desdaaluserunirraadagaTnenizueia
mauteiaan masenkuriadosiustisooniiy 4 daw Ao :-
3.4.1 meonkuusaruandanwiniarlud
3.4.2  NNTOBNUIIMUIERTI IR NAI AL
3.4.3  N1TOONKULIIITRENFULG

3.4.4 NNTOONKUYIIITHINEIUAINNAAY 0-3.4 kHz

v s {
3.4.1  n1T90NLILI9ATUENAN Ty AT |y
v s (o vy v v
29asugnauaTy LT uhash ol $19 96T ARENAAING
o " L] o {a‘ 1] ) L '] L7 ] (73 t ﬂl ¥ v
Jularlug donadulerluandedasanduiaoinsvdauainaans Feod lugilvesiaga
o ‘ﬂ' 1 1} « {12 T v [} n‘ [}
FulaT Lughd o7 aaan N U987 I 0 IRIIMIN AT 1eaq7uzﬂﬂae PAM - TDM ¢ Pulse
Amplitude Modulastion Time Division Multiplexing ) nu1G9iATessula  uae
v r-3 ‘B‘ ."J v o 1 v o8 L+ o r=% (u’ )
aqumﬂuTﬂSTuﬁnuaﬂaanuuﬂsnaauzﬂsnoanumsLnuaunuaqumﬂu7ﬂ51umnacun
r-% r-9 ( o ﬁ' v
c o Tudneatwugisaliaeessoy 40ttt Fenawluldsenoveng 2

INPUT NAND GATE 4 fia aé?uaoasszuzﬁﬂaﬁu Tﬂﬂdﬂ?ﬂﬁ?Tﬁﬁﬁowunwuzﬂﬁ 3-17

ta
l ‘ ] SYNC.STGNAL OUT
ALL SIGNAL INPUT : . ‘

e —

a a { »
70 3.17 uanv29sTuENTenlag | NAND GATE
o L4 o (
masutessasuandaaiulaslug
Tunrdsdannn fmunld Hasd19v8 sdaaein2an NIRRT

Vv a { (v o ' av . 1 [
sessanioanindaaiulaslunissana 2 Toan detn lutasiaamiaednovevinga



—32_

1198190 30 AIWN1908N189  NAND GATE fiausndeiian 9 Toam warlutae
t7awﬁﬁqum%u7ﬂ71u{%aﬁnuwnaowugaﬂssuwm 5 Taan  @widian NAND GATE #
wnss |Wdagnann soondian i iiu o Toar nﬁaiﬁﬁqqﬁmnweaan€1ﬂdwuuaa18utvaéxnaé
aeasﬁutaaétnaéﬁasﬁwuﬂwﬁnﬁntdauacﬁqumﬁtiwquidwaiﬂawntﬁu 180 99A A9
5u5@qﬁmnweaanawnvaas§uxaaétﬂaéﬁcLﬁuﬁqum%uTﬂs1u{ﬁuanaanawnﬁqumsvuﬂﬂu
A99N1T
3.4.2  MIOBNUIKIIEAT KA LAY

wﬁaaa?waﬁqqﬁmnunquﬁ Suitaadulas lugand sasusndanade
Tﬂ71u%i1uwa§weLﬁuﬁqumﬂanquﬁqumﬂauquﬁa§ﬁe1ﬁi§§ﬂumzLﬂuﬁaézﬂéxngauﬁuﬁﬁ
ssﬁuuioﬁutﬂﬁauuﬂauaésuuiﬂa o fiv o Toan 5@q1mﬂ7uqui§aé 4 10 LasLiie
waz ol nues L afesdskas aTe oy Lﬂuiauasﬁuﬁuéﬁu1uﬁﬁ?iﬁq@ﬂmﬂanqug
aiﬁaiuqnﬁ t 1 Dudamnm e fevfutvdannadulas Tud ﬁiﬁ%uaﬂnaaasuﬂn§QQﬁm
ulaslud ﬁqumﬁoaaoasﬁaaﬁtﬂanseﬁu

Tudnenivuds uﬁaaa%noﬁqumﬂvuqunwoLﬂé@ﬂ%ﬂﬂssnanﬁaﬂ
2997790 4 #3 Thandautn 20atsaue 4 faiuearronriia oxos 1Rud 2eeTan
4046, 4009, 4017 War 4011

4046 ‘NQ‘S‘:’Juitﬂu Micropower Phase-Locked Loop Y5v
ﬂaui'f’)ﬂ'mﬂ‘s A Low Power Linear, Voltage—-Controlled Oscillator (VCO),
A Source Follower, A Zenmer Diode WAt Phase Comparator 2 A7 FAOWEAY
Law151n3ﬂﬁ 3-18

Trainanoulniaoeadaiained  (VCO) 199 4046 @NanToNaR
At Ialugunous 51Uaudoranaf ludutesiunne, B Tﬂﬂ%uaéﬁuéﬁuao?%atnaé
ATdinadt ﬁdaaénﬁﬂuan1a% uﬂﬂdﬂﬂ001ﬂL%ﬂ070@7ﬁ71ﬂé£ﬁ§ﬂﬂﬂ&ﬂﬁ790ﬂ%ﬁtﬂﬂ%u
ﬁuaéﬁuéﬁﬂae Fafunu R fn 12 uasﬂawugquﬂnoenﬁsaaaﬁatanﬁuaéﬁndwuao
R, fin 11 warAigoeliiaeeaes nmihansaseaaiaiained (V_, BW1TOAIVAN
Ihkamseuladnfinn 5 danem 5 ves 40ss uiithimn v_) saafaiainedasls

° ¥y 1 & o
YITUAEAIADIN 5 BINTIOUA (V, ) sadltaLaieeInsetionn



- 33 -

Sac ~ vt ¥;
3 romal I Jer @\%
| %
—_—
., ’i
N f
\ W4
Bator g oy ™~ PHAOZE OOt T ouUT
D ST O —-——\3 T -~ = ‘
........ Afiiccen, ) ) .
,———-———- { PN L.
| ‘ HSNSE COMP TT OUT x
| e ] AV ] Frass oG e — - !
. X 1= ;
- [= Mgy . Finace - — e
i l Comemrator IIT I FHEREE PR ST =N
3 I o T~ [ ‘;:g,ﬂ
= i p=d T P OEyerEn
- L = =
= = ,
~ = C Democio ]l ator
vEs g 21 b S 18, ... Cut 2 T
o > == Feal l ouer : i
P’; f_——-—— ‘) »
e : ’ L ea Uas
= = i W ;
Trnibkat ] i o ‘ .
= S =
ves @ Teremr N o
QEWUER BT DINGER!

a Q
Zﬂﬂ 3.18 uﬂﬂﬁﬂﬂﬂﬂ1ﬂ0&:uﬂ7&ﬂ’\81u 4046

v I'4 a v
2937078 u1D9 4046 15Enounas i WaRDINITILADT 2 AORY
J - 4 's { oo w ¢ o
WWRABNUNTLADS I %30 1au08T LMAADINITIIAGT  F9NLAMUNDENNYY 2 URE LWR~am
1
é o I'e 't & At 7e, I'4 o
AoaN1s1 e 11 nTelanuuuncianonutsines Telitommonniun 13 Tagidanax
' sa T RY v v Qo oo
W1TUNBTH vAB STB WM TN quﬂﬁiwﬁﬂﬁulﬂaﬂaﬁw7iﬁLﬂ07ﬂ31ﬂﬂu1§ﬂﬁﬂtﬂa71ﬂﬂ0
v v { P4 o v w s v v
Vinfnemuna s ERBINIT N ABT N dmivlunTldenn 4046 lumineadsdagranay
o v & { I'4 - { P via o o o Y
QuﬂaﬁLﬂ?ﬂﬂiuu181f17ﬂuﬂuﬂLﬂﬂﬂauwﬁ7ﬂLﬂ07 stﬂsaugnwaanuwuwLﬂiﬂﬂtnau1u1ﬂ
ann‘r’\l n" a‘ o o I'4 é v ﬁula‘a
ann b Aas0x L umennaT L 1FeuL e daro e 1 noadilananwn s L AaTne 9L Junaaneo
v 8 v
aldiAa 50% inuy
AMTUVANOLDS  VCO  IBABILMINUAINNALDIAIUNINUATLIY
"{ ﬂ' 1] (-3 o vy e (1] | T | uul'} o
NAANILATEIAY NN MR IRERANNTL TS amasniuldag ouaf Aetu VCO asdoenan
LTIRUNNIBBNATINA 200 KHz IRBLTI@wTaMAN R, R, B, C, C_ lfa1nm

v
T19ARANIRYEY 4046 fanuLI9e e

]
"

E

3

€

1 8

{10 K, R 100 K, R_ = 300
2 s

1 uF

taag PF, C,



_34—

A9 943897937

ﬁauﬁqqﬁm%uTﬂs1u%ﬁ15a1n 7easuﬂnﬁqum%uTﬂ71u%Liﬂﬁuw
14 Y99299779 4046 7937 Phase Comparstor 11 qstﬂ?ﬂutﬁﬂutﬂﬂuaoﬁqqﬁmiﬁu
ﬁqumﬁdwutiﬂuwnweﬁo Comparatar in uadnanaotﬂanaoﬁqumﬁcaaaiw1ﬂdwuaoas
fugmanEEinFelTenaudan R, war ¢ avlduseiuling wsonwlalns sfiaedou in
A9 Voo in awinlf veo afrousefumnsoaniadtaianiie 5auaﬂa1uzﬂﬁ 3-19
qwmﬁ1ﬁi1ﬂdwuaeasLniauﬁnaeas1uwﬁoaa¥ﬂaﬁqumﬂauqnnwaﬁwunﬂéauéaaa1ﬁﬁqq1m
sularluddouidfitn comparstor in v99 4046 vipindamadulas Tudh i d5ey
Feviuiagadularludilfsunansasusnianetuleslud  Sriaganosseiiol
a9 ﬁuazﬁﬁqumuadwoaanﬁ%a Phase comparator 11 Out &g 1A3ua1nuamig
naenﬂaiﬂz1ﬂﬂauquaoas vCo Wﬁa§1oﬁqqﬁmnwoaan%uﬁﬁq veo out lumsfiserin
T uadwovaoLﬂaﬁdﬁaﬂaeauﬁQQﬁmﬁaaaaﬁtﬂansuﬁu Tunwsnﬂaaeitﬁaﬁqqnmﬁe
sosiulansotuds $1 veo in arBuredulinsenmieiinnld voo adromanuien
a1 lumemasesiinansiiiafy 200 ki)  msaumiminaansdvesdaaadulas
Tudlsi fhnutas 1unmvLﬁﬂvﬁuuﬁ79a§1eﬁqumﬂauqunﬁoﬁwutﬂéao¥ua81ﬁ5qqﬁmﬂ7u
quﬁwn?uiaeﬁqqﬁmﬁ 1, 2, Uat 3 9ANNIAIY iﬁﬁqumi1ﬂ1iﬂﬂLﬂﬂﬂ%ﬂ%%ﬁﬁqumﬁwa

anTooNATINNTe YA A Iun lARTAAB NI

3.4.73 nﬁsaanunuooﬁjuanﬁqum
1uﬁi7eqsusnﬁqqﬁmqiuauunaana%n% 4016  LHuLAZINUNYD
aséuﬁqumnﬂeﬁﬁutﬂéaaécTﬂanﬁsiﬂﬁqq1mﬂauqunacudasiaaﬁqumﬂautiwﬁUﬁﬂanqu
10 IUBUUNRBNAINTURALH ﬁwﬁqum77uﬁéauw§cLﬂé@@?ﬁﬂautiwﬁﬁanwotiﬁﬁaauauuﬁ
aona%n%ﬁeawuﬁatfﬂqs1ﬁﬁaaéwoﬁqqﬂmtﬂuiqumiwaaﬁsﬁ1ﬁdatéaa war Soindmna
AT R RPN e ﬁas15§¢qﬁmﬁﬁoﬂﬂ7§§numsﬂ5wsﬁuﬁqumﬁﬁ7awsﬁdoquuuﬁ

At 4 a0



49

s ~ ]
nLeeLun omfnc:ﬁcargmvrwmh?o toupn 61-€ E.F

288+arad

g
i
G
Z°HO TONDTS TIOMINGO L -
$=v >
T*HD WNOIS ouinoo | (14
g J
'Y he+
£HO TWINOIS TIOMINOD I\
X 00T
=] — Fm 7] - =]
A\ | I (2 " b0 AN P
2] T 5 Y- T =3
2Y =] =T =}
E) (- EY =P
_||I|m.« 26001-a0 adLTer
e 3 BT £ <O«
=2 g7 =3 =14 «Te
T hmd ﬂl_ RW T
-
ne+ P NB+

1TADHTIO TIOHMINCD MEAAETOR DNIXI WWIL W NOISIATA 3Tl




- 36 -

3.4.4 299 THENIANERD O - 3.4 KHz
JoRTHIMEAIEER 0 - 3.4 kHz R13iSedeofudagnfin
ﬂaﬁuéguﬂiﬁ 3.4 KHz LiﬁnnsnnauﬁqumTDMﬁ1ﬁ¥unﬂeLﬂéaa§u wagt dunnain 1
saonm GRSyl Ane1 o Bndas 209simdmanainatat oiu ol §luguaanad
aouinoin  detunislimanowinumncer, i, uasﬁonﬁuﬂssagC) tye
nauéutﬁuaoa7dwuéwuaawaﬁéwiﬁeiﬁauﬂanqunwaﬂjﬁﬁ tﬁaoannﬁaxnﬁaaiwﬁmuwn1n@
Tufiisn3el42097 Active Filter unm
N799NUULAIUNTOININARTHAY (LOW-PASS FILTER)
Tuns0onsurasinun s cut-off frequency Qﬂﬂiﬁﬂ?ﬂuéea
Qﬂﬂ@ﬂﬁ@@ﬂ&ﬁﬂ?&ﬁ?%ﬁﬁﬁa 3.4 kHz  foludadmnliiaonad 5 iz mewliife
Maximum Loss 1 dB ﬁo&uﬂﬁﬂaunﬁiﬂaﬂ Loss Function Y89 4th - order
LP normalized Butterworth Approximations aa
(s* + 0.76537 S + 1)(5" + 1.B447 S + 1)

fNMuA MAXIMUM LOSS (Amax) 1 dB N 5 kHz

Wn = 2xf = 30 k rad/sec
LALIN € = (10 %" *“pax - »?
E L (10 0.1¢82 _ 1)!./2
unudq S 1% Loss Function 533
sce ™y = s5¢0.5090 """ /30 k = 2.8155%10 " §

Qs1ﬁ denormalized LP Approximabbon Function ﬁa

H(S) = (S™ + 27184 § + 1261489437) (S° + 65627.73 § +1261489437)

1261489437 1261489437
o v . a aw v & o
lu01ﬂ Loss Function ﬂﬂ@l98u1ﬂﬂﬂ8ﬂﬂﬁ?uﬂ?ﬂﬂaaﬁuqsﬂuﬁ1ﬂ

v ﬁ a a ¢ ¥ . i
REREES uﬁ0@7151ﬂé1uQﬂﬂﬂuwuﬁQ81ﬁ70Q7 Sallen and Key low-pass circuit

4Ms cascade N1 2 ¥R \WDIRLA Loss Function ﬁﬁaenﬁsﬁozﬂﬁ 3-20
A\



o’

f- 37 -

71 3-20 WANIIIRTNTEIAZINANY
1

#3N1% Gain Function ﬂaﬁ low-pass order 2

GAIN 1 = K

s>+ wssa +WwW >
-} P B2

ta
uaslﬂ?ﬁziﬁ Gain function ﬁa ﬁ?uﬂ5Uﬂae Loss Function
AWMUALR  Gsin Function ¥99%AN ! (GAIN 1) A8
b ]

GAIN 1 = 1261489437

(s + 27184 § + 1261489437)

WAt Gain Function ﬁaﬂﬁﬂﬁ 2 (GAIN 2) ﬁa
L]

GAIN 2

= 1261489437
¢s° + 65627.73 § + 1261489437)
It ln w1 = ¥_ = 355 k red/sec
& = 1.3066



_38_

Q@ 2 = 0.5412
»n

§ 1 & 3 [ o 4
lunaawraainisainn og U f1esfmun IHE L 9n1A 194 (Saraga's Design)

c

2

aela R

2

I,C‘=J3*Q9.R2/RL=QD/J3

n

I/JSWD, R‘ = I/prp’ k =4 /3

H v {4 v O
Luswsasuut7ﬁaa1ﬂgﬂn7mnwoq AUy

%N 1 AN 2
] b ]
Cl = 2.263 F Cil = 0.973 F
cz = 1 F c2 = 1 F
-8 -5
R1 = 2.155 % 10~ & Rl = 5.2 % 10 a’”
RZ2 = 1.625 ¥ 10 ° RZ = 1.625 % 10 ° 0
LRERIMTUAT K = L+r /v = 4/3
ANUNTONINUA LR rp2 =1, rl =3

e fduanldaninsodin scale tialilfanfimaneanlun1odjifdaeantinan
(5.
¢ wiafgAn scale uasiil B eafamAn  scale mowdluudavye lunuewld
T K

45454545.5 (A" scale T4 2 %A
L ]

¥an 1 %N 2

? ]
Ci = 0.005 uF C1 = 0.0022 uF
C2 = 0.0022 uF c2 = 0,0022 uF™
Rt = 9.8 kN Rl = 23.64 ko
R2 = 7.38 kno vi R2 = 7.38 kQ

v
amIUAn . UK #47381960 scale a78A7 5000 19 2 1351

ri 15 ke, r2 = 5 k&
v a e H o v o v v o 4 v
ﬂ‘ﬂ'fnﬂ LABUIAIUN Q}fﬂfmaaﬂulm‘l utsEnauL ﬁutﬂ‘m ﬁfﬂaﬂ\lﬂ'i \7'471’\'5‘3“‘”“ AIlAN

Lan151uzﬂﬁ 3- 21



_39_

a
-pmmrcew_r%hzzmhwonocmd 12 -¢ EF
! 2X asy
j 2X oY
MILTTA SEYSMOT OL AILDINNOD (E2TI°HD
T'HO ™

as—
wl
nS—
of L
st =
o g iz 1
%) =} ‘ oT ﬁl_ ) i}
, HASTY
1 rrevas = aTopad STTOra d
. E) > o >
TNOIS LNaNT HOOT =Y =2 et
mu | s ] o] | &7 Tt
L | ne+
| A !
NS
NS+
Hdoody X 4IB00T
| - .@W ~- mm_ - u
_ o7 il l.Un.._l o 2 7.0 AR
5 T ml.._ T v e
I = i1 P =7 e
g T { | - p
2a8Y2-aD _ SEBALAD TP
(7 e 5T O
aY =2 k=] Ve
_ﬂ« [t
Al

EEE
L
»
>
g
1

?




_40..

unn 4
ANTNARDUNITN I ST ULDITE U

et ssrunaenioeh IRoanumuasaro L fudalumdt 8 andssneut
Thivoruduingosds waviadastuseuy  pan-ox aeldi furessnonanesnzar Sen
Laﬁ151uzﬂﬁ a1 1dfanimaserniamswsesseuyTng Samaaorfmiaetn Snvaw
Wadsonfunf 3 9993093798 LN 555 ﬁﬁnvmsﬁauaﬂotaw151uzﬂﬁ 41 aanuives
ﬁqqﬁmiﬁéw 200  kHz Lﬂaﬁﬁuuauﬁa5§1ﬂﬂauqﬁﬁuwﬁaﬂa¥woﬁq@qmﬂauqnnqoﬁﬁu
5094 az1ﬁﬁqqﬁmﬂanquaanaﬁnwﬁaﬂagwaﬁqqnmﬂanqui 4 90 Tﬂﬂﬁqumﬂauquﬁ
aéﬂwa1ugﬂtﬁﬂvﬁuastﬁﬂﬁuﬁxuﬂﬂiﬂeﬁu 20 usec uaeﬁqumﬂvuquqﬂﬁaéiwaLﬁﬂoﬁu
seLRRtuE MR 2 usec. dowansionlilu zﬂﬁ 4.1, 4.2, 4.3 Uay 4.4
ﬁqqﬂmﬂanquﬁagﬂa15udaz§ﬂﬁ15iw1ﬂﬁaudwuaqas capacitive coupling [Yfeyn
ﬂanqunaﬁuauuwaanaan%udavﬁa

Tutme Benfufivaus sk a4 drae susuasnaing ﬁ1ﬁ¥nﬁqumﬂ7uqnqﬂﬁ 1
Jownsofulinrs + 5 Toamionld  wrsdummovenflafuannusumasnaindiofess
ﬁnumztnﬁauﬁuﬁqqnmﬂauqugﬂﬁ L unnanofiniiiganunnnawaaue i it saenian
w5 Taan useﬁunwoaanﬁ15§uiqsqﬂxﬁuﬁqum%u?asiu% fneantouas onui du
ﬂ3u3ﬂ11{§vuﬂﬂﬂ7ﬁu§c 4 Tamn (5nannﬂanéwqﬂ ﬁaaangoqﬂuaoﬂgu) waEinI
\MANY 300 Hz Lﬁwﬁ%ausaﬁunﬂatiauaouauuwaana%n%ﬁvﬁ1ﬁ?uﬁq@1mﬂ7uqugﬂé 2
u7oﬁunwoaanvaeuauuwaanaan{ﬁvﬁauLﬁuﬁaoéwunaoﬁqqﬁuﬂ§u§ﬂ1ﬁ£1uﬁwuaetﬁaaﬁu
fifaur sdumn ot frvesuonunaenaind ﬁvﬁ15§n5qqnmﬂvuqugﬂﬁ 3 1ouus shuady
zﬂ1ﬁ{ NUUIAANEY 4 Tran (5ﬂﬂﬂﬂ80ﬂ£ﬂ§ﬂaﬂﬂaﬂéﬁeﬂﬂPOqu) @vﬁuﬁ 1 kHz
uavéwu%nuauuwaanaﬁn%ﬁaﬁ15§u5@qﬁmﬂ3uqnyﬂﬁ 4 v faunsefulivunniags 4
Taam (%nawnﬂaﬂéwqﬂﬁeaaﬂgeqﬂnaaagu) NG 3.4 KHz wreRunmnIeantlaTuse
ﬁzﬂ%weﬁouﬂﬂo1uzﬂﬁ 4.5 iwﬁquuﬁ151u§ui1ﬂdﬂuaeasﬁutﬂaéuauﬂﬁﬂwﬂzaaéuﬁaée
iuangavleiaToetuioly

v a o a v v -~ aon » - 1 v '
s onn st aToeFu TudanariaRaihsimaau las  uiuasiaod1e



vesdININIEITEN 3 1198T ﬁLﬂéao?nﬁveq7uanﬁQQﬁm%uTﬂi1u%aanawnﬁqqﬂmsau
1ﬁtﬁu5qumﬁquaﬂ01uzﬂﬁ 4.5 iwﬁqqnm%uTﬂ71u%ﬁuaﬂ1ﬁiﬂau1ﬁuﬁuﬁaﬂﬂ?ﬁeﬁqum
ﬂauqunwoﬁﬁutﬂéoo?uﬁQQﬁmﬁ15§naﬁnudasa§ﬁoﬁqumﬂauqui tﬁuﬁqqnmﬂauqu 3 10
inﬁqumﬂvuguﬁ1ﬂﬂau?ﬁﬁuuwaanquvaouauuﬁaanaﬁniudasﬁa fannd 15 uanaing
udauﬁaqsLﬁuﬁoaéﬁanaoﬁqqﬁmﬁw7ﬂ17uda8ﬂ13awsﬁéeuﬂﬁcuaﬂaLaw151u2ﬂﬁ 4.6 11
5qum§151u§u§1ﬂdﬂuvoqsdwuéwuﬂawuﬁéw ﬁqumﬁ15§u1uﬁuqﬂﬁﬂaaeLﬁuﬁqqﬁuﬁwa
awsﬁdatﬁaoLuﬁauﬁqqﬂmiﬂaawsﬁdauw?uuﬁasﬁa0 ﬁcuaﬂa1uzﬂﬁ 4.7 ADNAIINYDY
fosf 2 (manah 1 kHz)uauTuzﬂﬁ 4.8 uaﬂonwinﬂ?auxﬁﬂusvwiwcﬁqqﬂmﬁﬂuawsﬁéo
aﬁﬁnﬁqumiwaaﬁs%15¥unﬂ§oqﬂﬁwaawnLﬂéaoéo éouﬂuzﬂﬁ 4.6 uanInsLITau ey
sewinviame foenainiatosdeiudanad 1ﬁ§na1na3n§asLﬁuﬁqumﬁ15¥uﬂuaéﬁuﬁq

No9NIMNLATOIAIDEN ALY



., & 7T

8V 7 div

5 usec / div

g9V lidiv

ﬁ' o o v v { ol o v = ( '
Tiffi 4.1 uanannsnﬂ7aunnauaqqﬂmnaonu1uuaa<nu)nuaqqnmﬂauquaqqﬁmﬁoTas1uﬁ<awa)

5V 7/ div

10 usec / div

SaN- £ sdiv

ﬂ' o o v v o ‘ v v g
7in 4.2 uaﬂenwsLﬂ:autnanﬂquunvnquﬂquuﬁeTﬁ71uﬁ(uu)nuaquuaauqaaquu

¥a9hicane)



- 43 -

gV /[“div

10 usec / div

oWV / div

ﬂ' o o w v a ( v v d
T 4.2 uaﬂonwsaﬂsautnauaqumﬂanquaqumﬁaTﬂ71u1<uu)nnammwmﬂauauammwm
L 9 LR

¥ In2(ane)

’ § v / div
10 usec / div

5V / div

o o o v v a { v v -
T 4.4 wansmr sy fevdanvesianadlas ludcm fuigas i

¥99N3(a14)



_44_

5 V./div

10 usec / div

BV div

¢; v ( ﬂ' ' v v . v o ll
Tin 4.5 uﬂﬂﬁﬂ@mﬂmtBWﬂWﬂQWﬂ&ﬂ?BGﬂﬂ(Uﬁ)ﬂﬂﬂmmﬁmﬁ1ﬁﬁﬁﬂ7GQ?“HﬂﬂNWWmTGﬂﬂWG
k] v 9 . ol

LATDITUCAN D)

2 V /7 div
0.2 ms / div

& Vil adt

o v { a v w av v P g
71 4.6 wan viay L 91MUA N L AT vEs ( w il e AN L3N AT o T o o2



_45_

& VN /ra3y

0.2 ms / div

2 iV Lo dby

i 4.7 Lan N7 L UTe L g uo WA AP AN LATUAINIATO 9T UDINZ (] 9) HAII MK

199717 09AA0ATHIUC V)

calibrated

0.2 ms / div

2=V iy

e

Jin 4.8 uﬂﬂﬂﬂ??Lﬂ?ﬂﬂtﬂﬂﬁﬂﬂﬂﬂQ@W&Laﬂﬂgﬂﬂtﬂ?ﬂﬂ?U(Uu)ﬁOWHZHUﬂqgﬂmau!ﬂﬂ

(A0 9AI D IN2



— L —

4
N InadBLL 13\1R13ﬁﬂﬂﬂ‘ﬂ (Cross Talk)

1un1qnn35u51&u ﬂ1adna5naz1dtﬁa§u1u1zuu¥udqimq1m TDM 188
uﬁ?unWQﬂaﬁﬁﬁuldaqa1nqﬂn7é#1§1u1¢171ﬁlﬁuqauﬂa TABLAWIE B8V B RN MY
ﬁtﬁuﬁ?ﬂﬁquimm1m ( IC 4016 ) 1dﬁ1u11n1ﬁﬂmﬁuﬁ§naqﬁ?nﬁaéwquﬁa?o N
ﬂswnanws&ﬁ1aﬁna5a§u ﬁqudaq?uzuﬁ 4.9 éqLﬁunﬁ1udaenuwaﬁmmwmn19dna§aﬂ

A2 < 4.~ 4 <4 P o
NasuludasFygraniiy Lendgyranantasdggraniianaunr1eg iy
4
AINATAUHARAUAURININRIIUNEANTEYY (Frequency Respond)

4 S L e 4
HRRBUFUAINIIRIIUNTAYTEUY azgnaﬂnaTaavqasn1aq911unn1u1u
' v Juﬁ - < O TYIR < vuoﬁ
HUNNRIULATES TUL LR 1R annﬁL111an1uunﬂ11u01un11€u§mm1m11ua111n u 50
- B ’] 2 .u.-do S H
kHz nauuiqumanﬂungqqﬁnaq1qa1nasgna1na1ﬂuﬂ11u1nu 25kHz Tunirinadauuu
v. r > -~ . ' < 4
1nn1nﬂ1nadaua11unuaqﬁmm1m11 10 Hz 04 20 kHz 1aansaun§na1uﬁ11untaaqnq

Var J
nua11acuﬂae1uzﬂn 4.10



b nps
eidion

U pot
Lt

vonrws
[Rhel
IV -,...}
jonse Spoad
i B4

1"

i

i

g,
senafeeamee —e P
. ey aeene e - - b .

.
ISRt S e
LU
- ad
| PO
i

[ERRRE ST

[

I
w h

i
1.
TS VLI S N
SR T A ¥
H I:

-3 "o

sojey

cadsennes

b

2

caqadoad

P S Rt St
J D R L o EE S D o

P I R
et reead s o i

B s R R i e

v adatedede csadtamnen o s pe perie d b ad

made emdmabeds et

i

caaramdioieialey debded

v

4 dy
IAENA DY

L6 o §

S LIS

14

{
4

Jdnaae

1

4

boobdeond

PRGN
siit

§

L

WRSY iH2)

13eil
o
rgities
3

1i

bt
R,
M

.

te=trs T10Y

imia

P

beds

d
A0 T12Y

e e o o bt b e

~eof o veversd Tua

pors

Sbb

[0S FPENE FPTN

MRS

S92 PRt soom Poe? P iy

P Piget HR T A PN 7Y

[SGes 5091

wiadit
I

{108 vyt O

oedan

gl

¥

-2t 4

iy

o

Y1
4 <

PIRTININNG

v

e d T

fbea

T

i

s

1

£ ong

P oyt B

o Pt

4
Toasf
§ 149

31 by
ey

!

|

1{[11

vy

Sals
1t
bakitaad

1

.

T
Seaanity

I mn

1pieh

N
idas

Blecectipmrremeiiag by

o

fred tephe

PP £

12 Yoot

Gdalnpnininad
PORS Seapts

dyrndos

)

O b (0] AT
(1ip

4

i

e bma et et e vt o
feses emedae romm s vbemaaiy

P S L

B e

eteeardaneans e

1

e RIS

P E eI it s o

e mmens P i

PO B e T R ot

aegeee oadaedoqmr end

H ?

ensdvanesponrcsressfaces
brewenrhes 3 snertden

vrrsbeees

s vissmbodyomegones

Ceeiperazionnye

-1

]
9dnane (aY)

ER U N . - ¥ *
B - I S e s ...Ai:.i}. 4 :

anasdygaan

I 1
P S D S

T
FUES NN PSRN

v

R

Pl

RSO 94 e Ségudly i 8




et

i

L

-4

R

8
~

3 are

T

yroreered

apiryee

"ot

Hoh

Sy

rissbing

g e

[o5peyess
poredHyobeoee

verets oy

peogtie iy

st
1.

ragrsess

1

R T

!
dpanges

e
yaiiyes

L'
[
i

s

foae
N

g emde s an

e

x

ety swety

geeman e mmaee

te

ee
iard

oan 2w
!

seasefiany

i

PROTophe

Ve

presaa

1.

T T

S U RODRIR R T

M.
1

of e

T E e
a4t

[

I

‘
PRPRPPIS PEY P e P T

faemusatody

3

11

3l
i
4

-....-?
e .
| R R et /] S
ISR RRC
SR REEE!
44 ' L
AR !
i !
fpgd P ogye
N bio#
bt 2
u*hh:.... -
EERE R RS
It HL]
RIS Rt S Sy
ST - 9l
RN EE SN
RN R AT
wriddanh
HE P 1 H Tl
s e
BT
Pleae gl
PR LI
T e

Tevceggos
1

wenlqees
P

FUUUPRISS e

s-if
=Y
)

i
)
1

dmmn b e at o 2

™4 "
M
! .
b m
H
%
tag eyt '
g i,
R iy
- -

:

I
B --.*..?7 csaneid;

sesdienes

e e s

-0

toam

i

PSIPOUE D —

PESUROWN PoRSRUPaES
it dp o et s
SUPOES SOPS S

|
B el ROt

(8p )



~ 49 -

unn 5
== 'Y
unagsduariIansa
‘

Tuineniuud  Ifnarafeninnisuardunauluntsoonuut A3 003ud sy 28
e Tasmsaseinan Taolfnnassoonuuuiefostuds Yosdamna Tagldseuni
Lﬁuﬁaaéwaﬂswnﬂinvoasqnaoesﬁﬁawutﬁuﬂnﬁnaannwsnﬂaae udaxvaasqiﬁqqmmﬁﬁzﬂ
313 nHILRNRINERD IN1TRAAL ARONANTEBNU Y Bis e L Bndeel udnTseadu T feni iy
xuswsnawuﬂawﬂLﬂgauﬂaaqﬂnféﬁweq naaﬂauﬂ71u1ﬂxﬁuqauaﬁnaagﬂnséﬁwoq Tunng
ponuyy Ifmerznadond293772us8A CroS tﬁa?ﬁ}ﬁunwsﬂivuénwﬁoowuuasuswanu
l%DﬂQﬂﬂ?&%ﬁﬁéﬁﬂquﬁaﬂﬂaﬂﬂ ﬂaaﬂquiwﬂwnaegﬂnsééweq #1451afo0lauve Ay
dwumTosneuiaiaetudesent fanoemslninnsaansavesias e udsiataeln
geiuninLauiwxﬁuﬁaoLﬁanqﬂnséinﬁqﬁxnuwvauﬁnqmauﬁ%ﬁﬁaonﬁs UWARANNNTBONKYY
a9 Seaansalyla

lunaTnaaas xﬂsnﬂaaoqiﬂanuéTun17éu5qum§dwtﬁwﬁu 2 (rhosmanaf
R0EATD T IEANIAT ﬂsﬁngiwiqumﬁﬂkuniau@auwntﬁaﬁq@nmé17awsﬁﬂawnﬁ§o§ﬂ
ﬁo&uqunﬂeﬂaﬁaa?eq uﬁv&unvsTﬁﬂawuﬁTuﬂwséuﬁaaéwagcniﬁﬂkuﬁgoqﬂnaaﬁqum
$IAITUINNIWMANG Y L1

éﬂn?nﬂaﬂuawovaeﬂwséaﬁﬁuadan1s§uﬁqumvaaxﬂéac§u15ﬁ1nw7nnaau7ns

v v ¢ s LR Y] a' s
dodniudna Insfun (18 AWG) giddlseanw 30 (amg UERUERRCRIERL IS

Lﬂ?aaéouazﬁugnvaoxﬁ?ae¥nﬁ5qumuasfﬂuaannwuwn 1da1uﬁsngaaninxﬁuﬁqévmax
T ool fansdedun Fomunsn Rusnuato sdaeein L Tudeadi fnarnnns
s2unulnsn 1 7te1 287 udtﬁaqﬁqumtawﬁfnﬂae1aéao§u (taﬂﬂgnuaoévu LOW-PASS
FILTER) a5 nga vy e niloutivig wdumn finFoedsi dutdgafnidol fansaoiug
WiBRINI M I UANEd o T aanniin L71a1n11n1ﬁﬁﬂnaﬁxﬁnannavgusﬂauaoawsde
1a uﬁé1n§uaﬁaéoﬁﬁﬂawua11§au1nu50 inqnatouiniramaunneluansde fovudn
fosnirdsimminaig Juseaemislnag wihindnifufooifiudan  Reposter Foss

3 » 4 L 4 4
n'mﬁ'mwaqqmuasa FAIIATERITIATOITULRRE LATOIAIVUNTONAIURUL



ua1a17n1¥nﬂuaﬂnsaﬂiznaunwsLssunﬂsaauiix%11ﬂﬁeszuvnﬂs

%ns1%uuﬁ
A4 ugntJudouq 1&oen e iniaudnns

Tﬂﬁﬂﬂiuﬁﬂl?ﬂﬂ‘ﬂlﬁuaaﬂﬂﬂ 1997

aﬁiﬂﬂﬂﬂ

TR0

4ﬂ1un17an 1wmnawuwsnxﬂasuuﬂ
1aLﬁunwsﬁswonasunawuxvwﬂnunn

ﬂﬁﬂﬂ?ﬂuﬁﬂﬁiﬁLﬁﬂﬂﬂﬂﬂﬂ?ﬂﬂﬂﬁaﬂ

fas
nnaaa15xﬁuaéwoﬁ

ﬂawuﬁnﬁsquaqumnunasuun



— 51~

&z a" ¥ o [ ¥ - = & 1 ¥ o £ L83 i3
wenanstluenasianulidmiunisidnuiensfineviniu ldeugralnhluliusslevdmunism

Lidnsdilaensdu Snviehuiilvdaulaiion wazdesdnededadivaaenaisynasandnisluly



National
Semiconductor
Corporation

LF351 Wide Bandwidth JFET Input Operational Amplifier

General Description

The LF351 is a low cost high speed JFET input operational
amplifier with an internally trimmed input offset voltage
(B!I-FET II™ technology). The device requires a low supply

current Is important, however, the LF351 is the better
choice.

current and yet maintains a large gain bandwidth product Features
32; : .tastts:‘jew‘rale. In a%dition. v:ell r‘natc'h:;j high ;ol;faget ® Intornally trimmed offset voltage 10 mv

input devices provide very low input bias and offset inout bi ' 50 pA
currents. The LF351 is pin compatible with the standard = tovwv fnput blaisectr :nte 25 nv/ J;_z
LM741 and uses the same offset voltage adjustment circuit- 0 .mpu no.s oltag =
ry. This feature allows designers to immediately upgrade the Lo'w input noise current 0.01 pA/yHz
overall performance of existing LM741 designs. L] W_'de gain bandwidth 4 MHz
The LF351 may be used in applications such as high speed ~ ® High slew rate 13 V/ps
integrators, fast D/A converters, sample-and-hold circuits 8 Low supply current 1.8 mA
and many other circuits requiring low input offset voltage, = ® High input impedance 1012
low input bias current, high input impedance, high slew rate B Low total harmonic distortion Ay =10, <0.02%
and wide bandwidth. The device has low noise and offset R =10k, Vo=20 Vp-p, BW=20 Hz-20 kHz
voltage drift, but for applications where these requirements  w [ ow 1/f noise corner 50 Hz
are critical, the LF356 is recommended. If maximum supply Fast settfing time to 0.01% 2 ps
Typical Connection Simplified Schematic

Rt Vee O
VA C) )
VD
—O o X
INTERNALLY
INTERNALLY TRIMMED
i TRIMMED
. . -Vee O >
Connection Diagrams (top views) -
Metal Can Package Dual-In-Line Package
e BALANGE =~d </ LI
BALANCE Q’. ]
INPUT 2 L. v
ey aurer _vj>"l_
INPUT ——’- 6— oyrreT
NON-INVERTING BALANCE
INPUT . .
e V= —t b BALANCE
Nozte. Pin 4 connected to case.
b TOP VIEW
Order Number LF351H Order Number LF351J, TL/H/5648~1
LF351M or LF351N

See NS Package Number HOBC

See NS Package Number JO8SA, MOBA or NOBE




»

Absolute Maximum Ratings

i Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage +18V
Power Dissipation (Notes 1 and 6) 670 mW
Operating Temperature Range 0°Cto +70°C

T](MAX) 115°C
Differential Input Voltage +30V
Input Voltage Range (Note 2) 15V

Output Short Circuit Duration
Storage Temperature Range

Lead Temp. (Soldering, 10 sec.)
Metal Can 300°C
DiP 260°C

Continuous
—65°Cto +150°C

DC Electrical Characteristics (ote3)

H Package
6in 225°C/W (Still Air)
160°C/W
(400 LF/min Air Flow)
6ic 25°C/W
Soldering Information
Dual-In-Line Package
Soldering (10 sec.) 260°C
Small Outline Package
Vapor Phase (60 sec.) 215°C
Intrared (15 sec.) 220°C
See AN-450 "“Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering sur-
face mount devices.
ESD rating to be determined.

N Package
120°C/W

Symbo! Parameter Conditions LF3s1 Units
Min Typ Max
Vos Input Offset Voitage Rg = 10k}, Tp = 25°C 5 10 mVv
Over Temperature 13 mV
AVps/AT Average TC of Input Ofiset Rs=10kQ 10 RS
Voltage
AJ
los tnput Offset Current Ty = 25°C, (Notes 3, 4) 25 100 pA
T £ 70°C 4 nA
I Input Bias Current Tj = 25°C, (Notes 3, 4) 50 200 pPA
Ty < £70°C 8 nA
Rin input Resistance Tj=25'C 1012 Q
AvoL Large Signal Voltage Gain Vg= £ 15V, To=25C 25 100 V/mV
Vo= %10V, R =2kQ
Over Temperature 15 v/mvV
Vo Output Voltage Swing Vs= 215V, R =10k 12 +1335 \
Vem Input Common-Mode Voltage +15 v
Range Vg= 215V 11
-12 \
CMRR Common-Mode Rejection Ratio Rg< 10k 70 100 dB
PSAR Supply Voltage Rejection Ratio (Note 5) 70 100 dB
Is Supply Current 1.8 3.4 mA




AC Electrical Characteristics (ote 3

Symbol Parameter Conditions LF351 Units
Min Typ Max
SR Slew Rate Vg= 115V, To=25°C 13 Vius
GBW Gain Bandwidth Product Vg= 115V, T4=25'C 4 MHz
en Equivalent Input Noise Voltage Ta=25°C, Rg= 1004, 25 v/
t=1000 Hz
in Equivalent input Noise Current Tj=25"C, f=1000 Hz 0.01 pA/JHzZ

Note 1: For operating at elevated temperatre, the device mus! be derated based on the thermal resistance, Gyp.

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.

Note 3: These specifications apply for Vg= £ 15V and 0°CSTA< + 70°C. Vs, Ig and lps are measured at Voy=0.

Note 4: The input bias currents are junction leak which app y double tor every 10°C increase in the junction temperature, Tj. Due to the limitec
production test time, the input bias currents measured are cox tof p . In normal operation the junction temperature rises above the ambient
temperature as & resuh of intemal power dissipation, Pp. Tj=Ta+ 6 Pp where 8ja s the thermal resistance from junction 10 ambient. Use of a heat sink is
recommended if input bias current is 1o be kept to a minimum.

Note &: Supply voltage rejection rztio is measured for both supply magnitudes Ir ing or d ing ly in accordance with common practice, From
215V to £5v, .

Note 6: Max. Power Dissipation is defined by the package charactenstics. Operating the part near the Max. Power Dissiation may cause the part to operate
outside guaranteed fimhs.




Typical Performance Characteristics

input Bias Current Input Bias Current
1"
L =t 1 =+
100 Vg » 15V =7} =
z L.Tge25 ¢ = [-vge nisy 7
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2 ® > : £
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E oy £ T }
i
¢ " J
=10 -5 ¢ 5 w ¢ W 20 N 4 & 60 W
COMMON-MODE VOLTAGE (v} TEMPERATURE £C)
Poslitive Common-Mode Negative Common-Mode
Input Voltage Limit Input Voltage Limit
n 20

T T B T T T
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Typical Performance Characteristics (continueq)

Distortion vs Frequency

82 LI
Vg o208V I
81 Fype2sc B
e !
2 v
gllzi o Vo= 28VppT]
2 1
- - A3
g M Ay 10 1 ’
S} J + ]
=}
e aye S
e 1=
° 1 1
* 10 " (LT
FREQUENCY (Hz)
Common-Mode
Rejection Ratio
= 129 T
2
= e B
< e ~ Tao25°C
5 wr v
I
€ ol VYou 2t
g ? | N
& o -
o
H um-znmcvv;’uopmww
e g p 4
£ VOLTAGE GAIN l l
8 184t

12 10 1 0k 106k I 1BM
FREQUENCY (M)
.
'Open Loop Voltage
Gain (V/V)
™w
g :nl.n 5 <+ =
z T~ ECT0 257
3 I
- -l
8 L Tp=T0C
ik el
2
H
s
]
H
13
1 0 15 0
SUPPLY VDLTAGE (2V)

OUTPUT IMPEDANCE in)

OUTPUT VOLTAGE SWING {Vpp)

POWEA SUPPLY RFJECTION RATIO {dR)

o

120

(]

20

Undistorted Output
Voltage Swing
!

!

i

n ALs2k

Ay=1

Vg - a5V

N Ta-2c

l<l! DI"T'

¥

"t

180%
FREQUENCY (Hz}

Power Supply
Rejection Ratio

<

Tar25C
|

Vg= 15V |

-

N

N

+SUPPLY

N

N
va

N

I

~SUrP|
!
!

|

wow

Mmoo 1
FREQUEKCY (Hz)

Tow

00 W
FREQUENCY (Hz)

OPEN LOOP VOLTAGE GAIN (dB)

EQUIVALERT INPUT NOISE VOLTAGE [nv/\/HD)

OQUTPUT VOLTACE SWING FROK 8V (V]

Open Loop Frequency
Response

= |
- Vg o 118y —

[ i T

i
RL=2t

\\ -2
1

\NEE

N

N

N

2

N

1

1M 100 1k 106 1B0F TM TOM
FREQUENCY (H2)

Equivalent Input
Noise Voltage

16

o 13 101 100
FREQUENCY ir}

{nverter Settiing Time

IR

1w mv / Tan28C

¥iemv
1

-10

SETTLING TIME (s}

TL/H/5648-3




National
¥ Semiconductor
Corporation

/

LM101A/LM201A/LM301A Operational Amplifiers

General Description

The LM101A series are general purpose operational amplifi-
ers which feature improved performance over industry stan-
dards like the LM708. Advanced processing techniques
make possible an order of magnitude reduction in input cur-
rents, and a redesign of the biasing circuitry reduces the
temperature drift of input current. Improved specifications
include:

m Offset voltage 3 mV maximum over

termnperature (LM101A/LM201A)

{ ® input current 100 nA maximum over
temperature (LM101A/LM201A) i

m Offset current 20 nA maximum over
temperature (LM101A/LM201A)

® Guaranteed drift characteristics

& Offsets guaranteed over entire common mode and sup-
ply voltage ranges

® Slew rate of 10V/pus as a summing ampliifier

This ampiifier offers many features which make its applica-

tion nearly foolproof: overload protection on the input and

output, no latch-up when the common mode range is ex-
ceeded, and freedom from oscillations and compensation
with a single 30 pF capacitor. It has advantages over inter-
nally compensated ampilifiers in that the frequency compen:
sation can be tailored to the particular application. For ex-
ample, in low frequency circuits it can be overcompensated

for increased stability margin. Or the compensation can be, i

optimized to give more than a factor of ten improvement in
high frequency performance for most applications.

In addition, the device provides better accuracy and lower
noise in high impedance circuitry. The low input currents
also make it particularly well suited for long interval integra-
tors or timers, sample and hold circuits and low frequency
waveform generators. Further, replacing circuits where
matched transistor pairs buffer the inputs of conventicnal IC
op amps, it can give lower offset voltage and a drift at a
lower cost.

The LM101A is guaranteed over a temperature range of
—55°C to +125°C, the LM2C1A from —25°C to +85°C,
and the £M301A from 0°C to -+ 70°C.

Schematic** and Connection Diagrams (rop view)
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TL/H/7752~4

Order Number LM101AJ,
LM201AJ, LM301AJ, LM201AN or LM301AN
See NS Package Number JOSA or NOBA

**Pin connections shown are for 8-pin packages.

Metat Can Package
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TL/H/7752-2
Order Number LM 101AH,
LM201AH or LM301AH
See NS Package Number H08C
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TL/R/7752-3

Note: Pin § connected to bottom of packags.
Order Number LM101AJ-14A,
LM201AJ-14 or LM301AJ-14
See NS Package Number J14A




Absolute Maximum Ratings
It Military/Aerospace specified devices are required, contact the National Semiconductor Sales Office/Distributors for

availability and specifications.

Supply Voltage
Differential Input Voltage
Input Voltage (Note 1)

Output Short Circuit Duration (Note 2)

Operating Junction Temp. Range

T J Max
H-Package
N-Package
J-Package
M-Package

Power Dissipation at T = 25°C

H-Package (Still Air)

(400 LF/Min Air Flow)

N-Package
J-Package
M-Package

e
-

Thermal Resistance (Typical) 6ja

H-Package (Still Air)

(400 LF/Min Air Flow)

N Package
J-Package
M-Package
(Typical) 6ic
H-Package (Stili Air)

(400 LF/Min Air Flow)
Storage Temperature Range
Lead Temperature (Soldering, 10 sec.)

LM101A/LM201A
22V
+30V
+15v

Indefinite

—55"Cto +125°C (LM101A)

—25°C to +85°C (LM201A)

150°C
150°C
150°C

500 mwW
1200 mW
900 mW
1000 mW

230°C/wW
95°C/W

135°C/W

110°C/W

25°C/W
10°C/W
—65°Cto +150°C

LM301A -
+18V
30V
+15V

indefinite

100°C
100°C
100°C

300 mwW
700 mwW
500 mW
650 mwW

230°C/W
95°C/W
135°C/W
110°CmwW

25°C/W
10°C/W

—65°Cto +150°C

Metal Can or Ceramic 300°C 300°C
Plastic 260°C 260°C
ESD rating to be determined.
Electrical Characteristics (Note3) 74 = 1,
Parameter Conditions SOIB/TIR1A M301A Units
Min Typ Max | Min Typ Max
Input Offset Voltage Ta = 25°C,Rg < 50k 0.7 2.0 2.0, 75| mv
Input Offset Current Ta = 25°C 1.5 10 3.0 50 | nA
Input Bias Current Tp = 25°C 30 75 70 250 nA
Input Resistance Ta = 25°C 1.5 4.0 0.5 2.0 MQ
Supply Current Tp = 25°C Vg = 20V 1.8 3.0 mA
Vg = 15V 1.8 30| mA
Large Signal Voltage Gain sg; 2=5':,1\é3‘=RLi21 52ka 50 160 25 160 v/my
Input Offset Voltage Rg < 50k} 3.0 10 | mv
:\f\/ler:ssteg:sn;;t)‘\a/:)aI::;eeCoefflc»ent Rg < 50kn 3.0 15 6.0 30 | uv/°C
Input Offset Current 20 70 | DA
Average Temperature Coefficient | 25°C < Ta < Tumax 0.01 0.1 0.01 0.3 | nA/*C
of Input Offset Current Tmin < Ta < 25°C 0.02 0.2 0.02 0.6 | RA/*C
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Electrical Characteristics (vote3) T, = T, (Continued)

Parameter Condltions LM101A/LM201A LM30 1_A Units
Min Typ Max| Min Typ Max
Input Bias Current 03| pA
Supply Current Ta = Tmax, Vs = 220V 1.2 mA
Large Signal Volitage Gain Vs = £15V,Voyr = 210V 25 15 V/mv
Ry 2 2k
Output Voltage Swing Vg = 15V Ry = 10k | £12 t14 £12 +14 \
RL =2k | £10 +13 *10 +13 v
Input Voltage Range Vg = 120V +15 . \
Vg = 15V £15, —13 +12] +15, —-13 v
Common-Mode Rejection Ratio | Rg < 50 kQ v 80 96 70 90 dB
Supply Voltage Rejection Ratio | Rg < 50 k2 80 96 70 96 dB

Note 1: For supply voitages less than + 15V, the absolute maximum input voltage is equal to the supply voltage.

Note 2: Continuous short clrcuit is

for case t

respactively for LM301A,

Note 3: Unless otherwise specified, these specifications apply for G1 = 30 PF, 25V £ Vg < 220V and —55°C € Ty < +125°C (LM101A), £5V < Vg £ 20V

and ~25'C < Ty S +85°C (LM201A), 25V < Vg < 215V and 0°C < Tp < +70°C (LM301A).
Note 4: Refer to RETS101AX for LM101A military specifications.

Guaranteed Performance Characteristics Lm101a/Lm201a
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Typical Performance Characteristics

Supply Current Voltage Gain Maximum Power Dissipation
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Typical Performance Characteristics for Various Compensation Circuits**

Sirfgle Pole Compensation Two Pole Compensation Feedforward Compensation
R : -]
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Your Vine
Rl 3
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1
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“*Pin connections shown are for 8-pin packages.




App. 4 Timer 555

DESCRIPTION

The NE/SE 555 monolithic timing circuit is a highly stable
controller capable of producing accurate time delays, or
oscillation. Additional terminals are provided for triggering
or resetting if desired. In the time delay mode of operation,
the time is precisely controlled by one external resistor and
capacitor. For a Stable operation as an oscillator, the free
running frequency and the duty cycle are both accurately
controlled with two external resistors and one capacitor.
The circuit may be triggered and reset on falling waveforms,
and the output structure can source or sink up to 200';1&
or drive TTL circuits.

FEATURES

* TIMING FROM MICROSECONDS THROUGH HOURS

* OPERATES IN BOTH ASTABLE AND MONOSTABLE
MODES

* ADJUSTABLE DUTY CYCLE

* HIGH CURRENT OUTPUT CAN SOURCE OR SINK
200mA

* OUTPUT CAN DRIVE TTL

» TEMPERATURE STABILITY OF 0.005% PER °C

* NORMALLY ON AND NORMALLY OFF OUTPUT

APPLICATIONS

PRECISION TIMING

PULSE GENERATION
SEQUENTIAL TIMING

TIME DELAY GENERATION
PULSE WIDTH MODULATION
PULSE POSITION MODULATION
MISSING PULSE DETECTOR

BLOCK DIAGRAM

427

LINEAR INTEGRATED CIRCUITS

PIN CONFIGURATIONS (Top View)

T PACKAGE

1. Ground . Control Voltage
2. Trigger . Threshold
3. Output . Discharge
4. Reset . Vee
ORDER PART NOS. SES55T/NESSST
V PACKAGE
.
Grouna [1] 7] vee
Trigger E '_7] Discharge
" output E 3 Threshold
Reser [ 3 Control Voltage
ORDER PART NOS. SE555V/NESS5V E

ABSOLUTE MAXIMUM RATINGS
Supply Voltage
Power Dissipation
Operating Temperature Range
NES5SS55
SE555
Storage Temperature Range
Lead Temperature (Saldering, 60 seconds)

+18V
600 mwW

0°C to +70°C
-55°C to +125°C
~65°C to +160°C
+300°C

rmatsne 05

Sncmanes G-

S VRN [~ Tors,

SE

Pyt
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Timer 555 App. 4
ELECTRICAL CHARACTERISTICS Ta = 25°C, Ve = 5V to +15 unless otherwise specified
PARAMETER TEST CONDITIONS et L NS opo uNITs
MIN TYP MAX MIN TYP MAX
Supply Voltage 45 18 45 16 v
Supply Current Veg " SV R - oo 3 5 3 6 mA
Veg * 1SV Ay - oo 0 12 10 15 mA
Low State, Note |
Timing Error(Monostable) AA. Rg = 1K to 100K
Initial Accuracy C~0.1uF Note 2 0s 2 1 %
Drilt with Temperature 30 100 50 pom/°C
Dnift wath Supply Voltage 005 0.2 01 %/Volt
Threshold Volitage 2/3 2/3 X Vee
Trigger Voltage Vee = 15V 48 5 5.2 5 v
Timing Error(Astable) ¥ee - 1.45 167 | 19 167 v
Trigger Current Ty 05 0s’ uA
Raset Voltage 04 0.7 1.0 04 0.7 10 v
Reset Current 0 0.1 mA
Threshold Current Note 3 0.1 25 0.1 25 HA
Control Voltage Level Veg =15V 96 10 104 90 10 " v
Moo NSV, 29 333 38 26 333 4 \'
Output Voltage (low) Vee =15V
ISINK = 10mA 0.1 0.15 0.1 .28 v
1§INK = 50mA 0.4 05 04 .75 v
ISinK * 100mA - 2.0 2.2 20 25 v
IsinK T 200mA 25 25
Vee =SV
'SINK = BmA 0.1 02s v
ISINK = SmA 25 35
Qutput Voltage Drap (low)
ISOUACE ~ 200mA 125 125
Ve © 15V
IsouRce - 100mA
Vge 7 15V 130 133 12.25 133 \'
Vee s SV 30 33 275 | 33 v
Rise Time of Qutput 100 100 nsec
Fall Time of Qutput 100 100 nsec

NOTES

2. Tested at Vo ~ 5V and Ve = 18V
3. This will determina the maximum value of A+ RAgFor 15V operation, the max totsl A » 20 megohm.

EQUIVALENT CIRCUIT

Supply Current when output high typically 1mA less.

{Shown for One Side Only)




App. 4 Timer 555

TYPICAL CHARACTERISTICS
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Timer 555 App. 4

TYPICAL CHARACTERISTICS (Cont'd)

NORMALIZED DELAY TIME

DELAY TIME vs DELAY TIME
SUPPLY VOLTAGE vs TEMPERATURE
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» AN
SCL4003UB Inverting ®
SCL4010B Non-inverting

CMOS

'HEX BUFFERS /CONVERTERS

FEATURES

¢ Direct Drive of 2 TTL/DTL Loads
# Operation from Single or Dual Supplies
4 Al inputs Diode-Protectsd

DESCRIPTION

The SCL4009UB and SCL40108B are single-chip
monolithic silicon integrated circuits containing
eighteen N-Channel and tweive P-Channei énhance-
ment-mode MOS transistors connected to form six
independent buffer/converter caonfigurations. These
devices are designed for use as hex CMOS-to-OTL
or TTL logic level converters or hex CMOS current
drivers. Conversion ranges are trom CMOS iogic
operating at 3Vdc to 18Vdc supply levels to DTL
or TTL logic operating at 3Vde 16 6Vdc supply
levels. Conversion to logic output levels greater
than 6Vdc is permitted proving Vee SVpo!

SCHEMATIC DIAGRAMS

SCL4009UB
e~ P
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|
~—— — e
i o P oy W ) P
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ey T ) ! 1
®. | S— —F  —— 4
! ‘oo o uPpl .‘ i i2;
L cwe i Ty et B
S V) W
| P hoe-
L }
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|
b aek
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Q v0 C <
| !
i — 1
o
ED- . el
1} — — i »«—1
| ! i
eyt | '_ ,‘A_”:,—:,‘ J—] *cc
[ g =St Besy
Yoo | R = eyt GF e )
J—Lu-o i !'_). i S
=
=2
vy =
"

CONNECTION DIAGRAM
(all packages)

Vpp 6Y 6A NC 5Y SA 4Y d4a

A s D | fo ou = ] |
1615 4 13- 151180558
SCL4009uB SCL4010B
1 R S [ f T 3

| I R |

Vgc 1Y 1A 2Y

I P 1

2A 3Y 3A Vgg

Add Suffix for Package:

I T"mgnO

16-pin Cerdip
16-pin Ceramic
i6-pin Epoxy
16-pin Flat
Chip

RECOMMENDED OPERATING CONDITIONS

For maximum reliability:

14084 001y
L

2A 0 So—02Y
3a =i “So—t0 3y
o

~
>

aA O — o-foay
L~

SA O oo sy

~
6A O~ 0=06Y
L/

ne O— Y=A
Yoo =
vss O—

-

100 O—

=¥ 2
1A r)‘—-] S0 1Y
BZ

2A OL*L\ }——-‘() 2Y

r
3a 3__4‘)—”0 3y

[
aa O— 2o ay
L

5A o— 55y

|

6a 0% >0 6V

LR - o Y = A
ay O—
ves O
v —

OC Supply Voitage VDDEVss 3t 15  Vdc
Voe k- Vss 3015 Vdc

MEc < VMop

Operating Temperature Ta
C, D, F, H Device -55 to +125 ©C
E Device 40 w0 +85 ©°C
LOGIC DIAGRAMS
SCL4009UB SCL40108




SCL4009UB, SCL40108
ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '-°

PARAMETER Voo | comprrions | Tiow’ +28°C ThigH” | iy
(Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE =
CURRENT 5 [Vin=Vggor Voo - 1.0 - {0005 1.0 - 30 | uAde
10 | All valid input - 1201 ="lopt |- 20) = 60
15 binations - 140 - lo02| 40| - 1| 120
MINIMUM INPUT HIGH Vin
VOLTAGE 5 |VoL =0.5V =140 =106 s0f T — Eadbivae
SCL4009UB 10 |Vo. = 1.0V - | 80| - |ss 80{ - |80
| 15 |[Vor =15V - 1120 - {825 | 120] - | 120
s o | | < 1uA
MAXIMUM INPUT LOW Vi e
| VOLTAGE 5 Vo, = 3.6V W %g | 101225 | - | 10f i~ fvde
| SCL4009UB 110 (Vo = 7.2V 2.0 fo- 20 |45 =) 20 )i
~ ' 15 \Von = 1018, | 30| 30675 | - | 30| _
i llo S 1uA |
OUTPUT LOW (SINK) lisct ;
CURRENT D —50iVa, =04 S T-35T - 30 {4.0 ~ | 22| - |mAde
C. D, F, H device t— B -194vs, $p.5¢ 1007 = 8.0 {10 - BB s
l L— U 18 Vo < 1.5V 307 {24 |36 - 116 *
’ !' : [Vin = Vas or ol \
| i
| E device IS Ly TV S g Il Abvedd N\ | 241 - mace
‘ ! 0o S5y 7S geil sl 2B | 10 Al Gt
‘ [ B8 Wé RIEV £ DR W Bddor i - %! 20 5
A L Vs Vesor Vo ! |
NOTES: ' Remaining Static Electrical Characteristics are !isted under “SCLA0008 Series Family Specifications™.
! Tiow = -55°CfarC, D, £, H device
=-40°C for E device,
Trig: = +125°C'for C,.D, Fy H'device
=+ B85°Cfor E device.
* Vee = Voo
DYNAMIC CHARACTERISTICS (C; =50pF, T, =25°C)
[ PARAMETER | Voo i D T NS L LM ERTEOE
E [ vae) ey U N Ry | Max. B8 Units
| PROPAGATION DELAY TIME : f ! ; | | : i
! Driving CMOS - L\ " 1 i i | i |
. : P8 S 45 o A/ 60 | 120 1 s |
| 28" A bt R -l 35 | J0-T8S }
15 1 s @SN SA 8 | s | |
Driving TTL/OTL i ; { I | I‘ |
PR s A | 5 | 9 {2 e
i T 2% -~ E 20| 40 4 |
=y 2| pomeeito TSRS Se |
Driving CMOS e _ ; 4 | 5
| 55 Bl S 30 ! 80 | ns i
10 10°% | P, 36 g
, i5 15 | S VR 1
2 i T 1 ] T g
Driving TTL/DTL ! i [ | i | i
i ! 5 Dl i 357 | #U=T4 ehy |
| 10 T e 18 7F L ghisl i
iy 15 e 10 20 !
T T SSE |
OUTPUT TRANSITION TIME !t i i i ;
i 5 5 - 150 < 300 ! ns !
, 10 0 | - 75 1 150 | |
15 15 | - 60 120 ; '
o 5 IS TR RS TRE vepn
| 10 o 20 | 40 | |
e 15 s e (A %12 5 24 |
INPUT CAPACITANCE o !
SCL4009UB i = a f & 10 15 | pF
SCL40108 ! - | = 5 5o




- SCL4009UB, SCL40108

Yoo DRAIN VOLTAGE (Véc)
-20 -18 16 -14 12 <10 4 6 4 -2 O
¥ : ;'ﬁ 5
X
b} W 10 i
F/ /'
Ve = =10 e -15 g
g 2 5
Vou = ~15 Vée ol |
a5 3
40 3
er T,=25'CH 45 E
\ ] 1 1 50
Typical P-Channat Lo

Source Current Characteristics

COLLECTOR SUPPLY ¥ELTS (Yeg: ~ Ty
e Jages T ]
Poscsel i T, 1280 ——

STy - 83°C — e

R
1

OUTPUT VOLTS (vp)

o 2

.nwur ;ms \'v:'
Typ. voitage transfer characteristics as funetion of
temperature — SCL4009UB

GUTPUT VOLTS (V)

v,
+{ COMDITION
S S S e

Min. & max. voltage transfer charac-
teristics — SCL4009UB

lix, DRAIN CI@MNY (mAgk)

38888

You = 15-Wie
1/ I
Vou = 10 Ve
]
Ve = 5 Ve T, =25°C
A L ' &

1

0z

o8 e

12 14 16 18 20

Ve, DRANM VOLTASE (Vdc)

Typical N-Channel
Sink Current Characteristics

QUTPUT YOLIS IYg)

-euT WOLTY (V) .
Typ. voltage transfer characteristics as a function
of temperature — SCL4010B

POWER PER INVERTER/BUFFLR-uw

0's

T

T

LOAD CAPACITANCEIC, FiS0F

e

!
i /‘/ o CLSAORE il Y
T T o Tl
3o H
© / R )¢ ol
2 ' z « s “ s
P 2 b ot

INPYT FREQUINCY (1g) amz

Typ. dissipation characteristics —
SCLA4003UB, SCL40108




SCL40718, SCL4012B

SCL4023B, SCL4068B

SCL4011B - Quad 2-Input NAND
SCL40128 — Dual 4-Input NAND

SCL4023B — Triple 3-Input NAND
SCL40688 - 8-Input NAND

S

CMOS NAND GATES

FEATURES
$® Buffersd Outputs
#® Diode Protaction on all Inputs
#® Fully “B”-Series Compatible 51
# Balanced Output Drive Current Specifications
TRUTH TABLE
Inputs Output
 Far I | 0
All other combinations 1
FUNCTION DIAGRAMS
SCLa0118 ScL40128B
$A 3 3 1A 2
1¥
18 -2 F 1803 i
5 1C- -4 e
2A 4
! 2v
28" 6 ))- o O
3A 8 22T
38 28 10
132y
4aA 12 11 2C. 11
4y
48 13 2012—
Y 3 A8 Y SABCE0O
SCLa0238
1A J
8. 2 9l vy
ic g ( D
2A 31
e 5
3A 11 ﬁ_‘
38 12 D)— 10 3Y
36 33 ——I_‘ e
Y = ABC
SCL4068B

IO0O"mogowp
(3]

67

CONNECTION DIAGRAMS
{all packages)
Vpp 48 4A 4Y 3Y 38 3A
l | 1 | | L |
. Sl - ol O L e || e 8
SsCL40118
1 2 3 4 5 6 7
{ ! I T | | 1
1A 18 Y2 2N 28 VSS
¥pD 24 RD 2C 28 2A NC
f 1 ] l | ok
14013 "R\ 10429 8
SCL4012B
1 2 3 4 S &) 7
3 1 ] 1 I | 1
Y4 18 1ER 10 NC VSS
Yho~3CY 38, 8Al 3Y 1Y 1C
1 [ | I | ] 1
R 13P$i2 ~11 810 9 8
SCL4023B
1 2 3 4 5- &5 7
I [ | | I i H
AN JB 2/ 2 F2C 2Y VSS
Voo X HE L F  E NC
P | V' | 1 | L
14 B M2 11 10 9 8
SCL4068B
1 2 3 4 5 5 7
1§ 1§ I ] i | 1
PE AL B C S0 NG TSR
Add suffix to package:
C 14-pin Cerdip
D 14-pin Ceramic
E 14-pin Epoxy
F  14-pin Flat
H Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:

DC Supply Voitage
Operating Temperature

C, D, F, H Device
E Device

VDD - Vss 3to 15 Vdc
Ta

-55t0 +125 ©C

40 to +85 ©C



SCL40118; SCL4012B, SCL40238, SCL40638

]
ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS
S oy o 7 (Vg o ]
PARAMETER Yoo | conpitions |__Tiow’ 2B | Twon_fyms
(Vde) : | Mia. | Max | Mim. | Typ. | Max. | Sin. | Mox.
QUIESCENT DEVICE ool f i i ]
CURRENT 5 | Viay = Vg 0f Vo L 008 Jo 00s 15 | uAde
10 | AN vaid input 010: 10001 | 010 30
15 _|comiunation L 070t 0002 | o2e] - | 60
NOTES. ' Remaining Statwc Eiectrica Character stice are Iisted smder "SCLAD00H Serwes Family Specifications”
Tiow 55 Ctor C. D, F_H tewice
40°C tar E dewice.
Trsuns ~ 2125°C for C, D, F, M dewice
v B5°C tor € device
Thete tic s i Sive heen desaned T Datanced atat terwe oot et Consult Family Speefieanons
s DYNAMIC CHARACTERISTICS (C, - 50pF, Ta :26°C)
{ T
i PARAMETER e | G { Typ. Max. | Units
PROPAGATION i 8! TIME ? 4 R ' f ! o
. ) ! 178 i »0 "
{ " i bl 1 20
1 % i - 0
T T
{ OUTPUIT THANSIFION Tasc i/ 5 " l’ 1060 i 206G s
{ 0 ! & i 50
¥ 3 | 40 #2
, TA Vde =
51 _‘sv..r‘nz:m:gt ,‘eﬂ, "G ! Nr=rr R e
20 - L 10 8 == : z 45 1 ' Vos = 15 Ve =1
i } : " s < 0 F :
R T Vo =gl ! 3 £ ] : i | i
; — 1 A9 7 ol B2 1 i
f i ‘ y x i
e . 80l ‘ S5 /R ¥ 32 : = i
i : & b 20 = é
T € m o P O e : X% %1 Y. =10 Vdc
T / 25 3 x A | i i
- 30 R S0 ¥ IR T
P E ) ) 2 = GEREI | N
; t 1 i par & d 5% Iy, =Svde | i i v
— L V., =-15Vde ——————t—— 40 3 - E ™ T Tom25° 0
H v & ¢ & ‘! I H i { i i }
T g . S A X NI (6=t Q) 12 14 16 15 20
: -3¢ Vou. ORAIN VOLTAGE (Vdc)

Typical P-Channet
Source Current Characteristics

LOGIC DIAGRAMS

SCLA0TT NN\ > ~>o—
= J L7
=T

SCL4012 ! ‘ /—{>0-—
T

scLa023 -D—<{>—{>&—

SCL4068

-2y

Typical N-Channel
Sink Current Characteristics

SCHEMATIC DIAGRAM SCL40128 (1 of 2 gates)

.i;
—— -

boe b |

A - ‘f“ -1t
> 4 1 o
-
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SCL4011UB

CMOS NAND GATE
(Unbuffered)

FEATURES

*e oo o

Unbuffered Outputs for Quasi-Linear Applica-
tions

Quad 2-input NAND Configuration

Diode Protection on all Inputs

Output Drive Current Compatible with "B~
Series

Pin Competible with Buffered SCL40T1B

Balanced Output Drive Current Spocifica;igns

DESCRIPTION

The SCL4011UB consists of four positive-fogic

NAND gates. The outputs are unbuffered, making
the device suitable for gquasi-linear applications,
such as gated oscillators, multivibrators, and pulse
shaping circuits,

For digital applications, the buffered SCLL40118

is recommended for its higher gain .and input
pattern insensitivity.

TRUTH TABLE

CONNECTION DIAGRAM
{all packages)

Vpp .48 4A 4Y 3Y 38 3A
| | l | | ] |

14°°13- 12 1) 10 95 m R

SCL4011UB
1 2 < S= b "
i | | I 1 |

¥
1A 1B 1Y 2Y 2A 2B Veg

Add suffix for package:

14-pin Cerdip
14-pin Ceramic
.14-pin Epoxy
14-pin Flat
Chip

IT"TmQOO

RECOMMENDED OPERATING CONDITIONS

o

! P °

N
‘—‘v i
2 H 9
18 r}——-—j»—q F:L-i———o 38
P

’:1 . av oM 't::j

| 1—3 A T
28 5_L_J5 =4 348
= AR G s ol

! t:
o o Ou;put For maximum reliability:
All other cambinations 1 DC Supply Voltage VDD - Vss 3to 15  Vde
Operating Temperature TaA
C, D, F, H Device 55 to +125 ©OC
E Device 40 to +85 ©°¢
SCHEMATIC DIAGRAM LOGIC DIAGRAM
Dre
1
L] T B B P
st p: 27 T Tt
i b ¢ e
= T
= Co e 18
TR O B O 3A

1
2
TASEE Y
28 si/” cr T
8
9

3A o .

38 :D T

4A 12 v
Y = AB

Voo * Pin 14
Vsg * Pin 7




SCL4011UB

ELECTRICAL CHARACTERISTICS

-3

STATIC CHARACTERISTICS

2 o, 2
PARAMETER Voo | conpitions | Tu +25°C Tiig” | ynits
. (Vde) Min. | Max. Typ. Min. | Max.
QUIESCENT DEVICE oo
CURRENT 5 |Vin =Vesor Vog - | 0.05 - | 15 |uAde
10 | All valid input - 1 0.10 - 10.001 - 3.0
15 |combinations - | 0.20 0.002 - | 60

NOTES: ! Romunmg Snm: Electrical Characteristics are listed under -scuoooa Series Family Specifications”.
? Tiow = -85°Cfor C, D, F, H device..

--40€forEdovoco

Trian = +125°C for C, D, F, H device.
-+ 85° C'OfEdW'CQ

¥ This device has been designed for balanced output drive current specthcanom, Consult Family Specifications.

DYNAMIC CHARACTERISTICS (C_ =50pF, T, =25°C)
PARAMETER ’ (‘\’/30) Max. Units
i .
PROPAGATION DELAY TIME et donic
S 150 ns
10 70
15 50
OUTPUT TRANSITION TIME thratrl) !
5 200 ns
| 10 100
| 15 80
Voo DRAM VOLTAGE (Wc) 5 ]
20 18 16 -14 -12 1o a 2 Al o Yo = 15 W6
vu--s ve:—_'lj e i ;2 o
<10 -
I l~ 1 = =
Voo ==10 Vi 4 8 g § 23:
Vi ::: § 9 20
30 A 3 15 I
35 = D 0 ¥
Vou =18 Voe o] & 'g < s,///z fof s ve T aC
L ek T hemed s B F s 5 18 20
50 ¥pu. DRANI VOLTAGE (Ve)

Typical P-Channel

Source Current Characteristics

70

Typical N-Channel
Sink Current Characteristics
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SCL4016AB

CMOS QUAD ANALOG SWITCH

FEATURES

¢ Wide Range of Digital and Analog Signai Lavels-
Digital or Analog Signals to 18 Volts peak

4 Low ON Resistance —
200 S0 typ. over 15Vp-p Signal Input Range, @
15Vde

& Matched Switch Characteristics - 1052 typ. Dif-
ference between Ropn Values at a Fixed Bias
Point over 15Vp-p Signal input Range @:15Vdc

# High On/Off Output Voitage Ratio - 65 dB typ.

@ f; = 10kHz, Ry = 10KQ2

9 High degree of Linearity - < 0.4% Distortion
typ. @ ¥ = 1kHz, Vig=5Vp.p, VpD- -Vgs>10V,
Rg = .OkQ .

¢ Extremely Low OFF Switch Leakage Resuiting
in Very Low Offsat Current and High Effective
OFF resistance - 10pA typ. @ Vpp-Vgg = 10V,
Ta" 25°¢

# Extremely High Control Input impedance (Con-
trol Circuit lsolated from Signal Circuit)
101202 typ.

¢ Low Crosstalk bewween Switches - -50dB typ.
@ fi5 = 0.9MHz, R = 1k§2

#® Matched Controi-input to Signai-Qutput Capac-
itances - Reduces Output Signal Transients

® Transmits Frequencies up to 40MHz

DESCRIPTION
The SCL4Q16AB is a single<<hip monolithic
silicon integrated circuit containing -eight 'N-

channel 2nd eight P-channel enhancement-mode
MOS transistors connected to farm four indepen-
dent bilateral signal switches. Each switch consists
of both P- and N-channel devices with common
source and drain connections. A single control sig-
nal is required per switch. Both P and N devices in
a given switch are biased ON or OFF by the control
signal. The CMOS switch permits peak input-signal
voltage swings equal to the full supply voltage, a
considerabie advantage over single-<channel types.

SCHEMATIC DIAGRAM

CONNECTiION DIAGRAM

(all packages)
SWITCH SWITCH SWITCH
A o] c

— e\ et et

Vopp € C IN QUT OUT IN
! 5 | 1 i e
5 Lol v s Ao W e B 8

SCL4016AB
1 2 3 B 5 6 7
I SRS i e
W BUTOUT IN C  C Vgs

——— e ——
SWITCH SWITCH SWITCH
A 8 C

Add suffix for package:

C 14-pin Cerdip
D 14-pin Ceramic
E 14-pin Epoxy
F 14-pin Flat

H ~Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:

VoD - Vss
Ta

DC Supply Voitage 3to 15 Vdc

Operating Temperature
C, D, F, H Device
£ Device

-55 to #1285 ©°C
4010 +85 ©°C

LOGIC DIAGRAM

s AT

cowren, H L a'Al
OLTALE tve) . ’ T "
d ! ' comTROL 4 s SIoNAL A
o n-=- Iﬁ:" m 2. [ ouTRuT
o - = : es
i i S ey S b o, S s IR L i s j—‘« '—"‘— e
e o | o= | S s 8 i cowTRoL 8 SIGNAL 8
i e U= Um=e | ) P
| - i | :;( l i b | Inhel = ouTPyUT
i GRS .5 o) I L | E i ! i { 3 i ~ weut
il el ] | ‘ | [ I i conTROL C sioNAL C
! ‘o S e | % L ourmur
T S e BaET L s gmal | R b5 | R iy b
o S el ST B W Wleog w8 AT A
: | A I . o i = outeut
2 our 3y bour 2 b our &b out ]
rcw 8 Swircw 8 Swiren © semtent e




SCLAO18AB

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '
2 Vs |V, Tiow® »°c Twan® | Units
PARAMETER CONDITIONS | o, | (o0 | LW
Min. | Mex. | Min. | Typ. | Max. | Min. | Mex.
QUIESCENT DEVICE 12
CURRENT Vi “Vag of Voo | O 5 - |006| - (00009 Q06| — | 1.5 | uAdd
Py All vaiid input '] 10/ - |01 - 10.001} 0.1 - 3.0
combinations A 185 - ;02 ~ |0002{02 | - 6.0
1
MINIMUM INPUT HIGH Vi i :
VOLTAGE Vis * Vs ! s{ - 129} - hs |20 |- |26 ]vee
(Controt Input! Vos * Yoo Q 10 29 - |8 27 | - 24
los = 104A 18~ jan s 3 | —sakas
MAXIMUM INPUT LOW Vie
VOLTAGE Ve =Vss 0 5| 08| - | 07 |15 0.4 - | vde
(Coatrol input) Vos = Voo 18 0| 09 | - 0.7 |15 - 104 -
los = 10uA [0 15 08| - | 07 15 = Joa | 4
{fwgﬂc:cs?mnourwr YR [V muma=— | i
| 25| +15). - |2250| -~ |:01 |t250f - e nAdc
by s [P Snlarzs| - |00t 12| - lerzedl
| ON-RESISTANCE
| C.0.F H device
754%154- = | 60| - 1j 200| a00] - | so0| @
| - -4-380| - |.200| 400| - | 800
i 778 20| 880 1230
i 5 5 - fieo0| - | 250] ss0 %80! 0
! - | s00{ - | 250} 680 - | 960
i - 11870 - | 80| 2000, 2600
| !
' 0 118}~ | 360f =_| 200{ 400/ - | s00|
! | £ 380! '~ !"200{ 400/ - | s00
| | = 09754« | 200{ 8s0] - |1230
i 9. [ [%~10 | -'1700| =l 260 se0f - 960 0
i - | 800 ‘I 2501 s60l - | 960
| - 11870| - |~se0 2000( - | 2600
{ 8 § !
| E device : i i
| ! : !
i nS v 8l LU0 = l 200 | 400{ - | 520({ @
; - Jarodey | 2007 «00| - 520
; ~1 (190 J - | 280, 380| - |1080
f SV s - | B10{0 = 2507 @60l - | 840} Q
{ | | 8101 i 2 ésol - | 840
; V] = 41900 | i 580 | 2000{ - 2380
A a8 [l ] 30 20| sc! - | s20|n
! | £ 30| - 2001 400} | 520
| [or | 790} & 300/8sof - |1080
a I‘no = | 610}0s |250] ee0f - | es0ln
| - | 610} 280! 860! 340
| - | 1900} -] 860 2000 - |2380
| ON-RESISTANGE MATCH
| (Same package) v
i 93 ’““7"7771 Y sl i e w0l - | - | - 4a
!L ) =6 s ] o5 o€ Y | - 18] :

NOTES: ' Remaining Static Electrical Charsctenistics are i1sted under “SCLA0008 Series Family Specificationm”,
" Tiow = -55°C for C. O, F. H device.
= ~40°C for E cewce
Twign = *125°C for C, D, F, H device.
== 35°C for E dewce
This device has been designed for balanced outout drive curren( 1o ee:iamos. Consuit F srmty Specrcations.

DYNAMIC CHARACTERISTICS (C_ = 60 pF, T, = 25°C)

! V, V
i P ok 20 | Min. .| umr
ARAMETER CONDITIONS ool | (vay | Min | Ty ! Max. | U

SIGNAL INPUTS (Vi) AND OUTPUTS (Vog)

PROPAGATION DELAY TIME talin

Signat input 1o tewe | Ve " Voo 0 5 - 40 ns

signal output Vs * square wave [} 10 - 10 20
R, = 102 0 15 e 7.8} 15

BANDWIOTH (-3d8) BW Ry .

(Sine Wave) Ve * Voo 1% 5 +5 - 54 - | MHz
Vi = 5V Tk Q) = [} -
centered 100K - =1 -

i #®0.0Vde M - 37 - l

79
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SCL40T6AB

ELECTRICAL CHARACTERISTICS (Continued)
DYNAMIC CHARACTERISTICS (C, =50pF. T4 !3‘.C) (Continued} ;

)
Vv, Voo | mi
PARAMETER DITIONS 8 - Min, | Typ. | Max. | Usizs
bl tvde) | (vdel
SIGNAL INPUTS (Vig) AND QUTPUTS (Vgg) (Continued) . .
INSERTION LOSS . Fo
L
v, A
(= 2010910 7BR) Ve - V, “wnl 5 s bl s S on
1. C o0
Ve * [0 - e -
Voo [ TO0K (2] . S L
M - ). -
®0.0vde ] .
SIGNAL DISTORTION .
(Sine Wave) Ve = Voo 5 s - 04 - %
Vis = 5V
! #0.0vdc
g fig = 10kHZ
} A T
f FEEDTHROUGH (-50d8) a =
Ve * Vss L
[\ Vis " 5Voe T +5 2 12500 - | kHz
{ centered TOk = 740 -
H | @0 OVde TOOK 2 A T 'n’ I
| i i ‘ Y
f T
| CROSSTALK (-5008) |
| (Between two switches) | Ve lAl s Vg 1[5 +5 - 09 MHz
| Ve (B) = Vg i
VslA) = SV, |
centered ;
! 80 OVde !
t Ry - 710k i |
; - +— —_— —
CAPACITANCE
! loaput Cis - < oF
Oulput | Cos Va © Yss 5 *5 - kS =£{ oF
| Fesathrough { Cios ‘of A -]
R s B
| CONTROL INPUT (V)"
PROPAGATION DELAY TIME Ix.w i
1 1o/l (Yl R Vi) ¥ Nag 0 5 -l 40 80 ™
. Tutnon ! |, =103 i o 10 - 20 40
‘ o 15 - 15 0
i | : |
MAXIMUM INPUT FREQUENCY e U] Vs € Vi S Ve N D 5 5 MH2
] Ry 1003 ) D 1 - 10
i | 1 12
| ] | 5 | %
U CROSSTALK { | ! |
“T0 signal port) Y. = Square wave h Q ; 5 30 | | "V i
{R, =10k J- 4 e i 50 l | i
(R el i &N J
{ |/ N L33 [0 ’ 15| 00 B

TYPICAL ON-RESISTANCE CHARACTERISTICS

CHARAC. | sussLY LOAD
TERISTIC*| CONOITIONS | - CONDITIONS
Ry = il TRy = 0x{] Ry = 100x0
Voo | Vss |VAL w |VA Vi, [VALUET Vi
(V2 720 s I V7 T TR 1 T TR A1)
200 | +18 +15 180 .5
Ron 15 o
. 00 | 0 | 200 o | 200 0
Ronimex)| +18 | © [200 | +11 | 200 | 93 | 320 | +9.2
290 | 10 | 250 | +10 | 240 | +10
l°~ «10 Q
290 0 | 250 o | 00 o
Agnimex)| +10 | o [500 [+74 | 560 | 66 | 610 | +55
o | o [ |8 [®0 [+sT4d0 |5
.
Fon 800 0 | se0 0 | 800 0
Agnimexif +8 | o [1m |2 | 429 | 3 | +27
200 | +75 | 200 | +75 | 180 | +75
Ron 415 | -78
200 |-75| 200 [-75] w80 |-75
.ON‘"‘-J 75 -75 1| 290 * 280 =35 ..
260 1 +5 | 250 | +5 | 240 v 5
Ron LS
310 | -5 | 250 | -5 | 240 | -5
Aoyimex)| +5 | -5 [600 |:025| 580 | :025( 7860 | :025
" JOPRR PR I N O N L
3 =
oM 720 | -25 | 520 | -25 | 520 | -25
Roptmexd| 25 [ -28 [ 202% | 2025 oo | :028| 870k | t0.26
* Varetwon trom 3 portert memeh: oy = 0N
80
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e ett?

IUPPLY YOLTS Voo« +18, Vg0
AMBIENT TEMPERATURE (T,) « 28°C
Frrmre

° ) ) 0 123 ]
IMPUT SIGMAL YOLTS (Vig) s ),

Typ. ON characteristics for 1 of 4 switches
with Vpp=+15V, Vgg=0V

' %0
Goa s oagiyal Voo
b ..,:tt“‘fl*"- L &

et taesd B

SUPPLY VOLTS Voo« +8, Vegs0 I
AMBIENT TEMPERATURE (T,) <28 °C —= -
a@e» - T —— > ¢Al
- ‘BT ANBESES ‘E i + i
- p 8 @8 e piied- b +
P f’ - 4 + 1N DEa = 'tA - -
Z s 1
- L b Teasss
- b + - ¢ o
é BT baeg. e an:
0 D i 3 +1
INE ST b 3 P o2
I T b~ v
b T3 A T o guas v 225
';'. 3 1% b o8 . pe B D WA
¥ 2 B
bt "

'é -t ToH '1L‘r' Lo A{1} §
’3‘! - 17 5 p saaa sl | [ 1
- - ¥

B AT ho—dd e
— — el Tl i H

o ! 1 3 “ 3
(SUT UGMAL YOUTS (Vg1

Typ. ON characteristics for 1 of 4 switches
with Vpp=+5V, Vgg=0V

«| 3UPPLY VOLTS v =43 vege -8 Tiasiies
AMBIENT TEMPERATURE (Ty)+23°C (= 222

OUTPUT HGMAL VOLTS (Vo)

INPUT JGMAL VOLTS (Yg)

Typ. ON characteristics for 1 of 4 switches
with Vpp=+5V, Vgg=-5V

81

SCL4016AB

Typ. ON characteristics for 1 of 4 switches
with Vpp=+10V, Vgg=0V

SUPRLY VOLTS. Vo =+ T8 Yyg *= T8 w‘°
AMBENT TEMFOMTUNE (T, ) 23°C =
EY S

QUTPUT SIGRAL VOLTS [Vog)

B2 -3 -23 ) 23 s s
T $IOMAL VOLTS (Vig)

Typ. ON characteristics for 1 of 4 switches

with Vop=+7.5V, Vgg=-7.5V

+
UPPLY YOLTS Vpg * * 23V, Vg * =23V Ssassssss
AMSENT TEMPERATURE (T,) » 25°C + T
3 saueasansmsnscsea: :
= he b by g
Sqsssdsdesgeals "o
2 __er x: Af
- 1, it T
pe i b & e £ % —_—
0
Ly
; ' . o N
Pet; ” sm eSS Su IBaSEut
i - T T
rasas ey
° T 4 = T T
bogo T s T
9P o Ty Vi
g ] 1 i
B e isIzIRs o
- ' - -
rys + :
H -
H sgeaas g e
I ;3 =
-3 - -t - 3

o T
SPUT BaRAL YOLTS (We)

Typ. ON characteristics for 1 of 4 switches
with Vpp=+2.5V, Vgg=-2.5V
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SCL4017AB

CMOS DECADE

COUNTER/DIVIDER

FEATURES

10"Oecoded Decimal Outputs

Direct Resst

Trigger from either Edge of Clock Input

Carry Outpat for Cascading Stages

Fulty Static Operation - DC to 5SMHz @ 10Vde

(X 2 2 X 2

DESCRIPTION .

The SCL4017AB consists of a 5-stage Johnson
Decade Counter. and an Qutput Decoder. Inputs
include Clock, Reset, and Clock Enable signals.

The counter has interchangeable Clock and
Clock Enable lines for incrementing on either a3
positive-going or negative-going transition, respec-
tively. A high Reset signal clears the counter to its
zero count.

Use of the Johnson decade counter configur-
ation permits high-speed operation, 2-input decode
gating, and spike-free decoded outputs. Anti-lock
gating is provided, thus assuring proper counting
sequence. The 10 decoded outputs are normally
low and go high only at their respective decoded
time slot. Each deceded output remains high for
one full clock cycle. A Carry-out (CgyuT) signal
completes one cycle every 10 clock input cycles
and is used to directly clock the succeeding counter
in multi-stage applications.

This part can be used in frequency division
circuits as wetl as decade counter or decimal decode
display applications.

FUNCTIONAL TRUTH TABLE
{Positive Logic)

Clock Decode |

Clock Enable Resat Output = n

] X Q n

X 1 o] n

X X 1 bl
—_— 0] 0 n+1
T™~S— X o n

X —_—— 0 n

1 ThN—— [+] n+1

x = Don’‘t Care
It n< 5 Carry = "'1°°, Otherwise = *'0"

CONNECTION DIAGRAM

{all packages)

Vpp R CL CE Coyy “9” "4" *g"
| I N I N I N | |
16 15 14 13 12 11 10 9.
SCL4017AB
1 2 3 4 5 [ 7 8
1 ] I ] ] 1R T

G g Qe nger mET 77 43 Vgg

Add suffix for package:

C 16-pin Cerdip

D  16-pin Ceramic
., E 16-pin Epoxy

F  16-pin Flat

H Chip

RECOMMENDED OPERATING CONDITIONS

For maximum reliability:

DC Supply Voitage ~ Vpp-Vss 3Jto15 Vde
Operating Temperature TA
C, D, F, H Device 55t0 +125 ©°C
£ Device 4010 +85 ©C
BLOCK DIAGRAM
K Clock 14 O—— 9023
1p—oz
2—o0 4
: pb—o
i 4}—<c 10
Cloex H
fon, wo—q  sf—o
s}—o s
1—o s
st—o 9
90 1
Aesst 18 O—— Cout 0 12
Voo " Pin 16
Vgs = Ping
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ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS '

1 31
PARAMETER | ¥oo | conoimions | Tow +5'C Thoost - |y
{Vde) Min. | Max. | Min. | Typ. [ Mo | Min. | Max. | .
QUIESCENT DEVICE ioo] 5 Vin=VgsorVpo| -— 5| - loos| s - | 150 | pAde] ...
| CURRENT 10 JAIl valid input - P of - to1 po [ —f300f "
o 15 _ombinations ~t 20! —~1lo2 | 2 — | 600
LAC B -
OUTPUT HIGH (SOURCE)
CURRENT
C, D, F, H device low . .
Decoded Qutputs 5 Mon=4.6V -0.05) ~ {004 |-0.3 - |-0.028 - |mAde
10 Now= 9.5V -0.128° - |01 |-075| - {007) =] -
15 Vou=135vV  |-0379 ~ {-03 |-25 - 021
* 3 Vin=Vss of Voo .
Carry Output 5 Von=4.6V -0.25{ - 02 }-075] = 1-0.14{ - {maAde
10 Mow= 95V 062 - |-05 {-11 - {035 = |-
15 Mou=135vV  |-19 - j-15 [-35 - -1t -
V!N 'Vss or VDO
E device : OoH .
Decoded Outputs 5 NMon=4.6V -0.044 - {-0.04 {-0.3 - ]-0032( - .|mAdec
10 Mow=9.5v ~  f012| - -0t l075] - |cos| -
15 NMou= 135V -038! -~ {-03 |-25 - |-0.2¢ -
Vin=Vsg or Vpp ..
Carry Output 5 NMon=4.6V 024} - |02 {075 | ~ |-016] - |mAde
10 Mon=9.5V -0.6 - {05 |[-1.1 - |-04 -
15 NMow= 13.5V -18 - |15 |-38 - |12 -
Vin=Vsg or Voo
OUTPUT LOW (SINK)
CURRENT
C, D, F, H device lou
Decoded Outputs 5 Vg =04V 005; - 10.04 |04 - 10028 - [|mAdc
10 Vg = 0.5V 0125 - 0.1 1.0 - j0.07 -
15 VoL~ 1.5V 037% - 103 |30 - {o21| -
Vin=Vss or Voo
Carry Output 5 |Vou=04V 025' - 102 {075) - {014 | - |mAde
10 Vo =05V 0621 - {05 {13 - jo3s | -
15 Vo =15V 18 - {15 |40 - |11 -
Vin=Vss of Voo ;
€ device log i
Decoded Qutputs 5 Vor=0.4v 0.048 - (0.04 ;04 - 10032 - |mAdc
10 Voy = 0.5V 012f - lotr |10 - joog | =
15 Wo = 1.5V 036 - {03 |30 - lo24 | -
Vin=Vss or Vo §
Carry Qutput S~ 5 VgL=04v 0.24 - 102 1075 - 1016 - |mAdc
10 VoL=0.5V 0.5 - {05 |13 - lo4 -
15 Mog= 1.5V 1.8 - 115 lao0 - 112 -
VinN=Vss or Vpg

NOTES: ! Remaining Static Electrical Characteristics are listed under S

* T ow =-55°C for C, D, F, H device.
= 40°C for E device.
Trigu = +125°C for C, D, F, H device.

= + 85°C for E devics.

85
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SCL4017AB.

ELECTRICAL CHARACTERISTICS (Continued)

DYNAMIC CHARACTERISTICS (C - 50pF, T4 =25°C)

PARAMETER (“’13 Wi, Tye. Max. | Units
CLOCKED OPERATION .
PROPAGATION DELAY TIME
To Decoded Qutputs LM toggy 5 - 600 1200 ns
' 10 - 240 480
15 - 180 360
Ta Carry Output toL . toHe ] - 500 1000 ns
10 - 200 400
. ) 15 —- 150 300
OUTPUT TRANSITION TIME ' )
Decoded Qutputs trem, trHe 5 - 250 500 ns
10 - 126 250
15 - 90 180
Carry Output trim. tTHL 5 - 180 360 ns
10 - 90 180
« 15 - 65 130
MINIMUM CLOCK PULSE WIDTH PWey S - 200 400 ns
10 - 100 200
15 - 80 160
MAXIMUM CLOCK FREQUENCY feL 5 1.25 25 - MHz
10 2.5 5.0 -
15 3.0 8.0 -
MAXIMUM CLOCK OR ENABLE RISE AND tecys trcL
FALL TIME 5 15 - - Hus
10 15 - -
15 5 - —
MINIMUM ENABLE SETUP TIME At S - 175 350 ns
10 - 75 150
15 — 55 1o
MINIMUM ENABLE REMOVAL TIME ;= 5 - 250 500 ns
10 - 100 200
15 — 75 150
RESET OPERATION
PROPAGATION DELAY TIME - e
To Decoded Outputs toLH. teHL 5 - 500 1000 ns
10 — 200 400
15 — 140 280
To Carry Qutput toLn S - 400 800 ns
10 - 150 300
15 - 110 _ 22
MINIMI M RESET PULSE WIDTH PWqn 5 - 150 300 ns
10 - 75 150
15 - €0 120
RESE: l..2'vAL TIME trom 5 - 250 500 ns
10 ° - 100 200
15 - 80 | 160
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Yoo

AC MEASUREMENT DEFINITION AND FUNCTIONAL WAVEFORMS
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SCL4046B
SCL44468

CMOS PHASE-LOCKED LOOPS

FEATURES

4 Vaery low power consumption — 70 uW (typ)
@ fo = 10kHz, 5Vdc

4 Operating frequency ranga {no offset) —
Up to 3MHz {typ) @ 10Vdc (SCL40468)
Up to 4MHz (typ) @ 10Vdc {SCL44468)

¢ Low frequency drift — 0.04%/°C {typ) @ 10Vdc
¢ Choice of two phase comparators: ’
1. Exclusive-OR network =
2. Edge-controlled memory network with
phase-pulse output for tock indication
4 VCO Inhibit controi for ON-OF F keying and
ultra-low standby power consumption
¢ High VCO linearity 1% (typ)
& Source-follower output of VCO control input
{Demodulator Qutput)
¢ Zaner Diode to assist Supply Regulation
4 Balanced Qutput Drive Current Specifications

APPLICATIONS

FM demoduliator and moduiator
Frequency synthasis and multiplication
Frequency discriminator

Data synchronization
Voltage-to-frequency conversion

Tone decoding

FSK-Modems

Signai conditioning

L B 2K & 2% X 2 J

DESCRIPTION

The SCL4046B and SCiL«4<3162 phase-lockea
ioops contain two phase comparators, a voltage-
controlied oscillator (VCO), source foliower, and
zener diode. The comparators Rave wo common
inputs. The Signal input can be used directly
couplea 1o large voltage signals, or indirectly
coupled (with a series capacitor! t0 small voltage
signals. The self-bias circuit adjusts small voltage
signals in the linear region of the amplifier. Phase
comparator I {(an exclusive-OR gate) provides a
digital error signal PCIgyq, and maintains 90° phase
shift at the center freguency kternween Signal and
Comparztor inputs {both at 30% durty cycle). Phase
comparatar 2T {ith leading 2doe sensing logic! gro-
vides diditar error signals PCI g, and Phase Pulses,
and mainwains 3@ 0° phase shift between input
signals {duty cycle is immaterial), The linear VCO
produces an output signal VCO gy whose frequency
is determined by the voltage of input VCO;, and
the capacitor and resistors connected to pins Clpa,
Cig, R1, and R2. The source foilower output,
Demod Qut, with an external resistor is used where
the VCOQjp signal is needed but no loading can be
tolerated. The inhibit input Inh, when high, disables
the VCO and source follower tc minimize standby
power consumption. The zener diode can be used
to assist in power supply regulation,

CONNECTION DIAGRAM

{all packages)
ZENER .DEMOD OUT
SIG PC vco
Voo 5 S5¥ R2 R1 IN
| i ] i { |
16 15 14 13 12 11 10 9
SCL4046B  SCL4446B
i 2 3 4 5 6 7
] AN
PCI | VCOINH C1 C1 Vgg
ouT | ouUT (A} (B)
PHASE  COMP
PULSES IN

Add suffix for package:

Cv  16-pin Cerdip
D  16-pin Ceramic
E 16-pin Epoxy
F  16-pin Flat

H Chip

RECOMMENDED OPERATING CONDITIONS

For maximum reliability:

DC Supply Voltage

VoD - Vss

3to 15 Vdc

Operating Tamperature Ta

C, D. F, H Device

-55 10 +125 ©C

E Device 40 1o +85 ©°C
~ L
el e
BLOCK DIAGRAM
SIGMAL
I

@ .G?vou

PraSE
Comeanaton| | COMPARATOR PnaSE CouP 1 SUT
- - 03) — —C
- . .
P PrasSE CoMP T SuT Y i
{ PraSE HO—— | i
COMPARATOA 1 i
| veo z ~O g
L QuUT |PmASE PULSES L]
- @w"] '
« J__——@"— o \l
Low
vco 9 {pass
- o —'me,,,
vss + zemoouLaten ¢
"2 . sQuRct "@)"‘\ out T
v‘sﬂw@_‘ OLLOWER ' vee
G ga s
wHe

t

Yss

4
Oy
ofF

Fig. 1



SCLAG4ER, SCL44468

VCO SECTION

The VCO requires one external capacitor (C1)
and one to two external resistors (R1 or R1 and
R2). Resistor R1 and capacitor C1 determine the
frequency range of the VCO and resistor R2 en-
ables the VCO to have a frequency offset if re-
quired. The high input impedance (10'2§2) of the
VCO simplifies the design of iow-pass filters by
permitting the designer a wide choice of resistor-to-
capacitor ratios. In order not to load the low-pass
ﬁlter,‘a source-follower output of the VCO input
voltage is provided at terminal 10 (DEMODULA-

*

TOR OUTPUT). If this terminal s used, a load
resistor [Rg) of 50k{2 or more should be connected
from this terminal to Vgg. If unused, this terminal
should be left open. The 'VCO can be connected
directly or theough frequency dividers to the com-
parator input of the phase comparators. A full
CMOS logic swing is available at the output of the
VCO. A logic 0 on the INHIBIT input “enables”
the VCO and the source follower, while a iogic 1
“turns off” both to minimize stand-by power
consumption.

PHASE COMPARATORS

The phase-comparator signai input {terminal 14}
can be direct-coupled provided the signal swing is
within CMOS logic levels | logic “0“ < 30% (Vpp -
Vgg), logic “1* 2= 70% (Vpp-Vsgl]. For smaller
swings the signal must be capacitively coupled to
the self-biasing amplifier at the signal input.

Phase comparator I is an exciusive-OR network;
it operates analogously to an over-driven balanced
mixer. To maximize the-lock range, the signal and
comparator-input frequencies must have a 50%
duty cycle. With no signal or noise on the signal
input, this phase comparator has an average output
voltage equal to Vpp/2. The low-pass filter con-
nected to the output of phase comparator I supplies
the averaged voltage to the VCQO input, and causes
the VCO to oscillate at the center frequency (f,).

The frequency range of input signals on which
the PLL will tock, if it was initially out of lock,
is defined as the frequency capture range (2f.}.

The frequency range of input signals on which
the loop will stay iocked if it was initially in lock is
detined as the frequency lock range (2f ). The
capture range can not exceed the lock range.

With, phase comparator I, the range of frequen-
cies over which the PLL can acquire lock (capture
range) is dependent on the low-pass-filter character-
istics, and can be made as large as the lock range.
Phase-comparator I enables a PLL system to remain
in lock in spite of high amounts of noise in the in-
put signal. o

One characteristic of this type of phase com-
parator is that it may lock onto input frequencies
that are close to harmonics of the VCO center-
frequency. A second characteristic is that the phase
angle between the signal and the comparator input
varies between 0° and 180°, and is 90° at the center
frequency. Figure 2 shows the (typical} triangular
phase-to-output response characteristic of phase-
comparator I Typical waveforms for a CMOS
phase-locked-loop employing phase comparator I
in tocked condition is shown in Figure 3.

AVERAGE OUTPUT
VOLTAGE
Yoo

Voos2

1 1

AYERAGE OUTPUT VOLTAGE—V

o $0* 30

SIGNAL-TO-~ COMPARATOR
INPUTS PHASE DIF FERENCE

Fig. 2 — Phase-comparator I characteristics at
low-pass filter cutput,

PHASE COMPARATORT

1nput Srate

Sig Comp
in In
PCIOut

SIGNAL INPUT (TERM. l4} I l ‘ l
vCO QUTPUT (TERM 4)
COMPARATOR INPUT l l I

{TERM 3}

PHASE COMPARATOR I l ‘ l | I I I

QUTPUT (TERM. 2} —y
o0

VCO INPUT (TERM, 9)r S

LOW=PASS FILTER
OUTPUT —Vss

Fig. 3 — Typical waveforms employing phase comparator Lin locked condition
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PHASE COMPARATOR I
input State -t H ;
X x
Sig  Comp
in in
3 State .
PCITOut 2 Output Onconnected )
\

Phase Puises a ' [}

{TERM 3}

PHASE COMPARATOR DT
QUTPUT (TERM 13}

SIGNAL INPUT (TERM. i4} J_l

YCO QUTPUT (TERM 41+ I [
COMPARATOR INPUT

AW =r il
2 B -

ik \QALLLLL 3 _tro-vio

<& a3

-Vss
” ™ -V
VCO INPUT (TERM. 9)= — » L~ 00
LOW-PASS FILTER “Vss
ourPuT 2 — 54
PHASE PULSE (TERM, 1) |] | v
-Vss

NOTE " DASHED LINE iS AN OPEN-CIRCUIT CONDITION

Fig. 4 — Typical waveforms employing phase comparator II in focked condition.

Phase-comparator II is an edge-controiled digital
memory network. it consists of several flip-flop
stages, control gating, and a -three state output
circuit comprising p- and n-type drivers having a
commoan output node. When the p-MOS or n-MQOS
drivers are ON, they puil the output up to Vpp or
down to Vgg, respectively. This type of phase com-
parator acts only on the positive edges of the signal
and comparator inputs. The duty cycles of the
signal and comparator inputs are not important
since positive transitions control the PLL system
utilizing this type of comparator. |f the signal lags
the comparator input in phase, the n-type output
driver is maintained ON for a ume corresponding
to the phase difference. If the comparator input
lags the signat in phase, the p-type output driver is
maintained ON for a time corresponding to the
ohase difference. Subsequently, the capacitor voit-
age of the low-pass filter connected to this phase
comparator is adjusted until the signal and com-
parator 1nputs are equal in both phase and frequen-
cy. At this stable point, both p- and n-type output

drivers remain QFF, Thus, the phase comparator
output becomes an open circuit and holds the volt-
age on the capacitor of the low-pass-filter constant.
Mareaver, the signal at the “phase pulses” output is
a high levei which can be used for indicating a
locked zondition. Thus, for phase comparator 10,
no phase ¢iifzrence exists between signal and com-
parator inpui over the full VCO frequency range.
Moreove:, . power dissipation due to the low-
pass filter is reduced when this type of phase com-
parator is used because both the p- and n-type
output drivers are OFF for most of the signal
input cycte.

17 should be noted that the PLL tock range for
this type of phase comparator is equal to the cap-
ture range, independent of the low-pass filter. With
no signal present at the signal input, the VCO is
adjusted to its lowest frequency for phase com-
parator II. Figure 4 shows typical waveforms for
a CMOS PLL employing phase comparator II in a
locked condition,



This information is 8 guide for approximating
components for
SCL4A0468 and SCL44468 in a Phase-Locked Loop
system. The selected external components must be

the vailues

of external

DESIGN INFORMATION

within the following ranges:

the

tions,

SCLA04EB, SCL44468

R1, R2 = k{1, Rg = 10k§2
C1 2 15pF
In addition to the given design information refer
to Figure 5 for R1, R2, and C1 component selec-

“0p’? Y30
vCC iNAUT vOLTAGE

a2 Voo
vCO INPUT VOLTAGE

voo’? Yoo
VCO INPUT VOLTAGE

USING PHAZE COMPARATOR T USING PMASE COMPARATOR TT
VCO WITHOUT OFFSET VCO WITH OFFIET VCO WITHOUT OFFSET VCO WITH OFFSET
CHARACTERISTICS Roe o . Aon
2 2
} ‘o ’
' WAX - - - Ty LI7Y % - -
!_ 1 == ,_‘LZ "
i - -
’ - L}
0N T '
VCO Freguency 1
tum ramy

voo’? Voo
vCO INPUT VOLTAGE

For No Signal Input

VCO in PLL system wall adjust to center frequency. iy

VCO 1a PLL system wnlt adiust
10 owest operating frequency, Tyyn

Fregquency Lock Range, 2t

21 = full VCO

210 * fmax~ferin

trequency range

Frequency Capture
Range. 21C

Loop Filter
Component
Selection

1 f2mt
i = ——
2le=2dT

For 2 fc, see Ret.

'ch i

Phase Angie between
Signal and Comparator

90 st center frequency (i), soproximating €% ana
180" at enas of lock range (2 }

Always 06 n ot

-

fax  fo * fL
—— —
to - 1
'mil
- Uu'—, with
mun
Fig.5¢ to determune
ratioc R2/R1 1o obran
At

fLocks on Harmonics ot
Yes No
Center Froguency
Signsl Input Noise
. H Low
Rejection hon
Siven 1y - Given: ’o ang by = Given: Ty - Given tayn & Imax
Use 15, watn Fig.58 to = Calcuiate by from - Cslculate 14 trom - Use tmn wih Fi15.5b
tetermine Rt anad C1 the equation the equation == to détérmine R2anoCl
frn = 1o =t ’ fmax fmax
- Use fmyn withFig. S50 ° - Calcutaie L
to determine R2 and C1| . e to with Fig.8ato ¢
t determine R1 and C1 Uze T2E eth F19.5¢
veo - ~ Calculate H Tmun
mn
Component 1 0 Catermane
trom the equstion
Selection ! rano A2/R1 to

obtan R

REF. G. S. Moschytz

“Miniaturized RC Filters Using Phase-Locked Loop”, BSTJ, May, 1965.
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SCL4046E, SCL44468B

ELECTRICAL CHARACTERISTICS *-*

P © ~
PARAMETER Voo | conpiTions | Ttow *5C TuiGH | ynies
(Vde) Min. | Max. | Min. | Typ. | Max. | Min, | Max
QUIESCENT DEVICE looi
CURRENT S finhidnt Vg - 5 0.05 5 - 150 |uAdc
10 {Signal input = - 10 -, 001 10 - 300
15 Voo - 20 - 102 20 - 600
BRI
TOTAL POWERDISSIPATION [Pr L b Vs, '
| veo,, - Yoo i
, o 10kHz? ; ' 1
; 5 C. 150F N - 007 - i W
i g 10 F‘;? ‘r';"'f- o (- 08 4 - : !
Y .~ NN \\1/ /7 - |~ 22 - i !
NOTES: : Remaining Static Electrical Charactenistics are histed under “SCL4000B Series Famiiy Specificatens”™,
*Tiow = -55“C for C, D, F, M device
= -40"C for € device
Triam = +125°Clor C, 0. F M gevice
=+ 85°C for E device
* VCO output {pin 4} and Phase Comparator Qutputs (pins 2 and 13} have beer designed for
batanced output drive current specificztions Coansult Famiiyv Soecifications
S - ! 2s°C j ‘
PARAMETER i CONDITIONS Voo yearael - - Tl UNIT
.y RASAIRS L Min f Tvp. | Max.__ R ____“
VCO SECTION ;
T PRORCH LT & : ]
MAXIMUM OPERATING ... | 1 ;
FREQUENCY | | ! H
SCL40468 | [RI C1 i b
{ry .o f?o'I_EBSF; 5 o5 ' s - MR
{VCO,,~ Voo , 10 . 1.0 v 1.5 - !
| A 15 P13 1.9 - i
1 K
! 5. 50pF g Vs 1.0 - MH? :
; ! 1wt o1a 2. -
X 15 1.8 p o4 -
i 2« SOpF 5 Ay o’ A% - MHz
10 - 2.9 -
15 - | 38 - !
SCL44468B R2 =0 R1 C1 : = .,
VCOyy = Vpp,| 10k 50pF 5 07 i 10 - MH2z
10 | 13 . 20 - '
15 1.8 1 2.8 - |
!Bk S0pF | 5 09 1 13 - MEr
; 10 18 i 29 -
i 15 2.6 i 3.9 -
2k 50pF 5 - i 1.8 - MHz
10 - P38 -
) 15 - L 54 i
LINEARITY R2= o i i
VCOm = 2540.3V, 5 - 1 - % X
R1210kQ2 ‘
VCO)y =5.0:2.5V, 10 - ! 1 -
R1>400kS2 i
VCO, = 7.5£5.0V, 15 - i -
N R1>1MQ ‘ i !
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SCL40468, SCL44468

ELECTRICAL CHARACTERISTICS (Continued)

+25°C
RAMETER 1 UNIT
PARAMETE CONDITIONS Voo Vi Tyo. | Max.
VCO SECTION {Continued)
TEMPERATURE-
FREQUENCY
STABILITY
No Offset R2 = 5 - 0.12:0.24 - %/°c
, 10 - 0.04-0.08 -
! - ;15 - 0015003 . -~
Witn Offset R2< 10X R1 i s - 0.06-0.12 + %/°C
10 - 005-0.1 ¢ -
0 iy 15 = 0.03-0.05 -~
INPUT RESISTANCE | R,
vCo,,, 5,10, 15 - 100 - M2
QUTPUT DUTY Al valid input combhin-
1 CYCLE ations and voltaaes | - 50 - %
§ OUTPUT TRANSITION iy, 17y, E
TIME ! C. = 50pF N . 100 {200 yns
; b0 L 50 i 100
{ L 15 — 40 80
| PHASE COMPARATORS
| INPUT RESISTANCE
' Signal input | Ry 5 1 3 - MQ
X 10 0.2 0.7 -
; 15 0.1 0.3 -
; Comparator Rin 5,10,15 - 10® - MQ
: Input .
| AC-COUPLED INPUT | v,,.
| SENSITIVITY
. Signal input 5 - 200 400 mV
! 10 L 400 800
- : 15 - 700 1400
' OUTPUT TRANSITION |
TIME
PCl, PCO LW & Jo7 5 M 100 200 ns
Outputs C. = 50pF 10 - 50 100
15 z 40 80
Phase Pulses  ftr i, triy 5 - 130 260 ns
Output 10 - 65 130
15 - 50 100
DEMODULATOR OUTPUT
OFFSET VOLTAGE VCO -
Vpem | Re>50k 2 RN 14 22 | vde
e - 1.6 2.2
I T 1.8 2.2
LINEARITY Rs>50k §
VCO,y =2.5¢0.3V 5 - 0.1 - %
VCOyy = 5.082.5V 10 - 0.6 -
VCO,y = 7.525.0V 15 - 0.8 -
ZENER DIODE
ZENER VOLTAGE Va Iz = 50uA - 6.3 7.0 727 |V
DYNAMIC Ry Iz = ImA - - 100 - Q
RESISTANCE
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Fig. 6 {c) - Tvpiza! source follower
powe~ arssipation vs Rg.

NOTE: To obtain spproximate tota!
power dissipation of PLL system
for no-signai input

PD {Totwat) = PD “O) + PD “MIN) *-PD (Rs)

— Phase Comparator |

{Total} = PD “MlN)
— Phase Comparator ]
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uni 1
A & P
tRSo N tAsIEwa il

(FREQUENCY SYNTHESIZER)

1.1 un™
a I'4 T ha 4 & & 8 . e aa & .
tAgoe A LASEwe wiRe taS oy o fia . 1seuiney fedygdfin s «
; . o &
fuatanunanaWAd 18y 1fuedn 1 fen uaz wdagdulinisoonuuy  ARBAIUNIS
NAAINISSIN ( INTEGRATED CIRCUIT:IC ) 1A¥EuMiumdn vl iinnisissn
Cpiru s o ! S 1§ A
USEUNAMSILEY NN N IR Las s e A5 8aaTs
a &8 o v P i i . ad ’
LBuusnitBoiun s ies e it (W.f.2486)  A85EH.18 funin
n1sdLATIEiMANINASY  (direct freguency synthesis) IAUAEAEINR5
c ' o 3
inigas  (MIXER),  wAgua Wl (FREQUENCY MULTIPLIER),  1M3asWls
(DIVIDER) 4ag W v5n3dvuanuai1ufifiting ( BANDPASS FILTER) qusznaUﬁutﬁa
, A = A
wun1sdeiaseinn il uddaunneienns e casedaantine dau (INDIRECT
FREQUERCY SYNTHESIS) fiéwiupuinuazum® nsde e w“znawuﬁanns»
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___-if——_jl | J:_________
oscillators, p—O ©  O=—— oscillators,
1to9kHz | O——— 10 t0 90 kHz
I & T T S SR
»
Y
Bandpass
it
filter : Jo
i 3
EU% 1.2 ?U ﬁ?ﬂﬂ?ﬁﬂ?ﬁﬁﬂlﬂﬁﬁzﬁﬂ??uﬁﬂ?vﬂiﬂ‘ﬂﬂﬂgQQBﬂa%a

) ¢
LR1AD9

fag 1u frdavnsdnyueninl 27 Kz u1U51ngﬁuﬁWtawﬁwn (So) A
1§anﬁ“uﬁu0§%n§ s1 Wh 7 KHz  uae Reneumiaing s2 R 20 Kuz
tﬁaﬁmmwu%ﬁaaqwduieaﬁﬁnlﬁﬂé ndras nmuenwloaniy 2 @180 13 Kiz
URe 27 KHz 1ﬁamaomnu:"§é’wtpu 13 KHz aamuﬁaz‘léiﬁmmum’mﬁ 27 KHz
RO
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tduiy i Bediniiege uas o duindanieitoona Randgganuiiido

N5 (Frequency Frequency ) UMDBHNWﬁLaﬂﬁwWWﬁ
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fr co- J ’ Gan
PD L1 LPF L] veo [%,output

{d

A
o

/N

JUR 1.3 nwsﬁqxﬂﬁwzﬁﬂ1wnﬁ1ﬂuﬂﬁlwa§aﬂgu

e ul  £d Wannswsmuiuas Yggafi1dan e 1eespu

MIa10a8 181 ADS {(Voltage - controlled oscillator : vco)

fa = fo/N ] (1.2)
‘. HAERIN (1.1) uas (1.2) aeidia )
fo = Nfr {(1.3)

PAUNTH (1.3) !ﬁili'ﬂ‘ﬂﬂ'l”'l'iﬂﬂ%"\\! a1l fo 1NNy

N fr RN #7905 LURLUAYYDY N,
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{Phase - locked loap)
2.1 Unu™

IWHR0ARY  (phase - locked loap : PLL) tfmssuufloundy
(; O ar ! d c. o i) 4 b .
weiidyyedaundugnad xwan11%1nﬂnwsﬁaﬂnunwwﬂawuﬁuaziwauaqﬁmmﬁmﬁuwn
, e E 2z A
ﬁnﬁmwwm&bwﬁww Teudgyindwoiy 3 DwidivdneeunSon  wéodseea
Pi o
MS¥Y PLL  angvumsensniiy AIUNISODNULLY  URENISAE N INATIIN
(Integrated circuit : I1C) ‘19‘-1'gn1'“4tamwmn WIWNNSWNeY  PLL N
e €ad o b . £ .og '3
e INATT MBI WAL 191 nsdves A, NISAIUANAT IS
't ¢ o 4 o a
MOLADS, NYIHDAR AN, NTANDARLaNATGIR  uasdu 9 Snian easiing
¥, } 24 € - & o 3 s L e
Tuszumivianwodne wSoalmoa uﬁdﬁuﬂnmuadaztﬁunﬁsuﬁlaﬁﬂvaud

Soauag Beor SRy,

Input Phase y Loop ¥ ,
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3
l

Voltage— '
~ controlled < i
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|
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2.2  WADDISNNOULDOAUEDY PLL

ﬁqwsmwzuﬁ 2.1 ﬁqanvquﬁavzﬂazunsuﬁoqlwaﬁaﬂgu A9 Waf

Y3

INALABS (Phase detector : PD) 2 e dfiavanu
. ' - o :.: Iy o ’2‘

HANANTE W L HRYD g dunity 2 JygnniofmiAllae annvo Sygndioy

dauvaqguﬁutma§ (Loop filter) MNA WS MIMBAINATY F(s) QWﬂﬁuaxgﬂ

& s G o 1
B IauA I HDIMANE Y 1aas - dugnamdsangnuineniissgnlouiiity A
. .

TINLAINDUINTROBATALAIMDS  (Voltage control oscillator . VCO) 1#D
1 ) 3 ] 73

wWasuaeh  whan iz ags wnang seifanuDdumiedovsavdm

S

(Wainamy  uae faen iy s Aggrdummii Ry i)

1579 1 §n17158 VUDE AN T2 o midia

fs = fd (2.1)
g iy o fo wiiItvania
fo = Nir {2.2)
1Y 45’ €, .c;\,A [ L ; e {: g’
ustiseuy PLL @iidussuufiuiitne 9181 (non-linear) Vet

< Ln"; U L Ly
INSIE NS LN IS AU 0s Ay B Surda Sy e RIERRRTTT

ﬁa7$m11ﬁagﬂuﬁhunwvauszuua%wlﬁu (linear) 1 f§1a71IUANAN I LA
& . ¥
FEWINDUNMINADNYDNEM PD iAoy ﬁﬁvnawnzlﬁaszuuagﬂuannugﬁaﬂ

1 @513 L IBuuRanteoL uNsuSY 2.1 i LifRaz vms w1 wh TN A Siway
£

szuuﬁquaﬂq%uguﬂ 2.2
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+ Pe
®; Kp V/rad >4 F(s) > A V.
15 |e K Rad/Sec -
bone Woge o v

guﬁ 2.2 uﬁaﬂiﬂazunsuna@twa58ﬂ§Uﬂu1ﬂ4uuﬂan1wﬁnﬁw€tndu%

o & e a ] -
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CTFRIR Y Wosc = Wo + KoVo (2.3)

o o fomuArgufivnad vco  (Wo = 20 fo) Fuae ﬁﬂgulﬁﬂ

Vo lﬁﬂﬁuguﬂ wtzf Vo DAnAviinIwA10910853180% Wosc atfiMiaiidny pgnetsh
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iy QUﬁﬂ (closed - loap transfer function) iR AN

Vo/¢i =  [SKdF(s)A/f + KdF(s)AKd] ( 2.5)
L§a¢j ﬁa1ﬂﬂmau§wwwm§u§nﬁﬁuﬁu§ﬁuzawﬁvnvav Vco uae tH

. y 1 . % P} 1 £« e a
AIWAEAIN  Runk KdRoA H18é1 Kv  8vae 1%und i Sudndas o wdyynds woy

&

&7 B
gu vt ( 1/sec ) trsngastuRnsoBaanIs (2.5) Wnitdoi

vo/h = (Kv/Ko) - [SE(sAs + RvF(s]) (2.6)

i
&,

Wil NI AuiaUHARDUANDNYDYSEUU PLL  #NTS tulsy

de : 4 Y o
HURQUﬁQﬂQWHDﬁuwWN?ﬂﬂ17lNﬂﬁuﬂﬂ uaz1uavajnﬂ11uﬁlnwnuagwuéﬂwvxaawvaw

Y
W

PHR ANTANIN  Hyictd D

Wi = dPi/dt (2.7)

. uazxﬁalﬁauiﬁagﬂuguaauiﬂ1uuﬂ11nﬁtﬁvﬁauaziﬁ

Wi(s) = Sf@ils) (2.8)
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ANns (2.9) 1ﬁuaunwa%qaﬁunaﬁnQmauﬁﬁnwsuuaeﬂdwuﬁiutﬁuiﬁaﬁ

(@RVOLTEUY PLL EMNER0A
2.3 wauavauﬁa‘mafuaz5@ﬁWUﬂvauﬁﬁﬁaqmauﬁﬁnWSﬂ“Nwunaqssuu PLL

ﬂhﬁﬁwujuguﬁaxﬁaé F(s) TWAADNISPNIUBDNSBUU PLL L Supen
nn tfassuu PLL  agmguAnIeRon nﬁwﬁuaq§uﬁaxﬂaéédnﬁuﬁaswvﬂﬁugu KV
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NASHNILBDYSEUL PLL ﬂuns&ﬁdwuﬁaﬂﬁﬁanwéﬁiﬂwﬁﬁaguﬁannaélﬁw

Rt -

suy PLL wuuhiSsnin QUa“ﬁUﬁnﬁq I ERL

sdaTna (pole) BN tatailifiu
(2.10)

fuse UUﬂ'nnﬁnﬂnwsmqﬂu F(s)=1 9

wswualwaiﬂuﬁnuuaoaunWﬁﬁ 2.9 ILANA
Vo = 1. _KV

Wi Ko (S + KV)
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