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Abstract
The thesis presents an 512K digital delay with 8 x 64Kbit sound sampler . The

associated compander and filter network operate as sampling circuit. The delay selection
is normally used a special wow -less circuit. The panel controls is enable the unit and to

be used for echo, double tracking among the others plus looped signal storage.
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2.4 asulatprunaandlufanag (Analog to Digital Converter : A/D)
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241 wuuldaearFuudaueunu iTauuuunat (Parallel Comparator Simultaneous “Flash® A-D
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2.4.7 nraadensannanaa ( Digital Voice Communication )

- &ununuesunaansatudyyunwiTedynyiandes  sxlidynnusunauganniiladell

- o ~ “
suznnilngr  dynnossunauidinsunauaiudyyiuennseniduii - Sinwnbuazueind

] ] Ll ] o e <4 o ] o, o = o o

yaliwiuaudesnsamsindaiietieaiu  uidyyiuAineaiiles 2 ssduAe 0 ¢ uaz <1 ¢

et PR R v U oa a aa -
drynrasrunauiinnadngadifinansany - Aaldahdygruniresindialunsdeaimiding
Tawldoudyngrnesneiniduianessaenadeliamas udfudyorundreanfeuduesun

AANANATIAREAY A



14

2.4.8 NNINWUYBINAT
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™~ v 3

aundanazgnduuariam@nasgnaiundy  AnduAwnindauuarauazinnsnlasuuasians
+ v ]
Fanrzyaunsinatesadiesitemiaaaiinan 64K ( lusl ) Aelisnumissinants 65536 snuma (

L

v v
AaNRaGaF 1K Nl 1024 AT 64*1024=65536 ) wiuaudnawiieazgnldvun saiudaiussgn
- & o ' o -y ~ v -~ 1
TdinduAiunbinenuazasinnisdiswivdayasaiia
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1 H v
d’tynvmwauvgmzﬁnmﬂﬁauuﬂaw:mulum?éuLLazm?LﬂﬁﬂunauLﬂuﬁtymﬂmﬂmﬁﬂn Aatiuaei

[] 1 t v )
s lia e fitarnWisrauinAeuutadliufiannuulaaunlaniauas

wasiiva linnsaing

v v '
doyryrnunduniiysz@nsnnaty Foudamreeanisgudtyyniasiaaionadualr - uaeaInila

wmafuds Atyyruazsasisineng

vaanlaazunsy ( Block Diagram ) .

avtlsznavhlfaedurmwiuant] paNmsaTefivIaTadyasEndununafine I la

- :’; d‘ Vo~ - [ v a [ g v
d’mcy'\mmu ?QNVN?"JHVWI’!JT}UWQNWQLﬂ’ﬂ?ltﬂ.‘iﬂfl’ﬂl‘llﬂﬂﬂﬂﬂ wWusu

AUDIO DY PRERE v y— SAMPLING > s1x ‘ SAMPLING
AD MEMORY DA
LEVIL

MDX ECHO

71/ 226 ufanlaazunInradnasaNysol

READ-WRITE!
A BEAD ONLY N5 AUDIO QUT
sELECTOR MICORIG, 1EVEL
GATE
ATE RATE o !
I crock conTROL ADDRESS DATA
— GATE foandg EXTERNAL
£ l mave ROW cotanal
tro O 1% g COUNTER COUNTER SO
LEVEL > COMPUTER
>
— ;i{ — CONTROL

aD ATCER MLTTLEEf TRIGOER

DELAY
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Aunmniuaniuaziinigad ( Input Pre-Amp & Mixer )
Tugf 2.26 dryryrnudenazgnasugalag VR1 uazannsninldanuuasine iy ulastiy

[y o < <l v aay o . a | a v o it '
uazqUnsafiiteciienauni fudu  Tnelferiusfiddumieniudyn nidnreia A
seAudygraiidnanannsoinansslag VR1 szauAtinuaasiuamd IC1a gnasuAuing VA2 Tny

Ansasussdazgnuenadan (Cle axudynronuaasdan dauuwmazhldedougariaracanin

uarivaaazgeiuldds IC1b

ﬂ'auuwum'as‘ ( Compander ) )

HIRINNTTIINAULDY 2 WAT AB ABNINIALTRT | compressor ) WAy @nFuwuLAaT ( expander )

Tatazna ( compress ) &tyrunas M@ mnsaiussuulalasliifuinawin ( overoad ) udaAatim

+

dugUdrynrananiagdndunuined .

[ v $
NANTeR 21 wasdnazedniTdrundl  Tagnedmniusauansdndnn e wlilaniiae
3zMd1e 10mV T 4V Wadunsumsairafazanaaili 100my andumn 10mv uazidu 3V aan 4V
uanelupadiniass  rrdudygrifiansuiafianaudeniufdnea  uwazieiwnainfanaaiiy
L3 o~ o ] =3 g ~ n-:
aunfenlunedmiann wazdyyrussdnudndunuinaflunadnia
REE & Xo ay - M \
dnldfnszurunisrauwnuAN N WrsLLd Yy ARG Tan1zAaNnsatud Ty

] ' ¥ H ]
IC2a uaTANMINTEY IC3 ndsanszuaunsidyuuszgmiligdouiiasteed IC3 Teazsiaiy IC2b

INPUT TO OUTPUT FROM INPUT TO OUTPUT TO
COMPRESSOR COMPRESSOR EXPANDER EXPANDER
0mv - 100 mV 70 mV 10 mv
20 mV 180 mV 100 mV 20 mv
50 mV 300 mV 180 mV 50 mV
100 mV 400 mV 220 mV 100 mV
200 mV 600 mV 360 mV s 200 mV
500 mV 1V ’ 580 mV 500 mV
1V T~ 14y 780 mV 1V
2V 2V 1.1V 2V
3V 25V 13V 3V
4V 3V 15V 4V

AT 2.1 sEAudtyurasAslunlaeT
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WSLAuWs1Td ( Pre-emphasis )
'lummud’cyrym@zﬁﬁumﬂuﬁﬁmaLmﬂ'nmm?eiuﬁmﬁ@?ﬂﬂﬂﬂmm’ Tneaziamasoant

pruidge vinWianuddge Aygugude  Jwflagliidmnda  ussrddimeiaarludou
nansadu uazgnimiualag C4 uaz €7 C5 azimuataaraireudinmde douddunedaaz

agludou Bnfunuina nuualag C17

Hawnas ( Filter Stage )
andndumunef unrosilaniailames ( Low pass filter ) L34 IC4 Terivuadaeila

waflae C22 Au C23 . .

@ vinm Anigas ( Output Mixer ) :
KyyrauilFanRamafarnsaivueilagaing s3 wazasuauszdulag VR11 eazriufin

waf uaziewimmasuanlng VR12 tnelusimaiidnyyinui@nan (Cla duwnlag VR12

oo oo -3
aunfanilufanas uazAireattiuauifan (AToDAnd D To A)
3 an - - < v d'
awdaniuRanea Aa IC5 {u 8 On dygruauncanidiinnen 6 1ad IC5 nasulasugn
(oA v ed Y - - v s
paumalng 2 uves Ae Waddsarugunsdunsulaew  wazauddyganiniacuaNgRsg
P Pe I - « v -l o v o T -
ARURTA Y3 ( convert trigger ) 127 4 waz ARANWAT ( clock pulse 11121 3 HinlvnnsATUIMTEAL
é’ryry’lmtflu‘lum?ﬁ']‘lﬁéﬂﬁq sendnenrulasenimaziaanuiiugs WasainAtlaiiaaiien
2 49 uaze 1 azin densaauaians 11 azilanuzge uAewidslidaund: Aundia ey
™ra TaaAs ( enable control voltage ) 27 2 Az ‘lumﬂmvlwwmﬂmumuﬂ 0265 lunduann
00000000 74 19111111

o

2 4 < ] ] =‘ hd [ v ] 4 < -l'A
ﬂ’]ﬁﬂ,}ﬂ&l')mﬂuﬁﬂﬂn’ﬂﬂ"lﬂﬂ'ﬂ’NVlﬂ’]MUﬂ lﬂﬁﬂWﬂﬂQﬂQ'ﬂﬁJ‘luﬂ'l 0-255 é’rytmmﬂmaﬂnmuv!ﬂ

A}
v

Wha ics i ac tim €28 waz VR13 i deluuea Aafudhiidyghoudhan Arluuiseninmazi
AnrzantuATaviioie 128 luud? 1000000 via wviwnees IC5 Bunda  deyaazgniiulumios
ANAvTe luAaNaReT
Ic6 azwlasuanluuimiuhame  Suwnnamnieanydvassuiamed  Jeulauiy,
aundaniluAanes WANNIN { timing ) 9zin M 1C5 uaz Ic6 arlidlanfaniu ariiiaeqanildany
- < - 1=t o . = v v
wasdew nislasusnnluuidulawalifiduiundenauan adwlsfinn 1C6 azfuteys
t ] < oo dl L ' < ¥ v & _re o - s v o
swintadnyiwadiflusuresnns  SaluarauuasiiulaunssiadmivadrelUaTfiindayalds
(] - v
sAUBAM IC5 uar IC6 Munadlwann R45 waz C30 Andudnyryrnaundandunm uasievinniselu

sesuREanY
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srAUNTUINYAY ( Sampling Steps )

dndurasnnuddyyrniiuanutnisguasiasiidinnme WM inldyyraiamdiu - T
i v H
ANDWINLURA ( sampled ) U wgN@s ( sampling ) desdelaniaiy e fiRdyoyrondeennud
1 v . N ]
uazuanlagaazlagy inlinsusndaasivaigqalugngrey dinbinaminnaudueunden qad

: e‘l’ a d'nl o i - d‘ 4" & o L3 -
wrnlAevangaatiaznananunineniy  wirenldgaazulaguiuiuannunntisaseinisuaulan

] 1 ) v
waWiRmAND anfluiin { harmonic frequency ) BvdnaaudusnUantuntnldeindideeiu fa iR
] ) 174 H v

g uliniy nsudfe Wndamuaulaalige dranutugulfatuweuy@slngAsai daduanfly

in ( sub harmonic ) 39 lunsoifA

wi8A21IN4 ( memories )

dynniuerndeniignuaaiasian 1cs Wl 8 G Fwnieasfufmissannudn 8 i
(10164622 ) Faustasiaziinly 65536 fin Svnistannaiingnifuialunanvindusnm@s 15 KHz
nmﬁLmj'?:udqqﬁmmnua:ﬁmqmﬁwﬂ?m%m 436 W dosaonduutAad 5 KHz Tuemd 0
asIaEa @eaAumng 1120 Fesie Fudft Feludtynosdumnng 4883 Fim

Tuusazmistauadusiumie ( address ) 8 14 duAuAN ( control ) 3 WU Wudaya
(data ) 2 vy duviladh duvilseen wemnrauazpeuinsannutid dsantuuasduuming i
Weadudeyaieazueniiluudasdy unannraazuanuliiiilaasiniemndeys  SuU 16
wamnradin Feutiedu 2 ngu Ae nquaz 8 28 = 256 256+256= 65536

nevilAe uamATAVAN ( column ) Bn nuie uaAMIANDT { low ) il RAS ARLANYINA
8 fin Ao won e CAS v wemwsaiduvdn Wumuaufiauazuendtdnduns@autadiu

2 a v e P -1 - aa <
é’n_.;ty’\nm'mm qm\ﬂﬂi‘uﬂnumﬂﬂﬂﬂu ﬂu’]ﬂﬂﬂlﬂu ANBA Llﬂzqqﬂﬂ"!ﬂﬂﬂlﬂuﬂuqﬂﬂﬂ

n1sLaanALad ( Delay Selection )

aa -t « Py i 3/ - ca « (& < [ g
Wraanaadiad lunnaenivalfdsslanighnndunawmed Tagnasuaniaanisliudnmaes

]
17 -t

ayafignuanlae uaglifunduan lunsddwqlunndsunaréruneainsasrianuduiugiu “u

v
.l

«l Uy dl ﬂ;v .
ns@endiatdgnasunuiasninufeuannuddnadynyiuunfng ( master clock oscillator rate ) s
- o - ¢ R a o o
@anuenumlaaadnd seudndiniaadasiiivraanmnliiudan

addd @ adadcad o c o ‘e - ol e (v dadeiad o

WastdhATamanin Taganizeundaniad  Tadwiiedtines  widedianandniudu

drelamilunnrazusunen woaitd (i3 uaaasa ( random access memory address ) WATA2IN
L d H H ]

duiusfoyn Tnenfunn/denden azfnmacaiiac luniewnujdaaagann 065536 Teazuan

awmJdully lumalfidfeduianeibisndy Sedunalifidies 255 sz dradwdalddays
:’I 1 ) v 4” d’ dv J v o !ld'

Tuaniara 1 fuselife wenmra 2uazldiayatiuGen neutinuannsngwdayannduidiuania

78 1 § e lddays 1 Dadiuni luueaara 1 deuiazdundl WuRe watAwd lundsaundy



:: <l ¢ ¥ ~ ° ) ] - -; ' “ dl v e nl‘ r'
LamnTd 1 vedusazsuueaasdarAwiy 1 fuui iy @euil 3 dwnduil 2 Srdeaiad 1
o ;- - a o= v v ' v 9 10 [ - ' ° ' '
faddui ausAdumn i fedayauasimarunduiebildfumbneuniil uddudmila
L ]
snuvidausnly 65535 awmdauntinl msAwdanilu 6553541 RaGAUT Tafiundn 65 unil
1 1 o Y ! 3' -~ ! o~ i A.
wineuirgunduiianyl 65536 newnthiiieezmilauiunisenindudeyanilddall ez
Wiffad  Weausdsuainanmuadswiueny  fygrannRnesseiuussdsuuaansailugy
Beaf asfifeunameiwaedhl feansamiuaden ( dock counter ) fie uanmsagainuaTin

nduihuuanmsausndalf® Jeazifugiecd

HIALADT ﬂﬁ'an ﬂaﬁ%tﬂlﬁ'ﬂ‘;" { Master Clock Oscillator ) .

Tunli 227 1026 Wubaina rewlnsa eeediained %meﬁufﬁvuﬁu muis plrdimed aou
Tnsa Taaimafinn 9 nszuafinn 11 &1 s fla 11 9 azlfFuusad 5V VR20 auiaunisidenaasdia
wef  uaTAtAINILAgaTReN C38 Feaziniliaaantilssinas 1 MHz @AndT C39azmRe
ANBLlTEINT 60 KHz waz 15 KHz mndndu 6 S5 Ta Anusiuniupes VR20 azamaslng R72 u.
naausTaz e S5 tauaz 6 (n ‘nwm'lnﬂmmmmuﬂmmmevmmmé’mmﬁm R69 uazD3 A
ANNALNAUEYIHNAININGA 5 V 'nm.,nnl'ﬁ”luomﬂfmﬂmuq

Ardiagentastigadis ( modulation ) dviumeda ( phasing ) wrhida ( flanging | uaziu
n"mﬁzw'w‘[mm’(rynﬁmaﬁuLﬁ?\lﬂuﬁmﬁ uanlne IC25a uay IC25b fi’ﬂ?’]nﬂ‘ﬁuiﬂmﬁmuquimﬂ C36
WAZAYINANWNIN VRIS @1YWMann IC6 AanAauinsa afanannawasuendeniduiines deas
Faal W -3V W ieanianann 1C31a wax IC31b wazlflalen D1 was D2 Tunsaundaninlany
annewdeniusanes 1T 23b avmIANGAIIRIReandan nesnuddlaniauawmes Tag

Wwevisng
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NM7ATUIMLAENNTA5NY

p is

4700 pF

917 3.10erAaMIF U Pre emphasis
fl =1 /27R,C, '
= 1/ 2*62%10 *4700%10
= 546 Hz |
f1 =1/27R,C,
= 1/ 27*18*10 *4700%10

= 1.88 Hz

Amplifier

gﬂﬁ 3.2 uﬁmmsﬁmamtmﬁvgﬂ Amplifier

Vin - (V/2) = iR,

N ~
(V2)-V, =iR,
Vin - (V/2)/ [(V/2)- V0] =R, R,
2Vin- V=R, /R, (V-2V,)
R,/R, (2Vin-V)=V -2V,
Vo=12[V-R,/R (2V,-V)]
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1. WatlaudtynouBunsruin 200 mvp-p A2N0 4 KHz WnTiien 9 204 IC1a (TLOS4)ud TR

[ -‘ [ ! a
1BIFNANAY 7 289 IC1b udaLlFusn VR2 Tiuadamiig

VR, (©) o/p 11 8 IC1b (V) o/p 91 7 IC1b (V)
0 205.2 mV 212.5 mV
250 k 681.3 mV 718.7 mV
500 k 1.297 V 1312V
750 k 1.750 V 1.812V
1M 2.063 V 2125V

AN 4.1 wasAIdTy U ATad IC TLOSA Wawlasu VR2



2. WelldnyoynBunaannn 200 mvp-p nsamFuanr@ia udadnusedisandwain

R8 Tnelasuulasanaddunmiudsineg uasanafniga

I/P (Hz) o/p Preemphasis

(M4 R8)

300 652.2 mV
500 750 mV
700 875 mV
900 984 mv
1,100 1.094 V
1,300 1.187 V
1,500 1.266 V
1,700 1.359 V
1,900 1.406 V
2,000 1.437V
2,100 1.422V
2,300 1.500 V
2,500 1.562V
2,700 1.578V
2,900 1.609 V
3,100 1.672V

<l ' oy .-
ANTNN 4.2 wdaaAdtyutuneIuN1g preempahsis 1A

a
AT

q

45

[ 9

(AN



Rmeihell i u)

-
S

mEE

w

o Voltage <(dB) )

freq.(Hz)

i & NINLAAINATRIAIU Preemphasis

= = 2 o Y 1% - =2 O 1 Y o v ¢ v [%
nanluenansiavulidmsumsldanuienisinwivindu leygnlmiluldusslevsimunism

limngdilag Msdu BnnaiudilidawUadlionmuazfasdadadudivesenaisynasaniinisunbuly
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3. \a Aty 1nuBUNATIA 200 mVp-p 14171 IC4a (LM 13600 ) udadnussiuensiyai

71 9 184 IC4a ( TLOS2)

I/P (Hz) o/p 19
1k 1.359 V
2k 1.312V
3k 1.297 V
4k 1.219V
5k 1125V
6 k 1.094 V
7k 1.062 V
8 k 1.047 V
9k 1.031V
10 k 1.016 V
11k 1.000 V
12 k 968.8 mV
13 k 953.1 mV
14 k 890.6 mV
15k 781.2 mV
16 k 703.1 mV
18 k 543.2 mV
21k 356.3 mV
25 k 206.2 mV
30 k 118.7 mV

AT 4.3 uansAATyayINENuA9Y filter (IC LM13600) NAMNARN"T
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freq.(kHz)

N3 NLanIna89d491 Low Pass Filter

: e = v o @ 9] - = L I ¥ o o v ¥
natsltiluenansiavulidmsumsldanuienisdinwivintgu leygnlmnhlulduselesdmunism
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4, UAAIAIAYINDIBFTHATIZN 4 283 1C4046 UAZIN 13 189 IC4013  meianng

ln/Aln adnd S4,55,56 uazianu VR18-20 uandlamamisna

Wa O Hnads

® aaind

S Se VR, VR, VR,, Master Clock
ANME (Hz) | usady (V)

@) 0O X max max 64.10K 5.094

Q O X max min 1.444 M 3.469

® @) X max max 201.2K 5.031

® @) X max min 1.449 M 3.;169

Q [ X max max 15.50 K 5.994

[ ] o X max min 500 K 4.937
S, S S VR4 VR, VR,, Master Clock

AR (Hz) WA (V)

® @) O min max max 63.69 K 5.062
L O @) min max min 1.449 M 3.469
o O O min min max 51.02K 5.062
o QO O max min max 50.00 K 5.031
o O O max min min 1.299 M 3.906
o ® O min max max 2008 K 5.062
] ) @) min max min 1.449 M '3.469
L ) @) min min max 126.6 K 5.031
L ) O max’ min max 128.2K 5.031
[ o O max min min 1.282 M 3.938
o O [ ] min max max 1553 K 5.031
L @) o min max min 500.0 K 4.969
L O o min min max 11.76 K 5.031
L O ® max min max 12.05K 5.031
o O ® max min min 400.0 K 4.969

i 1 i A o o’ - a al J i
ATNT 4.4 wansAraaDresdtynunRng Weinsufuaiaduasliu VR TuAsnge
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5 eRdtyryrnudn 106 ( ZN428 ) udainusadiuian 5 104 1C6
Aiuanluusiasin Akl
analal
7 (MSB) 6 5 4 3 2 1 0(LSB) V)
1 1 1 1 1 1 1 1 4,981
1 1 1 1 1 1 1 0 4.964
1 1 0 0 0 0 0 0 3.709
1 0 0 0 0 0 0 1 2.525
1 0 0 0 0 0 0 0 2.514
0 1 1 1 1 1 1 1 2.474
0 1 0 0 0 0 0 0 1.288
0 0 0 0 0 0 0 1 54.5 m
0 0 0 0 0 0 0 0 34.74m

ANTNT 4.5 LdnA ldandauaadnaas D to A WallatueAiaeausasiin
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v
o

6. Lﬁ@ﬁﬂﬂﬂ?ﬂﬂuﬁmmﬂmﬁum IC5 ( ZN448 ):?;\1Lﬂuﬁ’cgnpmuuuﬁmmﬁmqtmﬂmﬁ
Thusnufhuaagne
AU ,
ey wsinsuansluusiazin ]

V) 7 (MSB) 6 5 4 3 2 1 0(LSB)
-4.992 0 0 0 0 0 0 0 0
-4.823 0 0 0 0 0 0 1 0
-4.520 0 0 0 0 1 0 1 0
-4.069 0 0 0 1 0 1 0 1
-3.523 0 0 1 0 0 1 0 0
-3.012 0 0 1 1 0 0 0 1
-2.495 0 0 1 1 1 1 1 1
-2.009 0 1 0 0 1 1 0 0
-1.495 0 1 0 1 1 0 0 1
-1.004 0 1 1 0 0 1 1 0

-504.2 m 0 1 1 1 0 1 0 0
54.97 m 1 0 0 0 0 0 1 0
505.2 m 1 0 0 0 0 1 1 1
1.002 1 0 0 1 1 0 1 1
1.508 1 0 1 0 1 0 0 0
1.992 1 0 1 1 0 1 0 1
2.497 1 1 0 0 0 0 1 0
3.002 1 1 0 0 1 1 1 1
3.495 1 1 0 1 1 0 1 1
4.001 1 1 1 0 1 0 0 0
4.497 1 1 1 1 0 1 0 1
4.827 1 1 1 1 1 1 1 0
4.889 1 1 1 1 1 1 1 1

19N 4.6 uansANTuLausiuuLLiduiuaeguaes 8 On
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7 tﬁ'ﬂv‘hnwﬂﬂuﬁ’mmﬂmﬁuwm IC5 ( ZN448 ):ﬁé'«ﬂuﬁn;rmmﬁhﬁiw] Tnanadilduan
dhasrgu 2
AUTIAU ,
e, wsimaiiuansluudasin
V) 7 (MSB) 6 5 4 3 2 1 0(LSB)
156.18 m 0 0 0 0 0 0 0 0
38.99m 0 0 0 0 0 0 0 0
149.7 m 0 0 0 0 0 1 1 1
325.2m 0 0 0 1 0 0 0 0
498.4m 0 0 0 1 1 0 0 1
996.9 m 0 0 1 1 0 0 0 1
1.208 0 0 1 1 1 1 0 0
1.251 0 0 1 1 1 1 1 0
1.496 0 1 0 0 1 0 1 0
2.003 0 1 1 0 0 0 1 0
2.552 0 1 1 1 1 1 1 0
3.001 1 0 0 1 0 1 0 0
3.505 1 0 1 0 1 1 0 1
3.732 1 1 0 0 0 0 0 1
4.008 1 1 0 0 1 1 1 1
4.507 1 1 1 0 1 0 0 0
4.882 1 1 1 1 1 0 1 0
4.957 1 1 1 1 1 1 1 0
4.964 1 1 1 1 1 1 1 1

A1TRT 4.7 wanansudasusasiudsiae wargiuses 8 dn
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Aoy nunAnNINan 4 1C 4046 Haliu VR20 winiu 1M uazitlaadnd S6

95
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un 4.7 Fouryrnsunfinafien 4 IC 4046 Wedlfu VR20 iy 1M wazllaadnd 6

71N 4.8 &y oyuunRnNgn 4 IC 4046 Walfu VR20 winiu 0 uastlagind S6
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General Description

The CD4069UB consists of six inverter circuits and is manu-
factured using complementary MOS (CMOS) to achieve
wide power supply operating range, low power consump-
tion, high noise immunity, and symmetric controlled rise and
fall times.

This device is intended for all general purpose inverter appli-
cations where the special characteristics of the MM74C901,
MM74C903, MM74C907, and CD4049A Hex Inverter/Buff-
ers are not required. In those applications requiring larger
noise immunity the MM74C14 or MM74C914 Hex Schmitt
Trigger is suggested. .

NNational Semiconductor

CD4069UBM/CD4069UBC Inverter Circuits

February 1988

All inputs are protected from damage due to static dis-
charge by diode clamps to Vpp and Vss.

Features
m Wide supply voltage range 3.0V to 15V
=» High noise immunity 0.45 Vpp typ.

=” Low power TTL
compatibility
B Equiva!ent to MM54C04/MM74C04

Fan out of 2 driving 74L
or 1 driving 74LS

Schematic and Connection Diagram

O Vpo

Vin Vour

O Vs
TL/F/5875-1

Vin O O Vour

CL=S0pF

I

TU/F/5975-3

AC Test Circuits and Switching Time Waveforms

Dual-in-Line Package

Voo
14 13 12 11 10 o B

>0

>0 o

[ 2 3 4 5 3 7
Vss
TUF/5975-2

Order Number CD4069UB

Vop —

INPUT

Vgs —10%4
Voo
OUTPUT
3 )
= =t = -t
t=t=20ns
TU/F/5875-4

©1995 Natlonal Semiconducior Corporation  TL/F/5978
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TL082 Wide Bandwidth Dual

General Description

These devices are low cost, high speed, dual JFET input
operational amplifiers with an internally trimmed input offset
voltage (BI-FET I™ technology). They require low supply
current yet maintain a large gain bandwidth product and fast
slew rate. In addition, well matched high voltage JFET input
devices provide very low input bias and offset currents. The
TLO82 is pin compatible with the standard LM1558 allowing
designers to immediately upgrade the overall performance
of-existing LM1558 and most LM358 designs.

These amplifiers may be used in applications such as high
speed integrators, fast D/A converters, sample and hold
circuits and many other circuits requiring low input offset
voltage, low input bias current, high input impedance, high
slew rate and wide bandwidth. The devices also exhibit low
noise and offset voltage drift.

&National Semiconductor

JFET Input Operational Amplifier

November 1994

Features
= Internally timmed offset voltage 15 mv
m Low input bias cumrent 50 pA
m Low input noise voltage 16nVA Hz
u Low input goise current 0.01 pAN Hz
W Wide gain bandwidth 4 MHz
| High slew rate | 18 V/us
B Low supply current 3.6 mA
® High input impedance 10120
B Low total harmonic distortion Ay = 10, <0.02%

Ry = 10k, Vo = 20 Vp — p,

BW = 20 Hz—20 kHz
m Low 1/f noise corner 50 Hz
W Fast settling time to 0.01% 2pus

Typical Connection

Ry
AAA
VA~

“. TL/H/8357~1

Simplified Schematic

Ver O

Connection Diagram

DIP/SO Package (Top View)

1
QUTRUT A

O b

v

INVERTING INPUT A —

NON4RVERTING _J

1
P OYTPUT S

INPUT A

INVERTING iNPUT B

v-

Order Number TLO82CM or TL082CP
See NS Package Number MOSA or NOSE

TRIMMED

INT
INTERNALLY Illﬁ:‘ﬂll'

-Vee O

BLFETHMisa of National Corp.

TL/H/8367-2

MON-INVERTING
(L0 ]

TL/H/8357-3

Jsyijdwy jeuopesadQ indu| L340 [en@ yipimpueg apip 28011

©1995 National TUH/8357
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MM54HC4075/MM74HC4075
Triple 3-Input OR Gate

General Description

These OR gates utilize advanced silicon-gate CMOS tech-
nology to achieve operating speeds similar to LS-TTL gates
with the low power consumption of standard CMOS inte-
grated circuits. All gates have buffered outputs, providing
high noise immunity and the ability to drive 10 LS-TTL loads.
The 54HC/74HC logic family is functionally as well as pin-
out compatible with the standard 54LS/74LS logic family.
The 54HC4075/74HCA4075 is functionally equivalent and
pin-out compatible with the CD40758 and MC140758 metal
gate CMOS devices. All inputs are protected from damage
due to static discharge by internal diode clamps to Voo and
ground.

ﬂNational Semiconductor

January 1988

Features

m Typical propagation defay: 11 ns

® Wide power supply range: 2V-6V

m Low quiescent current: 20 pA maximum (74HC Series)
m Low input current: 1 wA maximum

 Fanout of 10 LS-TTL loads

[

Connection Diagram

Vee 3C 3B

14 13 12

_Dual-In-Line Package
3A 3y 2Y 2C

1t e 9 8’

Y=A+B+C

2A 2B 1A

i

18 1C 1Y
Top View .

GND
TL/F/5155-1

Order Number MM54HC4075 or MM74HC4075

©1995 Nationat TL/FI5188

ARD-BI0M105/Printad inU. 8. A.
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Order Number LM13600M, LM13600N or LM13600AN
See NS Package Number M16A or N16A

. . February 1995
&Natzonal Semiconductor
LM13600 Dual Operational Transconductance
Amplifiers with Linearizing Diodes and Buffers
General Description : ?cellé?t m;tc:ing between ampljfiers
The LM13600 series consists of two cument controlled = éne:nﬁmg.n:o Zs buf
transconductance amplifiers each with differential inputs ,°n olled 1 !)e ance u ers‘
and a push-pull output. The two amplifiers share common ™ High output signal-to-noise ratio
supplies but otherwise operate independently. Linearizing . .
diodes are provided at the inputs to reduce distortion and APPllcatlonS
aliow higher input levels. The result is a 10 dB signal-to- W Current-controlled amplifiers
noise improvement referenced to 0.5 percent THD. Con-  m Current-controlled impedances
trolled impedance buffers which are especially designed t6  m Current-controlied filters
complement the dynamic range of the amplifiers are provid- g current-controlled oscillators -
ed. u Muitiplexers
um Timers
Features ‘m Sample and hold circuits
W g, adjustable over 6 decades
m Excellent g, linearity
Connection Diagram »
Dual-in-Line and Small Outline Packages
AMP
BIAS  DIGDE  INPUT  INPUT BUFFER BUFFER
INPUT  BIAS ) -+ ourpur V' INPUT  OUTPUT
16 15 i 13 12 1 [10 9
Te
*
+
i 1 2 3 [ § [s 7 iC
amp DIODE  INPUT  INPUT  OUTPUT V-  BUFFER BUFFER
BIAS BIAS # (=) INPUT  OUTPUT
NPUT R
TL/H/7980-2
Top View

slajyng pue sspoiqg buizuesur] yum
uoosuer] jeuonietado [end 009ELINT

1895 Nationa) Semiconductor Corporation

TL/H/7880
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Voltage Controlled Filters (continued)

K

10K

(o

- Ragm
——AAA/ ° " (R+Rp2nC *
Ra

100 K s —Lc .
1€ A - “’l‘ 10K
viN

FIGURE 12. Voltage Controlled Hi-Pass lé.ilter
15 K . RAGm ‘e

TL/H/7980-19

f, o DM ___
Vg O- \/\/\;——1 ° " {(R+Rp2nrC

-5V

TL/H/7980-20

ve

O LO-PASS
ouT
2K
—AAA—
O BANDPASS OUT

TL/H/7980-21

FIGURE 14. Voitage Controlled State Variable Filtér

11
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&National Semiconductor

CD4528BM/CD4528BC Dual Monostable Multivibrator

General Description - Features

The CD45288B is a dual monostable multivibrator. Each de- 8 Wide supply voltage range 3.0V to 18V
vice is retriggerable and resettable. Triggering can occur ® Separate reset available

from either the rising or falling edge of aninput pulse, result-  m Quiescent current = 5.0 nA/package (typ.) at 5.0 Vpg
ing in an output pulse over a wide range of widths. Puise  w Djode protection on all inputs

duration and accuracy are determined by external timing ® Triggerable from leading or trailing edge pulse

components Rx and Cx. - ® Capable of driving two low-power TTL loads or one
. low-power Schottky TTL load over the rated tempera-
ture range
. o 1
Connection-Diagrams -
1
Al '
Rz Dual-In-Line Package
2
—IW—VM .
Tia =——{1 18 p== VDD
] n
Tog — 2 15 p— Tig
A a s
; -—® A Coa —=q3 14— T28
8 y i ARINPUT =4 yqpppy 13| 08
- Aminpur —f 5 CD4S2BEC o b pagnput
:-—-———j . QaQuT —4 6 11 f—e BRINPUT
1o Gaour —7 10 [~ QBOUT
Wl . A / Vs — 8 9 |— TGgour
= 'rz[ TL/F/5998-2
A . o Top View
ﬁ—__‘oD 8 : Order Number CD45288
- 1 ]
s
I B \
G TU/F/5998-1
Truth Table
Inputs . Outputs
Clear A B Q Q H = HighLevel
L L = Low Level
L X X L H T = Transition from Low 1o High
X H X L H L = Transition from High to Low
X X L L H L = One High Levet Puse
H L J L r < = One Low Level Pulse
H T H Ju =5 X = Irelavant

D1995 National Semiconductor Corporation  TL/F/5388 RRD-B30M108/Printed in L. S. A
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CD4071BM/CD4071BC

CD4081BM/CD4081BC

General Description

These quad gates are monolithic complementary MOS
(CMOS) integrated circuits constructed with N- and P-chan-
nel enhancement mode transistors. They have equal source
and sink current capabilities and conform to standard B se-
res.output drive. The devices also have buffered outputs
which improve transfer characteristics by providing very
high gain.

NNational Semiconductor

Quad 2-Input OR Buffered B Series Gate

.Quad 2-Input AND Buffered B Series Gate

February 1988

Features
m Low power TTL Fan out of 2 driving 74L
compatibility or 1 driving 74LS

m 5V-10V-15V parametric ratings

B Symmetrical output characteristics

u Maximum input leakage 1 pA at 15V over full tempera-
ture range

All inputs protected against static discharge with diodes to
Vpp and Vss. :

Connection Diagrams

CD4071B Dual-In-Line Package
vy

o LMER X, \ e

[l 1
TU/F/5977-3

Top View

CD4081B Dual-In-Line Package

Voo

lu Iu 'u ln Iu ll

1 H 3 L 1] ¢ ?
\ N D SO N O
~. TUF/5977-6

Top View

Order Number CD40718 or CD4081B

ajey sallag g patayng ANV induj-g pend 294180¥A0/NGL80vad
aley sallag g palajng HO indul-g pend 981 20¥A0/NdLL0ydD

© 199§ National Semiconductor Comoration  TL/F/5877
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. , March 1988
NNatzonal Semiconductor
7-Stage Ripple Carry Binary Counter
General Description Features
The CD4024BM/CD4024BC is a 7-stage ripple-carry binary ™ Wide supply voitage range 3.0V to 15V
counter. Buffered outputs are externally available from m High noise immunity 0.45 Vpp (typ.)
stages 1 through 7. The counter is reset to its logical “0"  m Low power TTL Fan out of 2 driving 74L
stage by a logical “1” on the resst input. The counter is compatibility or 1 driving 74LS
advanced one count on the negative transition of each g High speed 12 MHz (typ.)
clock puise. * input pulse rate Vpp — Vgg = 10V
m Fully static operation
Connection Diagram
Dual-In-Line Package
Yoo Ne [ a2 NC 0 e
Ill 3 12 1 0 ] ]
¥ L
Order Number CD4024B
! 2 J L} H B ¥
IHPUT RESET ar s Qs as Vs
PULSES
TL/F/5957 -1
Top View
Schematic Diagrams
»—-Do—» ouTPUT
-3 ,
TO NEXT
STAGE
0
TUF/5857-3
input Logic
~
il ?c Do So—ss
R
‘—-———-——_’0
T T
o >o——>o -
Flip-flop logic (1 of 7 identical stages). TUF/5957-4

©1996 National Semiconductor Comoration  TU/F/5957 ARD-BIOM10S/Priniad in U. 8. A,
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October 1989

&Nationa.l Semiconductor

CD4051BM/CD4051BC Single 8-Channel Analog
Multiplexer/Demultiplexer

CD4052BM/CD4052BC Dual 4-Channel Analog
Multiplexer/Demuitiplexer

CD4053BM/CD4053BC Tnple 2-Channel Analog
Multiplexer/Demultiplexer -

General Description
These analog multiplexers/demultiplexers are digitally con-  an inhibit input. Each control input selects ong of a pair of
trolled analog switches having low “ON™ impedance and  channels which are connectedin a single-pole double-throw
very low “OFF” leakage currents. Control of analog signals  configuration.
up to 15V, can be achieved by digital signal amplitudes of
3-18V. For example, if Vpp=5V, Vgs=0V and Vge= -5V, Features
analog signals from —5V to +5V can be controfled by digi-  w wide range of digital and analog signal levels: digital
tal inputs of 0-5V. The multiplexer circuits dissipate ex-
tremely low quiescent power over the full Vpp—Vsgs and I5V.gandiog oAV

folo ht CWON® raci k . -
Vpp —Vee supply voltage-ranges, independent of the logic rl;:]‘f’inp?":‘ra:;f‘;s:::‘%e' 838 (W:H)S‘:)’e' entire 15Vp.p sig
state of the control signals. When a logical “1” is present at iah “OFF" resi s . L !
the inhibit input terminal all channels are “OFF”. » :’:;%h) o \'/:F r(\e/sxstar;%e\} channel leakage of +10 pA

. . . . ob—VEe=
CD‘?°51BM/C.D 0o 4 # 'S a singr S Chganel multlp.zlea.(e'r R Logic level conversion for digital addressing signais of
having three binary control inputs. A, 8, and C, and an inhibit 3-15V (Vpp~Vss =3-15V) to switch analog signals to
input. The three binary signals select 1 of 8 channels to be is (V?)%—VSESE‘ 15V) 9 Sig ’
tumed “ON" and connect the input to the output. p-p X
m Matched switch characteristics: ARgn=50 .) fo

CD40528M/CD40528C is a differential 4-channel mulplex- _"\",EE;”; A ! ON=58 (typ) for
er having two binary control inputs, A and B, and an inhibit o
input. The two binary input signals select 1 or 4 pairs of
channels to be turned on and connect the differential ana-
log inputs to the differential outputs.
CD4053BM/CD4053BC is a triple 2-channel multiplexer
having three separate digital control inputs, A, B, and C, and

B Very low quiescent power dissipation under all digital-
control input and supply conditions: 1 pW (typ.) at
Vop—Vss=Vpp—Vee =10V

m Binary address decoding on chip

Connection Diagrams

-

Dual-In-Line Packages

CD4051BM/CD4051BC CD40528M/CD4052BC CD4053BM/CD4053BC
wjour INOUT  gurnn INIOUT OUTAN  IN/OUT
Voo 2 1 A 8 ¢ Voo Zx ™ . A 3 Voo B & Ty = A [
s s hie By pz la b Tis Ds Jia bz Ji2 ty s {o w_ s Je fi3 Bz Je fo s -
mE BB FFIsRe 7 z ER O 3 U A 1 F F FFT
SUTAN ] INH Ve Vis oy vy INH Vg Vg W ba g & o WK Vg Vg
IN/OUT NI0UT ~ lNI\WT outan /ot WouT OUTAN INfOUT
TOP VIEW TOP VIEW TOP VIEW TUF/5682-1

Order Number CD4051B, CD4052B, or CD4053B

©19205 Nadonal TL/F/5662 RAD-B30M105/Printed In U. S. A,
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&'National Semiconductor

CD4017BM/CD4017BC Decade Counter/Divider

with 10 Decoded Outputs

March 1988

CD4022BM/CD4022BC Divide-by-8 Counter/Divider

with 8 Decoded Outputs

General Description

The CD4017BM/CD4017BC is a 5-stage divide-by-10 John-
son counter with 10 decoded outputs and a carry out bit.
The CD4022BM/CD4022BC is a 4-stage divide-by-8 John-
son counter with 8 decoded outputs and a carry-out bit.

Features

= Wide supply voltage range

| High noise immunity

u Low power

TTL compatibility -

3.0V to 15V
0.45 Voo (typ.)

Fan out of 2 driving 74L

or 1 driving 74L.S

These counters are cleared to their zero count by alogical ® Medium speed operation - - 5.0 MHz (typ.)
“1” on their reset line. These counters are advanced on the with 10V Vpp
positive edge of the clock signal when the clock enable sig- ® Low power 10 W (typ.)
nal is in the logical “0” state. ® Fully static operation N .
The configuration of the CD4017BM/CD40178C and A .
CD40228M/CD4022BC permits medium speed operation Appllcatlons
and assures a hazard free counting sequence. The 10/8 & Automotive
decoded outputs are normally in the logical “0" stateandgo = Instrumentation
tEo t:edlogic‘:jald“1"tstatte only ath?h:irf res1pt?cltliveI tir:e sI?t. # Medical electronics
ach decoded output remains high for 1 full clock cycle. o A,
The canry-out signal completes a full cycle for every 10/8 . |n:::tris ylstee;;njro i h
clock input cycles and is used as a ripple carry signal to'any 2 c' e
succeeding stages. ® Remote metering
Connection Diagrams At
CD4017B CD4022B
Dual-In-Line Package Dual-in-Line Package
DECODED OUTPUT "5~ — U . voo DECODED DUTPUTT- —n 7 LA
DECODED QUTPUT =1 = 15 peser DECOOED OUTPUT "0 = 1%, Reser
DECO0ED OUTPUT ¥ -1 14 crocx DECOOED OUTPUT 2 = LY cuock
becoven outrur T — 2 cLack ewasLe DECODED OUTPUT 3= — 2 coex enamee
DECOBED OUTPUT 5~ 1 ALS CARRY-QUT DECODED GUTPUT 5~ AL 12 CARRY-QUT
DECOBED OUTPUT 7 —— L oecooe ourrur v w4 LY peconen outeuT o
7 10 - . -
DECODED OUTFUT 3" ~= — DECODED OUTPUT "4 gerqngn output 3@ = Y. oeconen ourput <7
Vss -4 -~ oecooeo ouTPUT ¥ vgs — LI
v TL/F/5950-1
. * TUF/5950-2
Top View Top View
Order Number CD4017B or CD40228
.
©1568 Natonal TU/FI5850 RAD-B30M10S/Printed in UL 8. A,
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General Description

The CD4013B dual D flip-flop is @ monolithic complementa-
ry MOS (CMOS) integrated circuit constructed with N- and
P-channel enhancement mode ftransistors. Each flip-fiop
has independent data, set, reset, and clock inputs and “Q”
and “Q” outputs. These devices can be used for shift regis-
ter applications, and by connecting “Q" output to the data
input, for counter and toggle applications. The logic level
present at the “D” input is transferred to the Q output during
the positive-going transition of the clock puise. Setting or
resetting is independent of the clock and is accomplished

&National Semiconductor

CD4013BM/CD4013BC Dual D Flip-Flop

Features

N Wide supply voltage range

® High noise immunity

m Low power TTL
compatibility

Applications

B Automotive
u Data terminals
| Instrumentation

® Alarm system

February 1988

3.0V to 168V

0.45 Vpp (typ.)
fan out of 2 driving 74L
or 1 driving 74LS

m Industrial electronics
m Remote metering

x = Don't care cass

by a high level on the set.or reset'line respectively. - - ¥ Medical electronics ‘m Computers
Connection Diagram S
Dual-in-Line Package N
Voo a 1] CLOCK2 RESET2 DATA2  SET2
| 14 13 12 11 10 9 [
| Order Number CD4013B
FIF FIF
1 2
1 2 3 4 5 [) 7
at (1] CLOCK1 RESET1  DATA! SET 1 Vss
TL/F/5948-1
Top View
Truth Table
cLt D R S Q Q
e 0 0 0 0 1
e 1 0 0 1 0
~ X 0 0 Q a
X x 1 [ 0 1
X X 0 1 1 0
X X 1 1 1 1
No change
t = Level change

©1265 Natonai Semicanductar Corporation  TL/F/5048
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General Description

The CD40088B types consist of four full-adder stages with
fast look-ahead carry provision from stage to stage. Circuitry
is included to provide a fast “parallel-carry-out” bit to permit
high-speed operation in arithmetic sections using several
CD40088's. CD40088 inputs include the four sets of bits to
be added, A1 to A4 and B1 to B4, in addition to the “Canry
in” bit from a previous section. CD4008B outputs include
the four sum bits, S1 and S4, in addition to the high-speed
“parallel-carry-out” which may be utilized at a succeeding
CD40088B section.

All inputs are protected from damage due to static dis-
charge by diode clamps to Vpp and GND.

&National Semiconductor

CD4008BM/CD4008BC 4-Bit Full Adder

February 1988
Features
‘W Wide supply voltage range 3.0V to 15V
B High noise immunity 0.45 V¢ (typ.)

u Low power TTL Fan out of 2 driving 74L
compatibility _ or 1 driving 74LS

® 4 sum outputs plus paraliel lock-ahead camry-output

® Quiescent current specified to 15V

® Maximum input leakage of 1 pA at 15V (full package
temperature range)

©1995 Natlonal Semeconductos Coporation  TUF/5944

Block Diagram Truth Table
A e 15 cocanrvoum Al B G | CO SuM
: 0 0 0 o ]
ot L N % 1 0 0 0 1
A8 O —- SuM ——0 s8 0 1 0 0 1
T o™ 1 1 [} 1 4]
2 1} 0 «1 (4] 1
83 O » 12 1 0 1 1 0
UM s3
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&National Semiconductor

74VHC4066
Quad Analog Switch

General Description

These devices are digitally controlled analog switches utiliz-
ing advanced silicon-gate CMOS technology. These
switches have low “on” resistance and low "off” leakages.
They are bidirectional switches, thus any analog input may
be used as an output and visa-versa. Also the '4066
switches contain linearization circuitry which lowers the
“on"” resistance and increases switch linearity. The '4066
devices allow control of up to 12V (peak) analog signals
with digital control signals of the same range. Each switch
has its own control input which disables each switch when
low. All analog inputs and outputs and digitat inputs are pro-

October 1995

tected from electrostatic damage by diodes to Vg and
ground.

Features

m Typical switch enable time: 15 ns

W Wide analog input voltage range: 0-12V

® Low “on" resistance: 30 typ. ('4066)

m Low quiescent current: 80 nA maximum (74VHC)
m Matched switch characteristics

m |ndividual switch controls

m Pin and function compatible with the 74HC4066

Commaercial Package Number Package Deacription
74VHC4066M M14A 14-Lead Molded JEDEC SOIC (.150° Wide)
74VHC4053WM M148 14-Lead Molded JEDEC SOIC (.300* Wide)
74VHCA066N N14A 14-Lead Molded DIP )
Note: Surface mount packages are also available on Tape and Reel. Specify by appending the suffix letter “X” to the
ordering code.
Truth Table Connection Diagram
Pin Assignments for
SOIC and PDIP
¥ L £TL &4/8 &0/t 3071 3N/B
Input Switch i
Iu w juz |n |w I: Il
CTL 1/0-0/1 K
L “OFF"
H “ON” #

Schematic Diagram
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74VHC4040
12-Stage Binary Counter

General Description

The VHC4040 is an advanced high-speed CMOS device
fabricated with silicon gate CMOS technology. It achieves
the high-speed operation similar to equivalent Bipolar
Schottky TTL while maintaining the CMOS low power dissi-
pation. The VHC4040 is a 12-stage counter which incre-
ments on the negative edge of the input clock and all out-
puts are reset to a low level by applying a logical high on the
reset input. An input protection circuit insures that 0V to 7V
can be applied to the inputs without regard to the supply
voltage. This device can be used to interface 5V to 3V sys-
tems and two supply systems such as battery backup. This
-circuit prevents device destruction due to mismatched sup-
ply and input voltages.

&National Semiconductor

November 1995

Features
m High speed
m Low power dissipation: loc = 4 pA (max) at
Ta = 25°C '
® High noise immunity: Vg =VniL = 28% Vgg (min) |
®’ All inputs are equipped with a power down protection
function !
= Balanced propagation delays: tp|{ = tpr
B Wide operating voltage range: Veg (opr) 2V ~ 5.5V
u Low noise: Vorp = 0.8V (max) "~ ~
B Pin and function compatible with 74HC4040

Package
Commercial Number Package Description
74VHC4040M M16A 16-Lead Molded JEDEC SOIC
74VHC4040N N16E 16-Lead Molded DIP
Note: Surface mount packages are also available on Tape and Reel. Specify by appending the suffix letter ‘X’ to the ordering code.
.Logic Symbols Connection Diagram
|IEEE/IEC Pin Assignment for
SOIC and PDIP
CRiz_ |, Q f—29
oF—. ./ ;
1ont, = 4 —7 o1 18 f=Vee
L der=o L b Nl %512 15
S 0 —s o,—{3 14}—q
1 B 10 —gce Q3 0 13f-q,
o 2 o2 -5 12 |-
L35 G [+ Q6 11 |—=ur
13 11— NR & —13 o—7 10 feTP
12
p— Q12 GNo— 8 9t—qq
.ﬁ. Q9 e 14
%-L Qg 15 TUF/11641-2
RS Oy f—1
TL/F/11641~-3 TUF/116841~1
& .
Pin Names Description
~ Qo-Qyq Flip-Flop Outputs
cP Negative Edged Triggered Clock
MR Master Reset
TRISTATE® s a of Nasonal C
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Logic Diagram
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Timing Diagram
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74VHC4046
CMOS Phase Lock Loop

General Description

The 74VHC4046 is a low power phase lock loop utilizing
advanced silicon-gate CMOS technology to obtain high fre-
quency operation both in the phase comparator and VCO
sections. This device contains a low power linear voltage
controlled oscillator (VCO), a source follower, and three
phase comparators. The three phase comparators have a
common signal input and a common comparator input. The
signal input has a self biasing amptifier allowing signals to
be either capacitively coupled to the phase comparators
with a small signal or directly coupled with standard input
logic levels. This device is similar to the CD4046 except that
the Zener diode of the metal gate CMOS device has been
replaced with a third phase comparator.

Phase Comparator | is an exclusive OR (XOR) gate. It pro-
vides a digital error signal that maintains a 90 phase shift
between the VCO's center frequency and the input signal
(50% duty cycle input waveforms). This phase detector is
more susceptible to locking onto harmonics of the input fre-
quency than phase comparator |, but provides better noise
rejection.

Phase comparator Il is an SR flip-flop gate. It can be used
to provida the phase comparator functions and is similar to
the first comparator in performance.

Phase comparator Il is an edge sensitive digital sequential
network. Two signal outputs are provided, a comparator out-
put and a phase pulse output. The comparator output isa
TRI-STATE® output that provides a signal that locks the
VCO output signal to the input signal with 0 phase shift be-
tween them. This comparator is more susceptible to noise
throwing the loop out of lock, but is less likely to lock onto
harmonics than the other two comparators.

&National Semiconductor .

October 1995

In a typical application any one of the three comparators
feed an external filter network which in turn feeds the VCO
input. This input Is a very high impedance CMOS input
which also drives the source follower. The VCO's operating
frequency is set by three external components connected to
the C1A, C1B, A1 and R2 pins. An inhibit pin is provided to
disable the VCO and the source follower, providing a meth-
od of putting the IC in a low power state.

The source follower is 8 MOS transistor whose gate is con-
nected to the VCO input and whose drain connects the De-
modulator output. This output normally is used by tying a
resistor from pin 10 to ground, and provides a means of
looking at the VCO input without loading down modifying the
characteristics of the PLL filter.

Features
m Low dynamic power consumption (Vococ=4.5V)
m Maximum VCO operating frequency: 12 MHz
(Vcc=4.5V)
® Fast comparator response time (Voo =4.5V)
Comparator I:” 25 ns
Comparator I 30 ns
Comparator [l 25 ns

m VCO has high linearity and high temperature stability
= Pin and function compatible with the 74HC4046

Package
Commercial Number Package Description
74VHC4046M M16A 16-Lead Molded JEDEC SOIC
74VHCA4046N N16E 16-Lead Molded DIP

1

TRALSTATE® is & of National C

Note: Surface mount packages are aiso available on Tape and Reel Specify by appending the suffix latter “X™ to the ordering code.
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Block and Connection Diagrams
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COMPANDOR

NES70/571/SA571

=——

DESCRIPTION

The NES70/571 is a versatile low cost dual
gain control circuit in which either channel
may be used as a dynamic range compres-
sor or expandor. Each channet has a full
wave rectifier to detect the average value of
the signal: a linerarized, temperature
compensated variable gain cell; and an
operational amplifier.

The NE570/571 is well suited for use in cellu-
lar radio and radio communications systems,
modems, telephone, and satellite broadcast/
receive audio sytems.

FEATURES

¢ Complete compressor and expandor in
IC -

Temperature compensated

Greater than 110dB dynamic range

Operates down to 6Vdc

System leveis adjustable with external

components

* Distortion may be frimmed out

CIRCUIT DESCRIPTION

The NE570/571 compandor building
blocks. as shown in the block diagram, are a
full wave rectifier, a variable gain cell, an
operational amplifierand a bias system. The
arrangement of these blocks in the IC result
in a circuit which can perform well with few
external components. yet can be adaptedto
many diverse applications.

The full wave rectifier rectifies the input
current which flows from the rectifier input,
to an internal summing node which is bi-
ased at Vpgp. The rectified current is aver-
29ed on an external filter capacitor tied to
the CRECT terminal. and the average value
of the input current controls the gain of the
variable gain cell. The gain will thus be
proportional to the average value of the
input signal for capacitively coupled voltage
inputs as shown in the following equation.
Note that for Capacitively coupled inputs
there i1s no ofiset voltage capable of pro-
ducing a gain error. The only error will come
from the bias current of the rectifier (sup-
plied internally) which is less than .1uA.

[Vin = Vieri avg.

G
=3 Rl
or
Vin| avg
s R1

The speed with which gain changes to fol-
low changes in input signal levels is deter-
mined by the rectifier filter capacitor. A
small capacitor will yiéld rapid response but
will not fully filter low frequency signals.
Any npple on the gain control signal will
modulate the signat passing through the
variable gain cell. In an expandor or com-

Note:
! Suppliea only in targe SO (Smait Outhine) package.

APPLICATIONS

* Cellular radio

* Telephone trunk compandor—570

* Telephone subscriber compandor—571
* High level limiter

¢ Low level expandor—noise gste

* Dynamic noise reduction systems

* Voitage controlled amplifier

* Dynamic filters

PIN CONFIGURATION

D', F, N PACKAGE
Aect Cop t 1] €] Recr Cap 2
Rect In1 2] 15] Rect in 2
46 Cen1n 1[T] [72] G Conta2
Gno [ ] 73] vee
" v tn 15 12] inw 1n 2
Res “.IE N 11/ Res R, 2
Quipur 1| 7 10§ Ouvtown 2
THD Trim 1 3] THD Toem 2
Order Part No,
NES7O FN NESN FN
SAST F.:_{ NEST1D!

NOTES:
1. SCL-R in Large SO paciage only
2 SOL and non-standard pinout.
3 SO ang non-standard pincuts.
ABSOLUTE MAXIMUM RATINGS
PARAMETER | RATING UNIT
Positive supply Vde
570 24
571 18
TA Operating temperature range
NE s\ 01070 °c
SA -40 to +85 °C
Pp Power dissipation 400 . mw
BLOCK DIAGRAM
1012 ™D TRIM T INVEFTER IN
r2 0% variable
A6 IN oo cen_
I utput
RY 10K
RECT N O_M_'T RECTIFIER
llec! CAP

pressor application. this would lead to third
harmonic distortion, so there is a tradeoff to
be made between fast attack and decay
times, and distortion. For step changes in
amplitude, the change in gain with time is
shown by this equation.

Gt} = (Ginal - Gtinal) e-Vr

-G 7= 10K X CgecT

finat;
The variable gain cell is a current in, current
out device with the ratio IgyT/I|N con-
trolled by the rectifier. 1| is the current
which flows from the AG input to an internal
summing node biased at VRgp. The foliow-
ing equation applies for capacitively cou-
pled inputs. The output current. IgyT, is
fed to the summing node of the op amp.

Signetics

Vin - VREE  Vin
T H, T R

. n;

A compensation scheme built into the AG
cell compensates for temperaiure, and can-
ceis out odd harmonic distortion. The only
gistortion which remains is even harmonics.
and they exist only beczuse of internal
offset voltages. The THD trim terminal pro-
vides a means for nulling the internal offsets
for low distortion operation.

hin

The operational amptifier (which is internai-
ly compensated) has the non-inverting in-
put tied to VREF. and the inverting input
connected to the AG cell output as well as
brought out externally. A resistor. R, is
brought out from the summing node and
allows compressor or expancor gain 1o be
determined only by internal components.

5.3
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COMPANDOR

NE570/574/SAS571

The output stage is capable of 220mA out-
put current. This allows a +13dBm (3.5V
rms) output into a 3000 load which, with a
series resistor and proper transformer, can
result in ~13dBm with a 600 {1 outputimped-
ance.

A band gap reference provides the refer-
ence voltage for all summing nodes, aregu-
lated supply voltage for the rectifierand AG
cell, and a bias current for the AG cell. The
fow tempco of this type of reference pro-
vides very stable biasing over a wide tem-
perature range.

The typical performance characteristics il-
Justration shows the basic input-output
transier curve for basic compressor or ex-
pandor circuits.

TYPICAL PERFORMANCE
CHARACTERISTICS

TYPICAL TEST CIRCUIT

BASIC INPUT-OUTPUT
TRANSFER CURVE
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DC ELECTRICAL CHARACTERISTICS T,=25°C, Vcc = 15 Except where indicated, the 571 specifications are identical to 570

NES70 NE/SAST1S
PARAMETER TEST CONDITIONS Min Typ Max Min Typ Max UNIT
Vee Supply voliage 6 24 6 18 Vv
lcc Supply current Nc signal 3.2 4.8 3.2 4.8 mA
QOutput current capabiity =20 =20 mA
Cutput slew rate =5 =5 V/us
Gain cell cistortion? Untnmmed 3 1.0 5 2.0 %
Trnimmed . 05 A
Resistor tolerance =5 =15 =5 =15 %
Internal referencé voltage 1.7 18 1.9 1.65 1.8 1.95 v
Output cc shuft? Untrimmed =20 =50 =30 =100 mvV
Expancer output noise No signal, 15Hz-20kH2' 20 45 20 60 uv
-15 dBRNC
Unity gain level -1 0 -1 -1.5 0 -1.5 ¢Bm
Gain cnange:.* -40°C « T < 70°C =1 =1 dB
0¢C « T« 70°C =1 =2 =1 =4
Reference drifts -40°C ¢+ T < 70°C -2.-25] 10, -4C «2.-25 {+20. -50 mV
0°C <« T <70°C =5 =10 =5 =20
Resistor grifts -40°C « T < 70°C -8.-0 %
0°C - T « 70°C -1-0
Tracking error (measured relative Rectifier input, V2 = 2 cg
1o value at unity gain) equals ] Va= +6dBm, V,=0d8B
LVBO_'\YZ olunty gainl V= - 30dBm, V, = OdB -2 | -5 -2 | -5
Channel Separation 60 60 d8

NOTES-

Input to V, and V, grounded.
Measured at OdBm, 1kHz.

Relative to value at T, = 25°C.

[l ol o

temperature range.

5-4

S1G-80

Expancor ac input change from no signal to OaBm.

Electrical characteristics for the SAS71 only are specified over ~40 t0 + 85°C

Signetics






