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Abstract

This project describes the 16 Quadrature Amplitude Modulation (16 QAM ) for both transmitter and
receiver for demonstrator purposed.As it is known that the digital communication system by 16 QAM
(16 Quadrature Amplitude Modulation ) which it is a form of digital modulation where the digital
information is contained in both of amplitude and phase of signal carrier.

In this project will use oscillated carrier signal and pilot tone signal circuit with control by real time
clock 256 Kbps and digital data separate circuit before presented to either balance
modulator.Also, at balance modulator, there is one change in the output signal for every 4 bits input data

bits.
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DPSK  : Different Phase Shift Keing

QAM  : Quadrature Amplitude Modulation
TCM  : Trellis Code Modulation

FDM  : Frequency Divition Multiplex
ECT : Echo Cancellation Technique
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QUADRATURE AMPLITUDE MODULATION
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2.1 1ls2anEnwYeanlInINg (Bandwidth efficiency )
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MsmszansnmvewauanuddMiumsueganuuy BPSK, QPSK, 8PSK uag
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16QAM ninmsniElumsuanauaindesiganldtedannaiiisnsnmsda 10 Mbps ag

maueganlugiuuuae

Modulation Technique Minimum Bandwidth (MHz)
BPSK 10
QPSK 5
8PSK 333
16QAM 25
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BPSK ; BWefficency = ‘0.1bps _1bps _ 1Dt

10 MHz Hz  cycle

10 Mbps  2bps _ 2bit

5MHz ~ Hz  cycle

10 Mbps = 3bps  3bit

333 MHz ~ Hz  cycle

10 Mbps ~ 4bps = 4bit

25MHz  Hz  cycle

waft Iduanalfiiiut Besk sz nTnméigeias 160AM falszaniamgegamiz

QPSK ; BW efficiency

8PSK ; BWefficiency =

16QAM ; BW efficiency =

16QAM Avam3ifies % vaaunuanudnldlu BrSK Tusasiimsnduynimiiiu uazagy

JouanA1evae FSK, PSK, QAM 1alumsish 2.3

Modulation Encoding Bandwidth Baud Bandwidth efficiency
(Hz) (bps/Hz)
FSK Sinegle bit >Fb Fb <1
BPSK Sinegle bit Fb Fb 1
QPSK Dibit Fb/2 Fb/2 2
8PSK Tribit Fb/3 Fb/3 3
8QAM Tribit Fb/3 Fb/3 3
16PSK Quadbit Fb/4 Fb/4 4
16QAM Quadbit Fb/4 Fb/4 4

my19h 2.3 a31ldeunne1aues FSK, PSK 1ag QAM
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2.2 NTUWAVVDIANLOUBY 16QAM (Analysis of 16 QAM)
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51 2.3 MIRITANLOUANDYEY 16QAM Modulator

2.3 muunziiwesmsideninianaiauasdnsinNuRanaIaveIin

anueziiuvesnsdeninianaia ( Probability of error; P(e)) LIazdAIIANNAANAA
a [ @ [~] v
YDIUN (Bit Error Rate; BER) ﬂzﬁmmwmﬂuﬁﬂmmuagmﬂﬂaﬂ P(e) ﬁammmamaﬁmawmm
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2.4 3§39 Balanced Modulator
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k4

v oo " Y $ o I3 g v
Baseband Audayanal Carrier Tagnadnin laninmsnauaziimne leduuuansaostnaniiu

{ o 4 4 o o
Taondganandunmzgniiaeenly

VCC
+12V.DC
1K : 1K
_gm "L'U.xuf
=7
S 1K
2| 3|
3
: 0.1
Camier 1/ 10
Cpanl 1 MC1496
ata
JI.r)zput 4
10K 10K ijﬂ 14 5
50K
Carrier I = 95
VEE T
-8V.DC

31 2.4 2995 Balanced modulator

209313 Iiinaenu . Winag1¥laleadeithnwsvield leddisegivin’lal
A 3151Re T 2997 Balanced modulator 15U Taseanidl Ao ledduT 31409 Motorola e
MC1496, MC1596 G uiluledasodszyndldanldnavedie fn ausaldifiude
A Modulator WALITISUANAE Suppress carrier i 1av3e 41T udumileluma Detector #1480

o MC1496, MC1596 3z PAiiilu Balanced Modulator / Demodulator $9gn@entiuy
dmTul¥dy Output ﬁx'ﬁﬂmnmsﬂmmm Input Signal 1Y Carrier Fauonniuiiuiees Balanced
Modulator / Demodulator #a389amnsatitlilszynd ladavatesdne sy Amplitude Modulator,
Synchronous Detector FM Detector “1al wazlunsinlossiinlddesinsandenlunsesiunld
Thufimsfmunmgndenledfitiogniels) mszloduiiats 2 juuvde wuuiiusds
Tangdl 10 ¥1 wazuvuddawaa@ndl 14 11 Tagllvinadesuaves Carrier Signal = 60 mV 1a
Modulator Signal =300 mV 2005719019218 IWRuufiesgaifenio +12v wenanille® MC1496,
MC1596 afiamnsalddn e 2 4a (+12v uaz -8v) uazdmndesmsiinledsod lthlszynd
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Modulator Signal =300 mV 133119tz 19 Iideufivsyadefie +12v uenvinii led MC1496,
v v v

MC1596 fatlaunsaldfivluibes 2 ga (+12v uaz -8v) uazdndesmsinledsi lihlszyng
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2.5 1995 599ANDADY Active (Active Filter)

Active Filter ﬁmﬁﬁmmmmﬁﬁ'@mﬂﬂaﬁ‘]me%sﬁﬂizﬂanﬁaﬂmﬂmmﬂ 19U Transistor
v5o lo& uay Network Lﬁaﬂmm‘ﬁ ( Frequency Selective Network ) 9102 Resistor N1 Capacitor
s Wi Tdmwzdannadusafifmun vaz@oafuzynedu (Block) Wi oaanaudanol
uanmﬁaahammﬁﬁqﬂdnﬁiﬁﬂﬁﬂg‘ﬁ Output

Tautt 1 Filter uﬁqaamﬂuwmﬂgﬂtmuﬁaf‘:

1. Filter %tia Analog 130 Digital

2. Filter Y5210 Active 130 Passive

3. Filter STUANURIREY ( Audio Frequency ) H3® thumm?ﬁﬂq (Radio Frequency )

Analog Filter sonuaiite 19 udaya 1ol Analog 49y Digital Filter Warnfiudoyana
Digital Tag@Aenaliany Analog mahﬂf’hﬁﬁﬁa%uﬁmmaqqﬂmn"f&%nmaﬁﬂﬁ (Element of
device ) Tiianlsgnouithuaes Filter trioonilis Passive 1oz Active Sudnif 1412993 Passive
Filter 1147 Resister, Capacitor a2 Inductor @31 Active Filter Usgnaugaodvenedaanadmon
Transistor %38 o131 Op-Amp @2U Resister, Capacitor Lia Inductor A0 18- iShSudnalsenn
Passive Element msamﬁania’:’é’udm%ﬁﬁ‘lﬂﬁuﬁuag,iﬁ'uehuﬂmu?;é'r'q;ﬂymﬁéfmﬂﬁiﬁami Filter
Y enFI8 1T RC Filter Windnuamuiidomse ludnnnuidd Tuvaisi LC Filter 1214/
1uthumm§"3wqw§'afimmm?;'qa

YoAva4 Active Filter izinitie Passive Filter

1. malSudasimsvnauazliunandidiubassaniu samnseseamsasinisveoves
Op-Amp FAFUNUIATINTAANDUNYAIUVDII995 RC iefiusasIMITIeYB T NAG
ms%’ﬂm?:udauqﬂﬂmﬂudqwamqimmw Op-Amp 1.mznwsﬂ%’mﬂéaummﬁﬁagﬁm RC

2. aii¥ley11 Loading 91nm5# Op-Amp Unuaru1iAve9 Input Impedance g4 1182 Output
Impedance 1 2995 Active Filter 1§ Op-Amp a'liiAaileyr1,s Loading ffU) Output 1182 Input
¥942993 0L.9ATN Adtive Filter 141 1103 20

3.59M9nn1ile991n Active Filter 13101951 Passive Filter w312 l1id0487188 Inductor
il wazdeld Op-Amp Feluihgthusmgnann

15N Active Filter Amanbsizmsmaesnithy 5 siia
f. Low Pass Filter (LPF)
9. High Pass Filter (HPF)
fl. Band Pass Filter (BPF)
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Filter 1M 1% 816 Resister 102 Capacitor 1] 1 Passive Element W13 41 Active
Element $1W30 Op-Amp 1A amﬁﬂ‘la@ﬁﬁamﬁnﬁ'axﬂu High Speed 711 Slew Rate g9 uag
Unity Gain Bandwidth g9 151 LM318 %30 ICL8017 30l asesTinnaniimannutiuazén
SA3IMIVNBVA Filter AU

Frequency Response U84 Filter was ﬂfﬁﬂuﬂmlugﬂﬁ 2.5 1&useuaaafia Response #
ifhigaunfimanguf) dau Response Courve TumarlfiRuaasdroduiiy

g‘ﬂﬁ 2.5 (a) 11eA9 Frequency Response ¥9493995 Low Pass Filter JU11av949 Gam ﬂ\i‘ﬁ
AAE 0Hz S9A9 High Cutoff (£,) A1ve4 Bandwidth Sy £ £, veRumenid
High Cutoff 111 SasIMIvensezanasnIngagagalusas Pass Band dausefinnaidgenty £
'l éazﬁﬂﬂﬁaﬂmummﬁagnunmwmzammjmz (395691 Stop Band 970 Response Nty
gaund luduyzuanalfifiud Fiter fithigaunfesd Loss iflugudnnense Pass Band uasd

d o ] 1 a awvan N o
Loss 11/101u@lug79 Stop Band udammamuaselumedgonn 18thasiy

Vo Vo
Gain|— M|
Vin Vin
Idea response Idea response
Pass N ) # Pass
band | ba}d\  Hand T oamd
g, ; Frequency > Frequency
fH fL
(a) ®)
Xo_ Vo
Vin Cain perest
A
A
Sto Pass Sto&
0.707 < P 0.707
band band band
» Frequency ; > Frequency
£ fe fy ' f £y



MRAHOTANA T WIZDUNMMANITIN
17

© @
Voltage

t //V

AL
W

(©)

gﬂ"?\ 2.5 Frequency Response U843937 Filter

TnseenseswimFudi ( Linear Network) Bicrnnsaadwgaauifvesnnu lireilos
' 1¥oens s A3 1919323 Response Curve Tumatlftiamuduiin1flndiResi Response 7
dhugaundmudunlsz lduiu Tasofunaiinnmseenuuunesitiufiedhse Kesiszneu
&awSudngunsel 51 Resister 1A% Capaitor fmgndeuniudmielimAanmetioofigauasly
Op-Amp %1ia High Speed ( Tulnsesani 14/ Op-Amp (105 LF351 )

U84 Filter fitiomninn1gfumnn lumadfias 1% Response Curve tszanailnd
Moanangu] 1Aud 3wy Batterworth, Chebyshey 1Az Caur uAazgluuliauiiAdnyne
sgdrduasananu'll Butterworth Filter Glﬁ'ﬂmﬁﬂymzmmﬁa Pass Band 422 Stop Band Tuainbnug
fioudeswiSey wielemaiaiSonii Flat Filter §1151 Chebyshev Filter 1M@n1 e Pass Band
11ht Ripple 1182 Stop Band 151 Flat @1 Caur Filter U944 Pass Band 11ag Stop Band 11114 Ripple "fl:ﬂfj
SnsesnuuazATIgINYenes RuanA L T mdnsams 19y

51/t 2.5 (a) 1]y Response Curve Y04 High Pass Filter /o 1% £ flunim@laq uaz £
1114 Low Cutoff Frequency 1442%24 Stop Band %xaeﬁmm‘é 0 <f<f WALYINVDI Pass Band ag,i"‘?'l
£> 1

31]‘7'1 2.5 (c) @A Frequency Response Y837935 Band Pass Filter %79 Band Pass &
sendnassnnuasmeod laud High Cutoff Frequency (f,) 14ag Low Cutoff Frequency (f,) a4

(Fudumiaii Gain anad 3 dB 1az$29 Stop Band Tiaeetiennidne 0 <f<f fu £>f, Taofi £>£

501038
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a

11 Bandwidth ¥®4 Band Pass Filter 11610 £, - £ 1102 Center Frequency 8g§71A2133 £ Using
fuimtisRananasae Stop Band Gain Wo

317 2.5 (d) A9 Response Y99 Band Reject Filter 3 Curve §MIaNHMATIVINAY Band
Pass Filter NA12719%24 Band Stop agsznineanudiineaviaesyafio £, 1 £, iaz 1929 Pass Band
A09TIBYTTNIINNND £F, ag 0<EE, 191500 Band Reject Filter 31 Band Stop Filter 5 8
Band Elimination Filter {114 1 Bandwidth ¥4 Stop Band 11U £, - £ uag@uiMiianenatavessas
Stop Band ﬁJumm’é Center Frequency W30 £

gﬂﬁ 2.5 (¢) 48R Phase Shift 52¥17149 Input Voltage ( Vin ) il Output Voltage ( Vo ) U949
All Pass Filter Sipaiannialums Tdaanamnanudiiu l8vhaiu adnie 19 Vo whiu vin lu
ynANA Tnerls1ng Phase Shift u3zHAT Vo 11 Vin Tunsamauamamuiigega Vo f Vin
ﬁaﬂqﬁﬂmﬁnﬁamwﬁuﬁu@ejﬁﬂﬂmﬁnﬁa Unity Gain Bandwidth 489 Op-Amp finudi] Phase Shif

4 aQ lé’ J Y \J
MAAYUTENIIN Vo i1 Vin aelidgegna

2.6 Phase Lock Loop
3 ad a o o5 4 a 9 Y a
Phase Lock Loop (PLL) (ijugiannyatindiaes 12 $9euns onluauesadaames 1inae
Ag A A Jduo p=| [ A v A ~ a o { [
AYUDABANT BFIANUAIMDVB YUV IN WamdvasnunvinoedFaawmesiaouiaasn
o 4 9 4 4 @ = ¢ av A X a P
Fyaruidinanuduldeuliemynandmanefwwlisniuiunssaaasniuay 1
a Jd A $ < v o 4 o { {
PoaFalAMeINanA M e stas Aendudaanaiidnn Ianmundsh ldnnatimane sl
o 72 g ey = o A v a o 4 9
muguesdalawme’ vuludenyuvesanutuesduanuiiiin amisu windyanaitdiun
g | o { P 2
114 FM ( Frequency Modulation ) i@ 1minnii lanina@imame$si11 LPF ( LowPass Filter ) 9¢
| o { o
Wudyanaiigniinms Demodulation 11189
TuilafiudremsWennve usiineudnnes Mlfaeas PLL Mdudeuannsonieussy

' o g A @ oa A o a ' o Ha o qU o
aglulofanyfieeiaufon deldnunifivsdegilnsaimeusnlind i lfiw azain uazilsendia

NANAIIUB99995 Phase Lock Loop
299stWardengl ( Phase Lock Loop ) 38 PLL iusevshiligilveamsileusu ( Feedback

§ o w { U v o W@ { g o [ '4
Loop ) teihdganaiieniynunsdnnnaSeufieudududyanadmdnuering Tasingiszasd
@ Aa @ id e b £
MANMIU992995 PLL Aeithnessfemudaanunnudiisidesns (Desired Signal ) Fausi3en
¥ b4
WISUVVTUN “Frequency Tracking Circuit” Tao Inseaireiiugiuuesises PLL sznaufieins

b4
Aeejeane 11l

=

~ 9 A a v o Aa
1. Phase Detecter ( PD ) u‘num'lunwL‘Lﬁaumﬂuwammzmﬂmwmﬁmm1mﬂauvg

v o

v o { [ 14 o
V992995 PLL fudganaigalounduaindueiynm

1y
~ o

2. Loop Filter 1114299305040 IUIRNIZANNAA Low Pass Filter ( LPF ) TainiA

Tumsidadaapaiiinnudgaqesn Uik Idmwe dayanat DC Error Voltage (Ve)
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3.Voltage Controled oscillator ( VCO ) Timthinlumssutiadaana lasansa/aon

slasnnud ldaumsifaoundawes Ve

Vs (t) Ve(t) vd(t)

T> Phase Detector —® Low Pass Filter

Vo (t)

VEO -

a g
'gll‘ﬂ 2.6 uaaﬂ"lm)zuﬂsmmawi PLL

Tuvaeh ilidyaadowdun vd=0 uaz vCo wnannmdfiFonin Free Running
" oa y A A o o o {
i £, diedisunn v, Youdunfinautuhfiu £ 2seslafimamesazimihinS suifouma
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Lock Range =f, - f,
Capture Range ={ - f|
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I~ 9 v a o v e L] 2
Wuau Taasaunsammmwisilimesivarii 14910 s+ Close Loop Transfer Function (H(S)) %4

vy
annsor ldasie 1t

Phase Loop Filter Voltage
i Controlled
- detector (Low Pass Filter I 0011.110t e fo’
0 {8) (PD) : LPF) scillator
(VCO)
Feed Back Path (H(S)) 0.9

{ =1 v
317 2.8 uansuden laazinsuieesa1eves PLL

1 a JAY; : ;
wngin 2.8 Fwaasmilandulouseuesnsesaneglu PLL Tu S Tamu Tasemunin

e ld& s

Kd(s) = g—g% @.1)
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710 2.10 seraegiluuuA19v992995 Loop Filter 19 4 Ly
Wothawns (2.8.1) feaums (2.84) unuasluauns (2.63) uasaums (2.7.2) 151

aunsam HyS) uaz HS) 18 Tavannso@ouaumsves H(S) lalugtuesans nsewnnud
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Koky(S,, +1)

o Tl

HT(S)— SZ+S(1+KOde2)+K0kd (2'9)
Gl tT
dmsuaiamasuuenaiv
~ Kokd <

@D, = {T} (2.10)
G(S) 2.6.1
i {[1 G(S)H(S)} -

k (S)F(S)K
H.(S) = k NG )F(S T } (2.6.2)
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5
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2.1 m_mama%’ (Loop Filter)

_ 1 ; v 3 1 v
Loop Filter #392993n3509A0ad WY 10995 PLL Tagdauninaz 1419950504
ATDIANUAAIBUAL 1 (Frist Order Low Pass Filter) dwFuldlumsniuaumsiauvesgy

g T o 1 o A
Tasansouvauihugluuy’ld 4 i waz Tassamnsommieiduceslou @i

Wi 1 Type D Fy(S) =[—5~+1} @8.1)
wC
ki 1+(S /o
HUVN 2 (Type 2 BB = 2.82
Shypeid) 2(5) {1+S(a)d+a)2} i
UL 3 (Type 3) AN {M} (2.8.3)
(S /a)cl
WU 4 (Type 4) FL (90 (S dxg)R. (2.84)

s ©, uez § 1alasmsumugiuuivesgiamesasluaums H(S) uaz
i liieufiversnts HS) Rlmendau (Denominator) ¥ Twa Tuidieafmd 2 Miigaluunasgiu
A
fin

g2 2
H(S)=S°+2w,S +o, (2.11)
' yA o =t [
et ©, waz § Tdiohauns 2.9) uazaums 2.10) ynaSeuieuiy

4
aums 2.11) @aet

dnSuaiiawesuuuwiaaw

T
¢ =05[K k, =T [?G, +A/K, k) @122

1/2
= {Elki} (2.12.1)

Svsuatawesuuuueaiv

1/2
o, = {I—(id—} (2.12.1)

FAngsalR ik e 2.122)
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danusumulnasvadengl fvualddaanamdudunwnues PLL fie

V,(t) =V, sin(w;t +6,) +n(t) (2.14)
Foanafieniwnmenes veo
V,(t) =V, cos(w;t +0,) (2.15)

e n() fhudyanas unauluguounaud (narowband noise ) ﬁgﬂi‘hﬁmmmﬁﬁ
Tawaaesnseenmdiummze g B uNABL299S PLL tazistannsaleuaumsumy
Foyanasunndendn18lugiues Inphase Quadrature §951

n(t) =n.(t)cos(w,t) — n,(t) sin(w;t) (2.16)

Tu2993 PLL Aendndygiane1iynueeiaes phase detector 9215umsnafiuung

Q s é {
W v uazdeana v Fawailane

L) = k V(W () (2.17.1)
V, (t) =k, V. (&) sin(o,t +6,) + [0, (t) cos(w;t) — n, () sin(w,t) ]} x
V,(t)cos(o;t +6,) @172

c’fhﬁ'ﬂgty”lmﬁqminmmsmwﬂaaﬂm"lé’ﬁ)zﬂszﬂwﬁwmammﬁ'q,mpmDC 1Mo3 double
Frequency (M@NvesdmNunIy wag iodaanaudsnaimudtluisasgiilamedinunies
AR fafumen Double Frequency 92gnfaeen linundsimmenvesdgain DC
(Error Control Voltage) ﬁla’s’lumsLﬂ?iﬂumméﬁgmﬁﬂmmwﬁ VCO uagimanyaddygInl

é 1w Y
sunuaeesoPeuiiaums 18 vdaet

V, (t) =k, sin(6;, —-6,) + k, [C—‘ cos(6,) + C—s o, )} (2.18.1)

V, (t) =ky[sin(o, —6,) +n'(t)] (2.18.2)
ilotmsvesdayanasuniuie
n'(t) =v,'[n. cos(6,) - n, sin(6,)] (2.19)

[ n’: a { Y A {1 o o g)
Anulua99s PLL eu130fAnmunaaid (Tracking Frequency) aunni lazinliinew
[ v [ o W 3 v 9
waaNvsurlaTenINdyY I v dudyans v 910 Vo wie 0i-0o limiisouinou
v s & ] [ [ o v a
ansotszanaldn sine©i- Oo) = (0i- 00) Feluzaefand1a99s PLL szinaulugiauda
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£ : Ve(t f°= f.
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GO(S) Feed back path eO(S)

o

' { v {d a u
7 2.11 namewdenlaezunsuvesises PLL AmenlusrenithuFadu
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MaunfgvesdanNus unIY

MaunRovesdaamusunay (Variance) 51amnsam lddlersimualidyga
FUNUAD
n'(t) =v,'[n. cos(8,) - n, sin(6, )] (2.20)
n = vs‘zlﬁcz cos?(8,) +ns> sin(6,) + 2ncns cos(6, ) sin(o, )] @21)
y

0
maunasvesdgusumu E[n(t)] =0 uag n c = n s = n uazimenTauaFoud
=

v v
s = 0 Auluidundevesdyanusuniuie
2

nc

2

On
2

002 =27 |cos?(0, ) + sin?(0, )] =

s s

£ dyd o w z:; o = [ =1 a
GNﬁumsutﬂumimmmmaﬂmmﬁtyqﬂmﬁjmu !.La$1u‘1!ﬂ!$lﬂﬂ’)ﬂuli'lﬂﬁ'lﬂ'ﬁﬂ‘ﬂﬂ%‘ﬂ?

(2.22)

mmdunasvesdyausumuliludmnud Taasmunsamaies 1dnessaduvesdyana
' £~ o g
JUNIUNBY Flaumsadne il
R(e- N0 (7, Yd) (2.23.1)
2o h - T2 1N e o
cos“ O, nc(r Jnc(r,) +sin“6,ns(z,)ns(t,)
R,(c) =Yg (xS NSO B~ .\ 2.232)
+5in% 6, €os 0,nc(t Ins(ty) +Ns(rydne(c,)
' WL ~ & o AL @ oA A v Y
HAWUAURAY TRl sudvasdyanus unIUsElin A UlLATIAT DIrINeAT IR UL
g z T YA \ L/ é o
aaiumen Ne(r Ins(z,) =-ns(r;)nc (r,) Famimeugaimemedvnievesaumaiths
- a—n. £y alad k4
qud uag Ne(z Inc(r,) =R (), ns(7,)ns(7,) = R (r) mszaziusnaunsniioy
b 4
aumy (2.23.2) Talwsidede 11iife
R.(t)=v. > [R,,c (r)cos? 6, + R, (r)sin? 90] (224
4 & ' o R { .
dethauns R,.(v) wrumsuilasyiSosdamaii 1ane power spectrum density 199
o o £ o A 4 2 a
dyanusunuliueseitemsmaunts PSD AMMAHY8S Wiener-Khinchine ¥aiiyilaams
asae lfiife
@, (F)=v.> [d),,c (f)cos’ 6, + @, (f)sin 90] (2.25)
T Qs o oy (- n’: A
15U PSD vesdaausumulumenInlsniues Tanilinumsuiufe
D, . (F)=0,(F —f)+®, (f —f) (2.26)
v b 4
iio @,.(f )il PSD vesdamnasunfeIdUIAEY (One Side Noise : PSD) fiatiu
a A
auMs PSD vesdanausumuzaaglaumamaeiiy
o
@, (F) =v, > [@,(f, —F)+ D, (f, +F)] 227)
" 4o 2
tdgyanasunuiiy White Noise 443l PSD fia®,.(F) = No wsizaziiu PSD 104
dyanusunIufe
-2
@,.(f) =v,~[2No] (2.28.1)

Qs ’—'z”— (2.28.2)
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2.8 mfdsesduanasunuiienimvenwsgudy

dusimual¥ PSD vesdamnusunaufidndunnvesisesith Whie (@, (F)) nas
vNINNgBFIes Tnsatiedaduaznuie PSD vesdaanasuniufidueiimuesaces
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p

s

o o P 2q ¥ v Y '
VAANNFUNUT —l;"— = (SNR), siansn@euaums 0, Meglugilvessasiduves
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[ 3 A = A Yo o [
Aatiudeunuaumsy (2.36) asluaumsh (2.34) 15z lasasvesdyanasunulugl
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anuruLLLvesdanFvedyaNasUNIU () NOUWNYBINIT PLL fiD
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Aulufa B uynYe997 PLL swiilumsuiuvesdygraisidesmsdudgyaa
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Woswmuaums (2.41) asluaums (240) (31ENTDREUANMIMAURALUUY Root

v
Mean Square (rms) Y84 Jitter 19 Midadailne
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G = E}P— (2.42.2)
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A v i =2 a 2 o 1 Y ' ' o
Ho1519eMIgm 0 TuFenaud imeansaim 1d lasmsmmanuvuiivvessaianiuves
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0 ,° 18aselali
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5 ni e
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V80> (jo) = V0w (jeo )H (joo) (2.45)
60 (jo) = BH (oo )’ (246)
il |H(jco12 (§l1f1 Magnitude Square Frequency Response ¥aeilefiFudslouves
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0
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B — COT"(C +(1/4¢2)) (2.48)
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1afe
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Taatife
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0o’ (joo) = @(joo B, (2.50.1)
0o’ (joo) = Kﬁ—:][g':ﬂ (2.502)
0o’ (jo) = (S_szi (2.503)
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NESct —- 9510
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ff

fi

M Hhsmdmsamaasisman

6, huvevesanutidedaminiiounnuesases PD
ef

{a p oA gia s 1
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Waﬁ%udwiau“luaﬂ?lﬂ (Close Ioop Transfer Function)
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H.(S) = 7 b (2.56)
shrafe, Koky +K°kd
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We T,=T+T, uag T,=0 quMs (2.56) wwanglaumsaunioe

K k(575 +1)

T
H:(5)= L (2.57)
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v [ i =) Jd Y T W 4
I IMIUAUINIAAT (time constant ) VBIRTQUHARRTUAINUMAT T, =R ,C ung

o

T,=R,C 1 lunuasluaunis 2.12.1) wazeuns 2.12.2) ievim o, uazar C sy

=Y o 1 4 T v o [
giaweswigdvuazunuasaunIsh (2.13.1)uay (2.132) oA @, uazar C dmsy
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atWawesuvutenNWmatarunsaaTl

Y

Tugilawesuusi 1 (type 1) dwmSugifamefuuumadv

@, = &ki - (2.58.2)
" |NCR, g
& =%{NCR1Kokd je (2:582)

Tugilamesuuun 2 (ype2) miugiiawesuuumad

1/2
®) = RS D (2.59.1)
NC (R, +R,)

1/2
£ = LM\ E YN o CR, + A (2.59.2)
2 || NC(R; +R;) K K4

o

Phase
Detector Loop Filter
fi Pas f =Nfr
PIEE.(SY” | ZCOU g B
ter =
ei(S) ilter : (S) 0
feed 90 (S)
back

Frequency Divider

A g o ~ o Aa o Ada
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mynunaaumas (Phase Jitter) Tus99a1 PLL-FS

< 4 o Q| o ] 3 [ ¥
ninuden leezunsulugafil 2.13 dunmilsfdumeTourienualadsil

H.(S) = 991 (2.60.1)
o
0
H-(S) = -él— (2.60.2)
0,
HAMUDY -g:—% - % TS (2.60.2) 1@eulnall@ishy
H, (Soe= Hrpu(S) (2.61.1)
M
2 2
H(S) = (LV—) ] Dn (2.612)
M 5 2 i S _:.I; + Ko—kd
{ T, 8 NE.R]
2 2
H.(S) = (%} : On (2.61.3)
S?+S (lj +w,°
L Tl

Tae H- ., (S)1ilu Close Loop Transfer Function ¥8424935 PLL (agiiais M1l
T-PLL P

Magnitude Square 9NaNMIT Hy_p, (S) ¥992995 Synthesizer PLL 8gan
IH; (J'w)]2 = Hy (jo)H: (= jw) .62.1)

2 N 3 o
H. (jo) =|— g (2.62.2)
i ) (M) {a)4+(26.a).a)n)+wn4}

k4 3
NT1ZR LB MIAT Magnitude Square 9INAUAS H(S) ¥893995 Synthesizer PLL

< v G a a v oA
1audn isfaunsamagluanais B, laTasnisdudiinsaauns (2.62.2) #aoasNLUUAIE

A W dy
HUATANU

B —(LNZJ oj[ w"4 dow } (2.63)
g Bl D TR P +(2€.00,)+0," :
N2
BL—SYN = (W’JB L—PLL (2.64.1)

= ' ol
B, o =0.5K {wn[C o ]} 2.64.2)



34

4 ] ' ' {
e K'=(N/M)?, B, dlusgiiuudisueaases PLL #ldnnaums (2.49) uag
{ kA a v w [ y 4’,' 4 J ¥
1T NFNUTWMAIMNTAIT N=10, M=12 1W512ng1y K'=0.694 launuaitiadluauns
' b
(2.64.2) ensommves B, dmSusesdunnginmnun 1adail
By =10.6948, o (2.65)
A ' y N ' ~ . Y A o A
diesmaum B, p, uausiwziinlimem /N 712995 Synthesizer PLL @9ams Famil

4 v y i A [
WHAAI AT NI 1WA Synthesizer PLL HADIMITLAUVRY S/N 1ntion lAN9senns o

mald
B,(SNR),

SNRL—SYN = ——Z-B—L—— (266.1)

B.
SNR,  ueltical 2.66.2
L-sw =5 e ( )

2
SNR, o = VYl 2B, (2.66.3)

M) \2B sy

N 2

SNRN a1 £ (—;\Z) (SNR), p (2.66.4)
= B=7U¢, Bremy, $70°8838 &, fofufeunusumaiuasluaunis 2.69.4)
w2l
SNR, ¢ =11.464 Il i (2.67)
2B, p;
Input Frequency Bk
Divider Detector Loop Filter
Low Pass VCO f =Nfr
) —P >
Filter : F (S) Ko=1/
0,
=1/N

Close Loop Divider
A 3 [V o P < o [y
5U0 2.14 uamwden laezunsuvenasdunszinnutiaaengldmsy

a o [ A 4 %
ﬂ']'i“HTLﬂﬁﬁlﬁm@iﬂJ@QﬁﬂginmﬂauWTﬁ (Phase lJitter)
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\ . d‘ é
AAAMY Phase Jitter auNnsov Ia lasmsumuaums (2.67) asluaumsh (2.43.3) )
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n
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T 2(SNR)

—2 K'B
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Data Clock Transition Frequency
2 P! Level meter[ ™| divider [®] ~@BSMON B Givider [P Frequency
Inpu 1/p detector 1/M
f, Af, /M
B Loop filter | Loop filter
Fs (N +1 f. /N
Frequency Frequency
i 0E 8T divider | ®| V.CO. divider
? Kn+i I?n
f, = (N +1)f 3 e N_ff

v v

51 2.15 uamdonlaezunsuvenasfidanauwt (F, (t)) tazdaana
wden Tnu (F, (t)) Wldwdanmsdunsizdnnud Taouens 1 9og
} 4
Fygoun i

o v d 4 o o 4 £ &
ATEUIUMI AR aRaduaLng S suMeun udayn 1MUYy TRZHAAITIVD

[ v A 9 aa = o a 9 A ~ =1

afgiymmayamahlumismmwsmimmmmﬂm’ﬂpmmwmmqm (fr) NAIUD
v o ¢ ~ [~ v w A 4 Yo dy

fo = f,. /M anm1mmmmﬂ’Jmﬁuwuﬁmmmma"lwaaﬂiwuﬂuﬁtymgmﬂauwm 1adatl
fo=Ff+Fu (2.73.1)
f,=f. +R, (2.73.2)
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Y < o ] \ B 2 4 o o
Wo f, (Huduris frist null bandwidth NA1U upper sideband ti®15 1T Ry IR

' 4 é [ v
Tndea InumdiumsuilasyiSos (Fourier Transform ) duflumsualasdaana indealnulieg
a A A @ A o £ o ¢
TugdiFennuanseoraniasaaitiues Fdiaumsaail
F,(f)=45(f,) 2.74)
[ o’: A [ ] [ A’f I~1 o @ = 9
safunnmadsdaana 1 sesdyanaiuszfiumsihdyanaivhumsueganudl S(t)
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1S, @) = AP(-f —F.)+ P(f +f)]+F,(t) @79

P(f) = E W (f)Sinc?[nfT, ] (2.76)
3 2
£y |_Sin(=f Tb) | |
W)= et 7oy i

[ 1 ] [ <] J - [ a’.:l 1 s
frethau S1dainuialunsdedoyaminy 100 kbps AatiunNDVOIF By
o { o 4 L4
=100 kHz tazdmualinnudvesdyanunauwi¥ (IF) £, =500 kHz
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v a s 1Y 4 o
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2093 CR Al lumsduegrandannn BPSK Ae 2evsgiloniidedes (Squaring Loop) Hieiiun
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p
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aums 2.81 (JuaumsuaasdanduueasauesdyaNus UnIURATUBUNNUDIIT MBI
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4942995 CR fifgaann wazd s BER usasannnindu (ilefeususzunnegiainesiuy
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1. annsodfuszauimaidavesdayana lndonTnueddasy livufuszduvesdaana
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AAUNANNNES
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gudumiouliies SQL uaz1e9s FPCR
9o A ¢ o A A [ = Ao v 9/ v a a
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2.11 29951fFsuisunnuaisuaune (Phase Detector)
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99IANUUANAI ( Phase Detector ) 10 29957 19lS suioudeanaduyn tagannso
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Lﬁ'é]ﬂﬁiyﬂ'}'lml'éﬂﬂw‘ﬂulﬂ UDYAUNU 4 FUAANU
1. Dial-input , balance— output differential amplifier
2. Dial-input , unbalance - output differential amplifier
3. Sinegle-input , balance - output differential amplifier
4. Sinegle -input , unbalance —output differential amplifier
(1 9
MIUINTYYIUNS ITenFowilnNeT iU ANTaNTINFYYIUBUNN HazaNYULNTIA
o a 3 s b & g ] Y kA
Wyn fliBunninaeuduazisuni Sinegle —input UsnIMTUALTNAMUANEUZMT IFOUY
o o o v a 3 a Z
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¥
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ﬂ']ﬁ'lﬂ’lﬂ‘il'lﬂﬂﬁlaﬂmﬂ'i‘ll'é)\i‘}’li'lu‘?lfﬁm‘éliﬂ’ﬂﬂﬂ?ﬂuﬂua’llﬂ‘iﬂﬂlﬂﬂﬂﬂ‘ljﬂi'I’Jﬂ NATLIYNIA
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a 4 3 .
MINATILH99319 4 Yszinn ez lde e ufeama linssuans e (DC Equivalent
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Voltage Input Output
Configulation Circuit
gain resistance resistance
1.Dial input +VCC
balanced output
Rc Re
Vo
+
Q Q Ad=Rc/re Ril=2Bsc*re | Ral=Re
Ri2=2Bsc*re | Ra2=Rc
Rinl Rin2
+ +
RE
Vinl Rin2
-VEE
2.Dial input +VCC
unbalanced output
Re
Ad=Rel2re Ril=2Bac*re | Ro=Rc
Ri2=2Bac*re
Ql
Rinl
ot RE
Vinl
-VEE
3.Signal input +VCC
balanced output
Rc Rc
Vo
o, ©
Ad=Rc/re Ri=2Bac*re Rol=Rec
Ql Q Ro2=Rc
Rinl
o RE
Vin
-VEE
4.Signal input +VCC
unbalanced output ?
Rec Re
Ad=Rc/2re Ri=2Bsc*re Ro=Rc¢
Vo
Q Q
e I
+ RE
Vin
-VEE

' y M v a :
i lu Tassutez 191995819 uLAN A9yt A Dual-input,balance-output

~ a L4 v :?1‘ a
gﬂ“n 2.19 MIAATICUNITVSUANUUANANYN 4 YUA

- . - o a 4 a y & a H
differential amplifier 39 18MMANTEessiall Fwamsinszd laagdBudlugli 219
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+VCC
Re Re
Vo
C1
+O O B1
Q2
i Rin2
E1l
RFE=RE1/RE2
-VEE

gﬂ‘ﬁ 2.20 W95 Dual-input,balance-output differential amplifier

DC _Analysis

A < a g o <] o a o
Tlumsaasizide lWihnssuansail WINMIFBATUANUBUNN V], =V,,=0 uazmmua

9 o a v s o
M R,=R,~R, uwazmsiinuvesnsudaaesegluaniizasy (Q Point) 15193911013

£ o T 3 o % o
WNTRHRWE Q iy Wz tmuald Q, llouiumadlszmsiu Q,

+VCC
Re Rc
C1 c2
B1 B2
+ Q1 Q2 +
- VBE| _ i = VBE
Rin - - Rin
+ El + E2
RE
Vinl=0v
-VEE

3 1fn 221 DC equivalent circuit Y84 dual-input,balance-output

a ) o ¢ 2 A v 4
nngn 2.21 MngussiuvenaesyesW Tumsinsanglsenhanwanznoamnnes

vos Q, uA2wglan
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wnsanigy 1 uag g I vesgn 2.25
Vins —Rupides —Feles —Rellipg +1g3) =0 (289
Vine —Rmalgs —Tefes —Re (’51 +ig,)=0 (290

b gy = [ By, uas f = i,_=2/[3AC
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WA Rpyy/Bac we¥ Ry /Bac
(re s+ r. )iz #Rei c=Viny (291)
(re +re)igs +Rel =V, (2.92)

v
NNy uddunsmm iy, uag ig, 1eeld Cramer rule
_ (re +Re Vins =(Re Vo

leg = (2.93a)
QNARA~ (REXR
= (re +Rg )VINg =(Rg )\2/1N1 (2.93b)
{rectWz I <(R) )
s { =< o Y
UAZIWS 123U bulance - output A MUATH
Vo :ch _Vc1
7i —Rcicz N (_Rcic1)
= Rcic1 N Rcicz
A A ey Ty T S S SE3)s (2.94)

U i, uaZ ig, 910 (2.93a) uaz (2.39) wlih

Ve REAL LAY 1y - Vi) (2.95)
Y5 RO r- R AAE NV =V w2

Input Impedance
o a P~ v a 9 L. A a
1egiimswnsan 1ngn 222 Teelanguimsnegseu (Superposition) thioWa13a1

' v v S Y
A NUATUM UV NVTIVUDINIDT fﬂzmu"lﬂ'n

VIN 1
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RINl =

VIN 2=0

= Vv
igs [ Bac

VIN 2=0

' ' [ v o 9
udaldmn iy, 910 (293a) unumasluaumsdinan  Tasdimualim lasdszinames
R, >> r, ud2g1an

Ry = 2Bacte (2.96)
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Tudeufuliu
VINZ

RINZ = i
B2 |vIN1=0

vINZ

iEZ /ABAC VIN1=0

Y ' . v [ ' o '
udIldm iz, 90 (2930) wnumasluaumsdanan Taefmua 1 Taolszanaves
v Y1 i
R >> rp udnzlan
Riva =2PBacle 2.97)

Qutput Impedance
k4 v ~ =) a v A v %
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UNN 3
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3.1 299571A89

3.1.1 Nim11Jaﬁfauaaunsmﬂu%’aumu1u ( SERIAL TO PARALLEL CIRCUIT)
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RoR . .
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MC1496, MC1496B

Balanced Modulators/
Demodulators

These devices were designed for use where the output voltage is a
product of an input voltage (signal) and a switching fimction (carrier).
Typical applications include suppressed carrier and amplitude
modulation, synchronous detection, FM detection, phase detection,
and chopper applications. See ON Semiconductor Application Note
ANS531 for additional design information.

@ Excellent Carrier Suppression —65 dB typ @ 0.5 MHz
—50dB typ @ 10 MHz

¢ Adjustable Gain and Signal Handling

® Balanced Inputs and Outputs

¢ High Common Mode Rejection —85 dB typical

This device contains 8 active transistors.

|

- é,& | .
'ﬂ'ﬁi?’t"’. Figure 1. Suppressed
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Figure 2. Suppressed
Carrier Spectrum
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Figure 3. Amplitude
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14 D SUFFIX

1 CASE 751A
PDiP-14
P SUFFIX
14 : CASE 646
1,
PIN CONNECTIONS
sgatipa[1][© 7 [ vee
Gain Adjust [ 2] [13] niC
Gain Adust 3] [12] Output
SigralInput [ 4 [11] NG
Bias[ 5 10] Carrier Input
Output [ 6 [9]nC
ne[7] 8] input Carrier

ORDERING INFORMATION
See detailed ordering and shipping information in the package
dimensions section on page 11 of this data sheet.

DEVICE MARKING INFORMATION
See general marking information in the device marking
section on page 11 of this data sheet.

Figure 4. Amplitude—-Modulation Spectrum

Publication Order Number:
MC1496/D



MC1496, MC1496B

MAXIMUM RATINGS (T4 = 25°C, unless otherwise noted.)

Rating Symbol Value Unit
Applied Voltage AV 30 Vdc
(V6-Vv8, V10-V1, V12-V8, V12-V10, V8-V4, V8-V1, V10-V4, V6-V10, V2-V5, V3-V5)
Differential Input Signal V8 -V10 +5.0 Vdc
V4A-V1 | £5+I5R,)
Maximum Bias Current Is 10 mA
Thermal Resistance, Junction—to—Air RaJa 100 °CW
Plastic Dual In—Line Package
Operating Ambient Temperature Range MC1496 Ta 0to +70 °C
MC1496B —40to +125
Storage Temperature Range Tstg —-65t0 +150 | °C

NOTE: ESD data available upon request.

ELECTRICAL CHARACTERISTICS (Vcc =12Vdc, Vgg =—8.0 Vdc, 15 = 1.0 mAdc, R, =3.9kQ, Re = 1.0 kQ, Tp = Tiow t0 Thighr
all input and output characteristics are single—ended, unless otherwise noted.) (Note 1)

Characteristic Fig. Note Symbol Min Typ Max Unit
Carrier Feedthrough 5 1 VceT pvms
V¢ = 60 mVms sine wave and fc=1.0kHz = 40 =
offset adjusted to zero fc = 10 MHz - 140 -
V¢ =300 mVpp square wave: mVims
offset adjusted to zero fc = 1.0kHz — 0.04 0.4
offset not adjusted fc =1.0kHz - 20 200
Carrier Suppression 5 2 Vcs dB
fs = 10 kHz, 300 mVims
fc = 500 kHz, 60 mVims sine wave 40 65 -
fc = 10 MHz, 60 mVrms sine wave - 50 - k
Transadmittance Bandwidth (Magnitude) (R =50 Q) 8 8 BW34g MHz
Carrier Input Port, V¢ = 60 mVims sine wave - 300 =
fs = 1.0 kHz, 300 mVims sine wave
Signal Input Port, Vs = 300 mVims sine wave = 80 -
Vel =0.5 Vdc
Signal Gain (Vs = 100 mVims, f = 1.0 kHz; |V¢|= 0.5 Vdo) 10 3 Ays 25 3B - VIV
Single—Ended Input Impedance, Signal Port, f= 5.0 MHz 6 -
Parallel Input Resistance fip — 200 - kQ
Parallel Input Capacitance Cip — 2.0 - pF
Single-Ended Output Impedance, f =10 MHz 6 =
Parallel Output Resistance Top - 40 - kQ
Parallel Output Capacitance Koo - 5.0 - pF
Input Bias Current 7 - HA
L.=l1+14 ., _18 AN lbs < 12 30
bse s e T loc - 12
Input Offset Current 7 - lios | - 0.7 7.0 pA
liog = 1—4; ke = 1810 loc | - 0.7 7.0
Average Temperature Coefficient of Input Offset Current 7 = TCyio | . 20 = nA/°C
(Ta =-55°C to +125°C)
Output Offset Current (16-9) 7 - lioo | = 14 80 pA
Average Temperature Coefficient of Output Offset Current 7 - [TCioo | = 90 = nA/°C
(Ta =-565°C to +125°C)
Common-Mode Input Swing, Signal Port, fg = 1.0 kHz 9 4 CMV - 5.0 - Vpp
Common-Mode Gain, Signal Port, fg = 1.0 kHz, |V¢|= 0.5 Vdc 9 - ACM - -85 - dB
Common—Mode Quiescent Output Voltage (Pin 6 or Pin 9) 10 - Vout - 8.0 - Vpp
Differential Output Voitage Swing Capability 10 = Vout = 8.0 - Vpp
Power Supply Cumrent 16 +112 7 6 lcc - 2.0 4.0 mAdc
114 lee = 30 | 50
DC Power Dissipation 7 5 Pp - 33 - mw
1. Tiow = 0°C for MC1496 Thigh= +70°C for MC1496
= —40°C for MC1496B = +125°C for MC1496B

http://onsemi.com
2



MC1496, MC1496B

GENERAL OPERATING INFORMATION

Carrier Feedthrough

Carrier feedthrough is defined as the output voltage at
carrier frequency with only the carrier applied (signal
voltage =0).

Carrier null is achieved by balancing the currents in the
differential amplifier by means of a bias trim potentiometer
(R1 of Figure 5).

Carrier Suppression

Carrier suppression is defined as the ratio of each
sideband output to carrier output for the carrier and signal
voltage levels specified.

Carrier suppression is very dependent on carrier input
level, as shown in Figure 22. A low value of the carrier does
not fully switch the upper switching devices, and results in
lower signal gain, hence lower carrier suppression. A higher
than optimum carrier level results in unnecessary device and
circuit carrier feedthrough, which again degenerates the
suppression figure. The MC1496 has been characterized
with a 60 mVrms sinewave carrier input signal. This level
provides optimum carrier suppression at carrier frequencies
in the vicinity of 500 kHz, and is generally recommended for
balanced modulator applications.

Carrier feedthrough is independent of signal level, V.
Thus carrier suppression can be maximized by operating
with large signal levels. However, a linear operating mode
must be maintained in the signal-input transistor pair — or
harmonics of the modulating signal will be generated and
appear in the device output as spurious sidebands of the
suppressed carrier. This requirement places an upper limit
on input-signal amplitude (see Figure 20). Note also that an
optimum carrier level is recommended in Figure 22 for good
carrier suppression and minimum spurious sideband
generation.

At higher frequencies circuit layout is very important in
order to minimize carrier feedthrough. Shielding may be
necessary in order to prevent capacitive coupling between
the carrier input leads and the output leads.

Signal Gain and Maximum Input Level

Signal gain (single-ended) at low frequencies is defined
as the voltage gain,
Voo Ry

VS Vg  Rgt2rg

_ 26mVv

A where rg = I5(mA)

A constant dc potential is applied to the carrier input
terminals to fully switch two of the upper transistors “on”
and two transistors “off” (V¢ =0.5 Vdc). This in effect forms
a cascode differential amplifier.

Linear operation requires that the signal input be below a
critical value determined by Rg and the bias current I5.

Vs < 15 Rg (Volts peak)

Note that in the test circuit of Figure 10, Vg corresponds to
a maximum value of 1.0 V peak.

Common Mode Swing

The common-mode swing is the voltage which may be
applied to both bases of the signal differential amplifier,
without saturating the current sources or without saturating
the differential amplifier itself by swinging it into the upper
switching devices. This swing is variable depending on the
particular circuit and biasing conditions chosen.

Power Dissipation

Power dissipation, Pp, within the integrated circuit
package should be calculated as the summation of the
voltage—current products at each port, i.e. assuming
V12 = V6, I5 = I6 = I12 and ignoring base current,
Pp~=2I5 (V6 —V14) +15)V5 — V14 where subscripts refer
to pin numbers.

Design Equations

The following is a partial list of design equations needed
to operate the circuit with other supply voltages and input
conditions.
A. Operating Current

The internal bias currents are set by the conditions at Pin 5.
Assume:

I5=16=112,
Ig < <Ic for all transistors
then :
V-——¢ where: RS5 is the resistor between
R5=

5 200Q Pin 5 and ground
¢ =0.75at Ta = +25°C
The MC1496 has been characterized for the condition
Is = 1.0 mA and is the generally recommended value.

B. Common-Mode Quiescent Output Voltage
V6=V12=V+—-I5 R

Biasing
The MC1496 requires three dc bias voltage levels which

must be set externally. Guidelines for setting up these three
levels include maintaining at least 2.0 V collector-base bias
on all transistors while not exceeding the voltages given in
the absolute maximum rating table;

30 Vde = [(V6, V12)—(V8, V10)] = 2 Vdc

30 Vde = [(V8, VI0)—(V1, V4)] = 2.7 Vdc

30 Vdc = [(V1, V4)—(V5)] = 2.7 Vdc
The foregoing conditions are based on the following
approximations:

V6 =V12,V8 =V10,V1=V4

http://lonsemi.com
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Bias currents flowing into Pins 1, 4, 8 and 10 are transistor
base currents and can nommally be neglected if external bias
dividers are designed to carry 1.0 mA or more.

Transadmittance Bandwidth
Carrier transadmittance bandwidth is the 3.0 dB bandwidth
of the device forward transadmittance as defined by:

il i (each sideband)
Y21C~ Vs (signal)
Signal transadmittance bandwidth is the 3.0 dB bandwidth
of the device forward transadmittance as defined by:

_ g (signal)
Y21S™ vg (signal)

Vo =0

|vc =0.5Vdc, Vo= 0

Coupling and Bypass Capacitors
Capacitors C1 and C2 (Figure 5) should be selected for a
reactance of less than 5.0 Q at the carrier frequency.

Output Signal

The output signal is taken from Pins 6 and 12 either
balanced or single—ended. Figure 11 shows the output levels
of each of the two output sidebands resulting from variations

in both the carrier and modulating signal inputs with a
single—ended output connection.

Negative Supply

VEE should be dc only. The insertion of an RF choke in
series with VEg can enhance the stability of the internal
current sources.

Signal Port Stability
Under certain values of driving source impedance,
oscillation may occur. In this event, an RC suppression
network should be connected directly to each input using
short leads. This will reduce the Q of the source—tuned
circuits that cause the oscillation.
Signal Input

(Pins 1 and 4)

(o) 4'%A"A%
510

J_ 10 pF
T

An alternate method for low—frequency applications is to
insert a 1.0 kQ resistor in series with the input (Pins 1, 4). In
this case input current drift may cause serious degradation
of carrier suppression.

TEST CIRCUITS

Vec
12 Vde
10k 10k
I ‘8
51 Ci % Y %,
ca',rm"e' 0.1 pF —T
Ve e} o
v: = o1 Mc1age
Modulating 4 o4
Sgrallopt 4512 10k3513 351 b4 1'%
50k L t. 5368k
W 10
Rt 4 V-
Carrier Null ® =
-8.0Vde
Vee

Figure 5. Carrier Rejection and Suppression

Re=1.0k
2‘$ }3
05V 8
I Hi 10 o——e 4V,
= 1| mMc1496 |6 ~— Zou
Ziﬂ.._’—oi 12 'Vu
14 5
6.8 k
80Vde

NOTE: Shielding of input and output leads may be needed
to properly perform these tests.

Figure 6. Input—Output Impedance

Vee Vee
12 Vde 1.0k 1.0k 9 12Vdc
[ F—l - A
= 320k
| Re=1.0k _L e 3
310k = S| otpFp 2{ 1.ok}3 Joo1
2 3 : arier = 350350 T WF
P 6 § 20k Input 0.1 uF 180 e ::L:/
b4 *I_j’:l 0 —o=—¢ Ve e O] 6 ke
10kE T, Mc1496 [6 _1o Vs @ S oy
¢+ P Modulating o4 12
L+ PP Sgrallnit o2 10k 351 $:1 b14 45
50 k L
 RUJE PR 3 1 6.8k
V- =
= Carrier Null é
-8.0 Vde -8.0 Vde
Vee Vee

Figure 7. Bias and Offset Currents

Figure 8. Transconductance Bandwidth
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Ve V
? 12V ? 12V
210k P L $10k R, =1.0k
39kl |39k
_o._?v g 3 3 ok | 05V 5 2 439k :Ea.gk
—O0— A —o—| 3
1.0k -0 —e 4V, HE =9
{ 1] Mc1496 |6 . = % MC1496 |6 e
Vs 4 P Vs ooV,
1a 5 I
& L 14 5
68k I5 =
50 gl it mAT 68k
-8.0Vdc Acw v
Ve = ~8.0Vdc
Vee
Figure 9. Common Mode Gain Figure 10. Signal Gain and Output Swing
TYPICAL CHARACTERISTICS

Typical characteristics were obtained with circuit shown in Figure 5, fc = 500 kHz (sine wave),
V¢ = 60 mvims, fg = 1.0 kHz, V5 = 300 mVimms, Ta = 25°C, unless otherwise noted.

N
=)

=,
=]

o

ol
©

o
Y

o

Vo, OUTPUT AMPLITUDE OF EACH SIDEBAND (Vrms)
o

Cip, PARALLEL INPUT CAPACITANCE (pF)
[
o

0
1.0

1.0M E
g 500 t
w Hip \
2 -~ \
Signal Input = 600 mV 5 100 =""p
_~ I ﬁ 50 “k
r 400 mV o \C
o | 2 N
5 / / 300ImV % 10 \‘
P 200 mV g 5.0 = =
T 100 mv £ A
| : i
£ 10
50 100 150 200 1.0 5.0 10 50 100
V¢, CARRIER LEVEL (mVrms) f, FREQUENCY (MHz)
Figure 11. Sideband Output versus Figure 12. Signal-Port Parallel-Equivalent
Carrier Levels Input Resistance versus Frequency
_ 140 145
[e] w
=120 122
& =
= 100 102
M o« 5
p @ g0 fop 80E
S ) ok
5 o =
‘E'-’ % utl 4.o§
|
= 2 X 20
£ ~ &
a 0 Tl &
20 5.0 10 20 50 100 ° 0 1.0 10 100
f, FREQUENCY (MHz) f, FREQUENCY (MHz)

Figure 13. Signal—Port Parallel-Equivalent
Input Capacitance versus Frequency

Figure 14. Single—Ended Output Impedance
versus Frequency
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Ayg, SINGLE-ENDED VOLTAGE GAIN (dB) Y21, TRANSADMITTANCE (mmho)

VT, CARRIER OUTPUT VOLTAGE (mVims)

MC1496, MC1496B

TYPICAL CHARACTERISTICS (continued)

Typical characteristics were obtained with circuit shown in Figure 5, fc = 500 kHz (sine wave),
V¢ =60 mVims, fs = 1.0 kHz, Vg = 300 mVims, Ta = 25°C, unless otherwise noted.

1.0 LI
09 Signal Port ‘\
08 1 N %7
A
0.7 - \.. \
0.6 Side Band ‘\
05 |1 11| Sideband Transadmittance A,
04 o1 = 'O_Ut___s'deﬂ V .=0
" V., (Signal) out \
i I 1T TITI I
o BRI IEagnajpon’rrJns'Jm,.cL il
0.1 y21 = \j’—"‘ IVom =0 Ng| = 05Vde
0 AR LUl SRR S o
0.1 1.0 10 100 1000
fc, CARRIER FREQUENCY (MHz)
Figure 15. Sideband and Signal Port
Transadmittances versus Frequency
20 -
R =3.9k ||}l
10 ) ‘\\ Y Re:soon
'/' NN
Ry = 3.9 k (Standard N\
01— Rg=1.0kTestCircult) ~R, =30k T {
Re=20k {-H
10 T AT
- LLLL l 1 at
|| Ry=500Q N
[Vcl =05 Vde Re=1.0k =
-20 ar \'
A L
_80 V  Re +2r
0.01 0.1 1.0 10 100
f, FREQUENCY (MHz)
Figure 17. Signal-Port Frequency Response
10
10 e
0.1 -
0.01 L]
005 01 05 10 50 10 50

fc, CARRIER FREQUENCY (MHZ)

Figure 19. Carrier Feedthrough

versus Frequency
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Figure 16. Carrier Suppression
versus Temperature
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Figure 18. Carrier Suppression
versus Frequency
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Figure 20. Sideband Harmonic Suppression
versus Input Signal Level
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Figure 21. Suppression of Carrier Harmonic
Sidebands versus Carrier Frequency
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Figure 22. Carrier Suppression versus
Carrier Input Level

OPERATIONS INFORMATION

The MC1496, a monolithic balanced modulator circuit, is
shown in Figure 23.

This circuit consists of an upper quad differential amplifier
driven by a standard differential amplifier with dual current
sources. The output collectors are cross—coupled so that
full-wave balanced multiplication of the two input voltages
occurs. That is, the output signal is a constant times the
product of the two input signals.

Mathematical analysis of linear ac signal multiplication
indicates that the output spectrum will consist of only the sum
and difference of the two input frequencies. Thus, the device
may be used as a balanced modulator, doubly balanced mixer;
product detector, frequency doubler, and other applications
requiring these particular output signal characteristics.

The lower differential amplifier has its emitters connected
to the package pins so that an external emitter resistance may
be used. Also, external load resistors are employed at the
device output.

Signal Levels
The upper quad differential amplifier may be operated
either in a linear or a saturated mode. The lower differential
amplifier is operated in a linear mode for most applications.
For low-level operation at both input ports, the output
signal will contain sum and difference frequency

wd K‘
4 (2
Signal sc”
Input  °1 (+)
Bias 5 o—¢—— e
Vgg 140— ;

Figure 23. Circuit Schematic

components and have an amplitude which is a function of the
product of the input signal amplitudes.

For high-level operation at the carrier input port and
linear operation at the modulating signal port, the output
signal will contain sum and difference frequency
components of the modulating signal frequency and the
fundamental and odd harmonics of the carrier frequency.
The output amplitude will be a constant times the
modulating signal amplitude. Any amplitude variations in
the carrier signal will not appear in the output.

The linear signal handling capabilities of a differential
amplifier are well defined. With no emitter degeneration, the
maximum input voltage for linear operation is
approximately 25 mV peak. Since the upper differential
amplifier has its emitters internally connected, this voltage
applies to the carrier input port for all conditions.

Since the lower differential amplifier has provisions for an
external emitter resistance, its linear signal handling range
may be adjusted by the usér. The maximum input voltage for
linear operation may be approximated from the following
expression:

V = (I15) (Rg) volts peak.

This expression may be used to compute the minimum

value of R, for a given input voltage amplitude.

¢ 12Vdc

Jotwr™ §onds AL L R
Bp R 1OKTY 95k = dok

51 T
__0136. O +v0
ol0 6
ol MC1496
o] —0—=e-9 -V,
< 12
1 14 t 5
15368k
-8.0Vdc =
Vee

Figure 24. Typical Modulator Circuit

http://onsemi.com
il



MC1496, MC1496B

Carrier Input Signal (Vc) Approximate Voltage Gain Output Signal Frequency(s)
Bl
Lowevel dc —_‘—KI_‘ fm
2R + 2r0) ()
: R
High—level dc .5 S fm
Rg + 2rg
Low-level ] VC(”"S) fo £ fi
evel ac ctfm
KT
22 ( ) Rg + 2rg)
1 0.637 R
High-evel ac fctfu, Afc £fm, Sfc £, . . .
Rg + 2rg
2. Low-level Modulating Signal, Vi, assumed in all cases. V¢ is Carrier Input Voltage.
3. When the output signal contains multiple frequencies, the gain expression given is for the output amplitude ofeach of the two desired outputs,
fc + fm and fc —fiy.
4. All gain expressions are for a single—ended output. For a differential output connection, multiply each expression by two.
5. R_ = Load resistance.
6. Rg = Emitter resistance between Pins 2 and 3.
7. rg = Transistor dynamic emitter resistance, at 25°C;
et 26mV
I5(mA)

8. K= Boltzmann’s Constant, T = temperature in degrees Kelvin, q = the charge on an electron.

% =~ 26mV at room temperature

Figure 25. Voltage Gain and Output Frequencies

The gain from the modulating signal input port to the
output is the MC1496 gain parameter which is most often of
interest to the designer. This gain has significance only when
the lower differential amplifier is operated in a linear mode,
but this includes most applications of the device.

As previously mentioned, the upper quad differential
amplifier may be operated either in a linear or a saturated
mode. Approximate gain expressions have been developed
for the MC1496 for a low-level modulating signal input and

All that is required to shift from suppressed carrier to AM
operation is to adjust the carrier null potentiometer for the
proper amount of carrier insertion in the output signal.

However, the suppressed carrier null circuitry as shown in
Figure 27 does not have sufficient adjustment range.
Therefore, the modulator may be modified for AM
operation by changing two resistor values in the null circuit
as shown in Figure 28.

the following carrier input conditions: Product Detector
1) Low—level dc The MC1496 makes an excellent SSB product detector
2) High-level dc (see Figure 29). : .
3) Low—level ac This product detector has a sensitivity of 3.0 microvolts
4) High-level ac and a dynamic range of 90 dB when operating at an

These gains are summarized in Figure NO TAG, along
with the frequency components contained in the output
signal.

APPLICATIONS INFORMATION

Double sideband suppressed carrier modulation is the
basic application of the MC1496. The suggested circuit for
this application is shown on the front page of this data sheet.

In some applications, it may be necessary to operate the
MC1496 with a single dc supply voltage instead of dual
supplies. Figure 26 shows a balanced modulator designed
for operation with a single 12 Vdc supply. Performance of
this circuit is similar to that of the dual supply modulator.

AM Modulator
The circuit shown in Figure 27 may be used as an
amplitude modulator with a minor modification.

intermediate frequency of 9.0 MHz.

The detector is broadband for the entire high frequency
range. For operation at very low intermediate frequencies
down to 50 kHz the 0.1 pF capacitors on Pins 8 and 10 should
be increased to 1.0 UF. Also, the output filter at Pin 12 can
be tailored to a specific intermediate frequency and audio
amplifier input impedance.

As in all applications of the MC1496, the emitter
resistance between Pins 2 and 3 may be increased or
decreased to adjust circuit gain, sensitivity, and dynamic
range.

This circuit may also be used as an AM detector by
introducing carrier signal at the carrier input and an AM
signal at the SSB input.

The carrier signal may be derived from the intermediate
frequency signal or generated locally. The carrier signal may
be introduced with or without modulation, provided its level

http://lonsemi.com
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is sufficiently high to saturate the upper quad differential
amplifier. If the carrier signal is modulated, a 300 mVrms
input level is recommended.

Doubly Balanced Mixer

The MC1496 may be used as a doubly balanced mixer
with either broadband or tuned narrow band input and output
networks.

The local oscillator signal is introduced at the carrier input
port with a recommended amplitude of 100 mVrms.

Figure 30 shows a mixer with a broadband input and a
tuned output.

Frequency Doubler
The MC1496 will operate as a frequency doubler by
introducing the same frequency at both input ports.

Figures 31 and 32 show a broadband frequency doubler
and a tuned output very high frequency (VHF) doubler,
respectively.

Phase Detection and FM Detection

The MC1496 will function as a phase detector. High—level
input signals are introduced at both inputs. When both inputs
are at the same frequency the MC1496 will deliver an output
which is a function of the phase difference between the two
input signals.

An FM detector may be constructed by using the phase
detector principle. A tuned circuit is added at one of the
inputs to cause the two input signals to vary in phase as a
function of frequency. The MC1496 will then provide an
output which is a function of the input signal frequency.

TYPICAL APPLICATIONS

Voo
~® 12Vdc

Figure 26. Balanced Modulator

(12 Vdc Single Supply)
Y
10k 10k 913 Vdc
e T =
l Ay Im 2%; R, 1.0k %’;, 39 k% L R
= — 739k
5 B
il 6
MC1496
—o——0
12 -V,
r 5
15368k
-8.0Vvdc

Figure 28. AM Modulator Circuit

Figure 29. Product Detector
(12 Vdc Single Supply)
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Vee
Voo ? 12Vac

+8.0Vde s +-L 100 uF
$10k T o5vde By
o b = el 39 sok["]
100 pH 1.0kS 2 ¢ S39k
il 100 10 6 )
_CG2 ut
0.001 uF I R e :]+ MC1496 Do
95 90MHz 15 mVims 100 uF 15 Vdg 1
Output e & -0— —0—o—®
12 L1 4 12
55080 i
sy ol 1 0-AR0pE: 10k 10k 3100 100 .
Vee= 50 k
-8.0 Vdc I T 6.8k
= 15
L1 =44 Tums AWG No. 28 Enameled Wire, Wound v, =
on Micrometals Type 446 Toroid Core. Balance ¢ “8.0Vdo
Figure 30. Doubly Balanced Mixer Figure 31. Low—Frequency Doubler
(Broadband Inputs, 9.0 MHz Tuned Output)
Veo
v+ @ +8.0 Vde
L1
18 nH
1.0-10pF 300 MHz
Output
RL =

L1 =1 Tum AWG
No. 18 Wire, 7/32” ID

Figure 32. 150 to 300 MHz Doubler
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w
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2 ) »
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Frequency ——# Balanced Modulator Spectrum
- DEFINITIONS
fc Carrier Fundamental fctnfs Fundamental Carrier Sideband Harmonics
fs Modulating Signal nfc Carrier Harmonics
fctfs Fundamental Carrier Sidebands nfc £ nfg Carrier Harmonic Sidebands
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ORDERING INFORMATION

Device Package Shipping
MC1496D SO-14 55 Units/Rail
MC1496DR2 SO-14 2500 Tape & Reel
MC1496P PDIP-14 25 Units/Rail
MC1496P1 PDIP-14 25 Units/Rail
MC1496BD SO-14 55 Units/Rail
MC1496BDR2 SO-14 2500 Tape & Reel
MC1496BP PDIP-14 25 Units/Rail
MARKING DIAGRAMS
SO-14 PDIP-14
D SUFFIX P SUFFIX
CASE 751A CASE 646
14 14 14 14
AAAAARAA
MC1496D MC1496BD MC1496P MC1496BP
o AWLYWW o AWLYWW O AWLYYWW O  AWLYYWW
HHHBHHHEH
1 1 o 4
A = Assembly Location
WL = Wafer Lot
YY,Y = Year

WW. = Work Week
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PACKAGE DIMENSIONS
SO-14
D SUFFIX NOTES:
PLASTIC PACKAGE . DIVEISIONNG 7O TOLERANONG PR ANS
HHHHAHA T CASE 751A-03 2. CONTROLLING DIVENSION: MLUIVETER
ISSUE F 3. DIMENSIONS A AND B DO NOT INCLUDE
i MOLD PROTRUSION.

>

. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
PERSIDE.
DIVENSION D DOES NOT INCLUDE DAVBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT
MAXIMUM MATERAL
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Phase-Locked Loop
High—Performance Silicon—-Gate CMOS

The MC574HCA4046A is similar in function to the MC14046 Metal gate
CMOS device. The device inputs are compatible with standard CMOS
outputs; with pullup resistors, they are compatible with LSTTL outputs.

The HC4046A phase—locked loop contains three phase comparators, a
voltage—controlled oscillator (VCO) and unity gain op-amp DEMqQyT. The
comparators have two common signal inputs, COMP)N, and SIG|N. Input
SIG|N and COMPjN can be used directly coupled to large voltage signals, or
indirectly coupled (with a series capacitor to small voltage signals). The
self-bias circuit adjusts small voltage signals in the linear region of the
amplifier. Phase comparator 1 (an exclusive OR gate) provides a digital error
signal PC1oyT and maintains 90 degrees phase shift at the center
frequency between SIG|N and COMP|N signals (both at 50% duty cycle).
Phase comparator 2 (with leading—edge sensing logic) provides digital error
signals PC2oyT and PCPoyT and maintains a 0 degree phase shift
between SIG|N and COMP) signals (duty cycle is immaterial). The linear
VCO produces an output signal VCO T whose frequency is determined by
the voltage of input VCO|N signal and the capacitor and resistors connected
to pins C1A, C1B, R1 and R2. The unity gain op—amp output DEMoyT with
an extemnal resistor is used where the VCO|p signal is needed but no loading
can be tolerated. The inhibit input, when high, disables the VCO and all
op—amps to minimize standby power consumption.

Applications include FM and FSK modulation and demodulation, frequen-
cy synthesis and multiplication, frequency discrimination, tone decoding,
data synchronization and conditioning, voltage—to—frequency conversion
and motor speed control.

e Output Drive Capability: 10 LSTTL Loads

e Low Power Consumption Characteristic of CMOS Devices

e Operating Speeds Similar to LSTTL

e Wide Operating Voltage Range: 3.0t0 6.0V

¢ Low Input Current: 1.0 A Maximum (except SIGj and COMPN)

¢ In Compliance with the Requirements Defined by JEDEC Standard
No. 7A

e Low Quiescent Current: 80 pA Maximum (VCO disabled)
¢ High Noise Immunity Characteristic of CMOS Devices

¢ Diode Protection on all Inputs

e Chip Complexity: 279 FETs or 70 Equivalent Gates

Pin No. Symbol Name and Function
1 PCPouT Phase Comparator Pulse Output
2 PClouT Phase Comparator 1 Qutput
3 COMP|N Comparator Input
4 VCOouT VCO Output
5 INH Inhibit Input
6 C1A Capacitor C1 Connection A
7 ciB Capacitor C1 Connection B
8 GND Ground (0 V) Vgg
9 VCOIN VCO Input
10 DEMouTt Demodulator Output
" R1 Resistor R1 Connection
12 R2 Resistor R2 Connection
13 PC20yuT Phase Comparator 2 Output
14 SIGIN Signal Input
15 PC3ouT Phase Comparator 3 Output
16 Vee Positive Supply Voltage
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N SUFFIX
16 PLASTIC PACKAGE
CASE 64808
D SUFFIX
16 SOIC PACKAGE

1 CASE 751B—05

ORDERING INFORMATION

MC74HCXXXXAN Plastic
MC74HCXXXXAD SOIC

PIN ASSIGNMENT
PCPout [l 1@ 16 {1 Veg
PC1gyt [ 2 15 [1 PC3qyt
compPi, [ 3 14 I SIGj,
VCOqyt [] 4 13 [1 PC2qyt

INH [] 5 12 [1 R2
CiA[] 6 1 [1 R
ciel] 7 10 [ DEMgyt
GND [l 8 9 [ vcoy,
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MAXIMUM RATINGS*

Symbol Parameter Value
Vcc | DC Supply Voltage (Referenced to GND) -05t0+7.0
Vin DC Input Voltage (Referenced to GND) -15toVgc +1.5

Unit This device contains protection

v circuitry to guard against damage

due to high static voltages or electric

\% fields. However, precautions must

v be taken to avoid applications of any

voltage higher than maximum rated

lin DC Input Current, per Pin +20 mA voltages to this high-impedance cir-
mA
mA
mwW

Vout | DC Output Voltage (Referenced to GND) -05toVeg +0.5

cuit. For proper operation, Vin and
Vout should be constrained to the
range GND = (Vi or Vout) = Vce-

Unused inputs must always be
tied to an appropriate logic voltage

lout | DC Output Current, per Pin +25

Icc DC Supply Curmrent, Vo and GND Pins +50

Pp Power Dissipation in Still Air Plastic DIPt 750

SOIC Packaget 500 level (e.g., either GND or V().
Tstg | Storage Temperature -65to + 150 °C Unused outputs must be left open.
TL Lead Temperature, 1 mm from Case for 10 Seconds °C
Plastic DIP and SOIC Packaget 260

* Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C
SOIC Package: — 7 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 2 of the Motorola High-Speed CMOS Data Book (DL129/D).
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min | Max | Unit
Vee DC Supply Voltage (Referenced to GND) 3.0 6.0 \
Vce DC Supply Voltage (Referenced to GND) NON-VCO 20 6.0 \"

Vin: Vout | DC Input Voltage, Output Voltage (Referenced to GND) 0 Vce \

TA Operating Temperature, All Package Types -55 |+125 | °C
tr, tf Input Rise and Fall Time Vec=20V 0 1000 | ns
(Pin 5) Vcc=45V| 0 500
Vee=60V | O 400
[Phase Comparator Section]
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
Guaranteed Limit
Vce -55to
Symbol Parameter Test Conditions Volts 25°C <85°C <125°C | Unit
VIH Minimum High—Level Input Vout =0.1VorVec—-0.1V 2.0 1.5 1.5 15 \
Voltage DC Coupled lloutl <20 pA 45 3.15 3.15 3.15
SIG|N, COMPy 6.0 4.2 4.2 4.2
ViL Maximum Low—Leve! Input Vout=0.1VorVgc—0.1V 2.0 0.5 0.5 0.5 \
Voltage DC Coupled lloutl <20 pA 4.5 1.35 1.35 1.35
SIG|N, COMP)N 6.0 1.8 1.8 1.8
VoH | Minimum High—Level Vin=ViHorViL 20 1.9 1.9 1.9 \
Output Voltage lloutl £20 pA 4.5 4.4 44 44
PCPoyT, PCnout 6.0 5.9 59 59
Vin=ViH orViL
llout] <4.0 mA 4.5 3.98 3.84 37
lloutl £5.2 mA 6.0 5.48 534 5.2

(continued)
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[Phase Comparator Section]
DC ELECTRICAL CHARACTERISTICS — continued (Voltages Referenced to GND)

Guaranteed Limit
Vce =55to
Symbol Parameter Test Conditions Volts 25°C <85°C <125°C | Unit
VoL Maximum Low—Level Vout =0.1VorvVgg-0.1V 2.0 0.1 0.1 0.1 \"
Output Voltage Qa—Qh lloutl $20 pA 4.5 0.1 0.1 0.1
PCPoyT. PCnoyTt 6.0 0.1 0.1 0.1
Vin =VIH or V|
lloutl <4.0mA 45 0.26 0.33 0.4
lloutl $5.2mA 6.0 0.26 0.33 0.4
lin Maximum Input Leakage Cumrent | Vinh = Vo or GND 2.0 +3.0 +4.0 +5.0 HA
SIG|N, COMP)y 3.0 +7.0 +9.0 +11.0
4.5 +18.0 +23.0 +27.0
6.0 +30.0 +38.0 +45.0
loz Maximum Three—State Output in High-impedance State 6.0 +0.5 +5.0 +10 HA
Leakage Cumrent Vin=ViH or Vi
PC2ouT Vout =V or GND
Icc Maximum Quiescent Supply Vin =Vcc or GND 6.0 4.0 40 160 pA
Current (per Package) llout] =0 pA
(VCO disabled)
Pins 3, 5and 14 at V¢
Pin 9 at GND; Input Leakage at
Pins 3 and 14 to be excluded

NOTE: Information on typical parametric values can be found in Chapter 2 of the Motorola High-Speed CMOS Data Book (DL129/D).

[Phase Comparator Section]
AC ELECTRICAL CHARACTERISTICS (Cy_ = 50 pF, Input t = t; = 6.0 ns)
Guaranteed Limit
Vce
Symbol Parameter Volts -55to 25°C <85°C <125°C | Unit

tpLH, Maximum Propagation Delay, SIG|n/COMPyp to PC1oyuT 20 175 220 265 ns
tPHL (Figure 1) 4.5 35 a4 53

6.0 30 37 45
tPLH. Maximum Propagation Delay, SIG;n/COMPp to PCPoyT 20 340 425 510 ns
tPHL (Figure 1) 45 68 85 102

6.0 58 72 87
tPLH, Maximum Propagation Delay, SIGyn/COMP to PC3ouT 20 270 340 405 ns
tPHL (Figure 1) 4.5 54 68 81

6.0 46 58 69
tpLz, Maximum Propagation Delay, SIGjn/COMPypy Output 2.0 200 250 300 ns
tPHZ Disable Time to PC2pyT (Figures 2 and 3) 4.5 40 50 60

6.0 34 43 51
tpzH, Maximum Propagation Delay, SIG|N/COMPyp Output 2.0 230 290 345 ns
tpz1 Enable Time to PC2pyT (Figures 2 and 3) 4.5 46 58 69

6.0 39 49 59
tLH, Maximum Output Transition Time 20 75 95 110 ns
tTHL (Figure 1) 45 15 19 22

6.0 13 16 19

3-3 MOTOROLA



MC74HC4046A

[VCO Section]
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
Guaranteed Limit
Vce -55to
Symbol Parameter Test Conditions Volts 25°C <85°C <125°C Unit
VIH Minimum High-Level Vout=0.1VorVegc-0.1V 3.0 21 21 21 \
Input Voltage llout] £ 20 pA 4.5 3.15 3.15 3.15
INH 6.0 42 4.2 4.2
ViL Maximum Low—Level Vout=01VorVgc-0.1V 3.0 0.90 0.9 0.9 \
Input Voltage lloutl < 20 pA 4.5 1.35 1.35 1.35
INH 6.0 1.8 1.8 1.8
VOH | Minimum High-Level Vin=V|Hor V|L 3.0 1.9 1.9 1.9 \
Output Voltage llout| < 20 pA 45 44 4.4 4.4
VCOoUT 6.0 59 5.9 5.9
Vin=ViHor ViL
lloutl £ 4.0 mA 45 3.98 3.84 3.7
llout| £ 5.2 mA 6.0 5.48 5.34 5.2
VoL | Maximum Low—Level Vout=0.1VorVoeg —0.1V 3.0 0.1 0.1 0.1 Vv
Output Voitage llout| < 20 pA 4.5 0.1 0.1 0.1
VCOouT 6.0 0.1 0.1 0.1
Vin=ViHor ViL
llout] £ 4.0 mA 4.5 0.26 0.33 0.4
lloutl £5.2 mA 6.0 0.26 0.33 0.4
lin Maximum Input Vin =Vcc or GND 6.0 0.1 1.0 1.0 PA
Leakage Current
INH, VCOn
Min | Max | Min | Max | Min | Max
Weon Operating Voltage Range at INH = V| 30 0.1 1.0 0.1 1.0 0.1 1.0 Vv
VCOjp over the range 45 0.1 25 0.1 2.3 0.1 25
spedified for R1; For linearity 6.0 0.1 4.0 0.1 4.0 0.1 4.0
see Fig. 15A, Parallel value of
R1 and R2 should be > 2.7 kQ
R1 Resistor Range 3.0 30 | 300 | 30 | 300 | 30 | 300 | kQ
45 30 | 300 | 30 | 300 | 3.0 | 300
6.0 30 | 300 | 30 | 300 | 3.0 | 300
R2 3.0 30 | 300 | 30 | 300 | 3.0 | 300
45 30 | 300 | 30 | 300 | 3.0 | 300
6.0 30 | 300 | 30 | 300 | 3.0 | 300
C1 Capacitor Range 3.0 40 No pF
4.5 40 | Limit
6.0 40
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[VCO Section]
AC ELECTRICAL CHARACTERISTICS (Cy_ = 50 pF, Input t = tf = 6.0 ns)
Guaranteed Limit
-55to 25°C <85°C <125°C
Vce
Symbeol Parameter Volts | Min | Max | Min | Max | Min | Max | Unit
AT Frequency Stability with 3.0 %K
Temperature Changes 4.5
(Figure 13A, B, C) 6.0
fo VCO Center Frequency 3.0 3 MHz
(Duty Factor = 50%) 45 11
(Figure 14A, B, C, D) 6.0 13
AfVCO | VCO Frequency Linearity 3.0 See Figures 15A, B, C %
4.5
6.0
9 VCO | Duty Factor at VCOoyT 3.0 Typical 50% %
45
6.0
[Demodulator Section]
DC ELECTRICAL CHARACTERISTICS
Guaranteed Limit
~55to0 25°C <85°C <125°C
Vce
Symbol Parameter Test Conditions Volts | Min | Max | Min | Max | Min | Max | Unit
RS Resistor Range At RS > 300 k the 3.0 50 | 300 kQ
Leakage Current can 45 50 300
Influence VDEMQouT 6.0 50 300
VOFg | Offset Voltage Vi =WCO|N =1/2 Ve 3.0 See Figure 12 mV
VCON to VDEMoyT Values taken over RS 4.5
Range. 6.0
RD Dynamic Output VDEMouyt =12 Vee 3.0 Typical 25 Q Q
Resistance at DEMoyt 4.5
6.0

3-5 MOTOROLA



MC74HC4046A

SWITCHING WAVEFORMS

—Vco
vee SIGN
SIGyy. COMPy INPUT
INPUTS 50% —GND
—— GND —Vce
tPHL tPLH COMP|y
INPUT
PCPOUT. PC10UT 95%"; iy
PC3ouT ——N
OUTPUTS - PC20uT 90% OH
OUTPUT HIGH
trHe—]  fe— — TLH — IMPEDANCE
Figure 1. Figure 2.
Vee
SIG)N
INPUT | 50% TEST POINT
GND
OUTPUT
Vee DEVICE
UNDER &
TEST L
— GND :I:
—— HIGH 3
IMPEDANCE
*INCLUDES ALL PROBE AND JIG CAPACITANCE
— VoL
Figure 3. Figure 4. Test Circuit
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DETAILED CIRCUIT DESCRIPTION

Voltage Controlled Oscillator/Demodulator Output

The VCO requires two or three external components to op-
erate. These are R1, R2, C1. Resistor R1 and Capacitor C1
are selected to determine the center frequency of the VCO
(see typical performance curves Figure 14). R2 can be used
to set the offset frequency with 0 volts at VCO input. For ex-
ample, if R2 is decreased, the offset frequency is increased.
If R2 is omitted the VCO range is from 0 Hz. The effect of R2
is shown in Figure 24, typical performance curves. By in-
creasing the value of R2 the lock range of the PLL is in-
creased and the gain (volts/Hz) is decreased. Thus, for a
narrow lock range, large swings on the VCO input will cause
less frequency variation.

Intemally, the resistors set a current in a current mirror, as
shown in Figure 5. The mirrored current drives one side of

MC74HC4046A

the capacitor. Once the voltage across the capacitor charges
up to Vet of the comparators, the oscillator logic flips the ca-
pacitor which causes the mirror to charge the opposite side
of the capacitor. The output from the internal logic is then tak-
en to VCO output (Pin 4).

The input to the VCO is a very high impedance CMOS in-
put and thus will not load down the loop filter, easing the fil-
ters design. In order to make signals at the VCO input
accessible without degrading the loop performance, the VCO
input voltage is buffered through a unity gain Op—amp to De-
mod Output. This Op—amp can drive loads of 50K ohms or
more and provides no loading effects to the VCO input volt-
age (see Figure 12).

An inhibit input is provided to allow disabling of the VCO
and all Op—amps (see Figure 5). This is useful if the internal
VCO is not being used. A logic high on inhibit disables the
VCO and all Op—amps, minimizing standby power consump-
tion.

VREF I
Ry CURRENT
MIRROR
= lp+l2=13
p
VCOpN +\£ 2
11 -[- >
R4 I3
DEMODOUT f' ’:H /
W o )11
C1
(EXTERNAL)
DA HOHOL
| N ]
+ +

Figure 5. Logic Diagram for VCO
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The output of the VCO is a standard high speed CMOS
output with an equivalent LS—TTL fan out of 10. The VCO
output is approximately a square wave. This output can ei-
ther directly feed the COMPyp of the phase comparators or
feed external prescalers (counters) to enable frequency syn-
thesis.

Phase Comparators

All three phase comparators have two inputs, SIG|N and

COMP)N. The SIG|N and COMP|N have a special DC bias
network that enables AC coupling of input signals. If the sig-
nals are not AC coupled, standard 54HC/74HC input levels
are required. Both input structures are shown in Figure 6.
The outputs of these comparators are essentially standard
54HC/74HC outputs (comparator 2 is TRI-STATEABLE). In
normal operation Vcc and ground voltage levels are fed to
the loop filter. This differs from some phase detectors which
supply a current to the loop filter and should be considered in
the design. (The MC14046 also provides a voltage).

Vce
e Jec
SIGIN :g:: o> I |:
@ F|>°“ PC2ouT
PCPouT
PC3out
PClouTt

Figure 6. Logic Diagram for Phase Comparators

Phase Comparator 1

This comparator is a simple XOR gate similar to the
54/74HCS86. Its operation is similar to an overdriven bal-
anced modulator. To maximize lock range the input frequen-
cies must have a 50% duty cycle. Typical input and output
waveforms are shown in Figure 7. The output of the phase
detector feeds the loop filter which averages the output volt-
age. The frequency range upon which the PLL will lock onto
if initially out of lock is defined as the capture range. The cap-
ture range for phase detector 1 is dependent on the loop filter
design. The capture range can be as large as the lock range,
which is equal to the VCO frequency range.

To see how the detector operates, refer to Figure 7. When
two square wave signals are applied to this comparator, an
output waveform (whose duty cycle is dependent on the
phase difference between the two signals) results. As the
phase difference increases, the output duty cycle increases
and the voltage after the loop filter increases. In order to
achieve lock when the PLL input frequency increases, the

VCO input voltage must increase and the phase difference
between COMP)N and SIG|N will increase. At an input fre-
quency equal to fmin, the VCO input is at O V. This requires
the phase detector output to be grounded; hence, the two in-
put signals must be in phase. When the input frequency is
fmax, the VCO input must be V¢ and the phase detector in-
puts must be 180 degrees out of phase.

o TR N B e
£t e SRR W o1 R N
SR
OS ar =

~=—=—:6ND

Figure 7. Typical Waveforms for PLL Using
Phase Comparator 1
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The XOR is more susceptible to locking onto harmonics of
the SIG|N than the digital phase detector 2. For instance, a
signal 2 times the VCO frequency results in the same output
duty cycle as a signal equal to the VCO frequency. The differ-
ence is that the output frequency of the 2f example is twice
that of the other example. The loop filter and VCO range
should be designed to prevent locking on to harmonics.

Phase Comparator 2

This detector is a digital memory network. It consists of
four flip—flops and some gating logic, a three state output and
a phase pulse output as shown in Figure 6. This comparator
acts only on the positive edges of the input signals and is in-
dependent of duty cycle.

Phase comparator 2 operates in such a way as to force the
PLL into lock with O phase difference between the VCO out-
put and the signal input positive waveform edges. Figure 8
shows some typical loop waveforms. First assume that SIGN
is leading the COMP|N. This means that the VCO's frequen-
cy must be increased to bring its leading edge into proper
phase alignment. Thus the phase detector 2 output is set
high. This will cause the loop filter to charge up the VCO in-
put, increasing the VCO frequency. Once the leading edge of
the COMP|N is detected, the output goes TRI-STATE hold-
ing the VCO input at the loop filter voltage. If the VCO still
lags the SIG|N then the phase detector will again charge up
the VCO input for the time between the leading edges of both
waveforms.

If the VCO leads the SIGN then when the leading edge of
the VCO is seen; the output of the phase comparator goes
low. This discharges the loop filter until the leading edge of
the SIG| is detected at which time the output disables itself
again. This has the effect of slowing down the VCO to again
make the rising edges of both waveforms coincidental.

When the PLL is out of lock, the VCO will be running either
slower or faster than the SIGjN. If it is running slower the
phase detector will see more SIG|N rising edges and so the
output of the phase comparator will be high a majority of the
time, raising the VCO's frequency. Conversely, if the VCO is
running faster than the SIG|N, the output of the detector will
be low most of the time and the VCO's output frequency will
be decreased.

As one can see, when the PLL is locked, the output of
phase comparator 2 will be disabled except for minor correc-
tions at the leading edge of the waveforms. When PC> is
TRI-STATED, the PCP output is high. This output can be
used to determine when the PLL is in the locked condition.

This detector has several interesting characteristics. Over
the entire VCO frequency range there is no phase difference
between the COMP| and the SIGjN. The lock range of the
PLL is the same as the capture range. Minimal power was
consumed in the loop filter since in lock the detector output is
a high impedance. When no SIG is present, the detector
will see only VCO leading edges, so the comparator output
will stay low, forcing the VCO to frpin.

MC74HC4046A

Phase comparator 2 is more susceptible to noise, causing
the PLL to unlock. If a noise pulse is seen on the SIG|N, the
comparator treats it as another positive edge of the SIG|N
and will cause the output to go high until the VCO leading
edge is seen, potentially for an entire SIG|N period. This
would cause the VCO to speed up during that time. When us-
ing PC1, the output of that phase detector would be disturbed
for only the short duration of the noise spike and would cause
less upset.

Phase Comparator 3

This is a positive edge—triggered sequential phase detec-
tor using an RS flip—flop as shown in Figure 6. When the PLL
is using this comparator, the loop is controlled by positive sig-
nal transitions and the duty factors of SIG|N and COMP N
are not important. It has some similar characteristics to the
edge sensitive comparator. To see how this detector works,
assumeinput pulses are applied to the SIGjN and COMP|N's
as shown in Figure 8. When the SIG|\ leads the COMP),
the flop is set. This will charge the loop filter and cause the
VCO to speed up, bringing the comparator into phase with
the SIG|N. The phase angle between SIG|N and COMPN va-
ries from 0° to 360° and is 180° at fo. The voltage swing for
PC3 is greater than for PC2 but consequently has more ripple
in the signal to the VCO. When no SIG| is present the VCO
will be forced to fmax a@s opposed to fjin when PC2 is used.

The operating characteristics of all three phase compara-
tors should be compared to the requirements of the system
design and the appropriate one should be used.

oW 'Sl angnne:, DI ERAE | NI IR
COMPINﬂ--ﬂ--ﬂ

3-9

PC20uT —H N €11 ,——-_VCC
—GND
HIGH IMPEDANCE OFF-STATE
veow—" o (ol
POPOUT 7 | LI
Figure 8. Typical Waveforms for PLL Using
Phase Comparator 2
snad LI 1__& L
LI P BEY o i 3
o] | S et e 1 00
—— GND
Figure 9. Typical Waveform for PLL Using
Phase Comparator 3
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Figure 10. Input Resistance at SIGyy, COMP)y with
AV} =1.0V at Self-Bias Point

T T
Vee=6.0V
4.0 =
// \E}:ﬁ.s v
A L —+—Tyee=a0v
/[ e
z (=
= /24
-
fome]
- '/
=
4.0
12Vec - 500 mV 12Vee 12 Ve + 500 mV
Viv)

Figure 11. Input Current at SIGjy, COMPN with
AV] = 500 mV at Self-Bias Point
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Figure 12. Offset Voltage at Demodulator Output as Figure 13A. Frequency Stability versus Ambient
a Function of VCOjN and Rg Temperature: Vcc =3.0V
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Figure 14B. VCO Frequency (fyco) as a Function
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Figure 14D. VCO Frequency (fyco) as a Function
of the VCO Input Voltage (VyyCOIN)
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Figure 15B. Definition of VCO Frequency Linearity
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6
10 Cp =50pF; R2==; Weopy = 112Veg FOR Vg = 45VANDGO V; 106

Vycom = 13Veg FOR Vg =3.0V: Tymy = 25°C

Cp =50 pF; R1 = o= Vycopy = 0V: Ty = 25°C

Veg=45V,C1=40 pF
Voo =45V,Cl= 104F

105 105
g Voo =BV Ci=a0pF  E
g.é Voe =60V C1=10pF S \_ Voo =60V,C1=40pF
] a. = L
o SR, K g Voo =60V,C1=10pF
Voo =45V,C1=10pF

Ve =30V, C1=40pF

103 Voc=30\i,C1=1DpF 2 Vec=30V,C1=10pF Voc=30\I,C:1=40pF
0 1o 102 103 i 100 101 102 103
10!
R1(kQ) R2 (k)
Figure 16. Power Dissipation versus R1 Figure 17. Power Dissipation versus R2
108 Trge- INH = GND; Ty, = 25°C: R2 =oo; Vycopy = 13 Vi
103 cCc = s lamb = =% VYCON ™ cC
R1 = R2 = ox; Ty = 25°C 60V
45V
107 4 30v
60V
3oV
= 6 3
= 102 - 10% 7 6ov
= 45V
= z 5 | 3oV
w Voc60V g 1004
o- . R1=30 kQ
Vec=45V
101 1 104 =
\/ 0V R1=100 kQ
'cc=3 103 -
R1=300 kQ
0
L T 102 . : . .
10 102 103 101 102 103 104 10 106
Rs (k) C1(pF)
Figure 18. DC Power Dissipation of Figure 19. VCO Center Frequency versus C1
Demodulator versus Rg
8
10 Vee= R1 = es; Vyoop = 12Vgg FOR Voo = 4.5 VAND 60V; L
T o Vycom = 113 Vog FOR VG =30 V; INH = GND; Toqrp = 25°C e
30V 107 CC=a0V;
2y
- 45V
106 30V 106
N 60V =~
£ 105 45v -
a:o 3ov =
o 105 A
104 4 R2A0KQ
103 4 104 -
RZ=100KE2
102 - R2=300kQ2 103
101 T T T T 102 T T T X 1
101 102 103 104 105 106 107 106 10-5 104 03 e A
C1 (pF) R1CH
Figure 20. Frequency Offset versus C1 Figure 21. Typical Frequency Lock Range (2f )

versus R1Cq
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20 14
RIB0KQ
C1=39pF
W N RI=10kQ 12
i \
10
g RI=20kQ 5
g R1=30 kQ = 8.0 1
m 10 = e i R1=3kQ2
e R1=40 k2 Py 6.0 RIS10KQ
i RI1220kQ2
R1=50kQ2 40 1 Eigio
5.0 20 4 R1=40kQ2
= 5 R1=50kQ
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Figure 22. R2 versus fax Figure 23. R2 versus fiqin
20
C1=39 pF
4 R1=10 kO
y R1=3.0kQ
= R1220 k2
&
10 R1=30kQ
R1=40 k2
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R1=100 kO
/ R1=300 kQ
/—
o i ' T T
1.0 101 102 103 104 105
R2 (kQ)
Figure 24. R2 versus Frequency Lock Range (2ff )
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APPLICATION INFORMATION

The following information is a guide for approximate values of R1, R2, and C1. Figures 19, 20, and 21 should be used as
references as indicated below, also the values of R1, R2, and C1 should not violate the Maximum values indicated in the DC
ELECTRICAL CHARACTERISTICS tables.

Phase Comparator 1 Phase Comparator 2 Phase Comparator 3
R2=c Rg = = R2 = R2 = « R2 = R = =«
» Given fO e Given f0 and fL e Givenfpaxand f0 | e Given fO and fL e Given faxand f0 | e Given fOand fL
e Use fO with Figure | e Calculate fjin o Determine the e Calculate fmjn o Determine the o Calculate fmjn:

19 to determine fmin = fO-fL value of R1 and fmin = fo-fL value of R1 and fmin = fO-fL
R1and C1. o Determine values C1 using Figure 19 | ¢ petermine values C1 using Figure 19 | 4 petermine values
(see Figure 23 for of Cland R2from | anduseFigure21 | ofcqand R2from | and Figure 21to of C1 and R2 from

characteristics of Figure 20. g":b'ﬂ'" tzhﬁ'- T"d Figure 20. :’:;ta'" mﬂj“‘: Figure 20.
the VCO operation) | + Defermine R1-C1 | cgr o (-0 | o Determine R1-C1 | e 125" © | « Determine R1-C1
from Figure 21. LR from Figure 21. mn: from Figure 21.
o Calculate value of e Calculate value of e Calculate value of
R1 from the value R1 from the value R1 from the value
of C1 and the of C1 and the of C1 and the
product of R1C1 product of R1C1 product of R1C1
from Figure 21. from Figure 21. from Figure 21.
(see Figure 24 for (see Figure 24 for (see Figure 24 for
characteristics of the characteristics of the characteristics of the
VCO operation) VCO operation) VCO operation)
MOTOROLA 3-14




General Description

The LF351 is a low cost high speed JFET input operational
amplifier with an intemally trimmed input offset voltage
(BI-FET ™™ technology). The device requires a low supply
current and yet maintains a large gain bandwidth product
and a fast slew rate. In addition, well matched high voltage
JFET input devices provide very low input bias and offset
currents. The LF351 is pin compatible with the standard
LM741 and uses the same offset voltage adjustment circuit-
ry. This feature allows designers to immediately upgrade the
overall performance of existing LM741 designs.

The LF351 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 device has low noise and offset
voltage drift, but for applications where these requirements
are critical, the LF356 is recommended. If maximum supply

&National Semiconductor

LF351 Wide Bandwidth JFET Input Operational Amplifier

December 1995

curent is important, however, the LF351 is the better
choice.

Features

B Internally trimmed offset voltage 10 mV
B Low input bias current 50 pA
B Low input noise voltage 25 nV/{Hz
B Low input noise current 0.01 pA/yHz
m Wide gain bandwidth 4 MHz
= High slew rate 13 V/pus
B Low supply curent 1.8 mA
B High input impedance 10120y
B Low total harmonic distortion Ay= 10, <0.02%

R =10k, Vo=20 Vp-p, BW=20 Hz-20 kHz

| Low 1/f noise comer 50 Hz
B Fast settling time to 0.01% 2 ps

Typical Connection
Re

AAA
VVv

Ve

TUH/56848-11

Connection Diagrams

Dualn-Line Package

Simplified Schematic

Yec ©

Yo

INTERNALLY
TRIMNED

INTERNALLY
TRIMMED

~Yee [o} 4
TL/H/56848-12

1
BALANCE —

e
V.

/

2
INPUT — —v*
3 6
INPUT — — OUTPUT

8
— NC

7

5
— BALANCE

Order Number LF351M or LF351N
See NS Package Number MOBA or NOSE
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required, 6ia
please contact the National Semiconductor Sales N Package 120°C/W
Office/Distributors for availability and specifications. M Package TBD
Supply Voltage +18V Soldering Information
Power Dissipation (Notes 1 and 6) 670 mW Dugo-‘lrFUna(Pgdwg;a P
. dering (10 sec.
Operating Temperature Range 0°Cto +70°C Small Outline
Titmax) 115C Vapor Phase (60 sec.) 215°C
Differential Input Voltage +30V Infrared (15 sec.) 220°C
Input Voltage Range (Note 2) +15V Ses AN-450 “‘Surface Mounting Methods and Their Effect
Output Short Circuit Duration Continuous on Product Reliability” for other methods of soldering sur-
Storage Temperature Range —65°Cto +150°C face rno'unt devices. :
Lead Temp. (Soldering, 10 sec.) ESD rating to be determined.
Metal Can 300°C
DiP 260°C
DC Electrical Characteristics ot 3)
Symbol Parameter Conditions G Units
Min Typ Max
Vos Input Offset Voltage Rs = 10k, Ta = 25°C 5 10 mv
Over Temperature 13 mV
AVos/AT Average TC of Input Offset Rs=10k :
Volitoe 10 RV/°C
los Input Offset Current Tj = 25°C, (Notes 3, 4) 25 100 pPA
T, <70°C 4 nA
Ig Input Bias Curmrent Tj = 25°C, (Notes 3, 4) 50 200 pA
Tj< £70°C 8 nA
RiNn Input Resistance Tj=25°C 1012 Q
AvoL Large Signal Voltage Gain Vg= +15V, Tp=25°C 25 100 V/mV
Vo= +10V, R =2k}
Over Temperature 15 V/mV
Vo Output Voltage Swing Vg= +15V, R = 10 kQ +12 +13.5 v
VoM Input Common-Mode Voltage +15 v
Range Vg= %15V +11
—-12 v
CMRR Common-Mode Rejection Ratio Rg<10k} 70 100 dB
PSRR Supply Voltage Rejection Ratio (Note 5) 70 100 dB
Is Supply Current 1.8 3.4 mA




AC Electrical Characteristics (Note 3)

LF351 "
Symbol Parameter Conditions Units
Min Typ Max
SR Slew Rate Vg= +15V, Ta=25C 13 Vips
GBW Gain Bandwidth Product Vg= +15V, TA=25°C 4 MHz
Equivalent | i = =
en quivalent Input Noise Voltage Ta=25°C, Rg= 10012, 25 v/ Az
f=1000 Hz
in Equivalent Input Noise Current Tj=25°C, =1000 Hz 0.01 pA/Hz
Note 1: For ling at el , the device must be derated based on the thermal resistancs, 6 ja.
Note 2: Unless otherwi i the i gative input voltage is equal to the negative power supply voltage.
Note 3: These specifications apply for Vg= 15V and 0°C<Ta < +70°C. Vs, Ig and log are measured at Vo =0.
Note 4: The input bias currents are junction leakage currents which approximately double for every 10°C i in the junction P T} Due to the limited
production test time, the input bias currents measured are to junction p In normal ion the junction rises above the ambient
temperature as a result of intemal power dissipation, Pp. T]=TA+9‘,A Pp where abA is the thermal resi from } ion to it Use of a heat sink is
recommended if input bias cumrent is to be kept to a minimum.
Note 5: Supply voltage rejection ratio is measured for both supply i i ing or ing si in d: with practice. From
+15V to £5V.
Note 6: Max. Power Dissipation is defined by the istics. O| ing the part near the Max. Power Dissipation may cause the part to operate

outside guaranteed limits.




Typical Performance Characteristics

INPUT BIAS CURRENT (pA)

POSITIVE COMMON-MODE INPUT
NEGATIVE QUTPUT VOLTAGE SWING (V) VOLTAGE LIMIT (V)
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Input Bias Current
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Typical Performance Characteristics (continued)

DISTOATION (%)

RARER
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Distortion vs Frequency
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Pulse Response

Small Signal Inverting

OUTPUT VOLTAGE SWING (50 mV/DIV)

=
: 1 Sy e
: ' smmmEms -

B
Pl %ﬁ% @ P
Cangig T

TIME (DZ 1s/DHV)

TU/H/5648-6

QUTPUT VOLTAGE SWING (1v/DIV)

Application Hints

The LF351 is an op amp with an intemally trimmed input
offset voltage and JFET input devices (BI-FET IITM). These
JFETs have large reverse breakdown voltages from gate to
source and drain eliminating the need for clamps across the
inputs. Therefore, large differential input voltages can easily
be accommodated without a large increase in input current.
The maximum differential input voltage is independent of
the supply voltages. However, neither of the input voltages
should be allowed to exceed the negative supply as this will

Small Signal Non-inverting
(PGS i 0
b Tatete

OUTPUT VOLTAGE SWING (50 mV/DIV)

TL/H/5648-5

TL/H/5648-7

TL/H/5648-8

cause large currents to flow which can resuit in a destroyed
unit.

Exceeding the negative common-mode limit on either input
will force the output to a high state, potentially causing a
reversal of phase to the output.

Exceeding the negative common-mode limit on both inputs
will force the ampilifier output to a high state. In neither case
does a latch occur since raising the input back within the




Application Hints (continueq)
common-mode range again puts the input stage and thus
the ampilifier in a normal operating mode.

Exceeding the positive common-mode limit on a single input
will not change the phase of the output; however, if both
inputs exceed the limit, the output of the amplifier will be
forced to a high state.

The amplifier will operate with a common-mode input volt-
age equal to the positive supply; however, the gain band-
width and slew rate may be decreased in this condition.
When the negative common-mode voltage swings to within
3V of the negative supply, an increass in input offset voltage
may occur.

The LF351 is biased by a zener reference which allows nor-
mal circuit operation on +4V power supplies. Supply volt-
ages less than these may result in lower gain bandwidth and
slew rate.

The LF351 will drive a 2 k€2 load resistance to +10V over
the full temperature range of 0°C to + 70°C. If the amplifier
is forced to drive heavier load cumrents, however, an in-
crease in input offset voltage may occur on the negative
voltage swing and finally reach an active cument limit on
both positive and negative swings.
Precautions should be taken to ensure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently installed back-

Detailed Schematic

Voo O

wards in a socket as an unlimited current surge through the
resulting forward diode within the IC could cause fusing of
the interal conductors and result in a destroyed unit.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in or-
der to ensure stability. For example, resistors from the out-
put to an input should be placed with the body close to the
input to minimize *“pick-up” and maximize the frequency of
the feedback pole by minimizing the capacitance from the
input to ground.

A feedback pole is created when the feedback around any
ampilifier is resistive. The paralle! resistance and capadi-
tance from the input of the device (usually the inverting in-
put) to AC ground set the frequency of the pole. In many
instancss the frequency of this pole is much greater than
the expected 3 dB frequency of the closed loop gain and
consequently there is negligble effect on stability margin.
However, if the feedback pole is less than approximately 6
times the expected 3 dB frequency a lead capacitor should
be placed from the output to the input of the op amp. The
value of the added capacitor should be such that the RC
time constant of this capacitor and the resistance it parallels
is greater than or equal to the original feedback pole time
constant.
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Typical Applications

Supply Current Indicator/Limiter

a TO SYSTEMSUPPLY
7 VOLTAGE CONNECTION

VsuppLY

IN914
¢ Vour

TO CONTROL CIRCUITRY

(o]
v
® Vot switches high when Rglg > Vp

Hi-Zyy Inverting Amplifier

b
B i

Parasitic input capacitance C1 = (3 pF for LF351
plus any additional layout capacitance) interacts
with feedback elements and creates undesirable
'y pole. To

add G2 such

high frecy

Ultra-Low (or High) Duty Cycle
Pulse Generator

RESET

INTEGRATE

4.8 — 2V,
® touTPUT HIGH = R1C 1"‘8—_\,:

® toutPuT LOW = R2C en2s 78
Vg — 7.8

whereVg = V! + |v—|
*low leakage capacitor

that R2C2 = R1C1.

Long Time Integrator

*Low leakage capacitor
© 50k pot used for less sensitive Vog adjust

-]
1
—O Vour= ﬁi[ Vin DIT
1
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Physical Dimensions inches (milimsters)
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LF351 Wide Bandwidth JFET Input Operational Amplifier

Physical Dimensions inches (millimeters) (Continued)
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LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life

systems which, (a) are intended for surgical

into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can

implant

effectiveness.

be reasonably expected to result in a significant injury

to the user.

support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
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DM74164
8-Bit Serial In/Parallel Out Shift Registers

General Description Features

These 8-bit shift registers feature gated serial inputs and B Gated (enable/disable) serial inputs
an atsynm_ hmm";tﬂis ﬁ- A Lo‘évaggic ;evgjs ‘:l’::“fei( r:&ffa' B Fully buffered clock and serial inputs
input inhibits entry e new , and r ip-

fiop fothe LOW lvel at the next dlock pulse, thus poviding: /Y7 clifonous clear
complete control over incoming data. A HIGH logiclevel on B Typical dlock frequency 36 MHz
either input enables the other input, which will then deter- B Typical power dissipation 185 mW
mine the state of the first flip-flop. Data at the serial inputs

may be changed while the clock is HIGH or LOW, but only

information meeting the setup and hold time requirements

will be entered. Clocking occurs on the LOW-to-HIGH level

transition of the clock input. All inputs are diode-clamped to

minimize transmission-ine effects.

September 1986
Revised July 2001

Ordering Code:
Order Number | Package Number Package Description
DM74164 N14A 14-Lead Plastic Dual-in-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
Connection Diagram Function Table
OUTPUTS Inputs Outputs
f“—_\
Vee Oy ag aF Qe CLEAR CLOCK Clear | Clock | A B | Qa Qg ... Qy
lu 13 12 11 10 I 9 l 8 L X X X L L L
H L X X | Qg Qg Qo
H T H B H Qan Qga
H T L 'Y L Qan Qcn
H A X s ENYD o Qu, Qga
4 H= HIGH Level (steady state)
L =LOW Level (steady state)
X = Don* Care (any input, including transitions)
T = Transition from LOW-to-HIGH level
Qpg. Qgg. Qg = The level of Q,, Qg, or Qy, respectively, before the
indicated steady-state input conditions were established.
Qpn, Qgn = The level of Qp or Qg before the most recent T transition of the
F 2 3 " r e I = clock; indicates a one-bit shift.
A B @A G Qc Oy G
SERIAL INPUTS OuUTPUTS
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Logic Diagram
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Absolute Maximum Ratingsnote 1)

Note 1: The "Absolute Maximum Ratings” are those values beyond which

at the absolute

the safety of the device cannot be guaranteed. The device should not be
operated at these limits. The parametric values defined in the Electrical

ratings.

Supply Voitage v

Input Voltage 55V Characteristics tables are not
Operating Free Air Temperature Range 0°Cto +70°C The 'R nended Operating C
Storage Temperature Range —65°C o +150°C " 2ctal device operation.

Recommended Operating Conditions

table wil define the conditions

Symbol Parameter Min Nom Max Units
Vee Supply Voltage 4.75 5 5.25 \
Viu HIGH Level Input Voitage 2 Vv
ViL LOW Level Input Voltage 0.8 v
loH HIGH Level Output Current -04 mA
loL LOW Level Output Current 8 mA
fox Clock Frequency (Note 2) 0 25 MHz
tw Pulse Width Clock 20 s
(Note 2) Clear 20
tsu Data Setup Time (Note 2) 15 ns
ty Data Hold Time (Note 2) 5 ns
Ta Free Air Operating Temperature 0 70 °C
Note 2: To = 25°C and Vo = 5V.
Electrical Characteristics
over recommended operaling free air femperature range (unless otherwise noted)
Symbol Parameter Conditions Min T¥e Max | Units
(Note 3)
vi Input Clamp Voltage Vcc=Min, lj=—14 mA 15 v
Von HIGH Level Viee = Min, Iy = Max: W 2 3
Output Voltage V= Max, Viy=Mn
VoL LOW Level Ve = Min, lo = Max N AA v
Output Voltage Vi =Min, Vi =Max
Iy Input Current @ Max Input Voltage Vo= Max, Vj=55V 1 mA
™ HIGH Level Input Current Ve = Max, Vi = 2.4V 40 pA
e LOW Level Input Current Ve = Max, V= 04V -16 mA
los Short Circuit Output Current Ve = Max (Note 4) 9 275 mA
loc Supply Current Ve = Max (Note 5) a7 54 mA

Note 3: All typicals are at Vo = 5V, Ty = 25°C.
Note 4: Not more than one output should be shorted at a time.
Note 5: Icc is measured with all outputs OPEN, SERIAL inputs grounded, the CLOCK input at 2.4V, and a momentary ground, then 4.5V, applied to the

CLEAR input.

Switching Characteristics

atVoe = 5Vand Ta= 25°C

Ry = 800Q
Symbol Parameter From (Input) C =15pF Cy = 50pF Units
To (Output) Min Max Min Max
fmax Maximum Clock Frequency 25 MHz
e opagation Detay Time Clock to Output id 30 ns
LOW-o-HIGH Level Output
e pagahon[Ceicy o Ciock to Output 2 ar ns
HIGH-t0-LOW Level Output
e bpdgaten Dietay T Clear 1o Output 36 42 ns
HIGH-{0-LOW Level Output
3 www.fairchildsemi.com
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DM74164 8-Bit Serial In/Parallel Out Shift Registers

Physical Dimensions inches (milimeters) unless otherwise noted

num.1_/o /)\
eor ™ I GT T

0052 . 0.030 MAX _/
(2337 (0.762) DEPTH

0.740-0.770
(18-80-19.56)
0.090
—>~ <_—_—(2.286;
[14] [33] [r2] [v] [wo] [s] [s] "
Pary BEEITIL
7| G3s0toz5e)

0PTION 1 OPTION 02
0.135:+0.005 0.300-0.320
(3.426 £0.127) -8,
0.145-0.200 D060 m 4° TYe = "‘Z’L o
= le-. (1.651)
(3.683-5.080) (1.524) CPTIONAL
|
1 A I |
e —\N
L e
I — 1‘5, __0.008-0.016
0.020 v |80 +4° TYP Prg | (8.2030.406)
0:508) : | le”
MIN 0125-0.150 I 0.075£0.015
@is—3se) ~ (1905 £0.381]
0.074 -0.023
™w |-
et & o | 0.100+0.010 1o
nasologi e
: . 040
(1.270-0.254) 7 P tg-‘“i
+1.01
("255 —0.381, H14A (REY P

14-Lead Plastic Dual-in-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
Package Number N14A

Fairchild does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and
Fairchild reserves the right at any time without notice to change said circuitry and specifications.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the
body, or (b) support or sustain life, and (c) whose failure
to perform when properly used in accordance with
instructions for use provided in the labeling, can be rea-
sonably expected to result in a significant injury to the
user.

2. A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

www.fairchildsemi.com

www.fairchildsemi.com
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7T4HC/HCT175

positive-edge trigger

Quad D-type flip-flop with reset;

Product specification
Supersedes data of December 1990
File under Integrated Circuits, IC06

Philips
Semiconductors
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Philips Semiconductors

Product specification

s . B S B e G R A e S o P RS i

Quad D-type flip-flop with reset; positive-ecge trigger  74HC/HCT175

s e e L Y T SR i s el s

FEATURES

e Four edge-triggered D flip-flops
e Output capability: standard

e Igc category: MSI

GENERAL DESCRIPTION

The 74HC/HCT175 are high-speed Si-gate CMOS devices
and are pin compatible with low power Schottky TTL
(LSTTL). They are specified in compliance with JEDEC
standard no. 7A.

The 74HC/HCT175 have four edge-triggered, D-type
flip-flops with individual D inputs and both Q and Q
outputs. S

The common clock (CP) and master reset (MR) inputs load
and reset (clear) all flip-flops simultaneously.

The state of each D input, one set-up time before the
LOW-to-HIGH clock transition, is transferred to the
corresponding output (Qp,) of the flip-flop.

All Q,, outputs will be forced LOW independently of clock
or data inputs by a LOW voltage level on the MR input.

The device is useful for applications where both the true
and complement outputs are required and the clock and
master reset are common to all storage elements.

QUICK REFERENCE DATA
GND=0V; Tamp=25°C;t,=tr=6ns
TYPICAL
SYMBOL | PARAMETER CONDITIONS UNIT
HC HCT
tPHL propagation delay CL=15pF;Vcc=5V
CPto Qn, Q, 17 16 ns
MRto Q, 15 19 ns
teLH propagation delay
CPto Q. Qn 17 16 ns
MR to Q, 15 16 ns
fmax maximum clock frequency 83 54 MHz
Ci input capacitance 35 3.5 pF
Crp power dissipation capacitance per flip-flop | notes 1 and 2 32 34 pF
Notes

1. Cppis used to determine the dynamic power dissipation (Pp in pW):

Pp = Cpp x Vo2 X fi+ X (CL x Vec? x fo) where:
f; = input frequency in MHz
fo = output frequency in MHz
Y (CpL x V2 x fo) = sum of outputs
C_ = output load capacitance in pF
Ve = supply voltage in V

2. For HC the condition is V; = GND to V¢
For HCT the condition is V; = GND to Vgg— 1.5V

1998 Jul 08



Philips Semiconductors Product specification
Quad D-type flip-flop with reset; positive-edge trigger 74HC/HCT175
ORDERING INFORMATION
TYPE PACKAGE
NUMBER NAME DESCRIPTION VERSION
74HC1T75N,; DIP16 plastic dual in-line package; 16 leads (300 mil); long body SOT38-1
74HCT175N
74HC175D; SO16 plastic small outline package; 16 leads; body width 3.9 mm SOT109-1
74HCT175D
74HC175DB; SSOP16 | plastic shrink small outline package; 16 leads; body width 5.3 mm SOT338-1
74HCT175DB
74HC175PW; TSSOP16 | plastic thin shrink small outline package; 16 leads; body width 4.4 mm | SOT403-1
74HCT175PW
" PIN DESCRIPTION
PIN NO. SYMBOL NAME AND FUNCTION
1 MR master reset input (active LOW)
2,7,10,15 Qoto Q3 flip-flop outputs
3,6,11,14 Qoto Q3 complementary flip-flop outputs
4,5,12,13 Doto D3 data inputs
8 GND ground (0 V)
9 CcP clock input (LOW-to-HIGH, edge-triggered)
16 Vce positive supply voltage
wma] Y [@ves |° : &
oo z] [15] €3 4—{0g - S0=2 C
s - Qg |—3 2
Q’JE E Cs a1 b—z 4 e —
s—40; - N 3
b1 el T = 5
oy[5] 2] C= 12— B2 g"; ::? 5 ] e
61 E E E‘.‘ [ A Qg p=—15 | 10
01E EC: 13 3"R 5, 1R 12 ﬂ
ano 2] B4 AR, 13 |15
7293241 M
7283243
Fig.1 Pin configuration. Fig.2 Logic symbol. Fig.3 IEC logic symbol.
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Philips Semiconductors

Product specification

Quad D-type flip-flop with reset; positive-edge trigger 7T4HC/HCT175
4 5 12 13
Do Iil Oz 03
o a}— D o—— YHo a}— “Ho 0o
—ce ¥ ce F —~ce T —lce FF
al IV a a @
Rp Rp Rp Rp
ofer] ¢ ? J’
o lm | | | _
Gof Joo Q4 |04 3, |o, Q3| |93
1z83244 R E el |7 1l T 1] s
Fig.4 Functional diagram.
FUNCTION TABLE
INPUTS OUTPUTS
OPERATING MODES |—— -
MR| CP | Dp Qn Q,
reset (clear) L X I8 H
load “1” H T h L
load “0” H T I L H
Note
1. H=HIGH voltage level
h = HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition
L = LOW voltage level
I = LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition
T = LOW-to-HIGH CP transition
X =don’t care
0g Dy Dy D3
0 Q D Q D Qj o a
cr 7 cr 7 ce ¥ ce' 7
{— aoa—l I- n‘-,i.‘-'ﬂ nnnf l‘ R
My
Q a a Q3 63

7293245

Fig.5 Logic diagram.
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Philips Semiconductors Product specification

Quad D-type flip-flop with reset; positive-edge trigger 74HC/HCT175

DC CHARACTERISTICS FOR 74HC
For the DC characteristics see

Output capability: standard
lcc category: MSI

AC CHARACTERISTICS FOR 74HC
GND=0V; t.=t;=6 ns; C_=50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT| v WAVEFORMS
+25 —40 to +85 | —40 to +125 W)
min. | typ. | max. | min. | max. | min. { max.
teui/ tLn | Propagation delay 55\ _|N/5 220 265 |ns 2.0 |Fig.6
CP to Qp, Qn 20 |35 44 53 4.5
16 |30 37 45 6.0
teH/ tpLn | Propagation delay 50 [150 190 225 ns 2.0 |Fig.8
MR to Qp, Qn 18 |30 38 45 4.5
14 |26 33 38 6.0
tri/ trw | output transition time 19 |75 95 110 ns 2.0 |Fig6
7 15 19 22 4.5
6 13 16 19 6.0
tw clock pulse width 80 |22 100 120 ns 2.0 |Fig.6
HIGH or LOW 16 |8 20 24 45
14 |6 17 20 6.0
tw master reset pulse width | 80 19 100 120 ns 2.0 |Fig.8
Low 16 |7 20 24 45
14 |6 17 20 6.0
trem removal time 5 -33 5 5 ns 2.0 |Fig.8
MR to CP 5 |12 5 5 ‘ 45
5 —10 5 5 6.0
tsu set-up time 80 |3 100 120 ns 20 |Fig.7
Dnto CP 1o]) 20 24 45
14 (1 17 20 6.0
th hold time 25 |2 30 40 ns 2.0 |Fig.7
CP to Dy 5 |0 6 8 45
4 0 5 7 6.0
fmax maximum clock pulse 6.0 |25 48 4.0 MHz 2.0 |Fig.6
frequency 30 (75 24 20 X 45
35 |89 28 24 6.0

1998 Jul 08 5



Philips Semiconductors

Product specification

Quad D-type flip-flop with reset; positive-edge trigger

74HC/MHCT175

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see

Output capability: standard
lcc category: MSI

Note to HCT types

The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below.

INPUT | UNIT LOAD COEFFICIENT
MR 1.00
CP 0.60
Dn 0.40

AC CHARACTERISTICS FOR 74HCT

GND=0V; t.=t=6ns; C_ =50 pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT| v, WAVEFORMS
. +25 —40 to +85 | —40 to +125 V)
min. | typ. | max. | min. | max. | min. | max.
ter/ tpLH | propagation 1 delay 19 |33 41 50 ns 45 | Fig.6
CP to Qp, Q
teHL propagation delay 22 |38 48 57 ns 45 |Fig.8
MR to Q,
tpLH propagation delay 19 " 35 44 53 ns 45 |Fig.8
MR to Q,
trh/ tnun | output transition time 7 15 19 22 ns 45 |Fig.6
tw clock pulse width 20 42 25 30 ns 4.5 |Fig.6
HIGH or LOW
tw master reset pulse width | 20 11 23 30 ns 4.5 |Fig.8
LOW
trem removal time 5 -10 5 5 ns 45 |Fig.8
MR to CP
tsu set-up time 16 |5 20 24 ns 45 |Fig.7
D,to CP
th hold time 5 0 5 5 ns 45 |Fig.7
CPtoD, .
frnax maximum clock pulse 25 |49 20 17 MHz 14.5 |Fig.6
frequency
1998 Jul 08 6
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