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ABSTRACT

This project presents a digital transmission at bit rate 64 kbps in coaxial cable. This
work uses Quadrature Phase Shift Keying (QPSK )is in a digital modulation form where the
digital information is contained phase of the transmitted carrier.

In this project uses the 512 kHz oscillating carrier signal and 480 kHz pilot signal
circuits with controlled by using real time clock 64 kHz. And uses digital data separate circuit
to digital 10 analog converier before presenting to either balanced modulator. Also, at the
balanced modulator includes the digital signal conversion with carrier. The results indicate the

in-phase of the transmitted carrier.
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Element 9170 Op-Amp 01y IC ﬁﬁqmnuiﬁ’ﬁ High Speed ## Slew Rate QoY Unity Gain
Bandwidth 49 (%4 LM 318 n3871CL8017 vz‘ﬁ'w'lﬁ'dwsﬁf]mﬁuﬁﬁﬁmmw?ﬂmzﬁwnmwmwm
Filter ‘éwfu ‘
Frequency Response U84 Filter 114 5 winuaasluglit 2.5 dulssumasdaminoy
aussiifiugaundlumangud da idunevaues lumalfiauaasdroduiiy

-5

Un 25 @ U AIMIABUAUDIANUTYBINITNT BN NUDATVHIATOUNU (Gain)f

< ]

790ATWE 0 Hz §eAMND High Cutoff (f,) Mwewuniaf (Bandwidth) Samify £, #i £, nie

: L4 3 [ ) t
AumuIn NG High Cutoff WlinWezaane 3 dB uasiinnudmnnm £, Wufefl £> £, Snswwonie

o

o1 4 P~ a4 d a '
Gain 'uanswﬁﬂnnmnﬂmzammamaq MUANUOEYYIY Input VIWNYU FNUBL ANUOTENIN



ah ) ) . ) ) g" A 4 4( J - -«
0 - f, Hz 5unT ¥4k (Pass Band) thusnfinmudgenn £, Wulisuiamsaansuveadyga

- ad a Y yd .,
aannVaESuNN $NUYAR ( Stop Band) 9InMsmeurussfitiuganadluduyszueasliitun Filter
o a ~ - o, s ' [ ) | v t ]
fidhuneunAssiinnuggidy (Loss) duguinneasnimuasinmugeRutlusdudly sramga us

L4
anmanuiiueialumalfid  flAdhunniy mnyTasetwnessiadadi Linear Network )
[l y wa 1 4 J y [] d [ [ ~ va
Tirnnsoaiequanitvesanuhidedlosiuld st lsfinusievahadunsuausslumaliia
Yy a ¥ a v - d - Py O [ -
muduiiv i lndfvafumsnsuaussfidiugannadmudulse Ihisuiu  Taverfamaiinniseenuuy
d - ¥ y 2 v Y v d ooy ¥
st Uszneunesaudunugunssisumnnumumune: aunudsy flinignies

1. st oo a -~ o
wivdmiefifidanmeieofiqaunz190p - Amp wianmuiiage

. v, . A
Gain, | -— | Gain, | — |
" Y
| - -
. Ideal
. reponse
il /
; .
- __._L‘_PJB-_‘_
) | bend
1 Step band Stop band
! +— Frequency. L Frequency
Ty fy ’
{a) (b)

ldeat
reiponse

C.707 b

Creguency frequency

;o
-

@K‘IIK\\II !
{AVZA\

A\

le'ﬁ 2.5 Frequency Response 4030935 Filter
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puyuves Fiter Hfunianldmannlumafiadald’ dunevausalsznulnd
Moamanguf TungUuuy Butterworth Filter ‘lﬁ’f]m5numwadvfnhqﬁmunziwnqa Tudnyuzsou
Snnufvunelemaitedunh Flat Filer MU Chebyshev Filter faifinyaiz 9296 Hhu Ripple
unzyamgailu Flat 67U Caur Filter 'M'vf«s”mhuunzaiqumi‘]u Ripple qud'ﬁqmwanuummz
AMUGaUINUeNes fuanaiu lumuAnuar m3lFau

27 25 @) iThudunouaues vesnesnsssrmdge dlold £ dhunnudlan uae £,
(1 Low Cutoff Frequency 18252 4amga 92agii Anmd o < £ < £, unysrevossashuegf £> £

zﬂﬁ 2.5 (¢) HEAIMIABUAUBIANUEVBINITNTIH LA TG FRNYNNUBYTEN I
thJ»lﬂ'TllJﬁfTYlﬂvalé’uﬁ High Cutoff Frequency (f,) Un¥ Low Cutoff Frequency (f) 'fsui'luv'ntmmiq?;
(U 0ABY 3 dB UAEYN PIMgAlaey Nt o <f< £, fu £> £ Taufl f, > f_ A1 Bandwidth Y89
Band Pass Filter M f,, - £, un¥ATNAATINAI (Conter Frequency) pyfinmd f ﬂiwng‘v';mxmﬁﬁq
NAI9¥ (Pass Band Gain) WoA

R 25 (@) umasmsnevmIes Ve Mnuasaer T Curve fudnuazasmiy
nTeITIRL nAfeY samya erznhennuiifvosttowgafe £, My £ unriivaeyaeuy
HONYNOYITNTNANND £ > £, UAL 0 < £ > £, 61930 Band Rejeot Filier 1 Band Stop Filter nio
Band Elimination Filtor N1# A1 tuud3ag vee $amya vy £, - £ unsmumiianaaveasae
ngathienud anwiianmmde £,

zﬂ‘y‘i 2.5 (6) UARINTIADUME (Phase Shift) TEMINUTIAUBUNN (Vin) AU usedu
BN (Vo) 'ummm?iphumnaﬂﬁf]mﬁuﬁﬁlunw'lﬁﬁ'tutmmnnﬂ'nn‘f';phu"lﬁwhq Aunafeld use
AueniynmAuussdudunm ‘lunnﬂ'nu‘f‘;'[ﬂuﬂﬂnf,]mnﬁauMm‘fuwWimgaﬁumﬁnn NUUTIAY
U ‘lumqmmﬁuviﬂ'wmm?;qqqﬂv?quﬂﬁumﬁn'n AV UTIAUBUNN qumﬂ-ummﬁwﬁuﬁua(jﬁij
fAauiA Unity Gain Bandwidth U84 Op - Amp finnuditl Phase shift fifaduszng UTIRUBIWN

MuussAusunn evdigaga

Mué’angﬂ ( Phase Lock Loop)

o 4 ad - 7 / 4 - Ja Y A -
lﬂﬂﬂﬂﬂﬂﬂ uluamn'nmunffwai'h °N!T'11J'170ﬂ’]ﬂf]1.lBﬂﬁ’ﬁﬁlmﬂﬂi‘lﬂﬂnﬂﬂ']'mﬂ

d A Al < v Y 4 - - ¢ "y
A8AYIDWANVANUAVBINY Y IU N mmﬂmmmwnmnaaﬁqmnmanﬂnuu LA NTY Y

Y

oy < g "2 Py I a1l a 1 - -~ J -
fidnnanutntonl) wriynnnradmamedefinuiutunisnaas musultesadanmeindn
[ [] [ 4 ] []
amuii Idasaunzaenfudygrafidndaiulamen o ldnnmadmanes T nuguesadammed
& ‘o a d - - Ay d )
Tuthilaiduvesnnuvesdygrafidunerfisumindygafidwuiiu FM (Frequency Modulation)

a - ' Ao o v a ° - lo
uduswinnitldninmadmamesi 2ernsesnmutm wiludygrafignih msdusagandiiues
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ninmives iladengy
o 1 o« ) L
winmsifiesduues madeaguitinnszuumsteundy Jalsznovdrududdy
mutiudaudenlaszuniulugdil 2.6 fis Ma@imanes ( Phase Detector ), NTBIRNMUDAINE Voltage

Control Oscillator ( VCO )

Vet
vl Phase . Low Pass vay)
(fs) Detector Filter
)|
il VCo

U 2.6 udenlaezunsuusaiaes madongy

T ihifidggraowdhn va swihiuguduns veo sndnamuduyuident
Free - running (MY fo Woitumn Vs floudhndamudoify s 2uesmedmamedesimihi
Wivufsumnunramuvesdygrafihmiudygiait veo § fs uer fo unndafueeld Ve
(Error Voltage) nioniynusamafimamedrimnsesnmudi vd Tiidh veo vfuamd fo I
fu s unzide fo ity s AfeaaTEEANT oA NN RmAWEs Ve seidlugud uoe vd
Aoy gudde

Tudeaves maSengl i lefumuiudesq flefh Lock Range UMM
Capture Range datinmumnounnsafugail

Lock Range Wsnudsthmmmfilndifissty fo #¢ mafonqy femursedondy
Fyyrufidun Muss Lock Range 'nznnn»uﬁoé’ommwmuv‘fawuma«ﬂaﬁ'&nqﬂnnm _

Capture Range Wiwdauinsuounmuéiilndifivafy fo V;Mﬂﬁ’anqﬂﬁ:uﬁaﬂﬁu
Fygrufidun  f1ves Caprure Range fuadﬁnuuué’mfﬂanmnsaqmmi‘;v‘hﬁmznnmmn
nuudiasuny unzTaudnf Capture Range s2iiAiniound Lock Range

el 1915 Lock Range UAE Capture Rango iy ngqﬁmsmmmzﬂﬁ 26
FaurasfaguinuayssnnarARy Error Voliage 84 madong dagd

nntnuesgd 27 auindygrafidniandsesy wanwlend g
nouusnezdehifior lsifndunay va mifugudeunsetennuuesdygaficn & fuihuamuii
fAYBY Capture Range W ldadonguifuiiondy fs uay va fmduauneusy veol fo vy s
uAluftimmah g Wanhlidsoqdeesinliiwes va funnloons

sunseia fs = fo MW va nhfugud et vd szdudhiuan uazinndudenn

sunsziie fs = £2 Fufhunnmiiqanaves Lock Range axl¥nganinmsfion uny va hifugud



Tumanfuiudh fs nlfsusingeaand Winsangld 27 dumanfongueziSy
fonule fs = 3 é«ﬂufim\:qﬂvaq Capture Range 1Y vd fifSluuansuiide fs naneeu fs = fo
o1& va miugudidafmifunmnniudesy sunsey s = @ Fufhurdrqaues Lock Range
sl fs nganinmsfienves mafeng unz va ndudiuguisnads mderg1éh

Lock Range = {2 -f4

Capture Range = f3 - f]

f1 R
l/fo f2 i
L Lock Range _|
) L

Capture Range

f4 /]
/o f3

o

AU Eror Voltage vaamndongl

Y

U7 2.7 quinuazsenheamud
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M31¥aOu MATLAB

Tusunsy MATLAB ShuTusunsufisnuumndmiunmsdnnumndamans Taoi
N Taommestriemifmnunaneduasuning Welussuuinouedungssuydmmisdoud
Funsmmnzaudim SumslFaulumsdundingey (analysis) 18EDOAULUTEUY (system design)

lumadmnssuynain

) 1
v a

o » d /o o CaR
Tdsunsu MATLAB fisnvagmdsfidhudensunendinenaas @udsanismisinues
ATt a dam el le 1y a4 3
aums Ind TudivanfosurRumiandu roots (poly) umufirea@uuiulusunsuudunnenindin
o “ S 4 v v ad
noawq Hansulu MATLAB desSunlaeandudug Ussnoumunnududouseadanssny i ms
[ y lo y - s A - o 1 s &
PONUUUHIAINIANAIHINTU 1gr szABasunianduilsznouduq Bnludinn 10 Hensusnuaizms
. o d, o Sde ¥ d a ‘v Y aA »
fsuuull  dutlumsineiidudeoufwi@unanmilunmsion Heisudssnouusdeifionly
a “ § v e [ - o & ° [ - ¥y lo
rnsofszmenlafanduiisming TasuSim niseresevinmsda udasud lunseuium@ouradsues
J ) « o« -~ o L]
itz rufumsidanuvesiusamaufin MathWorkr fosnuuuTysunsy MATLAB1dvh
msrwsmiaiduag Taomwzsnsumenu anssuthmunangiSunh tolbox
[ . 1w ] 1 d ° :
MIBMUAZIAY (read and write) MUTNINNToasuUHLIMAnTanT o 14
. " [ ., 9 o 4 .
TugUuuuuss MATLAB (89 (binaly file) n3eiugiuyy ASCI file A& Y 1¥msiFouns (interfacs)
» 3 o 4 d t
mateyasena MATLAB fuTdsunsuduihulyTasdw
2 ey )
midnlyau
- - : I <
Tusunsu MATLAB #18Aafeunseuy LAN U Vertion 4.2¢ for windows n3iSun
L4 . . : . < 4
15amulhiinfnun login 152Uy LAN ududh Windows 91nhul click SunTysunsy MATLAB s
-] ’ . ] 4
WUl Tdsunsu MATLAB Suufeuudaniseveglu MATLAB Command Windows Lasiiiunsed
v 9 M 4 o
mnusoiumifa wiow (prompt) ¥89 MATLAB 1Hhugy) “>>”
< - lo w s w S
M3i50n help 489 MATLAB 1nvfds help szuananuianyysemdanTofadsu
1 I e e -~ - s Y ] o w
A9 U89 MATLAB dhdesmignguidsueaiadelad i nelp <fades wu drdeamsgida
v ] ) ]
ﬁwuﬂ'lunqwm Control System Toolbox WAuw help control WHETAIYD ﬂqf{%‘umaq ﬁaq'lu
A < » \.ﬁ ’ 3 \" -~ (3 \.' .
Control System Toolbox KIBABINMITWATBURVBIMTwARLMAIT AN help <f1F9> (91 help step
{hudu
. %
NMIMHIUNUGIU N
A -y [} ‘l' [] ‘:‘ g <1 L] L ]
WowwifiFamsfinniniemuunioundoy “>>” MATLAB sxvmsfun
y 1 J Yo A - a 4 - '
udrlidmeulavud (uuuiduarunsesdiaey ) g
>>3%2+5M4 <ENTER>
Az ldfmeuufinn ans = 631
0 - - ) ¥ Yy Y a s » £y
mifnuynytiasegniimasuseny & ludsans Iiuinamsf e

< J 4 1 o [
S)Olﬁ'W!JWlﬂ?O\m}J'IU semicolon (;) 9187’1"1UU55Y1ﬂ (¥ R}
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>> 3*2+41.023-18; <ENTER>
d Y 4 ' ] -~ 1Y 3§ .
namafmnaszgoiny Bludusde ans udez ignfuesnnmemhes uashdeammnusiney
o -~ / ) a’
ALTAUN ans Fail

>> ans < ENTER >

msmmmmsﬂﬁﬂ'ﬁmsmm‘?mmam’uuuw‘umﬂu MATLAB
+ MsUIN
- mMIny
. Mg
/ MInIg
A mMsunfidy

Maaf 2.3 urasmslfiansmendnmanilu MATLAB

Himanllaliaunsaldldnualu 1 wsndauseduiudeadouneluysvialng
MWRud 3 9a) Aethoussviausn oy

>> 1234 +2345 +... <ENTER>

7.890 + 98479 <ENTER>

ans = 21.3169
famls

mstnmfuduns aunsomldlaoldndomny iy = Wudoarums i

o p 4 o i .
wdsIuTdsunsuneuiumesiag T Taslsedussgmadrovsunisamnomiy

v - 4
S>> Ay = uUned

¥

>> A=3+(5-7/8) <ENTER>
U - ' W UK A )
Fumshirvesiinnd 3 + (5 - 778 ) nFafy 7.1250 unduds¥e A I dannh MATLAB o
. - L L : A'a ’ L) -~ -« o o~ o ll -~ . 1
vnmarurmvesiuligaadendinisie wu Ruadufunsfivesmsfnnauuumiesfiamefinan
v 4' [] -~ PAR] Y] ] .{ . ] o~ [

taluridefinda S ludeams IR uiAvesduys IldinToanuy semicolon ;) ABYMEUTTTA 19U

>> b = sin (.15); <ENTER>
' . o wm o o & 4 ' v ya ¢4 o o
finUBa b = sin(.15) szgnAnnas ligniuiesnun msSungani luduls IiRuWFefu iy

>> b <ENTER>

oy A o A:‘A: 1 lr 4:‘ :f' [} I'I

msiSungFevesdiusitildeglunuiildanm (work space) vmstiulvldfnds who
4 i o “ 4 S 4 . i .« v ¢ a
FTUTAURNIEFOURIAWUITNTD whos FINTUTAINTD, WA (dimension) (A MTUNAMDS nTo

[ 4

WATHY) uorata $mamese e duuFtou) veesulsianue

v



Fovoeiuuslu MATLAB sxdoafududaudsnys unverseymuduinnyiidde
Fudsilszneudwisnusdn ngefammneiety  Sutieduiusdodufund 19
AuiAn - Ingiarefussunuiauydsauasi (case sensitive)

AL 1’nmuuﬁe"lﬂ’qnﬁmuﬂ'lﬁtﬂuﬁduﬂs%mmzlu MATLAB (%M pi , lof
(+00) , i, U0z j( 43

m1lfwviudoummsonldTasld i uos j Usznoumy

>>z=3+8i <ENTER>
Reiidorss¥e  tumiiderunsmmangoedodulsd MATLAB fmuasgrounds wuduly
uez j Tu MATLAB sviffudnmudedouliindh 4= drlumsdnnadimstmua i 1 ude § S
Sulunstisuiimvoa v Tugnay'y i
msfsd o lumandnmand wu 0/0 (Warning:Divide by zero ans = Nan,
Inf / Inf, Inf - Inf 93 1¥fmeudhu Nan (Not a number)
ImAed

mIfmuatisveanameslu MATLAB aunsovldnaeds Siusnfenmsiunem
vounny SR lunames Tavl9ind oaming 2y ([ 1) W

>> M

(18 9], <ENTER>

nie >>M = [1,8,9]; <ENTER>

-~

o ! o ¢ o / aAaa 2 ¢ - P
thumsdeusrdiunamed M Wunanesior gow vecton) fofuud lunamesiiegmu dauud As
y
) [ Y 1 (4 A
1L3,10E 9 MIuUMAN (colum) Tunsazumamnsaldldvamsidunssn (spacemiomsldindoamuny
1 4
M ()
-~ K -~n 1 S w o o 1Y [ ]
MIANAAVOIBANUATUNANOTNAN ( column vector ) M TAuSnuarAdIuqfuus

P J . 1 t o ¢ o 1 aa LA ] ] L4
1‘51?110\1‘"1110 semicolon ( ;) 'lu'izmwumzanmun tﬂunmtuqonmun twnaqmsﬂou MIAINDT

1= |6 11 MATLAB

> 1 =12;6;141;. <ENTER>
nie >> 1= [2; <ENTER>
6 <ENTER>

14];

P

@ oo A aqy g -~ 11 I:atav 1 4 a A
0ﬂ’)ﬁ‘HLNﬂiﬁfﬁﬂ\il’)ﬂlﬂﬂiﬂﬂﬂwuﬂ ul‘)masuuumwuqnuvhl FH VIANUIDNT Y

4 Yy a4 w -~ A [ ° y A
niennTeudanulaomuiiazaesiou annsenldlavazan TaoldinToenuny colon )

>>variable = begin : increment :

16



17

9 Erdpamidoumdaud 1 84 10 Taomuding 0.1 T unnmed ¢
>>t=1:0.1:10; <ENTER>

el ihunnmesmanow vcctor)ua:6’1584nwsﬁfwﬁﬂmafﬁﬁ6ﬁmuv{fhnﬂ
asnnsn lanaluamieu 1l increment fishumay

>>t_neg=10:-02: 1; <ENTER>
ning

msfloum I fusammd lumasnd gy iddnuinyazfoiufums deumn-
aed nedeunnssAmudlimituniszutiadiomshussn (space) LA OLLOINEILAUIAT BININY

semicolon 138TaunsnA <ENTER> (13U

>>k=[4 5;7 8} <ENTER>
n3o >>k=[4 5 <ENTER>
7 8];

¢

-~ -~ 1 A “
msnsmaIng (ranspose) nAmeIviswmind 1A © "aovoveuinie
.’ -~ L]
nseanuolnm 1wy
>>k=K; <ENTER>

nio >sk={4 5;7 8); <ENTER>

o X
WanfunugM
L n Z :
Hafsumendineeaiiugmlduaad P lumsiadans

Y A o ¥ Yo & o o ‘ an ¥ & at
1 unahdsvosiladiunealdisnusiuan uasmiwveuuiluihusiod

fva ANNMINY
bs Absolute value, complex magnitude
gle Phase Angle
s Answer when expression is not assigned
tan Arctarigent ’
axis Manual axis scaling
ode plot bode diagram

[ ) ¥
a19ah 2.4 naaalandunuglu MATLAB



fda

format long e
format short

format short ¢

AIUNNIE
clear Clear workspace
clg Clear graph screen
computer Type of computer
conj Complex conjugate
conv Convolution, multiplication
corrceef Correlation coefficients
cos Cosine
cosh Hyperbolic cosine
cov Covariance
decov Deconvolution, division
det Determinant
Kiag Diagonal matrix
big Eigenvalue and eigenvectors
exit Terminalte program
xp [Exponential base ¢
cxpm Matrix cxponential
cye ldentity matrix
filter Direct filter implementation
format long 15-Digit scaled fixed point

15-Digit floating point
5-Digit scaled fixed point

15-Digit floating point

freqs Laplace transform frequency response
freqz z-transform frequency response

grid Draw grid lines

hold Hold current graph on the screen

I isqrt(-1)

imag Imaginary part

inf Infinity

finv Inverse

MTIN 2.4 (A1)
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M AN
j
length Vector length
linspace Linearly spaced vectors
log Natural logarithm
loglog loglog x-y plot
logm Matrix logarithm
logspace Logarithmically spaced vectors
log10 Log base 10
lqe Linecar quadratic estimator design
lqr Linear quadratic regulator design
max Maximum value
mean Mean value
median Median value
min Minimum value
INaN INot-a-number
nyquist Plot Nyquist frequency response
ones constant
pi Pi
plot Linear x-y plot
polar Polar plot
poly Characteristic polynomial
polyfit Polynomial curve fitting
polyval Polynomial evaluation
polyvalm Matrix polynomial evaluation
prod Product of clements
quit Terminate program

MM 2.4 (AD)

039113
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Madq AYIUMNE
rand Generate random number and matrices
rank Calculiate the rank of a matrix
real Real part
rem Remainder or modulus
residue Partial-fraction expansion
rlocus Plot root loci
rocts Polynomial roots
semilogx Semilog x-y plot (xiaxis logarithmic)
semilogy ISemilog x-y ptot (y-axis logarithmic)
sign Slgnum function

mn Sine
inh Hyperbolic sine
ize Row and colurnn dimensions
sqrt Square root
sqrim Matrix square root
std IStandard deviation
step Plot unit-step response
sum Sum of elements
tan Tangent
tanh Hyperbolic tangent
text |Arbitrarily positioned text
title Plot title
trace Trace of a matrix
who Ists all variables currently in memory
label x-Axis label
ylabel -Axis label
Zeros [Zero

M7 2.4 (WB)

20



3
o~

fdansiin 2 Svos MATLAB sunsaiungldnnmaiun help plotxy fedrevesmslfnumed

] (4
plot 191 Roen1snAsamupeiandu x*sin(x) Tauld x fitAaud 0 83 1 stop 02 0.1 ansoih1éTao

>> x=[0:0.1:1]'; <ENTER> wilumtdmuam x Shnnned
>> y=x.*sin(x); <ENTER>  %guusnzmlunaned(#)Au sin(x)
>> plot (x,y); <ENTER>

M3 farunT 98 e 14 Command Window 1iag Figure Window A Tauiene1n Window UM menu
bar #30 AN fgure(l) 1ﬂatﬂunm?un1ﬂ (figuro) f1 1‘fum
A3n@ Alt - TAB 11 Microsoft Windows [WUmsadiy (switch) m3ldausznnaau
(task) M9 Moilun13$1009IT LY multitasking 34 Command Window lfZ Figure Window
azgnueaiil sk Ao oy Sernnsold Al - Tab enlfounthenild
manumdns
miusd sl work space sausuArdansam R lavldthdaluninaves
i save dafl
1. save : HunnmduysIu work space aaTuHAYD matiab mat
2. save filename : MilouNsEH 1 uA1S¥e' M filename mat unufiez1¥ ¥o matab.mat
3. save filenameXYZ : NUMHIEAMT X,Y,u08 Z a1 M0 filename mat
4. save filenameX Y7, - ascii : (RUAMYUTIHURMITAWUTX Y U02Z naluWdde filename
Tug1uuy ascii fannsasiudaoTsunsuduq 18
5. save filenameXYZ - ascii - double : MilouRunIE# 4 usiiuidhi 16 - digit unufie
(W 8 - digit
6. save filonameXYZ - ascii - double - tabs : Humiudeynlavunnzdoynezuuniu
A0 tabs
n1euma3d1ndu (load)
JoyafitvuuusuAadannsesundunu work space 1R Taul s Load
1. load : ¥AM3 load FulsRifulL M8 ¥s matlab mat ndum i work space
2. load filename : load fdusnnAams a1 Md30 filename mat
3. Joad filename xyz : load MU Iug LY ascii 990 1W 840 filename.xyz
madeu .m W
YseTomnfveems@on  m  file  f® mmmlﬁu'\‘fumaunﬁﬁﬁﬁmmviwq
"H'luuw'uﬁagn"lﬁ'unsmuwnﬁuw’aanm«ﬂ?mﬂuwﬂﬁ’fnummn
mrvfudoudlviuneulumsfnnaeg Bamnsom 1R Tasdhusehdwomm i hiindnun
\Mm‘mﬁnﬂmnmsmnahﬂm?mulﬂu m file w%’auﬁ'ﬂtfnmumn"l‘S’adwnsfﬁuann"lﬂn' Moes

iy lignondeday
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L

M3dudou m file gnnsoild Taufion File u menu bar udufien New m file
(38 Qpen m file tﬁ'ﬁmnmﬂn"lﬂﬁﬁﬁaqjuﬂ?) anuTUsNTY text editor 40 Notopad
mJnngfumlﬁﬁnﬁnmﬁmﬂuu m filo 14 fedrvudenisfouldsunsunfengy sinix) Tau x
S 0 B 2pi usnnuaziBuadehinilehez19m1aR fonsafou deom Taufion Eile Y menu

bar llﬁ"llﬁeﬂ New m file

% plot sin(x) function from O to 2pi

% as of 5/08/95 13:00

clsar;

x=[0:0.1:2"‘pi1’; 9% step size : =0.1
y=sina(x);

plot (x,y);

figure (1);

i _ o od
sioWoumeTe IWMiden File UM menu bar U89 Notepad udufion Save as ... Auri¥o Won daom
d : Y - - 4 -
Taolhduly caman eimfuldng AL-Tab sunduinii MATLAB Wemunido’lWd dao 71 Matlab

wioun TusunsufiseyinauTaonfiongy sine 4 Figure 1
>> dao <ENTER>
o o~ o [ : 4
mMunuaunInaasvoninfiny 1HiAueelu camat iy (ioesIn MATLAB
o ..l ' J ) : A
srfumfansuing A pah AlAnTy & save Yoynnalu directory Buq usnmilonin pam
I 4 [ ] [ 4
fifa1% Aoun/fou directory nowTaol9fda chdic 1u MATLAB #elivsuusyini3i
4 . S 4 . [y v .
UDSIONSIN drive ¢ uuulu ramdrive 'uagn'umunﬁnm'lu drive ¢
Ad 4 [ : 4 o ~
swgnouliieaniomiona reset AnluilowTeou wnAnudes copy Mannlvden ciman

o 3 LY 4 . v 4 (% s 1 -
nuasuuuruvesiussdienoansudly m file Tufusuq Idnfoun copy HARINUHLYEIRUBY

AU c\mat\ NoURIESUN Windows
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1) fiMUA Forth - order 0.1 dB Chebyshev - active 3 dB cutoff 16 kHz
2) 1ienldf1 C = 330 pF ifens OL une B vinmrsiad 41

3) mma uey B’ Awmmamudiunu R1 uay R2

a1 o = 02177 | fe = 16 kHz
B = 09254
O = QX 2fe = 02177 X 2 X T X 16 X 10°= 21.885 k
B'= Bxamwfe = 09254 X2 X T X 16 X 10°= 93.031 k
Rl =__1__
xa!xe
RI = 69.23 kQ

ionldRI = 69 kO ~
R2 = 20!

o [0 4B
R2 = 1452 k0

wenly R2 = 15k0

ludmfiz o = 05257 , fe= 16 ke
B = 03833
o' = 52849k
B'= 38533

Rt =__1__

2xc! xe
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R2

R2

11-20

Rl = 28 k2
wonld R1 = 28 kO

!

200
c [(X'2+B '2]
74.8 xQ2

L1}

@only R2 = 75k

Normalized Fllter Deslgn Tables

TABLE 11-23 0.1-dB-Chebyshev Pole Locations

Order n Real Pdrt Imaginury Part
e =8

2 0.6104 0.7106

3 0.3490 0.8684
0.6979

4 0.2177 0.9254
0.5257 0.3833

5 0.3842 0.5884
0.1468 0.9521
0.4749

6 0.3916 0.2590
0.2867 0.7077
0.10149 0.9667

7 0.3178 0.4341
0.2200 0.7823
0.0785 0.9755
0.3528

8 0.3058 0.1952
0.2592 0.5558
0.1732 0.8319
0.06082 0.9812

9 0.2622 0.3421
0.2137 0.6430
0.1395 0.8663
0.04845 0.9852
0.2790

MR 4.1 0.1 dB Chebyshev
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TWsunsy  MATLAB  Heenuuumndmiumsldamlumsdmnsiinmeimaedudy
1A Aifieatunesfildmimanaasaiar eenuuumIn R unIRdwBE MR IUAINTUYEY QPSK

sy gmaeg immsiszulona Taold MATLAB 1duaasAdenn hilil

$clock 64 kHz

clear;
t =0:.00000001:0.0001; % time axis
f ¢ = 64000; t frequency 64kHz
y = square(2*pi*f c*t);

tplot clock signal
subplot (211), plot (t,y),...
title('clock 64kHz'),...
xlabel (' sec'), ..
ylabel ('amplitude'),...
grid

8plot clock/2 signal

d = square(2*pi*(f c./2)*t);

subplot (212), plot (t,d),...
title('clock/2 (32kHz) '),...
Xlabel('sec'), ...
ylabel ('amplitude'),...
grid

Tdsunsudgygrenn®ni 64 kHz uny dygraunikm 32 kHz



amplitude

amplitude

clock 64kHz
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% If inphase -150mv modulate with carrier sine wave
t 512kHz

clear;
t = 0:0.00000001:0.00001;
f = 512000; %8 frequency 512kHz
w = 2*pi*f;
car = 150* sin(w*t); & carrier sine wave
in = -150; % siganl -150mv if data in is '0°
yl = in.*car;
IN = 150; % signal 150mv if data in is '1°'
y2 = IN.*car;

tplot at inphase =-150mv
subplot (211), plot(t,yl),...
title('modulator inphase data is Q" Y, ...
ylabel (*Vims (mv)*),...
xlabel ('t (sec) "),
axis ({0 0.00001 -30000 30000}),grid, ...

%t plot at inphase =150mv
subplot (212),plot(t,y2),...
title('modulator inphaseé data is "1% D I
ylabel ('Vrms (mv)'),xlabel ('t (sec)'),...
axis ({0 0.00001 -30000 30000]), grid, ...

Tusunsunegomdygemedn nphase
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x 10 modulator inphase data is “0"

0 0.1 0.2 03 0.4 05 0.6 0.7 0.8 0.9 1
t(sec) 5
X 104 modulator inphase data is "1"




$ If quadr

$ 512kHz
clear;
t = 0:0.00000001:0.00001;
f = 512000; & frequency 512kHz
w = 2'pi*f;
car = 150* sin((w*t) -90); % carrier cosine wave
q = =-150; % siganl ~-150mv if data in s'0'
yl = (q.*car;
Q = 150; % signal 150mv if data in is'1'
y2 = Q.%car;
tplot at quadrature phase =-150mv
subplot (211), plot(t,yl),...
title('modulator Quadrature phase data is "0" '),...
ylabel ('Vrms (mv)'),...
xlabel('t(sec)’'),...
axis([ 0 0.00001 -30000 30000]) ,grid,:..
$ plot at quadrature phase =150mv ‘

ature phase -150mv modulate with carrier cosine wave

subplot (212) ,plot(t,y2),...

title('modulator Quadrature phase data is "1" "),...
ylabel ('Vrms (mv)'),xlabel ('t (sec)'),.

axis ({0 0.00001 -30000 30000}), grid,...

Tusunanuoguandeyg10im1ad1u Quadrature
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X 104 modulator Quadrature phase data is "0"

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1
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ipilot signal 480 kHz

N = 128; % number of sample=2"m
fc = 480000;
T = 1/(16*fc); % sampling time
K =0:N-1;
freq = K*(1/(N*T));
f = Sin(2*pi*fc*K+T);
F = fft (f) ;

magF =  abs (F):;

tplot in time domain
subplot (211) , plot(K,f),...
title( 'pilot signal'),...
xlabel( 't' ),...
ylabel ("Amplitude'’), ...
axis ([0 100 -1 11),grid

§plot spectrum in frequency domain

subplot(212), stem(freq(l:N/2),magF(l:N/2)),hold,...
Stem(-freq(1:N/2),magF(1:N/2)),.
title(' Spectrum of pilot signal'),...
Xlabel ('f Hz'),...
ylabel ('Amplitude'),...
text (350000,-5,'0.48"),...
text (-1000000,-5,'-0.48"),.

grid

Tusunsudygnonises 480 kHz
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pilot signal
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plot phase shift 90*

fc = 512000; 8 frequency 512kHz

N = 2.77;

K = 0:N-1;

T = 1/(18%fc);

t = K* T;

c = 10107 (-12); t C = 100pF

R . = 31050; $ R = 31k

vi = sin(2*pi*fc*t); % input source
ang = (-2*(atan2(1,2*pi*fc*R*C*t./t )));
deg = ang*(180/pi); $ angle degree
vo =  sin((2*pi*fc*t)-deg): toutput

subplo%(le),plot(K,deg){...

xlabel ('time'),ylabel ('angle degree'),grid
title('angle of phase shift 90*"),...

axis ([0 65 -95 -80))

subplot (212),plot (K,vi, '-.';K,v0),...
xlabel('time'),ylabel ('amplitude'),grid,...
title(' input signal with out signal'), ...
axis([0 120 -1.5 1.5))
text(2,1.3,'vi=sin(w.t) ~. -. -.")

text (22,1.3, 'vo=cos(w.t) __ ")

Tusunsudygroudouma 90°

fphase

cos (wt)

shift
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angle of phase shift 90*
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tcarrier signal 512 kHz

N = 64; % number of sample=2"m
fc = 512000;
T = 1/(16*fc); % sampling time

K =0:N-1;

freq = K*(1/(N*T));
f = sin(2*pi*tfc*K*T);
F = ffr (f) ;

magF = abs (F):

tplot in time domain
subplot (211) , plot(K,f),...
title( 'sine wave'},...
Xlabel( 't' ),..
ylabel ('Amplitude'), ...
axis([0 60 -1 1)), grid

8plot spectrum in frequency domain

subplot (212), stem(freq(l:N/2),magF(1:N/2)),holq,...
stem(-freq(1:N/2),magF(1:N/2)),...
title(' Spectrum of sine wave'),...
Xlabel ('f Hz'),...
ylabel ('Amplitude’), ...
text ( 350000,-3, '.512'"),...
text ( -1000000,-3,'-.512"),...
grid

. A
Tsunsudfggramnduming 512 kHz
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sine wave
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% Summing amplifier

clear;

modio
modil
modq0
modql
pilot

F
W
r
r

t
£

[

f
i =
(- 15
(150)
(-150
(150)
150*s

0:0.0000001:0.00001;

512000; % frequency carrier
480000; $ frequency pilot
2*pitf;

2¥Ypi*F;

100000;

1000;

0)*(150)*sin(w*t); % mod. data is '0°
¥ (150) *sin(w*t); % mod. data is '1°
)*(150) *sin((w*t)-90); % mod. data is '0°

Y (150)*sin((w*t)-90); 8% mod. data is '1'
in(W*t); % pilot signal 480kHz

§ plot pilot signal
subplot (231), plot (t,pilot),...

title

('pilot signal 480kHz'),...

xlabel('sec'),ylabel('V (mv) '),...

grid

$ summing if data in "00"

vol = (rf./ri).*(modiO+modqO+pilot):;

subplot (232), plot (t,vol),...

title

(' ||00|l l)'.-.

xlabel ('sec'),ylabel('V (mv)'),.

grid

% summing if data in "01"

vo2 = (rf./ri).*(modi0+modql+pilot});

subplot (233), plot (t,vo2),...

title(

v "01" ')I...

xlabel('sec'),ylabel (' V (mv) '),.

grid

% summing if data in “10"

vo3 = (rf./ri).* (modil+modqO+pilot);

subplot (234), plot(t,vo3),...

title

(v nio" v)l-_'

xlabel('sec'),ylabel(' V (mv) "),...

grid

% summing if data is "11"

vod = (rf./ri).*(modil+modql+pilot);

subplot (235), plot(t,vol),...

title

(v SAR Y v)’-._

xlabel('sec'), ylabel(' V (mv) '),...

grid

t plot carrier signal

ca = 150*sin(w*t); tcarrier signal 512kHz

subplot (236),plot (t,ca),...
title('carrier signal 512kHz'),.
xlabel('sec'), ylabel(' V (mv) '),.

grid

Tusunsusessamdygw
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% Low-pass chebyshev filter
clear;

(N,D] = chebyl(4,0.1,0.5); torderd,ripple in
passband0.1dB, cutoff 16kHz

tplot frequency response
W = logspace(-10,3,1000); %plot lto 1000rad/sec

bode (N,D,w), ...
title('Bode Plot ')

Tusunsudgygransoan Uiy Chebyshev order 4
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Gain dB
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tdemodulator if input was "00"

clear;

t = 0:0.00000001:0.00001;

£ = 512000; % frequency 512kHz

W = 2¥pivf;
cari = 150* sin(w*t); % carrier sine wave
carq = 150*cos(w*t); % ~carrier cosine
sig = -150*sin(w*t)-150*cos(w*t); % input®0oo® -
I = cari.* sig; § output demod.

Q = carq.*sig;

t plot output demod "00"
subplot (211),plot(t,I), ...
title('demodulator inphase "00" '),...
ylabel ('Vrms (mv) '), ...
xlabel ('t (sec)'),.
grid
$ plot at inphase =150mv
subplot (212),plot(t,Q),...
title('demodulator quadrature phase "00" 'Y, ..
ylabel ('Vrms (mv)'),xlabel ('t (sec)'),.
grid

~ o A -~
Tusunsyduoagandygrouiodunn “00”
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X 104 demodulator inphase 00"
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tdemodulator if input was "01"

clear;

t = 0:0.00000001:0.00001;

f = 512000; t frequency 512kHz

w = 2%pit*f;
cari = 150* sin(w*t); % carrier sine wave
carq = 150*cos(w*t); & carrier cosine
sig = -150*sin(w*t)+150%cos (w*t); % input®01"
I = cari.* sig; % output demod.

Q = carg.*sig;

% plot output demod "01"
subplot (211),plot(t,I),...
title('demodulator inphase "01" '),...
ylabel ('Vrms (mv)'),...
xlabel ('t (sec)'), ...
grid
subplot (212),plot (t,Q), ...
title('demodulator quadrature phase "01" '),...
ylabel ('Vrms (mv)'),xlabel ('t (sec)"), ...
grid

~ W A -~ &
TUsunsudneagandygradiodunn “o1”



demodulator inphase "01"
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tdemodulator if input was "10" .
clear;
t = 0:0.00000001:0.00001;
f = 512000; ? frequency 512kHz
W = 2*pi*f;
cari = 150* sin(w*t); %t carrier sine wave
carq = 150*cos(w*t); % carrier cosine
sig = 150*sin(w*t)-150%cos(w*t); t input™0oo“
I = cari.* sig; %t output demod.
Q = carq.*sig;

it plot output demod "10"
subplot (211),plot(t,I),.
title('demodulator inphase "10" '),...
ylabel ('Vims (mv)'),...
xlabel('t(sec)'),..
grid
subplot (212),plot(t,Q), ..
title('demodulator quadrature phase "10" Y),...
ylabel ('Vrms (mv)'),xlabel ('t (sec)"),.
grid

o A -
TUsunsunengandygrauiedunn “10”
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x 1 04 demodulator inphase "10"
3 ] 1 ! !
P I L B B B e L -
g . [ S Sty 2t SRR B pregreeeegenncfennecte R B e R 4 ---------------- S B e R freeemmcserinsenienns ~
5
0 [ETTICTE O CEaLnt o8 SLRTTETS ST PEFEFET: T35 SETIIY I Sy ? -------------------------------- .
-1 i i i i
0 0.2 0.4 0.6 08 1.2
tsec) x10
x 10‘ demodulator quadrature phase "10"
T I ! T
0[. [ VRN .....; ............................................................................................ -1
5 :
E §
o -1t { A W s S A A At S Mt M e et | A S S B | R .
E ; :
= s
iy J CEESEE DRS ERRREt O S B A R T B -------------------------------------------------------- -
_3 i 1 i 1
0 0.2 0.4 0.6 0.8 1.2
t (sec) 5

x10
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tdemodulator if input was "11"

clear;

t = 0:0.00000001:0.00001;

f = 512000; t  frequency 512kHz

W = 2%pi*f;
cari = 150* sin(w*t); ¥ carrier sine wave
carq = 150*cos(w*t); % carrier cosine
sig = 150*sin(w*t)+150%cos (w*t); % input"oo"
I = cari.* sig; % output demod. .

Q = carq.*sig;

% plot output demod "11"
subplot (211),plot (t,I),...
title('demodulator inphase 11" '), ...
ylabel ('Vrms (mv)'),...
xlabel ('t (sec) '), ..
grid
subplot (212),plot(t,Q),...
title('demodulator quadrature phase "11" '), ...
ylabel('Vrms (mv)'),xlabel ('t (sec)'"),...
grid

<~ » & -~ < y
Tﬂmnmﬂuaﬂﬂmnmytymwaauwn “11°
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X 10‘ demodulator inphase "11"
3 I 1 T i
2 0 SR Y S (PRI U PRI U SRPR-OY T DIEPRRN SR P ¢ S S B R tt ot SRR TR TR SETET S PR PR e e e e T —
E
o JH ey et e e e R R f-mmemmmemacenaaceanan -
E
>
0 S F s F B S A Py . P e e A T T T L B e R S L T L e ~
_1 1 1 1 1 1
0 0.2 0.4 0.6 08 1 1.2
t(sec) x10
X 1 04 demodulator quadrature phase "11"
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t (sec)
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@ MOTOROLA

palanced Modulators/
pemodulators

<These dovices were designed for use where the output voltage is a

duct of an input voltage (signal) and a switching function (carrier). Typical
gpplicallons include suppressed carricr and amplitude modulation,
wonchronous deteclion, FM detection, phase detection, and chopper
;pplicmions. Sce Motorola Application Note ANS531 for additional design

Information.
» ‘Excoflont Carrier Suppression 65 dB typ @ 0.5 MHz
! ~50d0 typ @ 10 MHz

;mA-djuslable Gain and Signal Handling
‘s 'Balanced Inputs and Outputs
» High Common Mode Rejection -85 dB typical

[, . 5 3
Ths dovice contains 8 aclive transistors.

A

CIAVERYER VERVAAVEL wouro suomossos
> EANE A UK A GF
P\ INTEND

uy“ Waveform
A .

Figure 2. Suppressed
Carrier Spectrum

MC1496, B

. BALANCED
MODULATORS/DEMODULATORS

SEMICONDUCTOR
TECHNICAL DATA

w D SUFFIX

h PLASTIC PACKAGE
Y‘ CASE 751A
] (SO-14)

P SUFFIX
PLASTIC PACKAGE 44 @éﬁ»“

CASE 646 N

PIN CONNECTIONS

Signal Input Er— ° E VEE
Gain Adjust [ 2] 13) ne
Gain Adjust [T_ —l__'z‘] Output
Signal tnput E E e
Bias E E Camnet input
Output @ E!] NC i
NC E B Input Cartiet .

[P ——

."ORDERING INFORMATION

Operating
Device. Temperature Range Package

MC1436D SO-14
Ta =0°Cto +70°C

MC14836P ' Plastic OIP

MC149GBP | Tp = —40"C 10 + 125°C! Plastic DIP

Figure 3. Amplitude
Modulation Output
Waveform

Figure 4. Amplitude-Modulation Spectrum

MOTOROLA ANALOG IC DEVICE DATA



VIL 1490, OB

MAXIMUM RATINGS (T = 25°C, unless otherwise noted.)
Rating “Symbol Value Unht

Applied Voltage AV 30 Vde
(V6 -V8, V10 -VIi,V12-VB, VI12-VI0, V8 -~ V4,
V8 - V1, V10~ V4, V6 - V10, V2 - V5, V3 -~ V5)

Ditlarentia! Input Signal V8 -VI10 +5.0 Vdc
V4-Vi | $(5+I5R,)
Maximum Bias Current  * Is 10 mA ’
Thermal Resistance, Junction~to-Air RgJA 100 °CIwW
Plastic Oual In~Line Package
Operating Temperature Range ’ TA 0to +70 °C
Storage Temperature Range Tsig -65to +150 °C

NOTE: ESD data available upon request.

ELECTRICAL CHARACTERISTICS (Vo¢ = 12 Vde, VEE = -8.0 Vdc, I5 = 1,0 mAde, R = 3.9 ki), Rg = 1.OK, TA = Tiow ¢+
all input and output characteristics are single~ended, uniess otherwise noted.) '

Characteristic Fig. | Note Symbol Min Typ Max
Carrior Feadthrough 5 1 VCFT
Vg = 60 mVrms sine wave and ic = 1.0 kHz - 40 -
offset adjusted to zero fc =10 MHz - 140 -
V¢ = 300 mVpp square wave:
offset adjusted to zero fc=1.0kHz - 0.04 0.4
offset not adjusted fc = 1.0kHz - 20 200
Carrier Suppression 5 2 Vcs
{g = 10 kHz, 300 mVims
{c = 500 kHz, 60 mVrms sine wave . 40 65 -
I = 10 MHz, 60 mVrms sine wave - 50 -
Transadmittance Bandwidth (Magnitude) (Ry_= 50 (1) 8 8 BW34g
Carrier Input Port, V¢ = 60 mVrms sine wave - 300 -
fg = 1.0 kHz, 300 mVrms sine wave
Signal Input Port, Vg = 300 mVrms sine wave - 80 -
Vel = 0.5 Vde .
Signal Gain (Vg = 100 mVrms, { = 1.0 kHz; IVgl= 0.5 Vdc) 10 3 Ays 25 3.5 -
Singla-Ended Input Impedance, Signal Port, | = 5.0 MH2 6 - ) ‘
Paraliel Input Resistance fip - 200 -
Paralle! Input Capacitance Cip - 2.0 -
Single-Ended Output Impedance, | = 10 MH2 6 -
Parallel Output Resistance fop = 40 -
Parallel Output Capacitance Coo - 5.0 -
Input fhas Current ) 7 0t -
Lo ls a8 g ' lbs R -
bS 2 ° ucC 2 R Ihe - 12 30
Input Off{set Current . 7 - '
hog = 11-44 Ly - 18-110 fos! - 0.7 7.0
toc! - 0.7 7.0
Average Temperature Coeilicient of Input Offset Currunt 7 - ITCyio | - 2.0 -
(TA = =55°C to +125°C) )
Ouiput Oliset Current (16-19). : 7 7 - loo ! - 14 80
Average Tomperature Coeflicient of Output Offset Current 7 - ITC|oo! - 90 -
(Ta = ~55°C o +125°C)
Common-Mode Input Swing, Signal Pon, {g = 1.0 ki{z 9 4 CMV - 5.0 -
Common-Mode Gain, Signal Port, {g =.1.0 kHz, IVgl= 0.5 Vde 9 - ACM - -85 -,
Common-Mode Quiescent Output Voltago {Pin 6 or Pin 9) 10 - Vout - 8.0 -
Ditferential Output Voltnge Swing Capability 10 - Vout - 8.0 -
Povier Supply Current 16 #112 oL 7 6 Icc - 2.0 4.0 -
114 IEE - 3.0 5.0
DC Power Disstpation ! 7 5 Py - a3 -

I3
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L. MC1496, B

GENERAL OPERATING INFORMATION

prpitEgedthrough

 ~grriof fecdihrough is defined as the output voltage at

é\l}%:f ;ro'quoncy with only the carrier applied (signal
o w0).

'H:duge:r null is achieved by balancing the currents in the

:f- atlal amplificr by means of a bias trim polentiometer
:‘ (R"o( F',gurﬂ 5)
L ier Suppression
Carrler suppression is defined as the ratio of each
| output 10 carrier output for the carrier and signal
WM jo lovels ‘spccif'ied.. o
.'"139“."559-’ §uppr'9sswn is very dependent on carrier input
kvgr, as shiown in Figure 22. A low value of the carrier does
ot fully switch the upper switching devices, and results in
‘Wf slgnal gain, hence lower carrier suppression. A higher
+* than optimum carricr level rosulls in unnccessary device and
§.Sgkeeutt carier feedthrough, which again degencrales the
suppression figure. The MC1496 has been characterized
jewith & 60 mVrms sinewave carrier input signal. This level
| aovides optimum carrier suppression at carrier frequencies
': Kma‘vtcinity of 500 kHz, and is generally recommended {or
5 palanced modulator applications.
,"" :',,cardor foedthrough is indopendent of signal level, Vg,
Thus carrier suppression can be maximized by operating
with large signal levels. However, a lincar operaling mode
must be maintained in the signal-input transistor pair ~ or
" qarmonics of the modulating signal will be generated and
-;(bpear in the device output as spurious sidebands of the
: .i_.p'p(essod carrier, This requirement places an upper limit on
hput—signal amplitude (see Figure 20). Note also that an
optimum carrier leve! is recommended in Figure 22 for good
_carrloc suppression and minimum spurious sideband
gienoration.
2"AL higher frequencies circuil layout is very important in
ordor to minimize carrier feedthrough. Shielding may be
nocessary in order 1o prevent capacitive coupling between
the carrier inpul leads and the outpul leads.

Slgnal Gain and Maximum Input Level

Signal gain (single—ended) at low Irequencies is defmed
e the voltage gain, .
Vo _ R

=0 26_mV
Vs Vg Ret+2rg

I5(mA)

i A

b
Aconstant dc potential is applied to thécarrier input terminals
10 fully switch two of the upper transistors “on” and two
transistors "ofl™ (Vg = 0.5 Vdc). This in effect forms a ciucode
differantial amplifier. :

Linoar operation requires that the signal input be below &

critical value determined by Rg and the bias current 15.

whqre fa =

- Vg < I5 Rg (Volts peak)

Noto 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 vol'age which may be
applicd to both bases ol lhe signal diflerential amphfier,
without saturating the current sources or without saturating
tho differential amplitier tsell 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 inlegrated circuit package
should be calculated as the summation of the voltage—current
products at each port, i.e. assuming V12 = V6, 15 = 16 = 112
and ignoring base current, Pp = 2 I5 (V6 - V14) + 15)
VS5 - 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:

15=16= 12,
Ig < < Ig for ail transistors
then :
Vg where: RS is the resistor between
RS = ——jz— 500 Pin 5 and ground

0=0.75at T = +25°C

The MC1496 has been characterized for the condition
i5 = 1.0 mA and is the generally recommended value.

B. Common-Mode Quiescent Output Voltage
V6 = V12=V+-15 R
Biasing
The MC1496 requires three dc bias voltage levels which
must be set externally. Guidetines 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 Vdc = [(VG, V12) ~(V8, V10)] = 2 Vdc
30 Vdc 2 [(v8, V10) ~ (V1, V4)] = 2.7 Vdc
30 vde 2 [(V1, Vd4) - (V5)] 2 2.7 Vdc
The foregoing conditions are based on the following
approximations:
V6 = V12, VE = VIO, V1 = V4

Bias currents flowing into Pins 1, 4, 8 and 10 are transistor
base currents and can normally be neglected if external bias
dividers are designed to carry 1.0 mA ot more.

Transadmittance Bandwidth
Carrier transadmittance bandwidth is the 3.0 dB bandwidth
of the device forward transadmittance as defined by:
1o {each sideband)
Y21C ~ vg (signal)
Signal ransadmittance bandwidih is the 3.0 dB bandwidth
of the device forward transadinittance as defined by:
ig (signal)
Y218 = 3 (signai

0=0

Vg = 0.5 Vde, Vo = 0
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Coupling and Bypass Capacltors

Cupacitors Ct and C2 (Figure 5) should bo solocted for a
reactance of loss than 5.0 2 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 inpuls with a
single-ended output connection.

Negative Supply

VEE should be dc only. Tho insertion of an RF choke in
saries with VEE can enhanco the stability of the intemal
current sources.

Signal Port Stabliity

Under cortain values of driving source impodaneg
oscillation may occur. In this event, an RC Supprossioe
network should be connectod directly to cach input usiy
short leads. This will reduce the Q of tho Source—tune,
circuits that cause the oscillation. :

Signal Input
(Pios 1andq) O b - .

I 10 pF

'

Sraman

’y

An altemate method for low-frequency applications is 16
insert 2 1.0 kQ2 resistor in series with the input (Pins 1, 4), 13
this caso input current drift may cause serious dogradation of
carrier supprossion, 4

-
o

[T

TEST CIRCUITS '

Figure 5. Carrier Rejection and Suppression
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G
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Flgure 7. Blas and Offset Currents

Vee
12 Ve
L]
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- 20k
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~o2

Figure 6. Input-Output Impedance
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NOTE: Shielding of input ang oulput leads may be needed
to properly perform these tests.

Flgure 8. Transconductance Bandwidth
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TYPICAL CHARACTERISTICS (continued)

Typneal chnengloristics wore oblained with clrcuil shown in Figure 5, Ic » 500 kHiz (sine wavo),
Ve = 60 mVuns, Ig = 1.0 Kz, Vg = 300 mVrms, Tp, = 25°C, unless otherwise noted,

-

Figure 15, Sideband and Signa! Port Figure 16. Carrler Suppression ,
Transadmittances versus Frequency versus Temperature .
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Figure 9. Common Mode Gain
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TYPICAL CHARACTERISTICS

Typical characloristics were obtained with circuit shown in Figure 5, Ig = 500 kHz (sine wavo),
V¢ = 60 mVrms, 5 = 1.0 kHz, Vg = 300 mVrms, Ta = 25°C, unless otherwise noted.

Figure 11. Sidgband Output versus
Carrier Levels

}

Figure 12, Signal-Port Parallel-Equivalent
Input Resistance versus Frequency
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Figure 21, Suppression of Carrler Harmonic
sidebands versus Carrier Frequency
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OPERATIONS INFORMATION

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

This circuit consists of an upper quad differential amplifier
driven by a standard ditierential amplifier with dual current
sourcos. The outpul collectors are cross—coupled so that
{ull-wavo balanced multiplication of the two input voltages
occurs. That is, tha output signal is a constant timos tho
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
maybousod as a balanced modulator. doubly balanced mixer,
product dotector, frequency doubler, and other applications
requiring these particular output signal characteristics.

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

Slgnal Levels
The upper quad differential amplhfier may be operated
elthor in a linear or a sawrated moce. The lower differential
amplifier is operated in a linear mode for most applications.
For low-lovel operation at buih input ports, the outpul
signal will contain sum and dilference {requency components

.

Figure 23. Circuit Schematic
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vgg 14—

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 {requency components of the
modulating signal frequency and the fundamental and odd
harmonics of tha carrier frequency. The output amptitude will
be a conslant timos the modulating signal amplitude. Any
amplitude variations in the carrier signal will not appear in the
oulput.

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

Since the lower ditierential ampiilier has provisions for=an
external emitter resistance, its linear signal handling range
may be adjusted by the user. The maximum input voltage for
linear operation may be approximated from tha following
expression:

v = (15) (RE) volts peak.

This expression may be uged to compute the minimum

value ¢! Rg for a given input voltage amplitude

Figure 24. Typical Modulator Circuit
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Figure 25. Voltage Galn and Output Frequencles 3
Carrlor Input Signal (V) Approximate Voltage Galn Output Signa! Frequency(s)
Lowtavel & Ve ,
ow-lave M
2(Rg + 2rg) (-’f—}) 5
Q
High-level d Ry { 5;;1
gh-levol d¢ m M :g |
£
Lowovel P Velms) et 3
ow-level ac cxim D
2/2 ('-(ql) (Rg + 2rq) ¥
0.637 R
High~level ac —— L fc2tm. 3c2tu Slc =i - - .
Rp + 21g

NOTES: 1, Low~lsve! Modutaling Signal, Vjy, assumed In afl cases. V¢ Is Carrier Input VoRage,

2. When Uhe output signal contains multipla froguancles, the gain exprassion grven is for the outout emz<tude of

each of the two desired outputs, I + Iy and I ~ T4
3. Al gain expressions are {or a single-endea output. Fo: a ditferential output connection, multiply sach

expression by two.
4. Ry = Load resistance.

distntis

5. Rg = Emirter resistanca batwesn Pins 2 and 3. 'ux:
6.14 = Transistor dynamic emitter resistance, a1 25°C; T
26 mV :

18 ~ e U

Is {mA) -

7. K » Dottzmann’s Constant, T « ta.aparature in dagrees Kelvin, q = the charge on an electron. -
-K—T- =~ 26 mV ai room lemperature _.’.

The gain {rom the modulating signal input port to the
output is the MC1496 gain paramaelar which is most often of
interest to the designer. This galn has significance only when
the lower differential amplifier is operated in a linear mode.
but this includes most applications of the devico.

As previously mentioned, the upper quad differential
amplifier may be operated either in a linear or a saturaled
modo. Approximate gain expressions have been developed
tor thoe MC1496 for a low-leval modulating signa! input and
the following carrier input conditions:

1) Low-level dc
2) High-teve! dc
3) Low-level ac
4) High-evel ac

These gains are summarized in Figuro 25, along with the
frequency components contained in the output signal.

APPLICATIONS INFORMATION

Double sideband suppressed carrier modulation 15 the
basic application of the MC1496. The suggested circuit for
this applicalion is shown on the front page ot this data sheet.

In soma applications, it may be necassary 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 o that of the dual supolv modulator.

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

All that is required to shift from suppressed carrier !o A
operation is to adjust the carrier null potentiometer for
proper amount of carrier insertion in the output signal, %

However, the suppressed carrier null circuitry as showr
Figure 27 does not have sufiicient adjustment rangs,
Therefore, the modulator may be msdified for AM operaf)
by changing two resistor values in thg null circuit as shown [n
Figure 28. Y d

Product Detector t

The MC1495 makes an excellent SSB product de(ectot
(see Figure 29).

This product detector has a sensitivity of 3.0 mlcrovoltq
and a dynamic range of 30 d& when operating at’
intermediate frequency of 9.0 MHz.

The detector is broadtand for tne entire high frequenﬁ
range. For operation at very low 1ntermediate frequencies
down to 50 kHz the 0.1 uF capaciiars on Pins 8 and 10
should bo increased 1o 1.0 ytF. Alsc, the output filter at Pin 12
can be tailored to a specificinterme s 2ta frequency and audic
amplifier input impecdante.

Asin all apptications of the MC12£3, the emitter resistance
betwaen Pins 2 and 3 may be incrsased or decreased {6
adjust circuit gain, sensitivity, and cynamic range.

This circuit may also be used as an AM detector by
introducing carrier signal 2t the carries input and an AM signal
at the SSB mput

The Cauiur signal nay be derived from tho intormediate
frequency signal or generated locatly. The carrier signal may
be introduced with or without moduiztion, provided its levells
sufficiently high to saturate the uppoer quad ditforentisi

S—
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Flgure 21. Suppression of Carrier Harmonic
sidebands versus Carrier Frequency
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OPERATIONS INFORMATION

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

This circuit consists of an upper quad differential amplifier
drven by a standard difierential amplifier with dual current
sourcos. The oulput collectors are cross—coupled so (hat
full-wavo balanced multiplication of the lwo input voltages
occurs. That is, Lhe output signal is a constant times the
product of the two input signats.

Mathematical analysis of linear ac signal muttiplication
Indicates that the output spectrum will consist of only the sum
and differenco 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 particutar output signal characteristics.

The lowes differential ampiitier has ils emitlers connected
1o the package pins so that an external emitter resistance
may be used. Also, external foad resistors are employed at
tha device outpul.

Signal Levels
The upper quad c:ferential ampliticr may be operated
githar in a knear +r a saturated mode, The lower difterentia!
amplisrer is operated i a linear mode for most applications.
For low-leve! operation at both input ports, the oulput
signal will contain sum and difference Irequency components

Figure 23. Circuit Schematic
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YT T =770 Outaut

: - —-.—--] ?
e =0 Gain
}_—— T 'g Adijust

(P nuners
>5o0  per G package)

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

‘modulaling signal frequency and the fundamental and odd
harmonics of the carrier frequency. The output amplitude will
be a constant times the modulating signat ampfitude. Any
amplitude variations in the carrier signal will not appear in the
output,

The linear signal handiing capabiliues of a differentiat
ampiifier arc well defined. With no emitter degeneration, the
maximum input voltage for finear 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 amgiitier has provisions for an
external emitter resistance, its finear signal handling range
may be adjusted by the user. The maximum input voltage for
linear operation may be approximaied from the following
expression:

. V = (I5) (RE) volis p2ak, .

This expression may be used to compute the minimum
value of Rg lor a given input voltage amplitude. '

Figure 24. Typical Modulator Circuit
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or. 1 the carrior signal is modulated, a 300 mVrms

jovel is recomma

poubly
™o
with gither

patworks.
“The

nded.

gstanced Mixer
MC1496 may be used as a doubly balanced mixer
broadband or tuned narrow band input and output

: with 8 recommended amplitude of 100 mVrms.
mixer with a broadband input and a

Figuro 30 shows a

woed outpt:

anuency Doubler

jocal oscillator signal is introduced at the carrier input

The MC1486 will operale as a frequency doubler by
ptroducing the same frequency at both input ports.

Figuros 31 and 32 show
and a tuncd output very
respectively.

a broadband frequency doublor
high frequency (VHF) doubler,

Phase Detection and FM Detectlon

The MC 1496 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 viill doliver an output
which is a lunction of the phase dilference 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 inpuls
1o 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

Figure 26. Balanced Modulator

(12 vdc Single Supply)

Figure 27. Balanced Modulator-Demodulator
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Figure 29. Product Detector
Figure 28. AM Modulator Circuit (12 Vdc Single Supply)
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Figure 30. Doubly Balanced Mixer
(Broadband Inputs, 9.0 MHz Tuned Output) Flgure 31. Low-Frequency Doubler
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PHASE LOCKED LOOP

The MC140468 phase tocked loop contains two phase compara-
tors, a voltage-controlied oscillator (VCO), source follower, and
tener diode, The comparators have two common signal inputs,
PCAjn and PCB,. Input PCA;, can be used directly coupled to large
voltage signals, or indirectly coupled {with a series capacitor) to
small voliage signals. The sell-bias circuit adjusts small voltage signals
in the linear region of the amplifier. Phase comparator 1 {an exclu-
sive OR gate) provides a digital error signal PClgyy, and maintains
90° phase shift af the center {requency between PCA;jq and PCBjn
signals (both at 50% duty cycle). Phase comparator 2 {with leading
edge sensing logic) provides digital error signals, PC26,¢ and LD,
and maintains a 0° phase shift between PCAj, and PCBin signals
{duty cycle is immaterial), The linear VCO produces an output signal
VCOqyp whose frequency is determined by the voltage of input
VCO;n and the capacitor and resistors connected to pins Cl1a,Clg,
R1, and R2. The source-follower output SFgyq with an external re-
sistor is used where the VCOi, signal is needed but no loading can be
tolerated. The inhibit input Inh, when high, disables the VCQ and
source {ollower 1o minimize standby power consumption. The zener
thode can be used to assist in power supply requlation,

Applications include FM and F SK modulation and demodulation,
frequency synthesis and multiplicatson, {requency discrimination,
tone decoding, data synchronization and conditioning, voltage-to-
frequency conversion and motor speed control.

Buttered Outputs Compatible with MHTL and Low-Power TTL
Diode Protection on All Inputs

Suppty Vottage Range = 3.0 10 18V

Pin-for-Pin Replacement for COA0468

Phase Compuarator 1 is an Exclusive Or Gate and 15 Duty Cycte
Limited

¢ Phase Comparator 2 switches on Risng Eddes wnd 18 not Duty
Cycle Lunited

L SUFFIX
CERAMIC
CASE 620

P SUFFIX
PLASTIC
CASE 648

DW SUFFIX
1% . SOiIC
- CASE 751G

ORDERING INFORMATION

MCIIXXXBCP  fashe
MC12XXXBCL  Ceranue
MC1EXXXBDV. SOIC

BLOCK DIAGRAM

I
1
1
VLo, 4O : Valtagn _L_o“ ar
Lonnattiet
r—l—o 12 R
{ Ou nintoe .
vap * Fin 16 { b0 Ci,
[¢12) tvem 1
Vg * Pin B | TR |—<) ? Cliy
! 1
1an L 10 57 que
"
! L0615 2enar
-t

Ta 55 to 125 C for all pacwages
PIN ASSIGNMENT
wodre’/6h voo
PClLa QY 151 Zenor
w43 lah PCA,,,
vEo, g4 130 PCP0um
tan g o 2hnr2
Cade ngRt
<ig g2 10;] 5Fout
Vs QH 9 vCO,,
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MC140468B

MAXIMUM RATINGS® (Voltagos relerencod to Vgs)

Rating Symbol Value Unlt
OC Supply Voltage Voo -051% +18 Vae
Input Vollago, All inputs Vin -0510Vpp10.5 | Vdc
DC nput Current, pur Pin Ly 210 mAdc
Powar Dissipation, par Packagat Pp 500 mw
Operating Tomporature Range TA -5510 +125 *C
Storage Tomporature Rango Tsiq ~65t0 +150 *C
“Maximum RaBnos 8¢ 1hose vikies bayond which damage to the device mey ocowr,
{ Tomporature Dersting: Plastic “P and D/DW™ Packages: - 7.0 mW/,C From 65°C To 125°C
Coramic “L" Packages: ~ 12 mW/C From 100°C To 125°C
ELECTRICAL CHARACTERISTICS (Voltages Nelerenced lo Vgg)
v ~55°C 25°C 125°C
Characteristic Symbol | oo Unit
Min Max Min Typ Max Min Max
Output Voltage “0" Level 50 -— 0.05 — 0 0.05 - 0.05
Vin = Vpp or 0 VoL 10 —_ 005 —- 0 005 | — 005 | vdc
15 —_ 0.05 —_ 0 0.05 - 0.05
1" Level 50 | 495 - 4.95 5.0 — | 495 -
Vin = 0 0r Vpp VOH 10 9.95 - 9.95 10 - 9.95 - vde
15 14,95 — 14.95 15 — 14.95 —_
fnput Vollage # “0" Level
(VO = 4.5 0r 0.5 Vdc) v 5.0 —_ 1.5 - 225 1.5 — 1.5 Vde
(VO = 9.0 or 1.0 Vdc) L 10 - 30 - 450 30 - 3.0
{Vo ~ 13.5 05 1.5 Vuc) 15 L 4.0 - 6.75 4,0 _ 4.0
“1" Lovel
(Vo = 0.5 or 4.5 Vdc) 5.0 35 - 35 275 - 3.5 _—
(VO = 1.0 or 9.0 Vdc) ViH 0 | 70 | — 70 550 — 0| — | Ve
(VO = 1.5 or 13.5 Vdc) 15 11 - 1 825 — 1" —
Output Drive Current
(VOH = 2.5 Vdc) Source 5.0 -1.2 — -1.0 -7 — -0.7 — o
(VOH = 4.6 Vdc) I0H 5.0 -0.25 — -0.2 -036 _ -0.14 — mAdc
(VOR = 9.5 Vdc) 10 -0.62 - 0.5 -09 - -0.35 —_
(VO = 13.5 Vde} 15 -18 — -1.5 -35 —_ - 1.1 —_—
(VoL = 0.4 Vdc) Sink 5.0 | 064 - 0.51 0.88 - 103 [ —
(VoL = 0.5 Vo) 0L 10 1.6 - 1.3 2.25 - 09 — | mAde
(VOL = 1.5 Vo) 15 42 — 3.4 8.6 - 2.4 —
input Current in 15 — 0.1 — = 000001 -0 — >1.0 { pAdc
input Capaciance Cin — — — - 50 75 —_ -~ pF
Outescent Curtent o 50 - 50 - 0.005 5.0 - 150 | uAdc
(Por Package) Inh ~ PCAn ~ Vpp. 10 - 10 - 0010 10 - 300
Zener - VCO,q,  OV.PCBy, VDD 15 - 20 - 005 20 - 600
01 O0V.lay Ouh
1otal Supply Currenty ‘ n 6 T (140 pARHIY L 1 InG nAdc
lnh  "0". 4y ~ OkMz, CL 50l 0 IT (291 AN ¢ Ign
A1 = 1L.OM{L R2 = » Kgp = », and 5 Iy s (437 uARHI | 0 10
50% Duty Cycle) .

#Noise unmunity shecilied tor worst-case input corbinaton,

HNorse Margm for Leth ™17 and "0 lovel

tTo Calcutate Yotal Curtent in General:

i ??IVDD(

1O Ve mun e V3 50 Ve
20 Vdi min ¢+ Vpp 10 Vac
25 Vdemine Vpp 15 Vide

Rsy

l.xo“vool'(

VCO,, - 1.65 , vpp ! 35)3'4 16 (VC(),,, i (‘-5)3 )
IeMin T 22 DD 22 . a2 X2

A1 n2
100% Duty Cycle ot PCA,,

100

R1, A2 Hgp in Mgt C on VCOu,

G-121
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ELECTRICAL CHARACTERISTICS® (C = 50 pF. Ta = 25°C)

Voo Minimum Maximum
Charactarlstic Symbol vdc Daovice Typlcal Device Units
Output Riso Timo tTLH ns
LK = (30 ns/pF) Cp + X0 ns 5.0 - 180 350
HLH = (1.5ns/pF)C ¢ 15ns 10 —_ 2 150
e = (3.1 nspF)C v 10ns 15 —_ 65 110
Outout Fall Timo THL ns
HHL = (1.5ns/pF) Cp + 25ns 5.0 - 100 175
L = (0.75 ns/pF) Cr_ + 12.5n3 10 - 80 75
trHL = {0.55ns/pF) C ¢+ 35 ns 15 _— 37 55
PHASE COMPARATORS 1 and 2
input Resistance — PCA; Rin 5.0 1.0 20 - MO
10 0.2 0.4 -
15 0.1 0.2 i
— PCOjn Rin 15 150 1500 — MO
Minimum lnput Sonsitivity Via 5.0 —_ 200 300 mV p-p
AC Coupled ~— PCAjn 10 — 400 600
C serios = 1000 pF, 1 = 50 kHz 15 _ 700 1050
DC Couplod — PCAjn, PCB — St015 See Noiso Immunity
VOLTAGE CONTROLLED OSCILLATOR (VCO)
Maximum Frequency fmax 5.0 0.5 0.7 —_ MH2z
(VCO;n ~ Vpp. Ct = 50 pF 10 1.0 1.4 —_
11« 5.0 ki), and R2 ~ ») 15 1.4 1.9 —_
Temperaturo — Froquency Stability —_ 5.0 —_ 0.12 - %"C
{R2 = =) 10 - 0.04 -
15 — 0.015 —_
Lineanty (R2 = =) — %
(VCOp = 25V = 0.3V, Rt > 10 k) 5.0 - 1.0 —
(VCOijp = 5.0V = 2.5V, R1 > 400 k1) 10 - 1.0 —
{(VCO,n = 7.5V = 5.0V, Ri > 1000 k1) 15 — 1.0 -—
Output Duty Cycle —_ 51015 _ 50 .- — “a
Inpuet Resistance — VCOin Rin 15 150 1500 — M
SOURCE-FOLLOWER
Otisat Voltage - 5.0 - 1.65 2 v
(/CO,n minus SFour. RGE > 500 ki) 10 —_ 1.65 22
15 - 1.65 2.2
Lincarity — o,
(VCOyy - 25V = 03 V. Rgg ~ 50 k1) 5.0 — [ X] -
WCOn 50V + 8V fgp ™ 50 ki) 10 - 06 -
WCO -~ 75V - HOV, ilge - 50 M1) 15 — 0.0 -
ZENER DIODE
2ened Voltage {1; = 50 uA) vz -_ 6.7 7.0 7.3 \4
l Dvnamee Besstance (1, 1. mA) nz — — 100 — 4]

“The fornuta given s for the tygrcal characlenstics only
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MC140468B

FIGURE 1 — PHASE COMPARATORS STATE DIAGRAMS
PHASE COMPARATOR §

tnput State :
{
T
X x 1
PCA;, CBin :
|
PClgye 0 J [

PHASE COMPARATOR 2

1nout State : |

‘e”e @
) | @ @e OMEO
rCA;, PCB;, Mo o

. 3-5tate s
Clout 0 Qutput Disconnectec
Lo
[}
{Lock Detecr} ° !
Rofar to Wavetormi in Figure 3.
FIGURE 2 ~ DESIGN INFORMATION
Charscieristic Uting Phase Comparstor ¥ Using Phate Compaerator 2
No 1ignal on input PCA;,,. VCO in PLL system adjusts 1o center frequency { VCO in PLL sytwem sdjusts 10 minimum fre-
(tg). queney {fminl.
Phaca angle berwesn PCA,, and PCBjn. | 902 at center frequency (f), approsching 0° Always 07 in lock {poutwe rising edget).
and 180° st ends of lock range (21 ),
Locks on harmonics of centsr frequency | Yn No
Signal input noise rejection. High Low
Lock frequency range (21 ). The frequency range of the input signal on which the loop will stay loched of sl wat
initially intock. 2y = full VCO frequency renge « foy g = fmun-
Capturs frequency range (2(C). The frequency renpa of the input signal on which the 1000 will lock «f 1T wes initelly
out of lock, L
Depends on low-pes filie: charscieristics ) o=ty
{ree Figure J). {c & 1
Conter frequency (), The lresquency of VCOgq,,q. when VCO;, = 1/2 Vpp
VCO output freguency {1},
1
fmin o {Vco input = Vgg)
A5(Cy¢ 32 pF)
Hota  Thase sgoatons are stended 1ot i
A Gean gunce St caloulalnd componeat '
vahses may te vy @rrGr by as much 35 a fackr (e o o o Imin {Veo input = Vpp!
of 4, 12DOAIO"Y esperiTentaton may be RyICy ¢ 32 pF}

required for taes designs Past o part ke
quency vanaia with glentzat passwe com- .
Pongnty s lypcaly less than @ 20% Where: 10K <Ry < 1M
I0K< Ry< 1M
1000F <Cy < 01 uF
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fIGURL 3 GINLRAL PHASE-LOCKLO LOOP CONNECTIONS ANO WAVLFORMS

s
9 Source 10 out
Folower
vCco
"n ﬂs‘
PCA,. X 14 . ~ 20013 kuternat 9 P = vCo,
® Frequency ! Com "'" , or Low Pavs vco - 3 e NI® =
OMPAratot | PCigyy ¥ atrer Vi a2 6 ] @ Feoavency
£CO,, or c ci
P€2um 12 A7 L‘.‘I(._J °
cr
M Cahemn = =
{ N |
L Sovnr
Typical Low -Pass Filtery
Typicstty
{s} A3 (o) R3
1nout O—W—I—o Output fnput Dutpur Rq Cz = -2._ SN
1 2841
CT Nt fir Re Y
= e~ 2 (R + 3,00012) Cq = -~ R Gy
IC: 'mllz
= 81 e = tmin

Hote  Sametines 1 i 1oht 010 two series resntors cach B3 2. A capaciior C i then placed tron the mudpoint to ground The value for
Cc should be such that the corner frequency ol this netwark does not significantly affect taq. In Figure B, the ratio of 1] 10 R4 sets
the dumygnng, 114 2 {0,1]{13) lor optimum resutty,

LOW-PASS FILTER

Oehinitiony N Totat division ratio in feedback loop Futer A Filter B
Ko« Y/ # tor Phase Comparator 1
K * Vpp/4 & lor Phase Comparator 2 wn ’KGKVCO o ! KoKy CcO
2natveco NR3C; " YNCRIR3+R,)
® S ———
vCco Vop-2V Nen N
2R, teosm—r | 0 0, (R3C ¢ pmr———
tor 3 typical design wyy ¥ S {1 phase detecior input} 7K ARy CO KoKy
¢~ 0207 R3CyS+1

1
Fls) ¢+ ————r Fis) _—
[ R3C25+1 Y STICR4CaITi

Piase Cpmipacatn

Vavelomns

Fhase Lamparaige

- FUTTT e L
o [T

-2 MO f —— VO

L. SRS I S R I

. . Yy, Visse
RO ' I [ l . w
—_— — T - VOu
e Maa , vou
veo,, N N P ¥C20ut
Wiy - Vo
Vo
VU N
Vo

£0ie for lurther ssormatn, sus
tH F Gatuner, “Phase Lock Technmues’ | Jutin Wiley and Son, New York, 140
21 G 5 Moschylz, "Minature AC Filters Using Phase-Locked Loop”  BS1E RS, e
t3) Garth Nash, “Pnase Lock toop Desgn Fundamentals™. AN 4935, Matorote e
(A B Preodouisha, “Phase Loes wd Loop Design Arictes™, ARZOA, repanted By Wofoenta Inge
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MC14049B
MC14050B

V.VoL - 04 V., IgL » 3.2 mA}.

. crcult operation,

High Source and Sink Cutrents
High-to-Low Level Converter
Supply Voltage Range = 3.0 Vio |
VIN can exceed Vpp

Meets JEDEC B Specilications

HEX BUFFER

The MC140498 Hex Invorter/Butier and MC140508 Noninverting
Hex Butfer are constructed with MOS P-Channel and N-Channel
enhancement mode devices in a single monolithic structure. These
complementary MOS devicos ind primary use where low power dis-
sipation and/or high noisc inununity is desired. These devices provide
togre level conversion using only one supply voltage, Vpp.

Theo input-signal high level (V) can exceed the Vpp supply vollage
for logic level conversions. Two TTUDTL loads can bo driven when
the devices are used as a CMOS-to-TTUDTL converler (Vpp = 5.0

Note that pins 13 and 16 are not connected internally on these
dewvices; consequently connections lo these termunals will not affect

8V

Improved ESD Protection On All Inpists

MAXIMUM RATINGS (Voltagss loronced 1o Vi)

- Characteristlc | Symbol] Value __Unit
0C Supply V"";‘SP____ - Voo 0510 18 Vdc
Input Vottage {OC or Transient) VIN 0510 +18 Vvdc

_‘O‘\il;\ul Voltage (OC or Transwent) 1 _._YOULM . ‘9_._'{_12_\_109_:’ 050 vde |
Input Gureent (DC or Transient), per pin . T =30 - mA
Output C\.nu.-m_g.){.‘1 ut Transient), pur _Jdout ¢4y ] mA
Power Dissipation, per Pachage? Pp mw

{Plastiic/:Ceramic} n2s
s _ L. o 790 b

Swnage Temperatwre . T B3t 140 } ¢

Ledd Tempetaiory (B:Seoong Sokdureg) -} _ Ty 750 poed

IMamum Ramngs are those vatuee, buytnd whath damage 10 e devie Mmay occar

2 Lorngunt atoorer Docatieny fasee Fugoares 4

Ta

L SUFFIX
. CERAMIC
CASE 620

P SUFFIX
PLASTIC
CASE 648

16 D SUFFIX

. soic
CASE 7518

" ONDERING INFORMATION

MCI14XXXBCL Ceramic
MC14XXXBCP Plastic
MC14XXXBD  SOIC

55 Cic + 125°C for aN packages

(Ul

- om

(N8 P13, 1
vgg bt

[ P ]
gLy

S S,

LOGIC DIAGRAM

rC 1oL

PR

]
1 _.(>.......x~ i
i

[N TR [

vy, Pl

\"n’:\‘ Py
6-125
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PIN ASSIGNMENT
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ELECTRICAL CHARACTERISTICS (Voliages referenced to Vgs)

Voo -55°C +25°C +125°C
Charactoristic Symbol Vdc Min Max Min Typ’ Max Min Max Unit
Cutput Voltage "0" Leve! VoL S.0 —_ 0.05 - 0 00s - 0.05 Vdc
Vin = VoD 10 - 0.05 — 0 0.05 - 0.05
15 — 0.05 — 0 005 - 0.05
“1" Levet VO 50 4.95 — 495 50 — 4,95 -~ Vde
Vin=0 10 9.95 - 9.95 10 - 9.95 -
15 14,95 — 14.95 15 — 14.95 —
Input Voltage “0" Lovel Vit Vde
(Vo = 45 Ve 50 - 1.5 - 2.25 15 - 1.5
Vo 90 Vdc) 10 - 30 — 450 30 - 30
{Vo ~ 135V} 15 - 4.0 — 6.75 4.0 - 4.0
“1" Level ViH | Vdc
(Vo = 05 Vac) 5.0 35 - 35 275 - s - .
(VO = 1.0 Vde) 10 7.0 — 7.0 5.50 —_ 70 -
_(Vo__15Vdg) 15 1" - 1 8.25 - 1 —
Output Dervee Cureent o mAdc
(Vo 25 Vde) Soutse 50 ~1.6 - -1.25 -2.5 - 10 -
Vo 99 Vde) 10 16 —_ 1.30 ~26 - 1.0 .-
(Vo1 » 13.5 Vdc) 15 -4,7 — ~3.75 ~ 10 — -3.0 —
(VoL = 0.4 Vdc) Sink oL 5.0 3.75 - 3.2 6.0 - 26 — mAdc
(VoL = 0.5 Vdc) 10 10 v - 8.0 16 — 6.6 —
(VoL = 1.5 Vdc) 15 30 — 24 40 19 -
Input Cutrent hn 15 — =0.1 - 20.00001| =0.1 — =1.0 | pAdc
Input Capaciance (Vig = 0) | Cpn | — | =} = | — 10 L = oF.
Quiescent Current (Per Package) (313} 50 - 1.0 —_ 0.002 1.0 - 30 nhAde
10 - 20 - 0 V04 20 - 60
e 15 — 4.0 - 0.006 40 | - oo} ]
Total Supply Current 2,3 I 5.0 1T = (1.8 pAKHZ) L+ I nhde
(Oynami plus Quiescent, 10 It = (3.5 uAKHZ) | 4+ Ipp
per package) 15 Iy = (5.3 pA%HzZ} ! ¢ Inp
{Cy = S0 pF on alt outputs, all
buffers switcting - - -

1 Duta lebuted Typ 15 not 10 ba used for desgn puipuses bul 13 intunded as an indicabon of the IC’s potential pedornvance
2 The tormulas gen are for the typical charactarrsiics only at + 25°C B
3 1o calctuate tetat supply curtent at loads other than 50 pF: £
G N(SOpF) + (CL S0} VM
Vihore 17 s 0 uA (pot Package). CLmpf, vV (VDO VSS) i volts, | :n kHZ 18 nput reQuency and ¥ 0 002

This device contains circuitry to protect the inputs against
damage due 1o high static voltages or electrnc tields refer-
enced to the Vgg pin only. Extra precautions must be thken
to avoid applications of any voltage higher than the maximum
rated vollages lo this nigh-impedance circuit. For proper oper-
ation, the ranges Vgg = Vin ~ 18 V and Vgg . Vg °
Vpp are recommended. .

Unused inputs must always be tied 10 an appropnate logic
voltage level {e.g., either Vgg or Vpp). Unused oulputs must
be left open.
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MCI4U4Y w (Vi 1suuuvL

AC SWITCHING CHARACTERISTICS! {CL. _S0pF Ta 1 25C) R
Yoo
Characleristic Symbot Vdc Min Typ2 Max Unlt
Output Rise Time TLH ns
ITLH = (0.7 ne/pF) CL + G5 ns 5.0 - 100 160
tTLH = {0.25 ne/pFy C ¢ 375 ns 10 - 50 80
14 = (0.2 ns/pF) Cy ¢+ 30 ns 15 - 40 60
Output Fall Time tTHL ns
ITHL = (0.2 ns/pF) C + 30 ns 50 —_ 40 60
tyHL = (0.06 ns/pF) C + 17 ns 10 ~ 20 40
ML = {0.04 ns/pF) C + 13 ns 15 — 15 30
Propagation Delay Tine PLH ns
iprst ~ (0.33nspF) CL 1 63.5ns 50 - 80 140
Iy » (019 nepF) C ¢+ 30.5ns 10 —_— 40 80
Ipyy = (0.06 ns/pF) Cy + 27 ns 15 — 30 60
Propagation Oclay Time tEHL ! ns
'PHL = (0.2 nspF) CL + 30 ns 50 — 40 80
tpyL = (0.1 ns/pF)C + 1S ns 10 - 4 20 40
1Py~ (0.05 ns/pF} C + 12.5ns 15 — 15 30
1 The lormulas grven are for tha typscal characlenisics only at 25°C
2 pata tabuted “Typ™ 13 not to Le usod b cesagn guposes bat 1 mienvded as bn indicaton of the 1IC's potental pedorman.e
MC140498 MC140508 MC140438 MC1esiie

Voo
— 1
! —Q
oL Vou
80 Vgg 8

Voo

1
. Vo(

—0
Vou
Vss
Yes  Von Yoo Voo < Vin
o ----—E— i - -
= N - [ESpRRRIT NS S - - Y 15 Ve
o //7% 5 ﬂ i |1 .
e (U 0 [
/ £ o et SR PV
e z P
~1_ /1 @ - > :
/7 a /r vgs W0V
7'-_..__ NI S S RSV RN

4

NS U & _ / /}/‘ ]
:'?. / Mynmum Ciut': Level :
S -~ % i - -

Myumum Current Level fe) % e VG 98V h
wlo . 1 Zfi S S _._I ._‘_l - ._l_._‘ 0 B PR S
10 BC 50 (3] 2C 0 ] 20 6e 80 0

¥ps. DRAIN-TO SOUATE VO TAGE (ve.)

fIGURE 1 — TYPICAL OUTPUT SOUHCT CHARACTERISTICS

27

a5
Vs, DRAIN 12 SQU

RCLVOLTASE V)

FIGURE 2 — TYPICAL OUTPUT SINK CHARACTERISTICS



Putse
Generator

Ppy. MAXIMUM POWER DISSIPATION ‘miv}

PER PACYAGE

LTRSS A R VR R

[ETRRTIR A VRV VW]

|~ ~—{ 266 mW (L}

—— 175 mW (P}
====1 120 mW {D}

1200,
1100
1000
HN —
R~ iL} Ceramic
NN
50 .| _}iPeOiP
ann -
0 {0} SOK ~ > N
20 <'>:<— I—T
® Niv il o
o !
3 %0 i3 100 125 1% 175

Ta, AMBIENT TEIMPERATURE (0°C}

FIGURE 3 — AMBIENT TEMPERATURE POWER DERATING

Vou:

#invert on MC140498 onty

M ns

Input Z 0%
S0%

{
- 10% *
vss
1P~ e — — Py
% Vou
Output ' -
MC140438 — 10
. Yo
- -—{ - - F—‘I“"
PLH L.
— : ~ Vor
Output ""
MC140508 N
" B Vot
IMH—{  [e— —q fe—any

FIGURE 4 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
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QUAD 2-INPUT AND GATE

vee

{1] _[ia] [i2] [w] [ro] [5] [e]

D)

EN
] (2

(] L] (o] L L] TeT 2]

GND

GUARANTEED OPERATING RANGES

SN54/74L.S08

QUAD 2-INPUT AND GATE
LOW POWER SCHOTTKY

M J SUFFIX

CERAMIC
CASE 632-08

Vet
emm
—a

- N SUFFIX
) fY PLASTIC
" CASE 646-06
M |

égg;' D SUFFIX
14\‘- "\- SOIC
1

CASE 751A-02

ORDERING INFORMATION

SN54LSXXJ Ceramic
SN74LSXNN  Plastic
SN7ILSXXD  SOIC

Symbol Parameter Min Typ Max Untt

vee Supply Voltage 54 4.5 50 55 v
74 AT 50 525

Ta Oporating Ambiont Tomperature Hange 54 =55 2 125 °C
74 0 25 70

10H Output Current — High 54,74 -04 mA

oL Output Current — Low 54 a0 mA
74 8.0

FAST AND LS TTL DATA

| )



SN54/74LS08

CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE {uniess otherwise specificd)
" Limits
symDO' Parameter Min Typ Max Unit Test Conditlons
"
Guaranteed Input HIGH Voltago for
V[H Input HIGH Voltage 2.0 v All Inputs
54 0.7 Guaranteed input LOV/ Voltage for
viL Input LOW Voltage 7 0B v All Inputs
T vik Input Clamp Diode Voltage -065 | -1.5 v Vee = MIN, iy = =18 mA
— sa | 25 | as v
4 VOH Output HIGH Voitage - - VCC = MiN. lon = MAX, Vin = Viy
74 27 35 v or Vi per Truth Table
—
|- 64,74 0.25 0.4 v loL =4.0mA Vee = Vee MiN,
VoL Output LOW Vollage ViN=VLorViH
y 74 0.35 0.5 \ loL =8.0mA per Truth Table
20 A V MAX, V 27V
i = . =2
H Input KIGH Current cc N
0.1 mA | Voo =MAX, ViN=7.0V
WL input LOW Curient ~-0.4 mA VCC=MAX, ViN=04V
10s Short Circuit Current (Note 1) ~-20 -100 mA Vee = MAX
Power Supply Current
icc Total, Output HIGH 4.8 mA Ve = BAX
ftal, Outped § OW 8
lloln 1. Hol mara Man ene output should be shoded at i bme, nor for margs thisn § second
i
AC CHARACTERISTICS (Tp = 257C)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tPLH Tuen-Ott Detay, Input to Output 8.0 15 ns Ve =50V
1PHL Turn-On Delay, Input 1o Output 10 20 ns Cu=15pF

—————— e e e

FAST AND LS TTL DATA

51
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DUAL JK NEGATIVE
EDGE-TRIGGERED FLIP-FLOP

The SN54LS/74LS73A offers individual J, K, clear, and clock inputs, These
duatflip-llops aro dosignad so that when the clock goes HIGH, the inputs are
enabled and data will be accepted. The logic level of thg J and K inputs may
bo aliowed to chango when the clock pulse is HIGH and the bistable will per-
forin according to the truth table as long as minimum set-up times are ob-

served. Input data is transferred to the outputs on the negative-going edge of
the clock puise.

LOGIC DIAGRAM (Each Flip-Flop)

o o]
13 (8) 12 (9}
{
l i CLEAR
2{6)
K
\ T————0
1 (10) i —— ()
1 (lb[
CLOCK (Cy
MODE SELECT — TRUTH TABLE
INPUTS OoUTPUTS
OPERATING MODE = =
¢ | [ « )
l Beset (Cinaz) L] ox Tx
Vo H { n ! h
Lead 0" (Haser) wo| o n
Load 1" (Se) t H h !
Hotg | n t
Hoh o HIGH Vetlage Level
LotOw Vudiagn Leve
Xt Can
L Cower Cusu Iotters inficate 112 stale uf the bty PO DUt ) e Sl up e

£V L Ihe HIGH 10 LOWY clock trangion

e e L

SN54/74LS73A

DUAL JK NEGATIVE “I
EDGE-TRIGGERED FLIP-FLOP

LOW POWER SCHOTTKY

e

—
1
F\M‘ J SUFFIX T
i CERAMIC |
EAY) CASEG3208 |
14 |
1

‘

A - N SUFFIx
PLASTIC
y CASE 646-0
1

w* D SUFFIX
o~

1o soic
, CASE 751A-02

ORDERING INFORMATION

SNS54LSXXY Ceramic
SN74LSXXN Plasuc
SN74LSXXD SO

LOGIC symBoL

Veg: PN«
GRD - PIN 11

FAST AND LS TTL DATA
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GuARANTEED OPERATING RANGES

SN54/74LS73A

gymbol Parameter Min Typ "Max Unit
vee Supply Vollage 54 4.5 5.0 5.5 v
74 4.75 5.0 5.25
A Operating Ambient Temperature Range 54 =55 25 125 “C
74 0 25 70
IoH Output Current — High 54,74 -0.4 mA
oL Output Current — Low 54 4.0 mA
74 8.0
pCc CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwiso specilied)
e
Limits
Ssymbol Parameter Min Typ Max Unit Test Conditions
G d Input HIGH Volt i
t oltage for
ViK Input HIGH Voltage 2.0 v A:?{:::‘:c npy g
54 0.7
-’ - ! W Voltage (ot
viL input LOW Voliage v (;::?r:an:ccd nput LO S
74 0.8 puts
—
VIK input Clamp Diode Voltage ~0651 -15 \" Voo =MIN iy =-18 mA
54 2.5 3.5 v = I = MA =V
vout Output HIGH Voltage Ve = MIN. Ion = MAX, Vin = ViH
A 74 2.7 35 v or Vy_ per Truth Table
54,74 0.25 0.4 v oL =4.0mA vee = Vee MIN,
VoL Outprut LOW Vollago Vin = VILOor VIH
74 0.35 0.5 v loL =80mA pes Truth Table
J. K 20
Clear 60 pA Ve = MAax, iy =27V
Clock 1 80
Iy faput HIGH Current
J. K 0.1
Ciear 0.3 mA | Voc =MAX. V=70V
Clock 04
., J.K -04 .
L |np|.n 1.OW Cuerent Ciear, Clock .08 mA Voo = MAX, Vin =04V
los St Careunt Cuteent (Note 1) -~20 ~100 mA Ve = MAX
Ice Pawer Supply Cutrent 6.0 mA Vee = MAX
Nule 1 Hot mwose than one output should bir shorded al a tune, it lor ot Buu 1 sucond.
AC CHARACTERISTICS {Tp = 24°C. Ve = 50V)
Limits
Symbol Pardmeter Min Typ Max Unit Test Conditions
Inax Kanwnin Clock Frequency 30 45 MHZ Figure 1
vee =50V
[TOET) Iopagation Detay, 15 20 ns Froure 1 CC':_C_ 16 pE
L Cloch to Qutput 15 20 ns gure
AC SETUP REQUIREMCNTS (14 25°C)
Limits
Symbol Parameter Min Typ Max Uot Test Conditions
W Clochk Pulse Wadth 1 hoh 20 ns Figure 1
tw Clirar Putse VWdth 25 ng Figure 2
——] Vee =50V
[ Setup Time 20 ns
Frgure |
th o Tune n ns

FAST AND LS TTL DATA
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SN54/74LS73A

AC WAVEFORMS

JouK* : 13v

™ty =0 iy = 0
w " tsiH) ~+ ¢

= st} -
T\ Wy
« 13v % TV N
— )~
1
- 1PHL Iax PLK
° ¢ 1.3V av
- tPHL I< ——I
: 13V
g av

“The shadud areas indicate when the input is permitted o change for predictabie output performance

el

F'igure 1. Clock to Output Delays, Data
Set-Up and Hold Times, Clock Pulse Width

& t, -l
| |
CLIAR 1 f
i | A 13v 13y
|
r—-ol}mm L == I
l 1av | N 1av
19 ! / !
f" -l = pyg -

_T— P
v |
13V, 13V

Figure 2. Set and Clear to Output Delays.
Sect and Clecar Pulse Widths
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@ MOTOROLA

pUAL D-TYPE POSITIVE
EDGE-TRIGGERED FLIP-FLOP

The SN54/74LS74A dual edge-triggered flip-flop utilizes Schottky TTL cir-
cultry 10 produce high speed D-type flip-flops. Each lip-fiop has individual
dear and set inputs, and also complementary Q and Q outputs.

information at input D is transferred to the Q output on the positive-going
edgo of tho clock pulse. Clock triggering occurs at a voltage ievel of the clock

1se and is not directly related to the transition time of the positive-going

Ise. When the clock input is ot cither the HIGH or the LOW level, the Dinput
signal has no effect.

LOGIC DIAGRAM (Each Flip-Flop)

€T (Sp
SETH D’( (10)
Q
__ 5(8)
CLEAR (CD} ©;
1{13)
CLOCK ©
3y v
Q
G(8)
0
2(12)
MODE SELECT — TRUTH TABLE
INPUTS OUTPUTS
OPERATING MODE e = =
Sp Sp o] Q Q
Set L H X H L
Reset (Clear) H L X L H
*Undetermined L L X H H
Loud *1" (Sat) H H h H L
Load “0" (Reset) H H 1 L H

* Both outputs wilt be HIGH while both Sp and Cp are LOW. butine output states are unpredictablo
it Sp and Cp 9o HIGH simutanaously. if the lavels at the set and clear ace near Vi maxunumthen
wao cannot guaraniec 10 meet tho nunimum level lor Voyq

H, h = HIGH Voltago Lave!

L.1 = L.OW Voltage Level

X = Dot Care

1, b (q) = Lowar £aso latters snchcate the state of the referenced nput (of outjiut) one Sct-up bime
prior 1o the HIGH to LOW clock transimon

SN54/74LS74A

DUAL D-TYPE POSITIVE
EDGE-TRIGGERED FLIP-FLOP

LOW POWER SCHOTTKY

. J SUFFIX
i CERAMIC
i . CASE 63208
14
1
N SUFFIX
PLASTIC
' CASE 646-06
1

D SUFFIX
u@ soic

CASE 751A-02

ORDERING INFORMATION

SNS4LSXXJ  Ceramic
SN74LSXXN  Plastic
SN74LSXXD  SOIC

LOGIC SYMBOL

: 10
y
2—p 50 g|—s 12—{o S0 of—8
3I—CpP 1"n—1cP
cp A6 co 0P8
—— 3
1 13
Voo = PIN 14
GND=PINT

FAST AND LS TTL DATA
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GUARANTEED OPERATING RANGES

SN54/74LS74A

Symbol Parameter Min Typ Max Unit }(
vee Supply Voltage 54 4.5 5.0 5.5 V ot
74 475 5.0 5.25 S
— )
TA Operating Ambient Tomperature Range 54 -~55 25 125 °c -
74 0 25 70 T
ToH Output Current — High 54,74 -0.4 mA
L
loL Qutput Current — Low 54 4.0 mA
74 8.0 bl
r .
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specificd) R
' Limits
Symbol Parameter Min Typ Max Unit Test Condltions
Guaranteed Input HIGH Voltage lor
Vin Input HIGH Voltage 20 v Al Inputs
5 07 Guaranteed Input LOW Voltage for
ViL Input LOW Voltage > o8 v Al Inputs
VIK Input Clamp Diode Voltage -0.651 -1.5 v Ve =MIN, IN = ~18 mA
54 25 | 35 v VCC = MIN, 10K = MAX, ViN = Vi
VOH Output HIGH Voltage 72 27 Y " or Vj,_per Truth Table
54,74 0.25 0.4 v 1oL =4.0mA Vece = Vee MIN,
VoL Output LOW Voltage VIN = VL or Viy
74 0.35 0.5 v loL = 8.0mA per Truth Table
Input Hhgh Current "
Oata, Clock 20 pA Vee = MAX ViN = 2.7V
m Set, Clear 40
Data, Clock 0.1 R
Set, Clear 0.2 mA Ve =MAX. VIN:= 70V
Input LOW Current
[T . Data, Clock -0.4 mA Veoe = MAX, ViN = 04V
Set, Clear ~0.8
log Output Short Circut Current {Note 1) ~20 ~100 mA Ve = MAX
1ce Power Supply Current 8.0 mA VEe = MAX
Hote 1- Mot more Lhan one output should be shorted al a bine, nor for more than 1 sevend
AC CHARACTERISTICS (T4 = 25°C, Vo = 5.0 V)
Limits
Symbol Par:;‘rpe(cr Min Typ Max Unnt Test Conditions
HanX taximum Cloch Frequency 25 33 MHz Fgute 1
- " " Voo =50V
PLH Clack, Clear, Set to Output Figure 1 CL=15pF
L 25 40 ns
AC SETUP REQUIREMENTS (T = 25°C)
Limits !
Symbot Parameter Hin Typ Max Unit Test Conditions
wit) Clocs 25 ns Figuic 1
() Clear, Set 25 ns Figure 2
Darta Setup Time - HIGH 20 ns . Ve =50V
ts, ow Figuie 1
L 20 ns
in Hotd Time 5.0 ns Figure 1

FAST AND LS TTL DATA

5-72



SNS54/74LS74A

AC WAVEFORMS

— lw(”) — - 15(}‘)

x Wiy
N % 13V
T oy X IpLH —
0 \

13V -/-1Av
tor
= tpy

1av - 13V
0 )

*The shaded areas indicate when the nput s permitied 10 change lur predictable output pedormance

Figure 1. Clock to Qutput Delays, Data
Set-Up and Hold Times, Clock Pulse Width

GlEAR !

-~ - ST

[}

o !
LY

Figure 2. Set and Clear to Output Delays,
Set and Clear Pulse Widths
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@ MOTOROLA

QUAD 2-INPUT
EXCLUSIVE OR GATE

TRUTH TABLE

iN ouT
A B 4
L L L
L H H
H L H
H H L

GUARANTEED OPERATING RANGES

SN54/74L.S86

QUAD 2-INPUT

EXCLUSIVE OR GATE
LOW POWER SCHOTTKY

- ; J SUFFIX
h L.y CERAMIC
! i CASE 632-08.
14
t
N SUFFIX
{ PLASTIC
CASE 646-06

ORDERING INFORMATION
SN54LSXXJ Ce:amic

l O SUFFIX
@‘& soic
1

CASLC 751A-02

SN73LSXXN  Piastc
SN74LSXXD  S0IC

Symbol Parameler : Min " Typ Max Unit

veo Supply Voltage 61 4.5 52 55 v
74 475 50 525

TA Onerating Ambient Temperature Range 54 ~-55 25 125 c
74 0 » <

Ton Output Current — High 54, 74 -0 mA

o Output Current — Low 54 [R¢ maA
I8 &¢

FAST AND LS TTL DATA




SNS54/74L.S90 « SN54/74L.S92 « SN54/741L.593

- et K

LOGIC DIAGRAM

LS90

®

s O ]

)

L)
Chg ——dcp

50g

-~

——qcCp —qcp q CP

KepO

o
o P

R o] B

MRy @ 0o

Q

® ® ®

@ Q3

(O = PINNUMBERS
Vee=PINS
GND = PIN 1

i
CONNECTION DIAGRAM
DIP (TOP VIEW)

—_—
e[ @ TPy
UNH T3 NG
MRQE E Qg
ne(d] 1] 0,
veelS [Gano -,
us, (8 9]0,

msz (1] B,

NC = NO INTERNAL CONNECTION .

NOTE:

The Flatpak version has tha sameo

pinouts (Connoction Dagram) as

the Dual In-Line Package. v

~

By AR R

LOGIC DIAGRAM

LS92

—1— cp cp

Kgpd Kepd

b b

QO - Piri NUMBERS
Vo= PINS
GND = PIN 10

—

CONNECTION DIAGRAM o
DIP (TOP VIEW)

W
¢ (1] 14 &,

nel2] ELs

neB] 12 ag

Re(d mEs
vee ] 10 GND
A, (] [51a,
MRy [7] 8]0

NC = NO INTEANAL CONNECTION

NOTE:

The Flatpak version has the same
pinouts {Connection Daagram) as
the Oual In-Line Package

LOGIC DIAGRAM

LS93

®

Cl"u =icp

Kcpd

J ¢ J Q
ce ce

¢

KCDQ l KCDO

I 7

O]

cr

1
Q.

Mty ::( )__

MRy G} _—

Qg

® ® O
(o8] 0,

3

O = PIN NUMBERS
Voo =PINS
GHD = PIN 10

CONNECTION DIAGRAM
DIP (TOP VIEW)
~ .
&py [T 19 iy

ua, {2] ER

uny 3] 3 0
ne (4] 1 0y

vee ] 3 6ho
nelE] 1§10,
rcli) [0,

NC = NO NTERNAL CONNECTION

NOTE

Thao Flatpak vrsion has the same
pinouts (Connoction (hagram) as
tho Dual In-Line Package

FAST AND LS TTL DATA
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SN54/741.S90 « SN54/741.S92 « SN54/741.593

FUNCTIONAL DESCRIPTION

The LS90, LS92, and LS93 are 4-bit ripple type Docade,
pivido-By-Twelva, and Binary Countors rospectivoly. Each
gdovico consists of four master/slave’ flip-liops which are
ntemally connected to provide a divide-by-two section and a
dvide-by-five (LS90), divido-by-six (LS92), or divide-by-eight
(LS93) section. Each section has a separate clock input which
Inftiatos stato changes of the countor on tho HIGH-10-LOW
dock transition, State changes of the Q outputs do not occur
simultaneously because of internal ripplo delays. Therefore,
decoded output signals are subject to decoding spikes and
should nol be used for clocks or strobes. Tho Qg output of
each device is designed and specificd to drive tho rated
fan-out plus the CP1 input of the device.

A gated AND asynchronous Master Reset (MR « MR3) is
provided on all counters which overrides and clocks and
resets (clears) all the tlip-tlops. A gated AND asynchronous
Master Sct (MS¢ » MSp)} is provided on the LS90 which
overrides the clocks and the MR inputs and sets the outputs to
nine (HLLH).

Since the output from the divide-by-two seclion is not
internally connected to the succeeding stages, the devices
may bo operated in various counting modes.

LS90

A. BCD Decade (8421) Counter — The CP 1 input must be ex-
ternallyconnectedto the Qg output. The CPginput roceives
the incoming count and a BCD count sequence is pro-
duced.

. Symmetrical Bi-quinary Dide-By-Ten Counter — The Q3
output must be externally connected to the CPq input. The

input count is then applied to the CP 1 input and a divide-by-
ten squarg wave is obtained at output Qq.

. Divido-By-Two and Divide-By-Five Counter — No extornal
interconnections aro required. The first flip-fiopis used as a
binary element for tho divide-by-two function (CPg as the
input and Qg as tho output). The CP 1 inputis used to obtain
binary divide-by-five operation at the Qg output.

LS92

A. Modulo 12, Divide-By-Twelve Counter — The CP1 input
must be externally connected to the Qg output. The CPq in-
put receives the incoming count and Q3 produces a sym-
melrical divide-by-twelve square wave output.

. Divide-By-Two and Divide-By-Six Counter —No external
interconnections are required. The first flip-flopis usodas a
binary olernent for tho divide-by-two function. The CPy in-
put is used to obtain divide-by-three operation at the Q1
and Q2 outputs and divide-by-six operation at the Qg out-
put.

LS93

A. 4-8it Ripple Counter — The output Qg must be externally
connectedtoinput CP1. The input count pulses are applied
to input CPq. Simultancous divisions of 2, 4, 8, and 16 are
perdormed at the Qg, Q1. Qa, and Q3 outputs as shown in
the truth table.

. 3-Bit Ripple Counter— The input count pulses are applied
to input CP 1. Simultancous frequency divisions of 2, 4, and
8 are availablo at the Q1, Q2, and Q3 outputs. Independent
use of the first flip-flop is available if the resot function coin-
cides with reset of the 3-bit ripple-through countor.

FAST AND LS TTL. DATA
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SN54/74L.5390 « SN54/74L.592 « SN54/741.593

LS90 LS92 AND LS93
MODE SELECTION MODE SELECTION
RESET/SET INPUTS OUTPUTS &iﬁi"rs OUTPUTS
MR{IMRy | MS{IMSy || Qg @y Q; Q3
Hlw el x o L C ¢ MR1]MR2{| G0 91 0z O3
H{H| x| L L L L L H | H L L L U
X X H H H L L H L H Count
L X L X Count H L Count
X L X L Count L L Count
Ly x| xgt¢t Count H = HIGH Voltage Level
X{Ltfe}px Count L = LOW Voltage Level
H = HIGH Voltage Leve! X = Dont Care
L = LOW Voltago Level
X = Don't Caro .
Lss0 | LS92 LS93
BCD COUNT SEQUENCE TRUTH TABLE TRUTH TABLE
ouTPUT ouTPUT ouTPUT
COUNT COUNT COUNT
“Qp Qy Q3 Q3 Qg Q1 Q; Q3 Qg Q1 Q» Q3
0 S R T 0 L L L t 0 L L L t
1 H L L L 1 H L L L 1 H L L L
2 L H L L 2 L H L L 2 L H L L
3 H H L L 3 H H L L 3 H H L L
4 L L H L 4 L L H L 4 L L H L
5 H L H L 5 H L H L 5 H L H L
G L H H L G L L L H 6 LOH O OH L
7 H H H L 7 H L L H 7 H H H L
a L L L H a8 L H L H 8 L L L H
9 H L L H 9 H H L H 9 H L L H
NOTE- Output Qg 15 connecied 1o Input 10 L L H H 10 L H L H
CP, tor BCD count 11 H L H H N HoOH L OH
NOTE" Output Qg 15 connected to nput 1z L L H H
cr, 13 H L H H
14 L H H H
15 H H H H
NOMW Ogypun Qg = conneated to Input
cry

FAST AND LS TTL DATA
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SN54/74LS90 « SN54/74L.592 « SN54/741.593

GUARANTEED OPERATING RANGES

Symbol Paramotor Min Typ Mox Unft

vee Supply Voltage 54 4.5 5.0 5.5 v
74 4.75 5.0 5.25

TA Oporaling Ambiant Temporature Rango 54 -55 25 125 °C
74 0 25 70

IoH Output Current — High 54,74 -0.4 mA

loL Output Curront — Low 54 4.0 mA
74 3.0

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE {unless otherwiso specified)

Limits
Symbol Paramoter Min | Typ | Max | Unit Test Condltions
Guarantoed Input HIGH Voltaga for
v Input HI
IH nput HIGH Voltago 20 v All Inputs
54 0.7
viL Input LOW Voltage v Guarantced Input LOW Voltago for
74 08 All Inputs
ViK Input Ctamp Diode Voltago -065 | ~1.5 v Voo = MIN, iy = ~18 mA
54 2.5 35 v = = -
VOH Output HIGH Voltage VeC = MIN, 10K = MAX, ViN = ViH
74 2.7 3.5 V) or Vy_ per Truth Tadle
54,74 0.25 0.4 v loL = 4.0 mA Voo =Voc MIN,
Vor. Quiput LOV! Valtaga VIN=ViLOor VIH
74 0.35 0.5 v ol = 8.0mA por Truth Table
20 1A | Voo = MAX, Viy=27V
i Input HIGH Current : ce N
0.1 mA vee = MAX,V[N=7.0V
Input LOW Cureent
MS. MR -0.4
hL CPg -2.4 mA Voo = MAX, Vin =04V
CPy (LS90, LS92) -3.2
CPy (LS93) . -1.6
108 Short Cureuit Current {Note 1) -20 ~100 mA Vee = MAX
Icc Power Supply Current 15 mA Voo = MAX

Note 1: Nol morp than one owlput should be shorted at a ume, nor for mora than 1 second

FAST AND LS TTL DATA
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SN54/74LS90 « SN54/74L.592 « SN54/74L.S93

AC CHARACTERISTICS {Ta = 25"C, Vec =50V, Cp = 15pF)

Limits

LS90 LS92 LS93
Symbol Parameter Min Typ { Max | Min | Typ | Max | Min Typ | Max Unit
IMAX CPg Input Clock Frequency 32 32 32 MHz
IMAX CPy Input Clock Frequency 16 16 16 MH2z
PLH Propagation Detay, 10 16 10 16 10 16 ns
o CPg Input to Qp Output 12 18 12 18 12 18
::::"L' CPg Input 1o Qg Output gi ;g ;i ;g :(65 ;g ns
:::::l‘ Ciy Input 10 Q¢ Output :2 ;? :2 ;? :2 ;? ns
:::IL:L{ él’| input to O3 Outpul g; gg :2 ;_? g; gg ns
T AHEPRBERBEE
LI MS Input 1o Og and Q3 Outputs 20 | 30 v ns
IPHL MS Input to Oy and O Qutputs 26 40 ns
T M Input to Any Qutput 26 40 26 40 26 40 ns

AC SETUP REQUIREMENTS (Tp = 25°C, Vee=50V)
Limits

LS90 LS92 LS93
Symbol Parameter Min Max Min Max Min. Max Unit
w CPg Pulse Width i5 15 15 ns
w CPy Pulse Widih 30 30 30 ns
tw MS Pulse Wiaih 15 ns
w MR Pulse Wiagth 15 15 15 ns
Lice Recovery Time MR 1o CP 25 25 25 ns

NCCOVERY TIME {lrac) 18 dehined as tha minimum time fequund botwenn tha end of the reset pulse and the clock izansition from HIGH-10-L OV « order to recoqne
and transter HIGH daty 1o the Q vutputs

AC WAVEFORMS

le

' Ty
1PHL 'L_’I i—j— Ly
o 1 JN J
Figure 1 -
“The numter of Clocs, Puis s mquned between tie TRL ARG Ty v medsurements can be dotemunes om i apprepiate 1o “asles
M A MSM MS 13V ¥ N\ 13
H H
.}" [ e B N e 4‘ “hae ™
= i
cp L 1av cr L N3V
J - e
L Sniniy | . Goedy P -
0 13V / (L5390} 13v
Figure 2 Figure 3

FAST AND LS TTL DATA



@ MOTOROLA
SN54/74L.5192

' SN54/74L.5193
PRESETTABLE BCD/DECADE o4/ J

UP/DOWN COUNTER

PRESETTABLE 4-BIT BINARY PRESETTABLE BCO/DECADE
UP/DOWN COUNTER UP/DOWN COUNTER

PRESETTABLE 4-8IT BINARY

The SNS4/74L.S192 is an UP/DOWN BCD Decade (8421) Counter and the UP/DOWN COUNTER
SNOLA/Z74L5193 is an UIYDOWN MODULO-16 Binary Counter. Scparate LOW POWER SCHOTTKY
Count Up and Count Down Clocks are used and in elther counting mode the
circuils operate synchronously. The outputs change state synchronous with
the LOW-t0-HIGH transitions on the clock inputs.

Separate Terminal Count Up and Terminal Count Down outputs are

provided which are used as the clocks for a subsequent stages without extra J SUFFIX
logic, thus sinplilying multistage countor dosigns. Individual proset inputs CERAMIC
CASE 620-09

allow the circuits lo be used as programmable counters. Both the Paralle!
Load (PL) and the Master Reset {MR) inputs asynchronously overrido the
clocks.

Low Power ... 95 mW Typical Dissipation
High Speed . . . 40 MHz Typical Count Frequency
Synchronous Counting N SUFFIX
, A PLASTIC

Asynchronous Master Reset and Parallel Load

. CASE 648-08
Individual Presel Inputs
Cascading Circuitry Internally Provided 1 -

Input Clarnp Diodes Lumit Haiglh Speed Termination Elfects
ﬂ D SUFFIX
AN ih solc
CASE 751B8-03

CONNECTION DIAGRAM DIP (TOP VIEW)
Vee Pg MR 18y 1oy HL Py Py 1

[ie] [is] [1a] [a] [2] [i) [l [5]

ORDERING INFORMATION

NOTE.

The Flatiad verson SM5S4LSXXXJ  Ceranue
> has the seme pinouts SN74LSXXXN  Plastic

{Connacnon Dugram) as SN74LSXXXD)  SOIC

the Duat In-Line Package

mEnEnAnE OGN0

Lo 0y CPp CPy 0 Gy GND LOGIC SYNBOL

"o 1 WS

PIN NAMES : LOADING (Nole a) l ' I | '
MGH | Low !
PL Py Py Pp Pg

Ciy Count Up Clocs Pulse lnput 0.5U.L. 0.25U.L. s Chy ¢+ TCyp——12
Ci'p Crunt Down Chxck Pulse Input 05UL 0.25 UL

it Asynchronous Master Heset (Clear) Input 05UL 0.25U.L

P Asynchironous Paraliel Load (Actve LOW) Input 0.5 U L 0.25U.L. ‘ cr - ~ ICpp—13
Py Pasytiel Data Inputs 0.5UL 0.25U.L MR Gy O & Oy

oy Flup-f top Outpuis (Note by UL | 528 UL LT T 1T

1Cn Termunit Count Down (Borrow) Output (Note by fouL | 5285 UL 1903 2,8 7

1Cy Termunat Count Up (Carry) Qutput (Note b) UL | 5(25U.L
(L ITEH ' veg s P16

@ VTTL Uit Load (U L) = 40 pA HIGH/L 6 mA LOW. GND = PIN S

b The Qutput LOW dave fiuctor s 2 5 U L. 1on Military (54) and 5 UL for Commerciat (74}

. LN
Twnmahns Daengus

FAST AND LS TTL DATA
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SN54/74L.5192 « SN54/74L.5193

STATE DIAGRAMS

LS192 LOGIC EQUATIQNS
FOR TERMINAL COUNT
TCy=09-03 CPy__ __
TCp=Qg Q1-Q2-Q3-CPp

LS193 LOGIC EQUATIONS
FOR TERMINAL COUNT

TCu=0g-0y 0z Qg TP
TCp=Qp-Qy-Qp-Q3-CPp

COUNT UP —
LS192 COUNTDOWY == - - - LSte3
LOGIC DIAGRAMS
Py Py Py Ps
Py @ @ @ @ @
{LOAD} s“{>
CPy fé
(UP COUNT) ® (CAURRY .
ouUTPUT)
0 1
L¢3 S
T
r S
A
'
0 | .
' g l p
i C : @ {BORROW
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AST AND LS TTL DATA
5-214



SN54/74L.5192 « SN54/74L.S193

LOGIC DIAGRAMS (continued)
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FUNCTIONAL DESCRIPTION

The LS192 and LS193 are Asynchronously Prescttabie
Decade and 4-Bit Binary Synchronous UP/DOWN (Revers-
able} Counters. The operating modes of the LS192 decade
counter and the LS 193 binary counter are identical, with the
only difference being the count sequences as noted in the
State Diagrams. Each circuit contains four master/slave
thp-flops, with internat gating and steering logic to provide
master reset, individual preset, count up and count down
operations.

Each flip-flop contains JK feedback from slave to master
such that a LOW-to-HIGH transition on its T input causes the
stave, and thus the Q outpul lo change state. Synchronous
swilching, as opposed to ripple counting, is achieved by
drving the steering gates of all stages from a common Count
Up line and a common Count Down line, thereby causing all
state changes to be initiated simultaneously. A LOW-to-HIGH
transition on the Count Up input will advance the count by one;
a similar transition on the Count Down input will decrease the
count by one. While counting with ohe clock input, the other
should be held HIGH. Otherwise, the circuit will either count by
twos or not at all, depending on the state of the first flip-flop,
which cannot togqte as long is either Clock input is LOW.

The Terminal Count Up (?EU) and Terminal Count 3
(TCp) outputs are normally HIGH. When a circuit has reacly
the maximum count state (9 for the LS192, 15 for the LS193)
the next HIGH-to-LOW transition of the Count Up Clock
cause TCy to go LOW. TCy will stay LOW until CPy I
HIGH again, thus effectively repeating the Count Up Clog
but defayed by two gate delays. Simitarly, the TCp outpity
go LOW when the circuit is in the zero state and the Cog
Down Clock goes LOW. Since the TC outputs repeat the cle
waveforms, they can be used as the clock input signals ‘Olho
next higher order circuit in a multistage counter. N

Each circuit has an asynchronous parallel load capabil;
permitting the counter to be preset. When the Paralie! Load‘
(PL) and the Master Reset (MR) inputs are LOW, in{ormallor'\i
present on the Parallel Data inputs (Pg, P3) is loaded into the}
counter and appears on the oulputs regardless of thy
conditions of the clock inputs. A HIGH signal on the Mastgr
Reset input will disable the preset gates, override both Clock"
inputs, and fatch each Q output in the LOW state. If one of lhe
Clock inputs is LOW during and after a reset or load operauon.?
the next LOW-to-HIGH transition of that Clock will bo"
interpreted as a legitimate signal and will be counted. "%

e

v
s

»

v

MODE SELECT TABLE

MODE -~

MR PL CPy
H X X
L L X
L H H
L H I
L H H

Reset (Asyn.) N
Preset (Asyn.)
No Change
Count Up
Count Down

a
LWrrxx|%
o

t = LOW Voltago Lovel
H = HIGH Voltage Levet
X = Don't Care

fn LOV/-t0-HIGH Clock Tranamon
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GUARANTEED OPERATING RANGES

riSymbol Pnr;meler Min Typ Max Unit

vee Supply Voltage 54 45 5.0 55 \
74 4,75 5.0 525

TA Operating Ambient Ternperature Range ' 54 -55 25 125 °C
74 0 25 70

IoH Output Current — High 54,74 -0.4 mA

oL Output Current — Low 54 4.0 mA
74 8.0

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specificd)

! Limlits
Symbol Parameter Min Typ Max Unit Test Conditions
Guaranteed Input HIGH Voltage lor
ViH Input HIGH Voltage 2.0 v All Inputs
54 0.7 Guaranteed Input LOW Voltage for
\ Input LOW Voltage v
iL P 9 72 Y Al Inputs
ViK fnput Clamp Diode Voltage ~065 | ~15 v Veg =MIN N =~18 mA
54 2.5 3.5 Voolv MIN, IoH = MAX, Vi = V
cc= . IOH VIN=VIH
VoK Output HIGH Voltage 7 27 s " or Vi per Truth Table
54,74 0.25 0.4 v oL = 4.0 mA Vee = Vee MIN,
VoL Output LOW Valtage Vin =V, or Vi
74 035 05 v loL=8.0mA per Truth Table
20 HA Voo =MAX, VN =27V
It input HIGH Current e
0.1 mA Vee =MAX, VIN=7.0V
i Input LOW Curient ~04 mA (Voo = MAX, Vin =04V
los Shon Circunt Current (Note 1) -20 -100 mA Voo = MAX
Icc Power Suppty Cutrent 34 mA Voo = MAX
Hoto 1: Not more than one output should be shorded al a tune, nor for more than 1 second
AC CHARACTERISTICS (14 = 25°C)
Limits
Symbol Parameter Min Typ Max unit Test Conditions
IMAX Maximum Clock Fv‘cuuency 25 32 Mz
Wty CPy Inpuit to 17 26 .
PHL 1Cyy Outpat 18 24 ns
tPLH Cf’[) fnput ¢ 16 24 ns
L TCp Output 15 24 ‘ Voo =56V
T Cpe 1508
L 27 38 “L e dar
{0
PrIL Clock to Q 30 a7 ns
PLH Ty 24 40
thry L0 25 40 ns
LT NI input ta Any Output 23 a5 ns

FAST AND LS TTL DATA

5-217




SN54/74LS192 « SN54/74LS193

AC SETUP REQUIREMENTS (Tp = 25°C) !

Limits
Symbol Parametor Min Typ Max Unlt Test Condltions
tw Any Pulse Width 20 ns '
lg Data Setup Time 20 ns
Ve =50V
th Data Hold Time 5.0 ns
troc Recovery Tune 40 ns

DEFINITIONS OF TERMS

SETUP TIME (ts) is defined as the minimum time required for tion. A negativa HOLD TIME indicates that the correct
the correct logic level to be present at the logic input prior to tho level may be released prior to the PL transition
PL transition from LOW-to-HIGH in order to be recognized and LOW-t0-HIGH and still be recognized.

transferred to the outputs. RECOVERY TIME (lyec) is defined as the minimum

HOLD TIME (th) is defined as the minimum time following the required between the end of the reset pulse and the
PL transition from LOW-to-HIGH that the logic level must be transition from LOW-to-HIGH in order to recognize
maintained al the input in order to ensure continued recogni- transfer HIGH data to the Q outputs.

FAST AND LS TTL DATA
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AC WAVEFORMS

— W
CPyor CPp 13v

|
ot tpiiL PUIT*
Q X 13V 13V

Figure 1

CPyorCPp X 7.! 1av Pn 13V
-l -
I""'l‘ tPHL L-«l— PLH L tPHL .l"—" PLH
Tbuol 1Cp 3 Y 13v Qn - 13V 7‘

NOTE: PL = LOW
Figure 2 Figure 3

- 13v
by =

T g
L |~ . }-—l- L CPy o CPp

o v X - tow o
n

Figure 4 Figure 5
.‘

Tl ///‘/%}v 1
N r-— ity ‘ =y " . — ..
Ny S I

[" L ey i hee
U
\:Jﬂ,\ CPyouCPp / v
L ',2 e e

I ‘r’HL"1
* The sharted aruas nd-cate whon the inpot s permstied o) * 13V /
10 change fot pranhiCtatine tatird performana
Figure 6 Figure 7
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