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ABSTRACT

In communication through digital signals. The disturbance between channel is an important

problem.

This project is a study about designing a receiver and transmitter digital signal model to

lessen the disturbances between channel which has an effect to quality of signal we receive and

can still study the Base Band signal appearance connected to the efficiency of the system. When

the signal is send to the nonlinear amplifier. Through this project a technique is used to arrange

the Basc Band signal into Raised Cosine figure which in is in a theoretical aspect can remedy the

disturbance problems between channel and make a standard efficiency in receiving when the

signal is send to the nonlinear amplifier .
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V84 2IV0AY
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24 MIYYTENNAINB HAB FRGIDTH
4‘; ' 2L P < [ % 4' o a 4 -
lunilsznantedygiaunaivg Alndifesiusutvesdygunieonuuy &
i
wansenufuguaulaveImATuTy gy mnnmmmﬂ‘s’umséamsmsq'lﬂ%'mmnmu
yosszavvesnw lidlugudusunansonszn/founnanuivesdygraduym o
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nfasunuseuniedis dmiumguavesnnu luifludaduses wsednmiudosnisnnuda
wulunsusnuozuasAnsansgriemsesnuuumiodtoma MidurudumuisoneziSou
Tugtyeamsnszneld
y (x)=k,f(x) + kz[t"(x)]2 + lc',[f(x)]3 + higher-order terms (2.50)
avud e lududadu dunnuddase wogmusaneiiszi@oulugilves

Py " o 4: 14 [ L4
3 (MBUUINYIUNDYYDI higher — order W YPNAATIY wld f(x) ﬂiZﬂaumuﬁiymmmUu
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2 gy
f(x) = A, cos W1t + A, cos (02t (2.51)
1 ®1 uaz®2 mindiRoeiumesms k, SdeRusanmiloufuia 2 fyaa dmiunsud
Tltine sesrmsaunalian k fonuaduaiess o 18noneucuosiie
y =k,(A,cosM t+ A,cosM,t )+k,(A,cosM t + A cos(),t )+, (A, cos®,t + A,cos(D,t )
=k, (A ,cosM t + A,cos®,t)
+,[A, (1+c0s200 112 + A, (1+cos2,t ) / 2
+ A,A(cos(@ +W,)t +cos(-M),)t) ]
+k{[ A, (cos@;t /2 + cos®;t / 4+ cos3(D t/ 4)+A,' (3cos@,t / 4 + cos3,t/4) ]
+ A,"A,[3/2c05(D ,t +3/4c0s(20), +(D,)t + 3/4c08(2MD,-M )t ]

+ A, A, [3/2c0sM t+ 3/4cos(2(),+® )t +3/4c0s(2@ -0 )t 1} (2.52)

2.4.1 M3VUBANUCOMPRESSION GAIN)
Snmilsnanouerueswesnan luidlududu wiiveulagavesdoano cos © il
Al =kA +k,(/4A +32AA)) (2.53)
Taof k, Unfezdinufuoy uasdagna Acos®t vuinlng) amnsofiesnaudynu
Agos Ot BB Idsssilfinmidmanns msizdulszdnivounond 3 e k, eidums
winAeamsdiusanuvesdyaubananedafez dnoanaeiianndnday Sildodoa
Wefiucas Sandauveanuiungyiuveunluniagaund Ao
A=k +k GBM4AD /K, (2.54)
uaziTniin138198411/8 s single - tone gain — compression factor MBUYEY k, M1 IHiAAMSHn
mypanunnidulfslugaund o gefiinuvesffinuanasn 1 dB sndumisdesaly
gauARts | dB ilusafineiuinesduaii Iddnigamstusany dmmnusdlunSon

AluganudhuFadualssenaniao

- d' a Jd'
2.4.2 MRAMEUYE3a13 ludingh 2
[4 a 4 a J = L4 o o/ <
13 Luiin?l 2 sLRATUT IIyMYeInInTy msjemouvesk, dminlddayg umos
o H = Y - a (-a'
FrRuandluduynueaniniy uemnligavesss lutindg 2 sz 1&iu

KA, /2 (2.55)
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243 Sanadiuveam sAaigu N INMIB HIRB INBGIEYY
a o A ] a o/ P Q 4 o
manddytunvennuliduFuduvesnaiy Ao msgydonnsuresuogaiy
o a 2 Y da M
FliRaI8nnaums 2.52 deaums 2.52 fuaaunmouvemsainuisume vy
20, o, ueg 20, T @, v ©, waz ovsniuldhfiunud@niu fignnaud
3920, £ 0, ung 20, T @, UBATINWIAUUUA ( passband) udateenunseld 2eenseald
9 (2= cl' v 9/ J U o o
& uesn 2 AN 200, - ®, 1AL 20, - @, liagunsnlyesnsennuammgou fiald
unzdufinmsgadoveuemiynyesdoyg o
» ) .
SasaIuvssmIAameulom91NMs DUWOSUBYIATU] Intermodulation Distortion
& o Y ' a Pl a o o
Ratio ( IMR )] St muasasdmvesienldgausansumilues Buno suogodu iy
a o 4 Pt ¥
upntAgavosdyanmeniymieeniuy 914

IMR = %k A A 7K A, = % AA K Ik (2.56)

2.4.4 90AA
f-hﬁwﬁ'wmnmmsqagzﬁuuuu@umaé’uama%’u (IMD ) Ay 14 1ay
P,= (%K AA,) /2 (2.57)
ﬁumuﬂﬁgmmﬁya 7 Foygnouviiounu ﬂ'wf‘iﬁwmmsqq;Lﬁmmﬁumas’uagm%u
lufifdsauduyn wiinmfounlamng 1 dB 499 ArfiteeTHEYN Yuseyinliesds
elumeuvesvssduneduegadu waeuTy 3 a8 Tunsdiitez 14
P, = (K,P,) (2.58)
Tasfi P, = A 72 dlusiidsauvesdggadnalseney
k, Wudmnaurnaes (scale factor )
fBATIEM (P, ) ¥99ATIANIU IMD Fofpamaeenuuufidsnue iy vauei
weuAgavesdaygna Sumn 2 f szfmuald
P, = P./P, (2.59)
ﬁwﬁwﬁmuqagsﬁmzd‘luﬁﬂt'huﬁmhﬁ1544114Suvm'ua:fhﬁwﬁwmmwﬁwm:yﬂuﬁ”ﬂﬁuu
TagassuamMaeuaunm
Py, = (KP) (2.60)
myuswealadieniyn fhmsesnuuuthuwien uag ffFsnuBunesupgIE
UUAITI ABN5 N AT IMDeZ LAY 3 Frenaetiesandandii Midsaue iy

a ° o W d A 1o o T @ o o {
FPOALUY $TUINYBIMAWNUIOMAN N AINATU IMD szwifuidasueviym 114
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MnmeL (K,A )2 /2 $13Bannn gada P, Taommizlumsuaasvessnaiauiamsgade
H A v ~ o W
YOINNUANEY P, 92UdA09NIN UMDY P LAZP, BAQQYNOUDS AAea DI

g MEsmue iy fieenuuutiuiIfy intercept point A16ATIAIM IMR 9214 nde

fimua
1= (KPp) (2.61)
2214 P, =P, (2.62)
sEAUVRITY I K = (@) (2.63)
92181 P .= (P/P) (2.64)

Tasfi P, Aofdsnudumnma,’/2

fqﬂﬁﬂ-ummﬂi"mmﬂuﬁﬁﬂmiqrgxﬁﬂ?;sﬁﬂmnmm’u taziansuisaianauaninlu
ﬂ1'i°luﬂ15é?mmuﬂﬁgﬂﬁumﬁngtmmumimgaQiummﬁ‘?ﬁﬂﬁﬁuﬁya figpdnvesmnadugn
fmualavgadaues Bunn mixer DOUBLE BALANCE DIODE RING waufugadnlu
329 +15 81427 dBm usnesionl¥F B uRman e doems ¥ seddian (oscilate)
qm'hfﬁﬁaéluahaszwiw +7 §9428 dBm  local — osc MIzRUQeIEADensFad
Us2NBUYDTTVL 318aLIBEAVBY Mixer ATNINAYEINIIYYITOVDY two — tone third — order
ﬁmaszﬁumﬂﬁﬂdawmgﬂﬁﬂﬁmmsﬂﬁmuﬂ‘lﬁ' H3® TWagBuAYDINITHUSATZALBUKN
1-dB RF ez diosomsadi 1-dB gadiusaiislazina 15 dB &Gefnnfigadnusy two-tone

third —order

245 msqagnﬁu\ummﬂaammé (CONVERSSION LOSS )
ApurDSuAD g A MUASAdIHvef A M T 1 Taduuud
(sideband) ﬁaﬁcgfgmﬁﬁwmﬁuuﬂéafhmswﬁmas"umﬁﬂwa?ﬁmmﬁwﬁtymn 1ALy
LBUAYBITNULN B UM VOIMATY  TUAITAIUIN Aounesuaoa lavszauualini
Frunmudmiuen Turmnsad$uldnsdeinuiddiagege Aosamnessdudioad
finee$ (double — balance mixer) Wuasssusn S mdoutlasduynduuny 11 uazAuiw
muyesInaam 1den vife
VL +1, = V,/] = R +1,/2 (2.65)
alnd RL >> rd faviu 1P masszduiui funsdeiumagega §1R, =R,
ameldidenly v, = v,2

P, =V, /4R,
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ufuhusesiueniynlu 1 loduuud fe
vo|m“mi = V/TT =V,/T (2.66)
tazA1 MU WYY A
P, = V'/ TR, 2.67)
Sathummes aeunefduvesiudiauandinmed Ao
G=P/P=4R /TR, =4/T (2.68)
winfianiesnii 1 fnweseil asuneifunea A
L = 10log T0/4 ~ 4 dB (2.69)
dmivsudarmudinmes lugaunfsrduRUS A UANUAMUNIUYBIUNAITIY LAY
mmsaazﬁyeﬁwﬁwmﬁq&yzﬁa‘lunﬁauﬂm wazaindselaloatswitching diode) sz
40 % vesfdsnusuynzgaudauiiu wninm
S mSuBaRnI AN (single  balance mixen ot I4us s yMuDa 1 Tasfuuud
flo
v, ! FAWVAR v ; (2.70)

d a & W o [ o_ <
81 wesnduyn dunusnumsderiuiiasnugege

V. =V/T
P-=V’ /4R,
way P, =V’ /4TUR,

AunuveshasnuAe G = P/P = ()"

(2.71)
o 3 Y - b Y a ‘2’ 4
ANUU ABUNDIYUABT AD L = 10 log 7T = 10 dB UaCADUNOTFTUABT YOI FAUNALINTUY

v
[] ! W a «a o v
finwe3 Ingni1 fuiiauiauaingos 4 i1 (6 dB)

</ .‘ -\ i ) a
2.5 wansznuveadgeasunuinaninanu g uduvesszuy
Tuszuudoms Taoi iz Realss aufuilgmiifannau lhdudaduses
' 4 [ < : a 4! o Av [l ad a d -
sevvegeue  Fnnu lidhusaduiusefiaiulaois W lududuidomsetind n3o9s
ad a ,{: ' Hq ¥ a - 1=8 A .
BlaANIOUATNIMAIY WU 23939010N 1M TUFAARDSAA HABAATUIN9S ( Traveling wave
« r - o a8 da ¥ ' wad
tube 6811 TWT ) Nl lunsvenedygralulasnduuanfeund druuduassguaniian
v a 9/ n’/’ A’ A [:% - <R & 4'
Tidudadunsduiiodygpusudiivinalngfgeanils  uazkansynuiunsIna
[] a g o i ' o = o
TifuFaduvesszuuife dygiusuniuis undi aseruoguduun Bumos uogus lu

i 4
WadeiisenanfeswaBuaroIMINaLarHANIENUYBITYYIUTUNIUAINGTD
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Ths1ezamnsoifsunmdiinissnindygaveendudya uvidilugas i

y (t) = Klx (t) + K2x2(t) + K3x3(t) + ... (2.72)

V(1)

x(1)

U 2.29 anuduRuT SR U Ieniae A g a1 UBINT ey

Taoft K, diuidutlszdns Tunsdifi K, Ingind K, fmaeung sunanssnuves

o &

o ' a g a o
meunde lidesdiilednld feeylavhiussundaduld uae K, fezidiudasven
; . t o/ é o el J A o e
¥929951u AN K, , K, , ... fyuehdunasainezmatuieszAuvesdy g uvudige
=1 o/ ‘:’o 9 3 A a A o vl a (Y a o
Zeszsuivnlthessnoinuivsnasud nieusnnlndiesiunsdud
IR a'd Y @ A @ a ] @ Aa a 4
Tunsdisuiisadidyauedldyapafousy  dudygpu aMm - Allawiianu
. o [} = ' d' < &
wiidu £ anwhidugeduawoums (2.72) Az ifadyanandanudadunidiiu
a 4§ t o
g5 Tudinduns £ Feerees liduflgwunminmssieraunsoldionednseseunms
anuinasaniseen1yld
uﬁi'lunsi‘ﬁﬁﬁﬁgﬂymmm’imsﬂeuﬁwﬁmmxw’muqﬁ’q;tywmﬁﬁmmﬁﬂﬁum}ﬂﬁm
o & ~a LG g Jda 1 n‘/’
SuradunsdifinuluszuuiaAmdndienudviaiy Ay uvIepNYnINIYLIWUBN
- v [4 a 4 o v o o Ao
nnseildndszneves lufindvesdyanaudasdygnunds  dnlsznevfledygnuil

anwdiluuan uazras e sdy g



35

4 a9d o 2 S adw v ﬁ’ o &
malﬂmummmmumu%wﬂmamqﬂimﬂmytwmm&mﬂixﬂau 2 3 AP B

a A o w g a Y
fadeaumidiu £, £, uaz £ mudidy wazenmazadniumseiunes Widyg

y v
o =1 o & a
veenuilidludyanu DsB Fudouldiiy

V(1) = m(t)cos@ 1t
V,(1) = my(t)cos®2t

V() = m,(t)cos@3t (2.73)

> >
ﬁmgnuniumnﬂwana%‘immm:r‘ﬂuwammmamwmmmuunmfsﬁa

X(0) =V, (1) + V(1) + V(0
= m,(t)cos® It + m,(t)cos2t + m,(t)cost3t (2.74)

A L] o dﬂ
BBUUMT (2.74) unu Tueuns (2.72) %zlﬁ'wamu

y(©) = K[ V,(0+ V0 + V@O T+ KV, 0+ V, (0 + V)
+2 V(1) V,(1) +2 V) V) +2 V() V(D) ]
PRIV + V0 + VS0 +3 V0 V()
F3V,(0 V0 +3 V10 V0 + 3 V,0 V1)
3V OV +3VOVO+6VV,V,]
* o (2.75)
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P s 4 ' a @
waf l8muaunis (275) 6 diounuaiaunts (2.73) aslludnsanadinasuves

o A a &g ' d'dy = o
Ay IUTNAVUILHLIT UDANAANUANUFIY (fundamental  frequency) HazAINR 135 L

= 1 o/ @ A 'A v { o
findupadnzdyanandy  Selinnudndusauin uazwadisvesnbvesdygnsvudy

[ 4 o a 1 1 s a v o
deqdan e liifiunaiifatuetdalnues auudliaives K4, KS , ... Tou1a@ninnm

) o g A \ a/ lﬂ'd :
Tidpaiunfnld dounumaums (2.73) asluaums 275 wlddyguneenitianud

a1 aanuaas Aluaisien 2-1

a15797 2-1 dantlsznovvesdaanaieennstinmuFygued 3 anudidngees vy

wuu ldduFadu
FUAVD Swazoon ALY
U
Usenoy
au Kx(® = |  Kmf(tcos Mt Ay
Uszneu + K, my(t)cos Ot 37U
fdanils + K, my(t)cos Ot
dau Kx(t) = | Ky 20 m (0 +m, ) +m, ()] ASZUAAT
iszney
faeeres
au szz(t) = | + K,;m0)m,(Ocos(®,FM, )t msﬁm:m'n
sznoy + K,m(Om,(t)cos(M, 1m0, )t mmﬁ*ﬁus u
fdedes + Kmy®m,(Deos(@,Em, )t
+ K/ 2m, ()cos2( t awiieniTy
+K,/2 mzz(t)cos2(,02t vind #i2
+ K/ 2 m, (Heos20 t
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du KX'(® = | K/ 4m, (Dcos3,¢ anufionsTy
isznau +K,/ 4 m, (t)cos3M,t findh 3
ey +K,/4 mj(t)cosS(D 5
+ 3/4K,m, (hm,(t)cos2® , T, )t dumeiuega
+ 3/4 Kﬂmlz(t)ma(t)cos(20),i(x)3 )t i
+ 3/4 Kamzz(t)m,(t)cos(Q(Dzi(l)l )3
+ 3/4 K,;m, (m,(t)cos(20, 1M, )t
+ 3/4K,m, (t)m (Dcos(20), W, )t
+ 3/4K,m, (Dm,(t)cos(2, M, )t
+ ¥4 K,m (m,(Om,(Dcos(€), L0, )t mi‘ﬁﬁﬁm
A
(triple beat)
+ % K, m, (Dcos®, t A Taidhuds
+% K, m, (eos®,t uluaau
+ ¥4 K, m, (Dcos®,t R
dau Kyx(t) = |+ 372 Km (Om, (cos, ATDANBAIA
Usznou +3/2 K,m,()m, (H)cos® t Fu
sy

+3/2 Kym,()m, (t)cos@ t
+3/2 K_,mz(t)m:(t)cos(ﬂzt
+ 342 K,m_,(t)mlz(t)cosc)st
+3/2 ijz(t)rrgz(t)cos(l)gt
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x (1) = Ac)_cos(wt +¢,) p(t~ kD) (2.76)
k
o .+ 1 4
Taed ¢ = EQZL/]L—) we a, =0,12,.... M-1 (2.77)

waz p(r - kD) uansdgygnaiasntiauiuluas ndavifup anbauzyesdgygIupsK Tuay
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x.(N= A(Z p(t—kD)cosg, cosw t — ACZ p(t=kD)sing, sinw_t (2.78)
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(3.2)

] c‘;o 9 s d. 4' & ' 9 ‘:;
’N5)5ﬂSfN‘ii'Nﬂ’JTUﬂuﬂWHuﬂiﬂﬁf’Nﬂ’ﬂUﬂlﬂﬂ’JWUQH'LNH‘IH UUIMNUBININITON

(] a [ 4 A : 4 a o
$20NWAAIUN Aonsouedgyyingmnisennindndutimisunisluisesndadoygiu

A [ a o o ¢ P o ¢ a 3 =
AAUWIY ez neskaadyganhises  msiun ddunsevaiwieenuuduadygram

4 4 4 4w . 4 5 A 4
senuieniugintummdonda hicunsah ) dudygranaunidmne dyanuadaud

ﬂ' Q’I ﬂ' . A , o o ‘v‘
wmasuiulszneulufeanuddnquinng shimunzolunmilduegan daiudalg

' a o d4 dJe a o o o ¢ da
WITNIBIYIIAUN ﬂ1015ﬂ50~3101ﬂ'ﬂ”ﬂSTTIUUﬂ‘H lﬂOﬂﬂ%:IﬁLﬂUﬁfUum"lWWWW 1y

14' 1 o o lﬂ' ﬂ‘
Anuduniudygpudimasuu 1§au



42

& 4 v 4 ° g
gennudnaeamse Wil 1dd  aswisoeonuuuld Tasmssvuanaud

v Y
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K=100/(f *C’) (3.6)
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Balanced Modulators/
Demodulators

These devices were designed for use where the output voltage is a
product of an input voltage (signal) and a switching function (carrier). Typical
applications include suppressed carrier and amplitude modulation,
synchronous detection, FM detection, phase detection, and chopper
applications. See Motorola Application Note ANS31 for additional design
information.
® Excellent Carrier Suppression —65 dB typ @ 0.5 MHz

-50dB typ @ 10 MHz
@ Adjustable Gain and Signal Handling
® Balanced Inputs and Outputs

@ High Common Mode Rejection ~85 dB typical

This device contains 8 active transistors.

Figure 1. Suppressed
Carrier Output
Waveform

Figure 2. Suppressed
Carrier Spectrum

Ordar this document by MC1486/D

MC1496, B

BALANCED
MODULATORS/DEMODULATORS

SEMICONDUCTOR
TECHNICAL DATA

D SUFFIX
PLASTIC PACKAGE
CASE 751A
(SO-14)

P SUFFIX
PLASTIC PACKAGE 1 %
CASE 646

1

PIN CONNECTIONS

Signal input E e E VEE
Gain Adjust [ 2 [13] N
Gain Adjust [ 3 [ 12] Output
Signal Input [ 4 [11] N
Bias [ 5| | 10] Carrier input
Output [ 6 [9]ne
ne[7] 8] input Carrer
ORDERING INFORMATION
Operating
Devics Temperature Range Package
MC1498D SO-14
Mctagep | ‘AT 0Clor70C Plastic DIP
MC14968P | Tp = —40°C to +125°C| Plastic DIP

Figure 3. Amplitude
Modulation Output
Waveform

Figure 4. Amplitude-Modulation Spectrum

© Motorola, Inc. 1996 Rev4



MC1496, B

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

Rating Symbol Value Unit

Applied Voltage AV 30 Vvdc

(V6 — V8, V10— V1, V12 V8, V12 -V10, V8 - V4,

V8 - V1, V10 — V4, V8 — V10, V2 - V5, V3 — V5)
Differential Input Signal V8 - V10 +5.0 Vde
V4-V1 | +(5+15Rg)

Maximum Bias Current Is 10 mA
Thermal Resistance, Junction—to-Air RgJA 100 °CIW

Plastic Dual In—Line Package
Operating Temperature Range TA Oto +70 °C
Storage Temperature Range Tstg —65t0 +150 | °C

NOTE: ESD data available upon request.

ELECTRICAL CHARACTERISTICS (Vce = 12 Vde, VEE = _8.0 Vdc, 15 = 1.0 mAdc, R = 3.9k}, Re = 1.0 k), T = Tiow 10 Thigh.
all input and output characteristics are single—ended, unless otherwise noted.)

Characteristic Fig. Note Symbol Min Typ Max Unit
Carrier Feedthrough 5 1 VCFT pVms
Ve = 60 mVrms sine wave and fc=1.0kHz - 40 -
offset adjusted to zero fc= 10 MHz - 140 -
V¢ = 300 mVpp square wave: mvms
offset adjusted to zero fc=1.0kHz — 0.04 0.4
offset not adjusted fc=1.0kHz - 20 200
Carrier Suppression S 2 Vs dB
fs = 10 kHz, 300 mVims
fc = 500 kHz, 60 mVrms sine wave 40 65 -
fc = 10 MHz, 60 mVmms sine wave - 50 - k
Transadmittance Bandwidth (Magnitude) (Ri = 50 ©) 8 8 BW34B MHz
Carrier input Port, Vg = 60 mVmms sine wave - 300 -
fg = 1.0 kHz, 300 mVrms sine wave
Signal Input Port, Vg = 300 mVims sine wave - 80 -
Vel =0.5Vvdc
Signal Gain (Vg = 100 mVmms, f= 1.0 kHz; |Vcl= 0.5 Vdc) 10 3 Avs 2.5 35 - VIV
Single—Ended Input impedance, Signal Port, f =5.0 MHz 6 -
Paralle! Input Resistance fip - 200 - kQ
Paraliel Input Capacitance Cip - 2.0 - pF
Single—Ended Output Impedance, f = 10 MHz 6 -
Paratiel Output Resistance fop - 40 - kQ
Paraliel Output Capacitance Coo - 5.0 - pF
Input Bias Current 7 - pA
1 - 12 30
_l+ M4 _ 18 + 110 bS
‘DS___Z—_' le-_——-Z IbC - 12 30
Input Offset Current 7 - A
lios = 11-44; ligc = 18410 Itios | - 07 7.0
lioc! - 0.7 7.0
Average Temperature Coefficient of Input Offset Current 7 - [TCiio| - 20 - nAFC
(Ta = —55°C to +125°C)
Output Offset Current (18—19) 7 - l1go! - 14 80 HA
Average Temperature Coefficient of Output Offset Curent 7 e ITCloo! - 90 - nA°C
(Ta = -55°C to +125°C)
Common-Mode Input Swing, Signal Port, fg = 1.0 kHz 9 4 CcMV - 5.0 - Vpp
Common—Mode Gain, Signal Port, fg = 1.0 kHz, |V¢|= 0.5 Vdc 9 - ACM - -85 2 dB
Common—Mode Quiescent Output Voitage (Pin 8 or Pin 9) 10 - Vout - 8.0 - Vpp
Differential Output Voltage Swing Capability 10 - Vout - 8.0 - Vpp
Power Supply Current 16 +112 7 6 icc - 2.0 40 mAdc
114 Ieg - 3.0 5.0
DC Power Dissipaton 7 5 Pp - 33 - mwW

2 MOTOROLA ANALOG IC DEVICE DATA
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GENERAL OPERATING INFORMATION

Carrier Feedthrough

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

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

Carrier Suppression

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

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

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

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

Signal Gain and Maximum Input Level

Signal gain (single—ended) at low frequencies is defined
as the voltage gain,

VS Vg Re+2rg

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

Linear operation requires that the signal input be betow a
critical value determined by R and the bias current IS.

Vg < 15 Rg (Volts peak)

<

26 m
15(mA)

where rg =

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

Common Mode Swing

The common—mode swing is the voltage which may be
applied to both bases of the signal differential amplifier,
without saturating the current sources or without saturating
the differential amplifier itself by swinging it into the upper

switching devices. This swing is variable depending on the
particular circuit and biasing conditions chosen.

Power Dissipation

Power dissipation, Pp, within the integrated circuit package
should be calculated as the summation of the voltage—current
products at each port, i.e. assuming V12 =V86, 15 =18 = 112
and ignoring base current, Pp =215 (V6 — V14) + 15)
V5 — V14 where subscripts refer to pin numbers.

Design Equations

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

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

15=16 =112,
Ig < < I for all transistors
then :
V- —6 where: R5 is the resistor between
R5=—gyz—¢~500 & Pin 5 and ground

$=0.75atTp = +25°C
The MC1496 has been characterized for the condition
I5=1.0mA 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. Guidelines for setting up these three
levels include maintaining at least 2.0 V collector-base bias
on all transistors while not exceeding the voltages given in
the absolute maximum rating table;
30 Vdc = {(V6, V12) - (V8, V10)] = 2 Vdc
30 Vdc = [(V8, V10) —(V1, V4)] = 2.7 Vdc
30 Vdc = [(V1, V4) —(V5)] = 2.7 Vdc
The foregoing conditions are based on the following
approximations:
V6 =V12, V8 =Vi0, 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 or more.

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

iy (each sideband)
vg (signal)
Signal transadmittance bandwidth is the 3.0 dB bandwidth
of the device forward transadmittance as defined by:

B i (signal)
Y218 7 v (signal)

=0

Y¥21C = o

Vg =05 Vdc, Vo =0

MOTOROLA ANALOG IC DEVICE DATA
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Coupling and Bypass Capacitors

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

Output Signal

The output signal is taken from Pins 6 and 12 either
balanced or single—ended. Figure 11 shows the output levels
of each of the two output sidebands resulting from variations
in both the carrier and modulating signal inputs with a
single—ended output connection.

Negative Supply

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

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

(Pins 1and 4) 510

I 10pF

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

TEST CIRCUITS

Figure 5. Carrier Rejection and Suppression

vee
12 Vde

15368k

VEE

Figure 7. Bias and Offset Currents

vee
12 Vde
[

20k

Figure 6. input—Output impedance

Re=1.0k

0S5V 8

i""\(l‘

i ; o1| Mc1a96 6 Zout
o . e 12 Vo

-8.0 Vde

NOTE: Shielding of input and output leads may be needed
fo properly perform these tesls.

Figure 8. Transconductance Bandwidth

Vee
10k 10k » 12 Vdc
o~ l 320k
11 01 1.0k lo01
Carrler qu 82 O 93 $50350 %p;
input ~ 0-1pF N
Ve o3 ‘ DR A
Vg o J‘% MC1498 vy
Modutating 12
) (‘ < (‘
Sgrallnput 0.2 j0kE ¥51 351 14 5
50k 4 88k
Carrier Nut 2 M
-8.0Vdc
VEE
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Figure 9. Common Mode Gain

Figure 10. Signal Gain and Output Swing

Vee Vi
T 12Vde ? 12V
| =10k ! =1
210k 5 s 210k Re =1.0k
05V 8 2 3 b i 1ox | 05V 5 2 33.9k =E3.9k
- <
1.0k§ —d0 5 —e +V, iR T Jo o +V,
= 11 MC1496 = 1 MmC1486 (6
v 4 — -Vo Vs oo -Vo
S 12 04_ 12
14 5
50 5 14 5
68k f5= T
5 i 10ma|$88K
= = AL, = log—< =
-8.0 Vdc CM \Y
\?EE S -80Vde
VEE
TYPICAL CHARACTERISTICS
Typical characteristics were obtained with circuit shown in Figure 5, fc = 500 kHz (sine wave),
V¢ = 60 mVms, fg = 1.0 kHz, Vg = 300 mVims, Ta = 25°C, unless otherwise noted.
= Figure 11. Sideband Output versus Figure 12. Signal—-Port Parallel-Equivalent
§ Carrier Levels Input Resistance versus Frequency
2 20 _tom :
& g 50 4 2
é 16 i *fip \
= 2 ar \\
3 Signal Input = 600 mV 5 100 =="p
& 12 2 g s
w ] '&J ‘\
o .~ 400 mV |- Y
2 08 e - 1 g i
T / L] 3oo'mv EJ' 10 -
é e ] 200 my 4 50 S
g L
é’ L~ _— 100 mV g N
] N
3 o — | & 10
° 0 50 100 150 200 1.0 5.0 10 50 100

V. CARRIER LEVEL (mVrms)

Figure 13. SignalPort Parallel-Equivalent
Input Capacitance versus Frequency

f, FREQUENCY (MHz)

Figure 14. Single—Ended Output Impedance
versus Frequency

50 140 1“E
g E 20 12 ¢
A =
Z 40 W =
5 = 100 0g
= » 0 g
Z 30 3 S
§ ’ A w 80 lop 8.05
a.
L
= 20 E 60 Cop 603
] =2 —
- o At o
3 o 4 40=
%10 = N &
a = 2 208
& = | &
0 3 0 r 0 &
10 20 50 10 20 % 100 0 10 10 100
1, FREQUENCY (MHz) f, FREQUENCY (MHz)
5
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TYPICAL CHARACTERISTICS (continued)

Typical characteristics were obtained with circuit shown in Figure 5, fc = 500 kHz (sine wave),
Vg =60 mvims, fg = 10 kHz, Vg = 300 mVims, T = 25°C, unless otherwise noted.

Figure 15. Sideband and Signal Port Figure 16. Carrier Suppression
Transadmittances versus Frequency versus Temperature
_ 1.0 T s} ,l‘g(l“ 0
é’ 09 gnal Port < g 1
E 08 S g
ut ™ ‘ = 20
e 0.7 wiin! \ A 4
E 06 Side Band \.\ £ o MC14% —=!
3 05 || 111] Sideband Transadmittance h = (70°C)
1. (Each Sideba N o
2 04 var = Ho—c nd)lvong L 40
g 03 W (I i, 1 g = RS
E O T 1S il 11 5 e
& o RN A
01 Y2 = Vout = 0 lvcl = 0.5 Vdc \
0 TP OIS W B o | 70
01 1.0 10 100 1000 75 50 -25 0 25 X 75 100 125 150 175
fc, CARRIER FREQUENCY (MHz) TA. AMBIENT TEMPERATURE
°C)
Figure 18. Carrier Suppression
Figure 17. Signal—Port Frequency Response versus Frequency
o 20 - . 0
s R =39k =
E: 3 DBy 2 q
3 10 7 N S~
Z%
0] =Y 5400
= Ry =39 k (Standard N s
5 0| Ao 10k TestCrout) ~ R =38k T 5% =i
S 0 Re=10k TestCiait) ~R =39k | TN\ 2% % 2 Hitf—
8 Re=20k 1 =5
g -1 - \ Se 40 -
E‘J L1 RL =500 Q \ (o] ‘é’l
<] [Vcl=0.5Vde Re=1.0k N\ 5z % ]
Y + X 75 =3 1=
2 Ay = = s & T %
< % Re + 2¢ g 70 B
001 01 10 10 10 @ 005 01 05 10 50 10 %
f, FREQUENCY (MHz) fc, CARRIER FREQUENCY (MHz)
Figure 18. Carrier Feedthrough Figure 20. Sideband Harmonic Suppression
versus Frequency versus Input Signal Level
E 10 2070
E g 10
=
i <
Q =
= Z2 220
g 10 = = Eg 30 g
= = Q
E = & 40 1/
. = & fo+ 3 /
e} S C* IS _~
@ »e ow 0
w01 oF //1'
[v4 =z ed—" ]
@ Q g 60 fctds ="
S 2 /
= e 70
a
= o0 S 8
005 01 05 1.0 50 10 50 2 0 200 400 600 800
fc, CARRIER FREQUENCY (MHz) Vs. INPUT SIGNAL AMPLITUDE (mVims)
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Figure 21. Suppression of Carrier Harmonic

Figure 22. Carrier Suppression versus

Sidebands versus Carrier Frequency Carrier Input Level
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OPERATIONS INFORMATION

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

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

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

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

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

- g
ot O 1 (4) %___,_ﬁm
3
86550-?
(Pin numbers
500{ 500 500 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
modulating signal frequency and the fundamental and odd
harmonics of the carrier frequency. The output amplitude witl
be a constant times the modulating signal amplitude. Any
ampiitude variations in the carrier signal will not appear inthe
output.

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

Since the lower differential amplifier has provisians 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 the following
expression:

V = (15) (RE) votts peak.

This expression may be used to compute the minimum

value of Rg for a given input voitage amplitude.

Figure 24. Typical Modulator Circuit
1.0k

Carrier Nut
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Figure 25. Voltage Gain and Output Frequencies

Carrier Input Signal (Vg) Approximate Voltage Gain Output Signal Frequency(s)
Low-level dc- _ie fam
2R + 2rg) (-KaT-)

High—level dc . fm

RE + 2rg

RL Vc(n'ns)

Low—level ac 05 (-"ETT) (Re + 29 fctfm
High—level ac SR fo £ e £, SIc v, - - -

Rg + 2re

NOTES: 1. Low—evel Modutating Signal, V4, assumed in afl cases. V¢ is Carmier Input Voltage.

2 When the output signal contains multiple frequencies, the gain expreasion given is for the output amplitude of
each of the two desired outputs, ¢ + fjg and fC — iy
3. All gain expressions are for a single—ended output. For a differential output connection, multiply each

expression by two
4. R( = Load resistance.
5. Rg = Emitter resistance between Pins 2 and 3.

6. rg = Transistor dynamic emitler resistance, at 25°C;
26 mV
{5 (mA)

re

7. K = Boltzmann’s Constant, T = temperature in degrees Kelvin, q = the charge on an electron.
% = 26 mV at room temperature

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

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

1) Low—level dc
2) High—evel dc
3) Low—level ac
4) High—evel ac

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

APPLICATIONS INFORMATION

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

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

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

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

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

Product Detector

The MC1496 makes an excsllent SSB product detector
(see Figure 29).

This product detector has a sensitivity of 3.0 microvolts
and a dynamic range of 90 dB when operating at an
intermediate frequency of 9.0 MHz.

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

As in all applications of the MC 1496, the emitter resistance
between Pins 2 and 3 may be increased or decreased to
adjust circuit gain, sensitivity, and dynamic range.

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

The carrier signal may be derived from the intermediate
frequency signal or generated locally. The carrier signal may
be introduced with or without modulation, provided its level is
sufficiently high to saturate the upper quad differential

MOTOROLA ANALOG IC DEVICE DATA
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amplifier. If the carrier signal is modulated, a 300 mVrms
input level is recommended.

Doubly Balanced Mixer

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

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

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

Frequency Doubler

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

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

Phase Detection and FM Detection

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

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

TYPICAL APPLICATIONS

Figure 26. Balanced Modulator

(12 Vdc Single Supply)
V
1.0k 1.3k 115:5&
AAA~
= }TL: [ , 1.0k 8, 30k 230k
28], 3 Lol
ier Input = [
50'“"'“’5’_% MC1496
Modulating _-,,
—_
)} 12
Signal nput 10 uF sur bt LS
300mVms 15V 15y
Carrier
100 =
Nl ok

Figure 27. Balanced Modulator—-Demodulator

10k 1.0k e VCC
AAA- _[ AAA/ 12 Vdc
0.1puF 1.0k i
o1 T Re 33,9% %?ék
uF - 3 @ +Vg
} Z
MC1496
2 oV
1 5
152 68k
VEE
80Vde ~

Figure 29. Product Detector
(12 Vdc Single Supply)

820 13k 1
01 Ll
= : 30k

AF
1.0 uF
1.0k Output
A (o

1 Ry = 10k
T

_0.005:[0.005
“puF =puF
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Figure 30. Doubly Balanced Mixer

(Broadband inputs, 8.0 MHz Tuned Output) Figure 31. Low—Frequency Doubler
vee
i ? 12Vde
+ L 100 pF
go k T 2svee 1.0k
Local p - 2 3 39k
Oscitator 8 39k
= 10k L
input G2 100
100 mVrms = :
100 uF Ve Output
input = MC1486
RE tnput 15 mvms 19 VA MaX {406 \F 15 v 1 :
g 10k o— & —o— L o0—4
1
10k - i
50 k =
= = 68k = = 14 5
Rl Adiest | o o 10k 10k $100 3100
-8.0Vde 0k 1
6.8k
L1 = 44 Turns AWG No. 28 Enameled Wire, Wound T = 15
on Micrometals Type 44—6 Toroid Core. VEE =
Bdane ¢ Ehvac
Figure 32. 150 to 300 MHz Doubler
vee
10k 10k v+ @ +8.0Vde
0.001
)P AT AN
=i 0.001 N = c 11
100 7, o 068uHE ¢ 18nH
2 36 1.0-10pF 300 MHz
0.001 pF by
150 MHz 1] MC1496 1.0-10 pF
Input 4
12 ~
10 k
10022 ok $1000" 5
IR 68k
= = i L1 =1 Tum AWG
= No. 18 Wire, 7/32” 1D
Balance VEE
-8.0Vdc
T e
g » @
g A 2\
: £ & > @
cl I e LA B e g7
ele|e gl 2| 1 ‘ g l g
Frequency — & Batanced Modutator Spectrum
DEFINITIONS
fc  Carrier Fundamental fctnfg Fundamental Carier Sideband Harmonics
fs Modutating Signal nfc Carrier Harmonics
fc tfg Fundamental Carrier Sidebands mc x nfg Carrier Harmonic Sidebands
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OUTLINE DIMENSIONS

D SUFFIX
PLASTIC PACKAGE
CASE 751A-03
(SO-14)
ISSUE F
NOTES:
1. DIUENSIONING AND TOLERANCING PER ANS
Y14.5M, 1082
2. CONTROLUNG DIMENSION: MILLIMETER.
DIMENSIONS A AND B DO NOT INCLUDE
MOLD PROTRUSION.
4 MAXIMUM MOLD PROTRUSION 0.15 (0.006)

PrpL PER SIOE.
5. DIMENSION D DOES NOT INCLUDE DAMBAR

® . l[{BIO.ZS 0010)@[8 @ | PROTRUSION. ALLOWABLE DAMBAR

PROTRUSION SHALL BE 0.127 (0.005) TOTAL
RXLS-‘_,] r—
—C

IN EXCESS OF THE O DIMENSION AT
T T M
M

MAXIMUM MATERIAL CONDITION.
[@]0.250010)@ ] ®[A0)

%

==
-
)
-
-
-
==

_J E L. MILUMETERS NC.I'(__ES_‘

BN MAX MIN
855 875 | 0337 | 0344
380 400 | 0150 | 0.157
135 175 | 0054 | 0.088
035 049 | 0014 { 0019
040 125 | 0016 | 0.048

010 | 075 | 008 | 0009
0.10 025 1 0004 | 0.009

g Nl I
560 | 620 | 0228 | 028
0325 050 | 0010 | 0.019

o
z;kxnmﬂonw>k

P SUFFIX
PLASTIC PACKAGE
CASE 646-06
ISSUE L
NOTES
1. LEADS WITHIN 0.13 (0.005) RADIUS OF TRUE
AANANANAAN PosmonATsemrgGPu)w&Aw;\xww
" 8 f MATERIAL CONDITION.
2. DIMENSION L TO CENTER OF LEADS WHEN
B FORMED PARALLEL.
(@] & 3 DIMENSION B DOES NOT INCLUDE MOLD

FLASH.

j‘:f YYY Yy {,’ 4. ROUNDED CORNERS OPTIONAL.

A e INCHES | WILLMETERS
L MAX | MiN | MAX
0715 | 0770 | 18.16 | 195 |
0240 ] 0260 | 690 | 680
0145 | 0185 | 360 | 469
0015 | 0021 | 038 | 053
00 | 0070 | 102 | 178

-

—{F

0052 | 009 |jé 241
0008 [ 0015 | 020 ]
o115 | 0135 343

0.300 BSC __Z.Ql&&_J
0° 10° 0° 10°

0015 1 00 [ 03[ 101

iz =l |z oo o e
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Phase-\ocked loop NE/SE564

emiconductors Product spectfication

DESCRlPT\ON PIN CONF!GURATIONS

The NE/SESB4is @ versatite, high guarantead frequency - === ’/"\
phase-bcked loop designed fof operation up to 50MHzZ. As shown D, N Packages

in the Block Diagram. the NE/SES64 consists of @ VCO, limiter,

phase comparator. and post detection processor. v+ ﬂ TLOUTPUT

LOOP GAIN CONTROL 15\ HYSTERESS SET

FEATURES

) . {NPUT TO PHASE COM 3
e Operation with single 5V supply PuT FRE):A: vog \i

e TTL-oon'\paﬂb!e inputs and outputs LOOP FILTER 4 ;i\' FREQ. BET CAP
o Guararteed operation to 50MHz LOOP FILTER [_5 ;2\ FREQ. SET CAP
o External loop gain control ‘ FM/RF INPUT . 11‘1‘} vCo ouT 2

o Reduced carmier feedthrough BIAS FILTER LT ‘,‘i°_‘¥ ve

o No etaborate filtering ~eeded in FSK applications GND E o | vooouT T

OCanbeusedasamodutator

e Variable loop gain (extemally controtied) TOP VIEW
SRR\ AN NG S — A\ SR01025_

APPUCATlONS Figure 1. PIn Configuration

@ High speed modems

@ Sjgnal generators
@ FSK receivers and transmitters o Various sat =
e Frequency Synthesizers o pin con figuration

ORDER\NG \NFORMATION
pescrPToN

16-Pin Plastic Dua
stic Dual In-Line Package
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Philips Semiconductors

Product specification
Phase-locked loop NE/SE564
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNITS
LA Supply voitage
Pin 1 \%
Pin 10 \Y,
loyt Sink Max (Pin 9) and sourcing (Pin 11) mA
Izias Bias current adjust pin (sinking) mA
Pp Power dissipation 600 mw
Operating ambient temperature
Ta NE Oto +70 °C
SE -55to +125 °c
Ts1G Storage temperature range -65to +150 e
NOTE:
Operation above 5V will require heatsinking of the case.
DC AND AC ELECTRICAL CHARACTERISTICS
Vee = 5V; T4 =0 to 25°C: fo = SMHz, I, = 400pA; unless otherwise specified.
LIMITS LIMITS
SYMBOL PARAMETER TEST CONDITIONS SE564 NES64 UNITS
MIN | TYP | MAX | MIN | TYP | MAX
Maximum VCO frequency Cq =0 (stray) 50 65 45 60 MHz
{nput > 200mVipys
Ta=25C 40 70 40 70
Ta=125C 20 30
Lock range el W 50 80 % of {g
Ta=0°C 70
Ta=70C 40
Capture range Input > 200mVgps, R, = 27Q 20 30 20 30 % of fg
10 = ST
TAo=-55C to +125°C 500 | 1500
- Ta=0t +70°C
= frequency R} = =0t0+70°C 600 PPMFC
pera fo=5MHz, 300 | 800
Ta=-55Cto +125°C 500
Ta=0to+70C
VCO free-running frequency Cs=91pF 4 5 6 35 5 65 MHz
R¢ = 100Q "Internal” ’ )
VCO frequency change with .
supply vof Vec=4.5V105.5v 3 8 3 8 % of {o
Modustation frequency: 1kHz
fo = SMHz, input deviation:
2%T=25C 16 28 28 m\lm
1%T=25C 8 14 MVims
Demodulated output vottage 1%T = O‘Q 16 ;g MVRus
1%7=-55C 6 10 8 mMVems
1%T=70C 15 MVruMs
1%7T = 125°C 12 16 MVims
Distortion Devigtion: 1% to 8% 1 1 %
SIN Signal-to-noise ratio Std. condition, 1% to 10% dev. 40 40 d8
AM rejection Std. condition, 30% AM 35 35 dB
Modulation frequency: 1kHz
Demodulated output at oper- fo = 5MHz, input deviation: 1% MVems
ating voltage Vce =4.5V 7 12 7 12 mMVeus
Vee =5.5V 8 14 8 14
lcc Supply current Vec =5Viy, lqg 45 60 45 60 mA
Output =
L output leakage current R .9 o5 | b os | o W
*0” output voltage OUT =€z, FINSIID: y : : g
loyt =6mA Pins 16, 9 04 0.8 0.4 0.8 \
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Phase-locked loop NE/SE564

TYPICAL PERFORMANCE CHARACTERISTICS

{

e A |
Lock Range vs Signal Input
1000
B -~
6 =
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4 7 " T T < 106 3
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[ 2
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o w N
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| w 8 = \
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| 8 g 110 9
- 2 VCO FREQUENCY: 508Hzx a
1
] 3 N\ g
i w 1.05 N &
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, —€00uA 400 200 o +200 —B00uA 400 -200 0 4200 400 50 -25 25 O 25 50 75 100 125
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NE/SE564

TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

Vp - PHASE COMPARATOR'S

OUTPUT VOLTAGE IN mV
800
A vco FrREQUENCY

IBIAS = 2004A IN MHz
600

1B1AS = OpA 16 1BIAS = 8001A
0o / " IBIAS = 004A

1.4
fo = 1.0MHz
200 12
: o oJo
40 160 —400 -200 200 400 600 800
4 VDIN mv
0 -~ PHASE /
-200 ERROR IN f 8
DEGREES

—00
-800
-800
Variation of the Comparator’s Output Vo VCQO Output Frequency as a Function of
vs Phase Error and Bias Current (Kp) Input Voltage and Bias Current (Kg)
SR01028
Figure 4. Typical Performance Characteristics {cont.)
TEST CIRCUIT
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= 40pF 8
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Figure 5. Test Circuit
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NE/SE564

FUNCTIONAL DESCRIPTION

(Figure 6)

The NE564 is a monolithic phase-locked loop with a post detection
processor. The use of Schottky clamped transistors and optimized
device geometries extends the frequency of operation to greater
than S0MHz.

In addition to the classical PLL applications, the NES64 can be used
as a modulator with a controflable frequency deviation.

The output of the PLL can be written as shown in the following
equation:

= (in-fo)
VO— KVCO (1)

Kvco = conversion gain of the VCO
fin = frequency of the input signal
fo = free-running frequency of the VCO

The process of recovering FSK signals involves the conversion of
the PLL output into logic compatible signals. For high datarates, a
considerable amount of carrier will be present at the output of the
PLL due to the wideband nature of the loop filter. To avoid the use
of complicated fitters, a comparator with hysteresis or Schmitt trigger
s required. With the conversion gain of the VCO fixed, the output
voltage as given by Equation 1 varies according to the frequency
deviation of fy from . Since this differs from system to system, it
is necessary that the hysteresis of the Schmitt trigger be capable of
being changed, so that it can be optimized for a particular system.
This is accomplished in the 564 by varying the voltage at Pin 15
which resutts in a change of the hysteresis of the Schmitt trigger.

For FSK signats, an important factor to be considerad is the drift in
the free-running frequency of the VCO itseff. f this changes due to
temperature, according to Equation 1 it will lead to a change in the
DC levels of the PLL output, and consequently to erors in the digital
output signal. This is especially true for narrowband signats where
the deviation in fj itself may be less than the change in fo due to
temperature. This effect can be eliminated if the DC or average
value of the signal is retrieved and used as the reference to the
comparator. In this manner, variations in the DC levels of the PLL
output do not affect the FSK output.

VCO Section

Due to its inherent high-frequency performance, an emitter-coupled
oscillator is used in the VCO. In the circuit, shown in the equivalent
schematic, transistors Q21 and Q23 with current sources Q25 - Q26
form the basic oscillator. The approximate free-running frequency of
the oscillator is shown in the following equation:

0% ZRGTE; TGy ¥
Rc = Ryg = Ryg = 1000 (INTERNAL)

C1 = external frequency setting capacitor

Cg = stray capacitance

Variation of Vp (phase detector output voltage) changes the
frequency of the oscillator. As indicated by Equation 2, the
frequency of the oscifiator has a negative temperature coefficient
due to the monofithic resistor. To compensate for this, a current Ig
with negative temperature coefficient is introduced to achieve a low
frequency drift with temperature.

1994 Aug 31

Phase Comparator Section

The phase detection processor consists of a doubled-balanced
modulator with a limiter amplifier to improve AM rejection.
Schottky-clamped vertical PNPs are used to obtain TTL level inputs.
The loop gain can be varied by changing the cumentin Qg and Q5
which effectively changes the gain of the differential amplifiers. This
can be accomplished by introducing a current at Pin 2.

Post Detection Processor Section

The post detection processor consists of a unity gain
transconductance amplifier and comparator. The amplifier can be
used as a DC retriever for demodulation of FSK signals, and as a
post detection fitter for linear FM demodulation. The comparator has
adjustable hysteresis so that phase jitter in the output signal can be
eliminated.

As shown in the equivalent schematic, the DC retriever is formed by
the transconductance amplifier Qg - Q3 together with an external
capacitor which is connected at the amplifier output (Pin 14). This
forms an integrator whose output voltage is shown in the following
equation:

Vo = %; Vindt )

Qum = transconductance of the amplifier

C; = capacitor at the output (Pin 14)

Vin = signal voltage at amptifier input

With proper selection of C,, the integrator time constant can be
varied so that the output voltage is the DC or average value of the

input signal for use in FSK, or as a post detection filter in linear
demodulation.

The comparator with hysteresis is made up of Qu9 - Qgp with
positive feedback being provided by Qq7 - Qug. The hysteresis is
varied by changing the current in Qs, with a resuiting variation in the
loop gain of the comparator. This method of hysteresis control,
which is a DC control, provides symmetric variation around the
nominal value.

Design Formula
The free-running frequency of the VCO is shown by the following
equation:

(0% 53c (C;+ Co) &
Rc =100Q

C4 = external cap in farads

Cg = stray capacitance

The loop filter diagram shown is explained by the following equation:
1
's = 'T;EQ (Fust Order) (5)

R= Ry2= Rq3=1.3k02 (Intemal)*

By adding capacitors to Pins 4 and 5, a pole is added to the loop
transfer at

1 NOTE:
*Refer to Figure 6.
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Figure 7. FM Demodutator at 5V
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APPLICATIONS s,
FM Demodulator . | RDSUSTMERT "
The NE564 can be used as an FM demodulator. The connections /
for operation at 5V and 12V are shown in Figures 7 and 8, x b /-'/
respectively. The input signal is AC coupled with the output signal T FT T N\ #
being extracted at Pin 14. Loop fittering is provided by the PR L
capacitors at Pins 4 and 5 with additional filtering being provided by 6 . -—\—"o
the capacitor at Pin 14. Since the conversion gain of the VCO is not
very high, to obtain sufficient demodutated output signal the 7 e 15—
frequency deviation in the input signal should be 1% or higher. - 5 al—e
Modulation Techniques = o— 1
The NES564 phase-locked loop can be modulated at either the loop ; 8 10 9 12" 9
filter ports (Pins 4 and 5) or the input port (Pin 6) as shown in Figure | P | 8OpF |
8. The approximate modulation frequency can be determined from i j ) o}
the frequency conversion gain curve shown in Figure 10. This curve I i ‘t 10 = 5MHz
will be appropriate for signals injected into Pins 4 and 5 as shown in 4 = ! FREQUENCY SET CAP
Figure Q. sv . {
9 | |
. O O MODULATED OUTPUT
@ | 2 LOCK RANGE ADJUSTMENT 3V amn) SR01033
v 0.01uF
T = Figure 9. Modulator
o o o o' I
! | /1 7T LoorriEr The lock range graph indicates that the +1.0MHz frequency
— °1°,1“F deviations will be within the lock range for input signal levels greater
FMINPUT  0A7WF Y b S P= than approximately 50mV with zero Pin 2 bias current. (While
o e *‘?';;‘ . e — strictly this figure is appropriate only for 50MHz, it can be used as a
= S S 15}-—o 4ot g guide for lock range estimates at other fo’ frequencies).
(o ——0
mas = owe | - saf—d{j pOST The hysteresis was adjusted experimentally via the 10k
Sl g 0.1pF = RLTEg potentiometer and 2k<2 bias arrangement to give the waveshape
13| shown in Figure 12 for 20k, 500k, 2M baud rates with square wave
? % ¥ 'f | FSK modulation. Note the magnitude and phase relationships of the
J, l ¢ (',___TPF phase comparators’ output voltages with respect to each other and
_+ ; _m to the FSK output. The high-frequency sum components of the input
O1pF == L ( FOREOUENCY SETCAP and VCO frequency also are viable as noise on the phase
SN comparator’s cutputs.
= 2000 Sk
. 14
T2 AN OUTLINE OF SETUP PROCEDURE

Figure 8. FM Demodulator at 12V

FSK Demodulation

The 564 PLL is particularly attractive for FSK demodulation since it
comtains an internal voltage comparator and VCO which have TTL
compatible inputs and outputs, and it can operate from a single 5V
power supply. Demodulated DC voltages associated with the mark
and space frequencies are recovered with a single external
capacitor in a DC retriever without utilizing extensive fittering
networks. An internal comparator, acting as a Schmitt trigger with
an adjustable hysteresis, shapes the demodulated voltages into
compatible TTL output levels. The high-frequency design of the 564
enables it to demodulate FSK at high data rates in excess of 1 OM
baud.

Figure 10 shows a high-frequency FSK decoder designed for input
frequency deviations of +1.0MHz centered around a free-running
frequency of 10.8MHz. the value of the timing capacitance required
was estimated from Figure 8 to be approximately 40pF. A trimmer
capacitor was added to fine tune fo' 10.8MHz.
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1. Detenmnine operating frequency of the VCO: IF+ N in feedback
loop, then
fo =Nx f|N<
2. Calculate value of the VCO frequency set capacitor:
.l
2200 fo
3. Set I (current sinking into Pin 2) for = 100pA. After operation is
obtained, this value may be adjusted for best dynamic behavior,
Vee — 1.3V

Coz—

and replace with fixed resistor value of R, = i
8,

4. Check VICO output frequency with digital counter at Pin 9 of
device (loop open, VCO to ¢ det.). Adjust Cq trim or frequency
adj. Pins 4 - 5 for exact center frequency, if needed.

5. Close loop and inject input signal to Pin 6. Monitor Pins 3 and 6
with two-channel scope. Lock should occur with Ads _ g equal to
90° (phase error).
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6. If pulsed burst or ramp frequency is used for input signal, special

loop fitter design may be required in piace of simple single
capacitor filtter on Pins 4 and 5. (See PLL application section)
7. The input signal to Pin 6 and the VCO feedback signal to Pin 3

must have a duty cycle of 50% for proper operation of the phase
detector. Due to the nature of a balanced mixer if signals are not

50% in duty cycle, DC offsets will occur in the loop which tend to
create an artificial or biased VCO.

8. For multiplier circuits where phase jitter is a problem, loop filter

capacitors may be increased to a value of 10 - 50uF on Pins 4,
5. Also, careful supply decoupling may be necessary. This
includes the counter chain Vg lines.

[ 3
1 1 >
| 1 )
i | | . FSK
! ADJUST 3 o OUTPUT
! I 22k |
{ 1 10 15 18
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iNeuT T 6
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P L 1ouFs8v
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“NOTE: 5y Ot g 12 e — et
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— : =
e es gl
300pF

SR01034

1984 Aug 31

Figure 10. 10.8MHz FSK Decoder Using tha 564
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Figure 11. Phase Comparator (Pins 4 and 5) and FSK (Pin 16) Qutputs

*NOTE:
Use Rg 11 only ff rise time s crical.
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Figure 12. NES564 Phase-Locked Frequency Multiplier





