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2.7 VOLTAGE CONTROL Q0SCILLATOR (VCO)
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2.8 MANNNTHANAIIND (Frequency Oscillator)

GﬂiﬁaﬂﬁﬂL?LW?iﬁuﬂﬂﬁﬂﬂwﬂlﬁﬂiﬁﬂﬂﬁ (x-ta1 controlled
oscillator) ﬂﬁ“qfﬂ‘l'ﬁhﬁu?ﬂ'a'iwﬂmﬂ? 73Jﬂ'3']00\?1(ﬂ'3?.ﬂ \1@ Lu’l\'JQ'WﬂMﬂmﬂNUﬂ -

L700LﬂﬂﬂiﬂﬁwﬂGivﬂvﬂuuﬂvivﬂsﬂﬁiﬂMWﬂ ?Gﬂiﬁwﬁﬂﬁﬂaﬁﬂiﬂﬂaﬂuﬁﬂuniﬂ

L¢ R4 Cq

| O
A — S
Co
14 s "
CRYSTAL - N

'5‘1_’1’1 2.45 13090 \WT)JJJ\IREI‘U’)\‘] X-TAL
Qﬁﬂ?OQTQNNWHﬂWGﬂiﬂWWRQGﬂiquﬂin L R C ﬁﬂLﬂH?GQ?

*Tﬁuuuﬁuuuaunimununw3auﬁ3aﬂiﬁmnw A G Lﬁuﬂ?ﬂﬂﬂﬁﬁLmﬂéﬂLﬂﬂaﬂﬂ
AAVEA (holder) maqniﬁmaamwLﬁuaoﬂiﬁuﬂ1wmmwu»1u<fundamen+al made)
WALATANDAPALYY LN (AT-Cub) Li?ﬂﬁuﬁiﬂﬂﬁﬁuﬂﬂﬁﬁuﬂﬂﬁGiTﬁuuuﬂ1ﬂQ1ﬂ‘
AINNIN U0 1IATANDS 1A

f (ME ) = 16756/8270%UN ¢ m)

ot

v

E‘J”IW‘SUH”I‘JWNLUU L'm auqmmﬂ‘smwm’mmﬂmum Q'J']JJNGINZ\NGI

wpem it la ¢ /£ ) asﬂﬂquma1 20 ppm nﬁamwﬂyawn -50 §9 100
D9AN L TR TR Aﬂséwamwa1@auawwnﬂwmwnn 20-30 DIANLTRLTHA
u1a7ﬂaaﬁanaumaiﬂnaunmmaamiwmaa ﬂwuw7ﬂw7vaa1ﬂ3ﬁﬂ7m
waAm oL TRANSISTOR, FET, MOS-FET |@uanasnumey aawaiwnwuﬂawun
flian sasdannrasanldnnuiiga sl £ uaswuwmﬂaaaqumﬁmaq
M1 Foesimwneh i saraaneals 3 liaemnnaeldreas udnsmefinanand
iquTﬂiqawui§51%3oaiaaa%auarmaééoa§woawnaﬂasiauﬁiﬂ emos 1oL

o ¢ ¢
AULIDTLADT (inverter)



73

©SMOQKRES100M2 0 T Lt
ns~(5x—nox) Rs(xTAL) '

S G “ ]
* 1. ,c ; 'CSCT - c: te
. Lo ey, Ty v apiadd : .
n ' ' cs4c.r L(XTAL) ,
L B vy ( - . . -
. . .:;:F(‘ INCE o ': : - B .
. "“'__;,. 3 e o » Fypical eryml mcilmor ctrwit ..... ’
o3

o w?"

o F: ¢

iﬂ‘n 2:46 UHAIIIITODATALALADTAIVAY K-TAL
.
qwnqqainoiﬂavawm17nanwuLmna,amwnnq nwmswumw1uamﬂa

ﬂﬁﬂwﬁumuﬁ {loading capacifance) CL ﬂ71ﬂiﬂmuaﬁﬂﬂﬁwu01ﬂﬂwwﬂﬂ ﬁo

Unffiaawfianit 8 Mi_ sedianlaii i 92 pr.20 R ddumnwiing
8-15 MH_ wpedwTuanaifiasnan 15 ue_ lag
“ 4

C =\C @ "k ) & B 4%y gedhsc o)
1 2 1 2

L in out iin' owt . a )

o o ( (=1 b’ £=1 4 bl o v
¢ ‘n ﬂﬂ"‘iLNmLZ\w £ 'T]‘I’]‘N'ﬂ mﬂw'm!,mwﬁmajm TEADTATINRINY

Ca “\D’\’\ﬂWﬁLLW'lL"ﬁ’ZT”ﬂ'H1'!.]'1')1&1}11’1 LH”L’YWWTW’W’]HL'H‘HW')T

dnﬂﬂuiamu V45V @Y C =5 PF, C 6 PF, C = 5 PF

in a

1]
"~

S

AA0e R wilseanm 6-20 Lunny Tovy R1 NIRUNT 5 ﬁmuianuTUﬂaﬂiwmaw‘

Lﬁ@\‘lﬁﬂﬂﬂ Aw"h_la’ﬁ'lll”ﬁﬂ‘imﬁ' '1011-(ﬂﬂr1‘5')l!"nl|11.’30’1"1611,14ﬂ “F]’WHH (P’W‘Wif,ﬂlﬂﬂ&lwaﬂ’

[ v
m%mmugﬂumwmmn@%m%mmmwmmo (stress) ’IJ“ILA'HE]HLW]F]?RW')&

t ]
& o [ =}

Feonam IienTan0aL AgKne vsamawunﬂlnﬂWQLaﬂﬂiﬂwu TENALNTIUIN

1 1

a v vy Y 3] o o ' o
ATANIR AT Y !UO’«HH%WT)MMW\}.O i’mij J4 mmwnmtrmwmw’a 3397 L NDLUN

VDD fﬁu%ﬁﬂﬂmwnmeuul,muaﬂ memu v . LL@?ﬂJ’]NﬂRﬂﬂ‘W‘JDLﬁﬂﬂ’I?

& - I a -8
La@ulﬂ’lﬂﬂuﬁﬂ\TQWWTRV\D’@‘IG]iU\lU@ﬂLﬂuﬂ’l'ﬂ?)'ﬂ R1 WYL 0-10 ﬂTﬂi@VTN



74 '

a a'é ! a1 4 oo Ci' ¢
LAENAINNARININ 13 KH Cﬂ;Cq QSNQWIMLﬂu 35 PF 'ﬂ??MﬂLDWWNﬂﬂﬁﬂﬁiﬂ

2

ﬂiuumo1ﬂL?ﬂﬂﬂﬂTﬂﬂﬂiUﬂwqu c, ﬂawumWWQWGﬂmweﬂ17uﬂquLﬁuﬂlaLﬂiﬂ
%Gﬂiﬁﬂﬁﬂ%“hﬂdWNﬂﬂﬂLﬁuLNﬂﬂ”L@iﬂ@ﬁﬂ@ﬂqﬁ?ﬂQiﬁﬁiﬂﬁﬁuﬂ F15AINRTD
aaaﬂaxaLmaiaﬁauiﬂmwumaoﬂ17 a1%1%13071mmnauLﬂuaaaiiuuwwaq3ww7
wuuoyd9lATHa (asyncronous counter) arMud T LN WA¥2 997570
1191191 EAE1 997008 TALALADT (BUL1031ADT) a%ﬂwa?uﬁanaaﬁuﬂ Rk

42060 1 iugu

WAy 130137 1 8A7ET L ARAINATANEA WAKTNNNTINTAINNEIN 99T
3an%mqﬂuuw§ 4060 éiﬂ?iﬂ?ﬁmgﬂihﬁu 10,001 KH_ LATL 91 19299577 4017
VWiQQWMnaquﬂlewaWﬂawmn 1 KH_ ﬁ1avxﬂunaIULﬂjHULﬂﬂUﬂumawunnuwawn
veo lagwis n Alos T uﬂ?ﬁuﬁ%ﬁﬁ.ﬂquﬂﬂﬂﬂiLﬂiﬂﬂhﬂﬂuqmﬁﬂaiilm -
ued 4046 $914 phace detectar aaluiFeninasslinT fuuofart fn
voltage error 1ﬂﬁ)Uﬂu veo Tiwaannut ieT annafo i3 nwnawuﬁﬁniw_
maqﬂwstiwawm17ﬂuawn1meﬂmoTﬂsuﬂiNn17wWimaaa1aiiaugu37 10102 9
TulaTo9rnigaonisaamn 19 KH, WAy 57 Ki_ vame a1 lgAmadaeniTla
518@3Lﬁgﬂmaqaqaias15ﬂéwaé91ﬂquun% 3 wAnATA e uianTan ldannuhion

g
Coleeeungy



75

2.9 WANNT 1Lamm|u b iply

t

q o o a R Y o ow o
lﬂdﬂllﬁud mmiﬂﬂJ1Q7ﬂﬂqﬁﬁm@5LUuaﬁﬁ3ﬂﬂﬂﬂ}ﬁﬁmﬂﬂﬁﬁﬂﬂﬂuuﬂ'

ﬁ"ﬂﬂ“iwu4%U”Wﬂﬂiiﬂmmﬂlim!ﬂlﬁﬂlﬁﬂﬂﬂuﬂﬁﬂilﬂﬁwﬂh G‘?ﬂW! él!? 5ﬂﬁm?

,_.

u sins wave URk@square wave iﬁ'?]‘.i? a1z ll"iz’ljfil HHH&‘»!?%

'»I--. L"

SnmaE L T

=5

{

sepall signal  gIETY sing wave inpid LY ) = H oW by

» 1 R

. ; . i i E
square wa'=2 input (V1 = b cas® t 0 HAND ! DONHIMIEIIORTTANSE L6
. 3 #

o

,3‘1 1 n &
!WJHHNYL#ﬂﬂﬂﬂijﬂlﬂﬂi3lwiﬂu73hﬂ ITIERAIGNUNTT modulate
- ;:; L] Y] e A -4 : ]
14 awmplitude 93 LURANNTS wmodnlate uqt(ﬂ P MU ThEs weg LU MO
. & e ; 5
AT IUITIUE "}T.!i‘.fi’-‘f!?*'i!"‘ sk AR :":,i-;i:; POMY 135
"
‘ ] o A
T WU AN ,’a‘s=i=, T OWESEN SN common gmitbten
¥ Y . .
IZE MM
] xy 4
cy o
A i ~
L 0L gain constant
at . oA , ;:; .a: R o £ E=A e e
i1 Lﬁf" ERHPEIARE L LS IR UE?@’;L':LJ& JIAED NTYLInUALA0T darguunitanias

'3}"11’!"3'U§‘4§§?m?1“§ F'LoJ'r*LﬁF!vJ M main amplifiar Y01 uq, {l{ﬁ, W uaEy o

L3 b ; =
o_: ' [ R ' £ <
S19E@DaE L AnsIE common emitter  WHNSHUARINL AT LAL nuu Fratiies as
b
P P 3] e o s o
LiuaTEAD T Lunn TENYITD 17T iRsatnens enadie et ted e .
26715 e T Ann v ne iy four quadrant
;



76

A
BRI RI1Y
T *—0 415V
Rx Ry M [ L 4] Q1 uf
10k 04 n l:In n 0.0 4F
nm m: ' ' L 3 *
10k 4 1 '
vy
vy
1o € 1595 MCIMIG R Vx vy
WCISISL @ Vg o TAVY
el MCI741CG) A
0k [} "
vx . \ -o
vx 13
0
° 3 t,, H! flu s #lz © 0
= 1 wa "
ny LIR]
A e LYY P
:'_‘] oUTPUT
SCALE OFFSET ’
FACTOR s ADNUST
ADRST = = 3
SHOVEVX <4V
Tveniey o vammin s
w0k -
2k n n
15 vO— v A—@ 15V
10
1Y ¢ h A%
-+ -
-
.
-4
5UN 2.47
LY)
\ ™
* K
a u " o4k g &
- o ¥ 4 - v 1 XL Y Y Ly Y P
ATy v (hase-emitter voltade! AFCUATIRENT MTULAINUN
o %

Y997 99TVHIBILAUWRENY exponential UAY input valtage §7UT 16w Y

+

’ %%ﬂﬁﬁéﬂ?ﬂﬁ@f ﬂﬂquuﬂﬁﬂdlﬂuﬁﬂﬂiﬂﬂﬂﬁﬂnﬁ‘ﬂﬂ‘ﬂﬁiﬂﬁ“*ﬁll!, AR b L ~ﬂﬂl1
IJ A

(=

B i YR U
ﬂWuLﬁﬂﬂwﬂLHuwﬁiﬁu sxpaonential, nontlinsar o
k]

ﬂ??ﬁﬂﬂﬁuﬁéﬁ@ﬂﬂlﬂﬁﬂu’ﬁ?ﬁﬂﬂﬂ@ﬁmmiL”ﬂwﬂ %S%@Wi%?&ﬂﬁ%ﬁﬁﬂ & -
7 w o -

1
aisd  nysuaLatnun | LURMAINAIN ALY D iﬂiﬁdqaﬁﬂmﬂﬁﬂﬂia
¥ 4 = i

9511! o EERY) S f v

RELIENT WA SNTDY a_inng a,  {f HHluuﬁﬂbﬂdﬂutﬂwﬁﬁﬂﬂﬂiﬂ*M&dtﬁ W

Kt 5 f LEEN- VAR 1 t i e

NTENA | (naleTUu0 e I nANNNE I exponent ial WaEnTELA (. NIvdwing
n 2
E ‘y"n.' ] t t
AT 4 mu'nwz U A70 IRERDUMINNTEUAT IMANININ Y signal 07004
s & v o ' ¥4 17; .
tiode D uaw v, ﬂwtwuiaﬂumﬂmﬁaulmtzﬂqvnanwu*LU% nonl inear Wi
Aﬂ, -‘ a: R ograr »

ious st luda s niaiaot vuard anplitier B iRNTELANT 08 LD

v }

u [ I . o ' L 1
WRDEULTOE DISnugey Hinesr anNasy e
q Y

y = L&z \!

<



2.10 a%maauaﬂqtaﬁuuuu PSK
PSK Encoders

psk fmanouuuild  lulesooruiliSuuun Two-phese wFo Binary
phase shift keying (BPSK». n13a3uuy BPSK anglaovunsnae 4
data signal ﬁtﬁuuuu nun-return to-zero (NRZ) ﬁTﬁﬁéquﬂsunau d;
Lianiieade iunenL I udY carrier 2 I dwah output 3

ﬁ o . a v ﬁ
amplitude (1 +/-A ﬂ"margtg’lﬂuu’\‘: "1" |y "o au‘lﬂ Vo tuu

V° = +/—- 2A d(t) cos(w t+0) “
[~
4
Low-pass m(1) cos (0 - 6,) R ~
‘ d filter
i 8,
Msintut + W L] vco )
13
”’
Low-pass -
filter m(t) sin (6; — 8,)
o
51n 2.48
v

.

Tagh £ 1ilu data input fudunidudinos uansanTan +/-1 wFounu
1" wag "0" dutay #2u A 1iuA1 rms wseBamauuar w_ tiluArarufi e
ANUDIRQYIY carrier Tnﬂﬁguivﬂmutﬁu 0 RNANNIT v_ SINAIILIIAINITA
isulua e
V_ = A2A d(t) cos(W_+0)

c; ot . cal -] o

Tatiiio date Faniiu +/-1 5 01 avfiarifuan o  uas 180
A

0° aelg v uiu 1

180° avle v_ vile -1

Taan

0
1

0
K

Foviulunudnsauruoe data input @p "1v,v0"



78

PSK Decoder

IINRUYIY PSK 18 Ft) = 24 d(tIcos(w_+0 ) (181N 1n
7937 demodulate JUIB BPSK WUU costas 1oop asnﬁuiw £t Plaae
wwutﬂw1ﬂﬂovoa7ﬂmmo input ﬂaoaoa7ﬂmanﬂﬂuuuouunnwamwuuﬁaﬁn Vo191
W ludnsae  veo  1ook uauwanﬂowunaonuw1ﬂtnwnu 57 KHz inafu
AN carrier M1ednuRe laedaaunast

Cos(W_t+0 ) Ua¥ 2 sin(W_+0 ) .
awﬂzﬂuaﬂou50ﬂ1ﬂauun7ut7wawu17nnﬁuﬁﬁuuuuauﬁwuéwaﬂaa loop

Tudruuuaeld tnput uaanwﬁqmtﬁu 2 ANNTTAD

JiAf(t)cos(Wct+0‘).éos(W=t+0°) =/§Af(t)cos(zwct+oi+0°)+cos(0‘—0°)

NQW?NWQﬂﬂﬂNﬂWTLaﬂﬂWﬂﬂ8030Q7ﬂmQUlﬂuﬁﬁlﬂﬁuﬂl77ﬂ00ﬂ17ﬂ8

Lnouuaotw7wvLﬁutnauvaonﬁ7mwcLﬂaiunawoammnun7unuammwun Vco wam

¢

ﬂﬁﬂul?ﬂﬂﬁqﬁ low pass filter ﬂ?OGﬂﬂlOWlﬂONﬂNﬂ?ﬁNﬂ Carrier ﬂ01ﬂ

o
ﬂQ81ﬂL01ﬂwﬂQﬁn loop filter Lﬂu

Y (&) = J2A F() cos(@ -8 )

v v ' o v o v v .
AIURURNIN LBRNMAUE LDEINLIY 1o
Y_(6) = J2A fce) sin(e -6 )

Toauh o, e vin phase error uavﬁv1ﬂlaﬁﬂWﬂ80ﬂuﬁQﬁﬂ1GQTﬂmﬂﬂﬁﬂuﬁﬂ

Lﬁu phase detector TﬂﬂuﬁNOWTLﬁu
e =k A® P *(t) sin2(@ -9 )
£ ™m 3 1 o

-

) t »

tND Km lﬁuﬂﬁﬂéﬂquﬂ17ﬁm§ﬁu7ﬂlﬁu volts/radians WALIINANNITU
»

fCL) = +/-1 U@y £7(L) = +1 ﬂﬁ%ulTWﬂﬁNﬁTﬂlﬂﬂuﬂuﬂ171ﬂu1511



79

‘e_ = k_ A" sin2(® -8 )
INANNTT e iavtﬁuiwﬁzﬂﬂunﬁfqnﬁtﬁﬂoﬁu phase lock loop ¥IMTVEIU
¥ 9 nauns e avldarauanano i sin2¢0 -0 ) Hanifu o gy
Tunsii 0 wae 180 Foludnwass 100p IAIYITO lock A2y VCO  UALaIn
udonlAosUNTHYDY costas loop avld data output DaNNIALYY
Y, (£) = f(t)cos(0 -0 ) aviily Fee) Fadan +/-1 wIodreunnTLSey

@ d o s v
LRBULAINAD i, ron YW’]’O\'JQ’I‘T'(“LLOO
tnput to Modeém - 0 1 0 1 1 ki 0 0 .1 0 o

A - . C

input to Modulator ; . : . i

o’ -

Unmodulaied
Carrier
€os w1

Extracted
Carrier °
Demodulsted ' ' e
and Filtered ~ 7
Signal v, - . :

-l S B AR t 14 FRR

.. Corhparator g .e . . . P NP AR
‘Oupity, ~ "7 d .
Modem Output o 1 0 1 1 1 0o o 1 1 0

Figure 5-25  Woveforms of the BPSK Modem

SUN 2.49



‘ UV 3

3.1 ﬂﬁ?ﬂ%?ﬂﬁ@&ﬂm FM STEREO MULTIPLEX)

n17a71 980 FM STEREO MULTIPLEX 16na1a81ua M1 angud)
Tuimdug unuaoﬂonawvnon17a7woammwm FM STEREO MULTIPLEX lum19
ﬂﬂUﬂTﬂaauuuouﬂnaﬁuwaLﬁuuaan1ﬂasunﬁumaonwsa7ﬁaammwm FM STERO
MULTIPLEX &% ,
3.1.1 DIALLANNSAT (stereo mabrix)
3.1.2 fn7A modulator (L-R Ay subcarrier 38 Kﬁ;)
3.1.3 a7@ multiplex

3.1.4  AAWARAING 19 KH_ -

3.1.5 1723939 shift phase

a ¢
3.1.1 arauannsatd (stereo matrix)

ﬂﬁﬂitﬁﬂﬂﬁﬂ%ﬁﬂﬁﬁ%&%ﬂﬁ@@ﬁm (L+R) Was (L-R> luseatonde
ﬂﬁ?ﬁﬂﬁﬁuﬂaodoQi summing asamplifier %1“5U10Q7 inverting amplifier
ANAN199T inverting amplifien Qﬂﬁﬂ“uﬂqﬁﬁ gain (NN 1 (unity-
gain) andoa%quzﬂ% 3.1 aviiuindagaideedndrs wardinuanay i dwanag
91 way 92 Tasfamnthdned ¢ war ©, avianinfienamondaanat e i
Tildie R, waw R, Fariminfit Jusadmaus iy Cinput resistance) w09
Aonna LR uavqummuLﬁavﬁuﬁqumt%ﬂaﬁdwﬂnéﬂéwu €, way C_ aviiNnfe
R, U8t R__ Farmiafit fudadrunauuntdrue sdumne L-r Faedudu

Liudadrumulfuan18fseseuing r, war . Tddw¥uifuy

waelisnTdrunoadanne L war R uindnludnsndrniiafy 111

Tumangufian R, wav R svimifin R avandduld o dhumis
A INAN M0 1un1¢ﬂ§ﬁﬁiéw R, WAy R, a193r luintuLws e L RRsnA N

AAUAIATIANAIIUNIL LT eaviu R, o1vanilFu i TudunieFeaouTy

v v L 4 c;
Mt R uar R 979 ladnaniiy :



Rg

47 K Rg
412 vde 10K
C1 112 Vde
47uF 16V R3 o
C3
R
R 33K | RBs R
47K 25K ; l ! | Ce
= % Cs Ra 2 q_;“’F Cs
c Ay CA3140 {c— =7 \ 47uF
472uF R4 L4 NN el lc:>_-____1
: + CA%140
H +14
33K R7% 47K Cs Ry
Ro I'\MF ¢, 0 4R
47K I = 1 ;[I o %
+12Vdc i
R e
w‘f -2 Vdc
20K+.12Valc.
l CQF -
- 1u
Ria 2 I
% Lo SN 7 ‘ Cy
25K To; I(
Ry 3 2/ 1%
CA3140 F
i b 4T R
20K | ~—— O L-R
Ry2 Cio 25K
T wmF
20K 3 = ..
Ris -12 Vde
20K




82

]
rc, dmirfitiuness summing ampririer tfwrseTTandunn
Y v v c'o)a ﬁvv‘lv o v . [ )
L wag R 117028012937 u8 R_ vilumiaa Inn937380nTueneininyg 1
. . ﬁvn"ao [V .
(unity gain) C_ uas C_ |\ ui LT ang aulvuni 931 Tnantsan
nl [ ) av Yo

noise nquwnuwaeaﬁﬂ1ﬂLaﬂequnu?aai

ic, i §u1997 ‘inverting amplifier B3 gain NATUAAE

'V W . . ﬁ o~ 9 v o v f{v
LMY 1 Cunity gain) ‘uaridudsaTnmavuannautdadvo sdgaam L+R {mida
» Yo

anda9ae Iadan e LR .

1Cc_ vwdinfitfurees differnce amplifier R U AR08

' o ' ' ¢ o v v MW
AWUANANY L-R 4 R, R _ uay R__ ﬂaaﬂquzﬂﬂadL%ﬂld@?ﬂﬂﬂ?ﬂﬂﬁ1ﬂ
v

adndie wavmnavandsiruidranTanttunne R, wae ko R i

14

[4 14
=

v
. . Vo O ] (Y . o v
fIAMUA ‘gain 1992997 INNONTIULILINIAY 1 Cunity gain)  2997%AN
v Ve ¢ o 1o ic o flul ¢
dygnae L way R Omdutoammaslantmifvasgnawnsalfy v | lidriennun
1w ¢
LnafiuAug
dann L+r HlAan output 1493 1C. AIWITONTIAEOUNITTIN
LY Vlv o ‘lva 'u VW -
dggoe Louar R Ialeansdeudaga L ouas R udwunaue sdugininate #o
Tagn1s short g 1ouar R ciadizdudalendgin 1 x50 R lanwnu
VI T A o ovtaet gar 1 arfinnully 2 i vasdanna inout
v 2 AN~ ) L e \E ) . ‘.‘:or v - f v ] _‘«lv
A cutpul LR T 2 o antdngm tap Loanmisdsy n 1 outpur 1@
v 2 AaMmae Lo b o ennun s i i iwdn dugs LR é
nIMeNIE 17 BuNgHauIn (tumming emplifier) Wi 1337U878MUY

~ - - -
ah.UL‘IJ\Z‘) Ciny € 7 Tne oarv 1 Tiaeg

- . . et
3N L. LEHIENGL o v Teg pngYifior) e pnmaneaminne g

" vy N
A T U ™ (Y L 1 - 3wl . , s oA s o mat s -
St Eud 3 oaa2 T i enan. Jan T luns@ve sn s e e aaunn
- . 1
L 2] - H L2 [ %] L5 ar =4
R P X s oy cotoer nacudany 3 pet ey

£ -

[+ - ' (.l‘ o W ar —
et e UL gy an .J.LﬁﬁﬂbvlCuﬂlf:?\HillJL_.fﬂkyglﬂ‘ ianud

L ' i o w v .
5 R . . 3 . ' . . .~ ~ e
Lo O i ,a"w Lol BTOERTS B Salihinu D /FL RESINIOR 1Y
‘ ‘ A
N . 1 - “d \ 1 o - " v YooY g o, ¢ ™
; S T A T I L R
] t
] I i v w
PRI ! by i IR I I



83

v = (R /R )V + (R /R )V + (R /R OV
o 1 4 1 a4 2 2 4 a ]

Tin 8.2
9

2937 summing ampiifier luln7eorusilat fursasiivinuinag
Twdgae Louas R LIAeiulaen1730299917 9608 input w09 IC,
Tusdeuninoda iol#lun T3 udan outeet WWld i 2 1 Se
daana Loinanudgana R aw&uqﬁﬁao%maoa7 input 499 1C_ ot lusi
LuntI9ALuTIEAIAINEAWANRTEY R war R lalidady

1937 UIBUVUNAVLNA (inverting amplifier) (F1R737170

fnundns1nasagne laau lagsualenisiounay 5numumaaaoa7astﬁu

5ozﬂﬁ 3.3

Vin - L~—“0Vom

T1n 3.3
L'

anzﬂﬁ 3.3 DNTINTTULILUD 92 93TANNITOAIUIN lanI8AN

24

[ 3 ‘ 4 [ 8 o ' L) &
ORTIAIUNUDY Ra/R: AJUULTIRINITOATUIMURIAIUT IAYL outpub 15ﬂ0u



84
u ¥
WFIRULEN (V) = (-R_/R ).V
q out a 1 in
- v & o W )
ELHUITUTIRU output AsTuotfiudngtdiures Rtk A
R =R_ 9811 1980T187un13 08189992997 L01RY 1 Cunity gain) Fe'lu
‘l‘ &o Clu{’] [V [ L.
AT 3 muNA L du2 9aTnauL dauo sk m, L+R
2997 difference amplifier Ju2995RuE 8L AUEHARNS

ﬂ805QQﬁm input ﬁlﬁﬁﬂﬁ inverting War non-inverting U8y op-amp

5nﬂmvﬂaavea3autﬁuﬁqzﬂﬁ 3.4

N Ra
Ay
R
1 ~ / .
Vin1 O Y
A i 0 Vout
2
Vin2 ®
Rg s
Un 3.4
]
8 é
LT 90U%LDINUN (V ) = \'4 -V
Q owut 1in2 int

QWHﬁﬂﬂW?ﬂDO?OQ? difference amplifier UINIIVTHAN

dyana L-rR Tasnnstfoudagia Lo 19197 non-inverting uwavdgqan R

o & o '
lﬁﬂﬂﬂ inverting Qﬁﬂiﬂﬂ 3.1 L¥UI1 !C2 %1 inverting ONIAOH
v -

¢ o= v, ot o v 1w ( o
quzﬂtunt707ﬂLwaqiqun17ﬂiﬂunoQWﬂaoaqum output ¥ LMfiuAusLNo

dom R unnnudagi L

3.1.2 a7@ MODULATOR (L-R i Subcarrier 38 KHZ)

t 3
f1A modulator unﬁunw7uwnaw1éaiqmuw1ﬁtﬁuvoa1 modulaton
LUy balance modulator lagle 1C # MC1495 vanini Jusauducino
“ - W

L-R ﬁu subcarrier 38KHz 5qmﬂm L-R 15uﬁaﬂﬂﬂﬁﬂ stereo matrix



85
i
A subcarrier 38KH_ 1ﬁu1awnnﬁﬂw§m5qum pilot 19 KH_ N1nT

1 ’U a:
Al 2 (M9t ladug i subcarrier 38 KH_ 70a7maon10uuﬁao15ﬂqzﬂn 3.5
A |3

] oty

-5V

- 4 _ \
1K 10K 3K L J_ath
= 3K 3K k4M<E
10K l:O w3 b 17 | 2 3 :_]: -
Vi 4 c B
10K Vi V
MC 1495 MC174>—6——-—-——0 Vo 274
=3 - 5 .
10K
Vwc m g | 14 P i 2 —_ 1 J
oK 3 13 (8 12 I i
12K : i
L 12K ] 5K nyy
’ OUTPUT
Fi%%% 1 OFFSEST
. ADJUST
ADIUST il L
OFFSET 2
ADTUST ¥
X OFFGET
2K 13 ‘l ADPIUST 2K 15 ¥
+15v o—H— ‘?@k ——>0
% 54V ;f 5.1V

qUn 3.5
. L'}
o o S ' o S o
Qqﬁzﬂﬂ 3.5 ﬁﬁlﬁu70Q7QmQ8l“u11N input 2 input [y
v uay V_ i input 1992997800 L-R uay suboarrier 38 KH_
' o w . o o 1
quqﬂalﬁﬁ N-Qﬂ Vy 1§21 Vx auIYNY 1“70Q7iﬂﬂ 3.5 WINUINIINT
v
ARUNNTYT adjust DUNANUINAD scale factor adjust, y offset adjust,
« L] q
x offset adjust WAy output offset adjust Qﬂﬂ%uﬁﬁqq §1§5ﬁw;u N
q

ﬂ?u output 507ﬂﬁ 3.6
L



86



87

3.1.3 91A Multiplex (5qmwm L+R, L-R Subcarrier 38 KHZ

WAy -Pilot 19 KHZ

aalinuiafsandannn LeR, L-R subcarrier 38 KH_ uay
pilot 19 KH_ ﬂﬁﬂiqijQQT summing amplifier fwinfTInduanadinany
AOURIEANNT multiplex duumesdosl¥udanne L+R 1nafy 0.45 v,
&y L-R subcarrier (MAAY 0.45 V uavdggos pilot 19 KH_ itniafiy
0.10 V U230 i InatIaNTINNUAIEI 997 summing emplifier

7999599907A multiplex uﬂﬂaﬁozﬂﬁ 3,7

100K
et
+Vee
L+R 100K
1uF
L-R Subc 100K PR
— 6 § MWF Out put
Pilot 9KHz 100K 3 PSS~ 2
o- t1a
I:wF
~Vco
o
‘zﬂn 3.7

Qﬁﬂiﬂﬁ 3.7 %Olﬁuddﬂﬁ summing amplifier Lﬁ@ﬂ@ﬂﬁ@@ﬁm
L+R, L-R subcarrier yar pilot 19 KH_ 14771 2 %499 I1C # TA3140
#u0n0 output 71 6 AwLimAns multiplex (L+R, L-R subcarsier,

o
S

Way pilot 19 KH ) nwuﬁaanniﬁojﬂﬁ 3.7

3.1.4 NIT0ONUUYIIRTNANAINNGD 19 KHZ

L] ' v
an19asauTii 3.8 luniseiaend i la 19 kH_ duonde
A
wdnn1swoe PLL Tezawnsastuunoontiudruddn 3 d2ufo phase-

detector, lowpass filter Q¥ voltage control oscillator (VCO)

v 4y vy v Y o d vy e [
ﬂﬁ1ﬂﬂﬁ71“1uﬂ7ﬂﬁ0”“ﬁ0?8l““1ﬂ3ﬁﬂqqqm carrier NMIIATY output ¥



88
nBnAD BT InAen 10 KH_ 07%1n loop Oéquﬁﬂﬁﬁa lock HuLHY
o llavefurafedarunneg 1092999
1. MC4060 B Way MC4017 B vAnirfiiiu oscllator ﬁw%m&qmwm
nwaﬁwuﬁuqn (input ‘signal) °
2. SCL 4046 B MAntinfiiily phase comparator
3. LF 351 vuiadifu lowpass filter L%@ﬂ?0¢§@@ﬂm1ﬁtﬁu
TEAUUT NN do voltage Tiajuan veo
4. XR-2206 Liu vco wped999

] i 1
5, CD40102 Lﬁu IC ﬁﬁﬂﬂ&ﬁ?nﬂ0Tﬂ7uﬂ7uﬂﬂ7ﬂ11“ﬂ15

] L4 i E 2 ) +
ﬁ@unﬂuQvﬁOﬂaﬁﬁlQNW%UﬂﬂM?ﬁOlﬂﬁuu luOOQﬁﬂﬂ3u0u15

] £ 4 L4
NA1NUAL T uumdAun

b



g

89

$12V | »
£ |
T I 1 10K
#4060 T 100k BK qL ‘
100K L = 50K |4
1 13 ", 2“\7\6 10K I 2206
3 3|30 >4 i 5 10 4 1g |1 1
I ST
K QOIPF |
= T 10K T 0pF
L L
T
16
31—
9
v 1 .
1 X g} ®
4 ¢D 13 18 KHa
40102 W17,
7
6
. 5
g 4
4 KHa 5 0.1 FF
~ 1 14 LL
’ 5 | r407
5 -
19 —_]
T 11000 Kke
= 16 =

f—

0
—l

sUM 3.8 DUDSWANADTUN 19 KHz

Laowe
I

e __J__

“10.24 MHz

= 05-03pF T 33 FF

19 KHz .

12



90

NN IINUBIDIVINANANNG 12 KHT

300 993700 1.8 aunTacsuronmizieanladgan L ieasansa
4t

Nwdne ol 1 ML 0w L iy MEAPTY gaan uiieona U e
:J ‘.‘: — LY (% %4 » C: o
1001 Ry Cttuti Tl v sen i Dl s TSR wf 1 e S

) 1
<

: ,n%ﬁﬂ“ﬂlj W 1n. 00 ol ¥ Aawnd 10 NnLaILuen

v
© v =]

TS NV 4] Wb T, ' .“JLJJL .Id Yt l?lll Aol }‘\ix"!mbiﬂ 'ﬂL!H YA LleUL HTJU(HE'

P ianded oI
- s A T . s ti S L 0y t by l“"
W VRO s i baab i o 10 KH O Lt )1n'adln
]ya‘ | . _n’ S]
ol e PLEMHVIc . e 2T S B 0 e 36 ,Hvu¢hwwrm1tvw

1
)

3 (s} l,ﬂ uad L: — iy (
ade b 3V Ll Wludn e b g 11.11H”|JHMtU ulﬁﬂl ~ isuunﬁma;dnvaﬁ

)

w . . 3o 'y 1.
AN AR LT D I R S PO S B E! lﬁtzzé SO i e 1113 RN AT T I IR
S 1
o oh P Y wr REEETEE )
WAT 20 (U L4, R9NA MDA L ey iupubt signal ! KO _» 1y
- 9"
AU Ve a d U T b Web Werikt 3 14060 o il BTN Q8 S & 1 L% 6310048

€ g.a‘ [7]
t

avonani U U e il error volvege 1 iudusivvosduun pulse
Ll 0‘0
. ' ) % l‘ R !
vang ldeu lowpass filter 1HonT09toTiawIE@uw0y do 1% lUAuAN
Q

\
oscillator TagAMANUWTINNL do R1ANI97n lowpsss £ilter ﬁoaéqu
capture range Raenlf Vo wAnAdnNBRILANAE 19 ki_ s liluanay
§ vCo whnAnaBRAIRELTENIN Toop aé1uanwvsﬁt?ﬂniw ook 109
udﬁnnﬁnusoﬁuﬁuwﬂduqu1ﬂa§1u capture range ﬁquuqﬂaanawnn17 lock
i 1% veo whamandlineiB e ianasidulusi Sofiay 1aa ninduan 100k
3nAvd wav Tut dulinaon il

ﬂWTqﬁOWu IC # 40102 lﬁu61ﬂﬂ7ﬂﬁﬂna

CDh 40102 Lﬁu 1C B-stage presettable syncronous BCD
o . ) &V v o
down counter RNNVTANA¥OENUULRNITINA lan I8 TaaTdsunsafiun P P

5nvmuuaovoaiﬁouaﬂoquzﬂ

|



[els |

15 :

14
CD 40102 (+20) . N "

1
from VCO ——_|
Pg P, Pg Ps Fy Py Py Py

']Jj».___liz n-l0]7 |6 |s L.. -8-
i

= -

vce

o K .
717 3.9 ArTuITANaleeld 1C 40102
KO
Tﬂanuawnqn P -P, vt LSB was P_-P_ viw usB 21N 999
awnToldsunsn e preset R (n+1) LHURDINITHATAINEIN 19 KH_
Uz ‘.: ¥ Y w
v 1 kH_ detulunrveonuuut 3as s Tdsunsanaanas T inady
preset = n+1 = 19+1 =20
» []
fann lun19lTenou 993 L3198 I an P_ ®ofy VGC wanannaih
& v ' 3 d~1vv ¢ ;J]o . .
Tﬂiun7uuua1asmaaanﬁwvﬂuunqnuw nay ladgaaat oanun Liludanan digital
nliaawd 1 KH_ i1y compere Audumom input signal salyl

NF80NLLUUIIT Shift Phase (0-90 9161)

-3 nlo O, o
AINADINTTNAL U 995 phase shift Uldlglulagseenutios
NN 1A UFURDINITNAY detect Fumnfident uuvy difrerential
phase shift keying (DPSK) aanuﬁtﬁuzﬂuuuwaoiaga (date) lagendy
1oafqmﬁwowu§1uﬁu ANNUANNITINRIINAUATD L UROUAYN VCO M9IN1THERN
) v v
AINNDONNIMNY sin(wet+e ) WALNINIIIT shift phase f9iuay Adan
[ ¥ v
% cos(wot+e ) uﬁvuﬁﬁq@nmmoaoou1ﬂnﬁwqoasqmaﬂnnoaaouﬁunao
costas loop (W® detect 5@q1maanu1 ’ .
da ‘o Yo ‘:' ‘ -] o v o
AV TRONLLUNAD nﬁsannaqumntawngnutﬂauwnuwﬁqumauqn

90 9IAN %TD w/2 ﬁouaﬂomauzﬂ

L



92

| ! 1 -

]
i
1
I - .
: ; Sin{Wct+ 80)
'\/ |
] . “
: 1 ) . *
I .
! ! '
/\\\// B Cos(Wet+@o)
1

N
~a

—s et

AR
-
zﬂ% 3.10 WARIAINANILHEYDY 1/p WA o/p
1997 phase shift UAAINIITY wart 319y lemnuduring
Yo aANNITR 3l

= 2tan '[2%wfR C 1
3 1

Vin 57 KHz Ry
| > Wt 2

ZIJ'?I 3.11 WdAVI9397 phase shift Noonuuy

v
Tulasseruii s 14
R:R = 8383 K .
1 2 M
C = 0.1 4 F

t

' 1» ] \lvl o~ flv ﬁ
Uar L9138 70n1AN Ra ﬂ‘)"lﬂf&ﬂ‘fﬂﬁﬂ NANDBNNN UWAvLRLA LY R:a LYY

L 4 (Y] ] 1 4
AarunrunulFuan la



93

3.2 n19a309dNIMm BPSK

M BPSK

¥

=

AARANANTIRIMA 2 L9087 9L Tus 9977 anERR

Y

=0

v ~
15ﬂ0ﬂﬁﬂﬂ0 uaBﬂWQTUTﬂﬂﬁﬁMﬁﬁﬂﬂaﬁﬁﬂ07ﬁﬂﬁ8LOﬂﬂuﬂ®8N1u15ﬂ0

3.2.1 293THEAAIING 57 KH_ (1Hr997188200 19 KH_ uaidasunng

AT )

o~

3.2.2 Qoaiqmﬂdwug (A1AFY)
3.2.3 on?Qmﬂawug (AT : ;
3.2.4 73999 lowpass filter third-order

3.2.5 7999 loop gain

3.2.6 7999 loop filter

3.2.7 1aasw%mﬂaﬁuﬁﬂauquﬁaﬂuﬁoﬁu (VEo)

3.2.1 nwsaanuuuuoasw%nakuﬁ 57 KHZ

NNTONUINI 19THENAINE 57 KH_ Rordeuannisues PLL
LB BEIRINTHARAI NG 19 KH_ %oﬁévuﬂ?unouqﬂaéwoﬂoovoq7tnﬁauﬁu
Wuﬂlﬁﬂﬁudquéﬁuﬁwﬁiﬂﬁﬂuéﬁﬁﬂ veo aedosltsunga preset Tusiifioesn
LIINDINITAYYN carrier ﬁlaﬂﬁqntﬁu 57 KH_ S 99uR0 M1 TANEI N
57 KHz tﬁu 1 KH; lﬁaﬁﬂu1ﬂ compaﬁe ﬁuﬁqq1mﬁtﬁu input signal

Tﬂﬂﬂﬁ?@@ﬂﬂﬁﬂ@vlﬂuﬁozﬂ

preset = . n+1 = B5T+1 58

vCC

16 |9 2

15
14

CD 40102(+58)

Pg P7 Pg P5 Py P3 Py P '

|
l 1017 {6 |5 8
] .
. ' '
1 9
N

2

- i
vCcC

A , 2ﬂv
N 342 usaanmaa i 40102 W 51
L ]



94

) c; r.{ . [0 L) L] & o v
AIUYDIIIRTOUY N2IAINITUTUUAIL LY VCO doslFumlIudtuniy
all l'l:' Cl'l [ ¥ “. ) L Y o (Y] ) 1
noLYnen 7 tiodFueudlnlalnataa ety 57 KH_ @7uR197 1997997
st Talvonanate B nlnesurely FM sTEREO LAYUAENITAIITUUD I 99T
o "' ’ d L] LV I -] 1 o w o c:
WARAIIND 57 KH_ N91AEnann T auLiufeafiu sasadnmiah 19 ke

LAULAEINY ‘ .

3.2.2 N1798NYUNI IATAN .

MC 1595 (M€1495) (i 1c Wl lunaseadunnadndnnisifen
v [ ‘ Y o Yy v vvv::l o (
AUNTTNIITUUDS MC 1595 1ﬂ86ﬂ1ﬂ13“ﬂ?1%ﬂ3ﬂ0ﬂuﬂ FINRUDINITIL AT Mt

' 4

L?ﬁae1ﬁn11uumnﬂwowaonsuuanﬁoﬁﬂutawnqnmaovoa7ﬂmtﬁu

I -1 = a1l = 2V V JR R I

AN B ® ¥ ®x v 3

1unwsaanuUUL7ﬁquﬁaoﬁwnuﬂéauﬂevnaunwﬂuanTﬂﬂnﬂfLﬁandﬁ
c:'vvna' o a ¢ [
nlElddfanTaoiunsRinodansn Liu : °

- linearity, output error, ERK or Egy K

E

R

[Vs(max)/V (max) 1%100 = E(IOO*IO_S)/IOJ*IOO

~

+/- 1.0 %

"

(3o V_(max) vHu +/- 100 mv ¢
UWay full scale output Lﬁu 10 volts .
-~ 3 db bandwidth and phase shift
v
01 phase shift;1uvoa7qmawnnoaooauynuﬂ1tnﬁnu 0.6 DIAT
M 1% Lo MuNT “vector RARIRLASEY 1 % (E_ dsvaa 1 %) detulunag
"0 v v 2 '
DONUYLAITIE 1K [ANIY spec aett
- maximam output voltage
M ' v & o & o
noonuuulagnig 1ﬂﬂ00ﬂ1ﬂﬂ78ﬂ8ﬂﬂﬁﬂu0ﬂuﬂﬂ01%lmuﬂﬁu 19 -
¥ ]

Aman TadunldfuTas e i AYIUBUUNUDIDIFTAUILHANIRAT+/~ 5.0 V
Aonane lusy v (max),V_(max)) UR¥ +/~ 10 volts input [v/:v:(max>3
] * *

o 1» VW v ¥ 1v
NN scale factor ININY 1/10 AIRULTIIY 10
Vo= v'v')/10 = (2V >(2V )/10 = (4/100v v
o H V¥ 0 .y FP

e K- a0 ’ﬁﬂNWTﬁﬁﬂ”ﬁ@1a“ﬁﬂ di i oe peltworlp



il

Avun linTeus 1

-15v

L0k

-1V

s
MC1S85L
[

!'“ 3 f,, 1 ’f,“ t

i

SCALE

FACTOR

ADNST =
SOVS VRSOV
“BVCVygey

M3
1%

Y OFFSET [Py
ADSUST

X OFFSET
AQJUST

10k

]

LIS
Joumn
Ps] OFFSEY
o] o

MC12418
MCITAICG)

+—® 15V
0.4 4F
01,
L

SBVE-

T ¢

W

b

VW—@ -15 V

¢

@ Vo« :

vx vy
0

7ﬂﬁ 3.13 multiplier with op—-amp level shift
v

F.l’)’ﬂi)\iﬂﬁ’vllﬂ I = tﬁuﬂ'mLumvaunaﬂ‘lun'\iaammu

ilay |
13
Qﬁﬂ%ﬂﬂﬁ”ﬁ?ﬂﬂ@vﬂﬁuﬁmﬂﬁﬂﬁﬂﬁﬁuﬂﬂuﬂﬁuﬂﬂﬁ 3 uag 11 13 90

tlv"|—0.7 vi/1l
13

R _+500 Touu

'4 i
R_+500 Towy = [lv ,—0.7 VI/1
» -
T4 vo = -15 v
S5 R _+500 = 14.8 V/1 mA w30 R, = 13.8 K

LRonld R, = 12 K

4 ]
unqunimuﬂaﬁuﬁaonwvﬁauaaﬂuuu

Lﬁutﬁﬂvﬁu R, = 13.8 K

IWl& scale factor Futusu ﬂouut711ﬁﬂawnmwunwunuﬂﬁﬂonﬂaaunﬁunu
potentiometer tuaoqwnnwsnwuamawaTumsonunwsnﬂaaeasoznw17un
Laon 4% R, =12 K + VR 5 K (scale factor adjust)

nntIoulut s Toursnalrus g

ao 1YL Ronan R, WAy R
Rx (1§17 Ry 9N L
V /R < I , V /R < 1

» » 18 ¥ b4 a



96

Awmunld 1 R >uFauiafy 1S V (max) ume I _R_ >u¥p

¥

iNAY 1.5 V (max)

Lﬁa V (max) = Vy(max) = 5,0 volts

v &
NINY
IR >uFoinifiu 1.5(5.0) 3 1,R_>uFounifiy 7.5
I,,R. >uF9in 0y 1.5(5.0) ; I,,R. >uFaininuy 7.5
v
U
1 R = 10 )
3 v
i R = 10
143
L
LUTIERE LY ]
R = 10/71 mA = 10 K
= 10 K ,

R = 10/1 mA
1 ' v v w ¢
ﬂ01ﬂl7qQ3“qﬂq RL Tﬂﬂqﬁﬂﬁﬁuﬂuwuﬁﬂao

K = (2R )/(R R I ) = 4710
L x v 8

(2R )/(10K.10K.1mA) = 4/10
&t R, = 20 K
anwannw7ﬂmasLuu1ﬂkusoﬂunwuﬂﬁutawnwﬂauLﬁuaﬂavunu
ammwmauwnnoaaoTﬂﬂnuiaﬂunmﬁ 1 agliatennit +7.0 v 14 v = 9 vde

uaun1suan1wawwutﬂ11ﬂ1uﬂ1 i LﬂWﬂU 2'3 ﬂﬁﬂ%t?ﬁﬂﬂ”ﬂ?ﬂﬂﬁu?mﬂﬁdﬂ

[ 4
1ﬂ?1ﬂ
+
R = (Vv -V )/21
1 1 3
v + ¢
® VvV = +15 vV
v
anIuY
R = (15V-8V)/(2)(1mA)

3 K

H

IININIT level shifting avuﬂivnOUﬂaov0Q7wa17NWQﬁniﬂ

ﬂﬁuﬁTﬂﬂﬁu?mﬁﬁ1ﬂ WQﬁ?WWlNQ \Y —V =0 NTvua 12 nag l14 Qvlﬂﬁﬂu l1

Fe

"4



97

WAEANAMAIUINIINTISUY R =20 bV uae vV unldasilsenna 11 v

1 4
Qﬁnﬂouaﬂanawvut7ﬁawuwsnnwuam R 3andun1g
o o

1431

v U
aIuY

LRon |

(NoldAn R_

+
(V. /R J)+1 . = (V -V )/R
2 L 19 2 o
vee
0 220 L, M A
AAA m AN/
L L1}
-[= = | 01F 1 "2 In
LI AR = 2 3

A By $ 2w & ill;' ose
cARmEAWIUT T Gj;' s 0 ™ Toureur
€0 mVims) @ i€ -0 MCI856G

Y - 3' MCH%EG
MODULATING _ . b
. il
SIGNAL INPUY
Bomviems)  1oY n.\.,c {

ST m { {
CARRIER [ YV S’
wiL 0eg <:m:
0% "';J
=
1

3UN 3.14 1evel shift circuit
L]

“

(16V-11V>/R

(11V/20K)+1mA

1t
w
o
=

i

o ) )
3.0 K #9Uu voltage N1 2 war 21 14 asiddeulydu

V =V = 10.4V

2 14

3.2.3 ﬂﬁ?OOﬂ“UUQGQ?ﬂN ¢ -~

MC1596/MC1496 Lﬁu IC %un CMOS ﬂﬂﬁ”ﬁ?ﬂqﬁlﬁuﬁdﬂ7ﬂﬁﬁﬂ

1ﬂwaﬁﬂdoaia1ntﬁu amplitude modulation, ssbh-sc, fm detection,

phase detection lﬁuﬂu uﬂ1uTﬂ700Wul7ﬁQ8uﬁ MC1496 NﬁﬂﬁlﬁuﬁﬁQT

balance modulation quﬂ1ﬂ7UﬁGNTﬂ70ﬁ710%8010Q7ﬂ0§ﬂtﬁuQOQT

uwm7151u1unwsnﬂaou

h£~t

b3 o

V2

L1% "

<

VW .

1% 3.15 uanovea7qm51ﬂ 1496
A



98

signal gain (singled-end) 3071u5ﬁ10§uqﬂ1550 voltage gain

A =V /V =R /(R +2r ) i
8 L - -

ve =)

L 3D

r

26mV/1_(mA)
nwvﬁwuvmuwdw5qqﬁm8uwn%ga%nqmn7uﬁ1157ﬂﬂ

V8 = IBRE (volts pesak)
wnamulaT 9 ul v, Quﬁdﬁ§o§ﬂ1ﬁLﬁu 1 volta peak S481M1TnRRETA
129950 aBeTa 108 NNTEONULIALT L ATIERANANNITHRD IN1TN1THN 970
1DIIIITUTONNY input voltage mactéauTmﬁdwuuwnﬂﬁﬁwoﬂuﬂaonﬁuuaﬁ
711 bias Tﬁﬁoaﬁqmawn17nﬁas set 1ag

] zz =1

s HAS e
I, << I_ d M5y trensistor ﬁonuﬂ
Liio
R, = ' -a>/1_ - 500 Tory
Lo

+

R A2AIINAI N URADATONTERITIUN 5 fy v
¢+ 0.76 volts 1 T o = +25 291l gaLina ¢
o vo o & v ﬁ '
Mc1596 SinmanidTautmum Soulald 1. = 1.0 ma wavi fuen
a'm' \'a nn' v o () ]
nilaanag Tiuo92 993015 lun19naaouTeduns scu do W set lagdarulienoy
o o ) 'a::.v '. o
aauon  Taadi Joulenldlun1seonuu 3 ned
30vdc >uToLnInY LV LV -V 4V ) >uFainifdy 2vde
30vde >uFaLn LCV_ 5V )=V 4V )7 >uToinidy 2.7vde
30vdc >¥Iaitn Ny LV .,V )=V )3 >uFoinify 2. 7vde
[} v 1]
ﬁonawvuwuﬁaﬂawusﬁunnﬁuuﬂqﬁ
V. o=V, ,V =V ,Vv =y
6 9 7 (=] 1 a4

nsvuanly bias Hun 1,4,7 wav8 nrug bies Taens Ty u

' V& v , vo o~ )
lﬂ71“7ﬂ1ﬂ1uﬂ7703ﬂuﬂﬂqﬁuﬂﬂ 1.0 mA w9ayINNIN



99

3.2.3 NIT00NUUUIINT tuwpass filter third-order

— 2 —
+
o]
™~
Ry R,| R, >l 5
, e

5UN 8.16 WAMNII99F LPF orderd
L]

Ld ﬂ'U o8 t
AnuRAINOANDY 1.2 KHz Qﬁﬂﬂﬁﬁﬁﬂquﬂqvﬂ third-order

Fitter Amunld R =39K uagr9a7.fududy 2 passband ripple 0.1db °

av e K =39%10°

AN K, = 20F_ = 20k1.2%10°
aon e = [1/(K .K )I%C
new ™m £ o ld
C, = 0.096911/(39%10° #2uk1.2%10")
= 330 PF .
C = 4.7921/(39%10 %2r%1.2%10>)

Py v
= 16.30 nF 14 0.015 4 F
C = 1.3145/(39%10 %2v%1.2%10°)
v
= 4.47 nF 14 0.0047 u F

awndoa71ﬂwanﬂ7n10ﬁuuanumuLnaULﬁusﬂanumvvaowaua

auwnnmm‘luuwuuo muammwuamﬂﬂ 19 \‘Jﬂﬂul ﬁumuﬂquq

"



100

3.2.5 N1799NUUUINRT loop gain

9

FROM

MULTIPLIED 0—-“—"WW—** - . TO

0 LOOP FILTER

"\t

31N74971117 997 inverting amplifier 85TNATIL T 100N

uuuTwawunﬁnﬂsULnmmnﬂvmﬂ191ﬂ Tﬂﬂﬂﬂ?ﬂ?ﬂtnmmn R, wavUTuseay
uieﬂuawqac(niuua>1nn R, TﬂﬂﬂOﬂ?WﬂW?ﬂﬂﬁHﬂOQ?Oﬁﬁﬂuuﬂﬂlﬁu
“R_/R 1un17ﬂ7um17ﬂ7um1?ﬂ7u1nuﬂw dc voltage aﬂquiuﬂunonawo
14
NeAUIINUT oA Y stwu1utﬁuuuqun11nﬂw dc voltage Farwntaulil
o y

tliotouliu loop filter 9t 1¥ 10op £ilter cutops 1o

3.2.6 nw7aanuuu10a7 loop filter

) v
Luaammwm carrier (fu 57 KH_ 1umnutswnw1nmauaﬁaono
WA 1200 bit/sec Tun1989 data 1 bit 1%L1aw
1/1200 = 8,3333333%10 "% sec

8.3333333%10 " *sec

Tu 10 bit 141937

o g a' 3 v -
o carrier 1 'ﬂJﬂauuu‘l'ﬁmauﬁu
- ay 3]

ORTRION NG YA R e 1 0
.
(% U G‘ . fl -
QauR Y 10 L MEGE fUafananrin cor
il carrier T (@.,a2222270% o T)01.,764285065Y10°7)  se
d7TE RN
) c:‘: . Lo ; . " ¥ . 6 o s 4:: [V
S RLT LRI uﬂuﬂﬂJLﬂHLan) MﬂWLﬂu 0.8 %0@?1ﬂﬂ7
e - . RSN on
Ve A5 s e ket uRwe g e ot Yaouly 2 Ty o
5 oo

doaat g, L e sy ,

[ . T g 1Y 1 My -\ 9 Y
L O NI PR RC RS T O 8.3 e



WIAN W

4.5/%

4.5/(8.33%107)

r- ]

= 540 rad %38 f_ = 85.94 yguyn 86 H,
19
81 t=01
17
161
sk o2
4~ 03
13- 04
-2l
®© 08
§ 1 - 06
8
s 10}
=3 8
2 oo
3 1-Q,
g osf
S
z 07 15
o6} s
05} /
04}
o3 F
02}
o1}
t ) )
| ] 1 1 1 1 i i | 1 1 I
b 10 20 3.0 40 50 &0 70 80 90 {0 I i3

gﬂﬁ 8.18 AT INNANSUAUDINDANINEUDY PLL

§

Wn

101

al

[y



. 102

+

LNS "

Tﬂﬂquﬁﬁ VCO gain ﬁﬁﬁtﬁu K = 6280 rad/sec.volt

faun
2 2
K, = (A".K >/4 = (0.1)>.(K_/4)
= 0.0025 K_
Toen K_ (i multiplier gain LAYINNANNITUDY PLL
3 = wn<7/z>
D)
T = 23/Wn

war 9 = 0.8 war W__ = 4.5 arladn -

2(0.8)/540

R
1

0.002963 sec
o [V} . uS
t97tR0n14AN C = 14 F  getin
R, "= 0.002963/10°° = 20963 Towu
Ji = (Ko.xd)/wn2 Wway K = 0.0025 K_
» ;4
14 k_ = 50 ald

T1 = (6280)(0.125)/(540)"

-~

0.002692 sec

a8 & -

0.002692/10

~
1}

2692  Towy

Eﬂﬁ 3.19 UAMNIIIRT loop filter

X F b



103

3.2.7 nwsaanuuuvoaiwamwawuﬁﬂauqﬁﬁvﬂuﬁoﬁu (VCO)
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4.3 7399 PSK demodulator (costas loop)

’

. 4.3.1 NRﬂW?ﬂﬂﬂOdQﬁﬂ?0?7ﬂ&ﬂ11“ﬂ75“110 PSK auwnnu

carrier ﬂ VCo Nﬂﬂ@ﬂﬂ”ﬂﬂ81ﬂlﬂuﬂ@ﬁﬂﬂﬁmvﬂa QQQJuJﬂQ"LﬁuﬂWJﬂWﬂ1

TYMIVIFUNIS PSR AuRanm carc oo B o oaes o o e o

et

(SR

b RV

Raid 00 9 P S I ES T A B S

L Y

JIVTATC AT
{\_\ZZ\VZ\M{_X&/___\L IRATVRIRYE

I

————— e — —— -

iy
.““ <

WA I IUINF dag JJO?PMH

4.3.2 Luaammwmn1ﬂa1nn17ﬂmwﬂuﬂaLmaiuuu third order

filter uavnuu 0 OGﬂﬁQvlﬁuaﬂHmBﬂOG data input naouauquﬁsmnna11

Nﬁuﬂadﬂuﬁﬂﬂﬁﬂﬂﬁﬂ VCo NWNW?QNRWQQWNQ1Q 57 KH usiﬁlﬂﬂ Syncéon}ze

X
AU PSK OﬂWﬂuUﬂO anwvunﬂsaamuutao

, DATA

INPUT

I s W

OUTPUT




' 108 .

4.3.3 'lum':'ﬂ‘mm Veo uunauaum‘maﬂauwnnmaqm'm
73995 phase detector 1unuvoﬂi phase detector L7ﬂ1ﬁ3¢Q7ﬂm
(multiplied) Qﬁnuuaonwn17ﬂiu loop gain I¥¥AN do n3ﬂ1ﬂnv1 6
U89 op-amp qwuﬂﬂ7uﬂuaﬂﬂﬂﬁﬂa1OQWH?EQUQONﬂuasmﬁﬁﬂ ADININTAN
Tﬂﬂﬂﬂ??ﬂ o/p ﬂ loop gain filter 79 dc cutput n1ﬂauuﬂ1Lﬂaﬂu
uﬂaomuaﬂnunw loop gain flfudan  enniuydy f_ w93 veo 1wlgen
Inatdne 57 KH_ uﬂ1u11ﬂlﬂ110Q7 phase shift 90 ae@1 IeelFu
R ﬂ?ﬂﬂﬂTﬂqwuﬂﬁqnaLﬂﬂo 90 %oﬂﬁ anuuuﬂammﬂm carriepr nulﬂa
0 U’y 90 oIAn 1ﬂtm110@7ﬂmﬂuamm1m PSK juwnnuﬂ aﬁﬂuuaouﬁtaw
auunnoaaotwwvoaﬁ phase detector WaININ1TUFLAN VCO gain |% vco

fonfiniad 57 kKH_ Tagld frequency counter Sagfiunisvunuas vco
> v A b

o~

L

pr3



109

unn 5

ATYNaNIINARD Y
—— q

1. 3997 FM SEREO MULTIPLEX

Tunr3adrogaadrofgnn FM sTEREO oo U1
Tunrmnaass ua51§51u¥Uﬂw7éoﬂoga%vuﬁu1ﬂﬁu5qum FM STEREO i
Qﬁﬂﬂﬁ?ﬂﬂaaowuiwﬁﬁquﬁﬁw01utéao5ﬂ71waoé1uivuﬁwoq LAUNNTTIN
d L+R,L-K subcarrier WAy pilot tone LTrsfiulTifosldusnsa
éﬁuqﬁtwnwuﬁumwﬁnqvﬁ%ﬁwnuﬂ uarlunsnaass¥uans142 997 detect
NAABIIRINITOUENRAN L war R lemFols

2. 12997 PSK modulator (I8¢ PSK demodulator

v \ Y
TﬂsoowuuTﬁnmaaonwsﬂ?woaqqﬂm BPSK UULUONILUAUNAITHIY
\10 I\I v o @& o

YNy FM STEREO go (1) 1uﬂﬁ7ﬂiﬁOuaﬂﬂﬂﬂ00ﬂ73NUﬂ7ﬁuﬂﬂl?%ﬂWOﬂNﬂ??
g So o o o
1unw7naﬂ7ua BPSK uu1§ costas loop Nysvuy PLL Lﬁ%ﬂﬁ?ﬂﬁdﬁulwaﬂ
an;wqﬁmmwm carrier 1*15 57 KH LAY syncronize NY carrier input

ﬂlﬂﬁuﬁ aﬂw017nm1uavuﬂmnwuwotanuaﬂnnionwiaanuuu loop filter
luﬁﬁvtﬁuﬂﬁﬂﬂﬂuﬂ capture range %94 VCO uavammwm data n1ﬂavu7ﬂ7ﬂo
wﬂtwﬂu1ﬂuwomumun1700nuuu1¢a7 lowpass filter nﬂaﬁﬁﬂﬂﬁ7ﬂmﬂu75n310

" PSK W@y carrier n1ﬂQ1ﬂ VCO

o~



a . WLIFe9N994

Lo UTTL38 ﬁu%%wﬂ1ﬂiﬁ,Lﬂ?naﬁos,w%annvw,zass

2. & wIUN3 L‘NTJ‘U‘J-.VIU aail LLE]NU,ﬂ'i\'iLT]W‘i;2532

3. Areing JsENuNIAANI T, wannwvivuuﬂwa77,ﬁtaﬂatﬂmu awna.n70unu1,
2533

4. U3 gYANGUR , MIBaNuUUIIALAAYIATAG , NI, 2533

5, Harold B. Killen,Telecommunications and Data Communication
System Design With Troubleshooting,Prentice—Hall,New Jersey
1986

6. Jack Smith,Modern Communication Circuits,MC Graw-Hill,
Singapore, 1986

7. George B, Clayton,Linear IC Applications Handbook,Macmillan

Press LTD,London, 1975



NRANTTHUTY L N
ﬂ?iﬁoﬁayauuu PSK |%S¥uy FM (Phase-

o o A s
N1IMUTAAIUNUS | T
Shift Keying on FM System) § ﬂmvwaﬂﬂwmaﬂﬂuuisﬂm 91958

AaNINg ﬂﬂﬂuﬂWi 1uﬁﬁH“W?%WTHﬂﬂ?ﬂHWP%?HTﬁWWuu”uﬁﬁuuﬂﬁﬁqﬂi

W@Wﬂﬁ?ﬂ?WJWWWQQuHu?ﬂW1%ﬂ1ﬂ ﬂﬂﬂﬂ'ﬂuﬂﬂTﬂEWﬂW’ﬂ?ﬂﬂ?ﬁﬂﬂ?ﬂ?"ﬂﬂ

ﬂﬁﬁwﬂuﬂ?ﬂ



SNANIEIN



13

4

s e

[
INPUT FROM EEQK
PIN I XR 2206
MME K
o—j
2N3904

741504 24 6D 40i02

OUTPUT TO PSEUDO CODE

18

&

7 it [ia

-
-~
5
H

ty I‘l l‘

+3V N
F HAIFNFUGNEL PSEUDO CODE.
Y
P34 INPUT.
. 3 A NPUT
L q 3
a . 5 s 'Y
10 N 3 5
1 4078 74164
® ) 12
i? 1% 1
[
7 7
| [

v

KIMF - OUTPUT.
= .

CA3140

-1V



~lav

h®
s
F MC4017

ATAF

L34

"
18
40102
Py o) v
[‘ . e
" L
MC A
hs ==
1 10
14060

A

5
J POT |[aKkHs »
S
Wainv
o |,
4 agur
ur s S|
i e A
T
w ~Wv ; g
CA 3140
RIpr
(*

1 9

o

f0K
K [
oK y .
— Si+
fox v Vald
-{ixv

er g



Tw‘:v

, T [ 0‘5 2
'/“F | éh\ ;3& F 3¢
Sk e ]
{38 L fe5 7 CoMF g _DATA /P
»T”} LT ¢ '(——v—JW\,‘ w, ’ + CA 3140
ek ={e=
: -Le
- : LMI49€ o "°‘~r F 330 PF -
e oo d
(e r m
i R
1 uF A Lw“\__j
%
3% '/‘:I—E J-['b'<

T 3 T 5 _ ":f“f
’ XR 2206 LT
12. tle 3 7 /WW-—;—’\ .E et
L_I L“_l ; look ok n 1 I
/ur""'f"r T CA313Q F!.5¢
T ,L J; ik Jgatt o) ~
XR:2206z ) et |
- F—g T- ¢ 510 w.“%. : — o-:/uF
16 7 i B 33k l e
a [43 L"—LL L—! 3 0.3
I5 N Olme Flhowe 1 r—-‘m ¢ '/“"‘~
w ; | ) i :L [ ucfi‘i‘ / 3'12‘6
- af:j ‘2 E . tox
: 3
CD 3010z .

0y iy hicM GBS P

ET:G-'/‘P Ti&.lle l I :{

16 A4l : [ oK =3k 3 3¢ k9

Mcis ¢ f I ,Rf; ;:5! T _.'Z_'. - r
" ol MCo E a5pF T O4MF 3k ERl L ¢

aoso: | | lao1 el vy i ¢ [ 1 CA 3140
1z 315 3 L LM1496 . A swpr
xtl 10,29 0] " %“"’" .mf& | l .
1— | z_ 3
A Q- ey )),__j
His-see Ly

T
rrz,

mr

MNIT Psk MODULATOR~, COSTAS’ LOOP DEMODULATOR.



LM1800

National
Semiconductor
Corporation

LM1800 Phase-Locked Loop

General Description

The LM1800 is a second generation integrated FM $toreo®
demodulator using phase locked loop techniques to regen-

arate the 38 kHz subcarrier. The fhumerous features inte-

grated on the die make possible a 8ystem delivering high

fidelity sound while still meeting the cost requirements of

Inexpensive stereo recaivers, More information available in

AN-81,

FM Stereo Demodulator

Features

® Automatic stereo/monaural switching

™ 45 dB power supply rejection

u No colls, all tuning performed with single potentiometer
® Wide operating supply voltage range

® Excellent channel separation

=B Emitter follower output buffers

=

Connection Diagram
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Absolute Maximum Ratings

¥ Uititary/Aerospace specified devices are required,
tontact the Natlonal Semiconductor Sales Offices
Ctributors for avaliabllity and specifications.

Operating Temperature Range
Oporating Supply Voltage Range
Storage Temperature Range

+10Vto + 18V
—~65°Cto +150°C

0°Cto +70°C-

Szvly Voltage 18v Lead Temperature (Soldering, 10 sec) 260°C
*2wer Dissipation (Note 3) 1600 mw
Electrical Characteristics mot 1) .
Parameter Conditions Min Typ Max Units
Suoply Current Lamp “Off” 21 30 mA
arp Oriver Saturation 100 mA Lamp Current 1.3 1.8 v
L3mp Driver Leakage 1.0 nA
ot Level for Lamp “ON" Pin 11 Adjusted to 19.00 kHz 15 20 mVrms
Pt Leval for Lamp “OFF" Pin 11 Adjusted 10 19.00 kHz 3.0 7.0 mVrms
ereq Lamp Hystergsis 3.0 -6.0 dB
Shreo Channel Separation 100 Hz (Note 2) 40 dB
1000 Hz (Note 2) 30 45 dB8
10000 Hz (Note 2) 45 dB
Venaural Channe! Unbalance * 200 mVrms, 1000 Hz Input 0.3 1.5 dB
Yonaural Voltage Gain 200 mVrms, 400 Hz Input 140 200 260 mVrms
“tal Harmonic Distortion 500 mVrms, 1000 Hz Input 0.4 1.0 %
"3l Harmonic Distortion 500 mVrms, 1000 Hz Input, 1800A Only 0.1 0.3 %
“schwe Range 25 mVrms of Pilot + 2?0 +6.0 % of fo
roly Ripple Rejection 200 mVrms of 200 Hz Ripple 35 45 : dB
yamic Input Resistance 20 45 kn
Samic Output Resistance 900 1300 2000 (4]
3CA Rejection (Note 4) .70 ds
-asonic Freq. Rejoction . Combined 19.and 38 kHz, Ret. to Output 33 dB

S 1Ty = 25°Cand V+ = 12V unless otharwise stated.

mtmummslwnmmmwa

umming 123 mVrms LEFT or RIGHT modulated signal with 25 mVrms of 19 kHz pllot tone,

¥ ¥ responding meter callbrated in rms, The resutting wavelorm Is about 800 mVp-p,

e % For operation in ambl

* WITW nction 1o ambient,

tmt"aawrodwlthns(oroo‘ p

Yy of 80% stergo, 10% pliot and 16‘3& SCA as defined in the
using good 10 kHz and 38 kMz filters.

L
FCC Aules on Broadcasting,

measuring all voltages with

above 25°C, the device must be dorated based on 8 150°C maximum junction temporature and a thermal resistance

Ite signal const
W & VOO "OFF" curve represents the di tial

0081 W1



LM1800

|
'
s
P

- Typlcal Performance Characteristics

Supply Ripple Rejection
0

ana.

RESELTION (d8)

DISTORTION (%)

(X}

02

| SO L}
RIPPLE » 200 mVrms .
12200 Mz
sy
/// .
] ' 1] 12 u "
SUPPLY VOLTAGE (v)
TUH/7888-3
Monaural Distortion
vs Input Amplitude
_tetkHs
LMIS00A
[ N\
L4 y,
4
o]
82 04 05 g2 12

INPUT SIGNAL LEVEL (Vi)

3

TL/H/7888-8

CHANNEL SEPARATION {e8)

WONAURAL DISTORTIDN (v

Channel Separation
]

1 vege -
- 10080 £10 1y '
2 Pngoren
5 3) 808 mv;,
CoMPOSITE
as |C1o it . -~
—— gy
L] ] 2 / )
4
% (X
/ C1 « INPUT COUPLING
CAPACITOR
»
03 10 e 18 n
AUDIO FREQUENCY (Hz X 100)
TUH/ I~ <
Monaural Distortion
vs Frequency ‘.
T L] 1)
045 |- Vco 19Nz '
VIN = 500 mV
04 1= misooa
036
03 -
0.2% ﬁ;t
NO FILTER
02 —
015 - A i
o =4l ¢
veo “OFF"
“': NOTE §
20 50 100 200 500 Tk 2k sk gk 15

FREQUENCY (Hz)
U+

L%




s

$S

SCL40468
SCL4446B

CMOS PHASE-LOCKED LOOPS

FEATURES

4 Very 16w power consumption — 70 uW (typ)
@ fo = 10kHz, 5Vdc
¢ Operating frequency range (no offset) —
Up to 3MHz (typ) @ 10Vdc (SCL40468)
Up to 4MHz (typ) @ 10Vdec {SCL44468)
Low frequency drift — 0.04%/°C (typ) @ 10Vde
Choice of two phase comparators:
1. Exclusive-OR network
2. Edge-controlled memory network with
phase-puise output for tock indication
VCO Inhibit contro! for ON-OFF keying and
uitra-low standby power consumption
High VCO tinearity 1% (typ)
Source-follower output of VCO control input
{Demodulator Output)
Zener Diode to assist Supply Regulation
Balanced Output Drive Current Specifications

L 2 J

e G0 o

APPLICATIONS

FM demodulator and modulator
Frequency synthesis and multiplieation
Frequency discriminator

Data synchronization
Voltage-to-frequency conversion

Tone decoding

FSK-Modems

Signaf conditioning

L X 2 X X X R WY

DESCRIPTION

The SCL4046B and SCL44468 phase-locked
loops contain two phase .comparators, a voltage-
controlled oscillator (VCOJ), source- follower, and
zener diode. The comparators have two common
inputs. The Signal input. can be used directly
coupled to large voltage signals, or indirectly
coupled (with a series capacitor) to small voltage
signals. THe self-bias circuit adjusts small voltage
signals in the linear region of the amplifier. Phase
comparator I (an exclusive-OR_gate) provides a
digital error signal PCIost. and maintains 90° phase
shift at the center frequency between Signal and
Comparator inputs {both at 50% duty cycle}. Phase
comparator II (with leading edge sensing logic) pro-
vides digital error signals PCIIOU‘ and Phase Pulses,
and maintains 8 0° phase shift between input
signals (duty cycle is immaterial). The linear vCO
produces an output signal VCOgq¢ whose frequency
is determined by the voltage of input VCO;,, and
the capacitor and resistors connected to pins Cia,
C1g. R1, and R2. The source follower output,
Demod Out, with an external resistor is used where
the VCOj, signal is needed but no loading can be
tolerated. The inhibit input inh, when high, disables
the VCO and source follower to minimize standby
power consumption. The zener diode can be used
to assist in power supply regulation.

CONNECTION DIAGRAM
(a!l packages)

ZENER DEMOD OUT
SIG P vco
Voo IN OUT gy Ry IN
A T i A
16 15 14 13 12 11 10 9
SCL4046B  SCL4446B °
12 3 4 5 § 7 8
P VCO INH C1 c1 v
oUT | ouT (a) (8) °°
PHASE COMmP
PULSES  IN

Add suffix for package:

C  16-pin Cerdip
= D 16-pin Ceramic
E 16-pin Epoxy
. F 16pin Flat
H Chip

RECOMMENDED OPERATING CONDITIONS

For maximum reliability:

DC Supply Voltage VpD - Vss 3to 15
Operating Tamperature Ta
C, D, F, H Device -65 to +126 O
E Device 40 to +85 O
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SCL4046B, SCL44468

VCO SECTION.

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

-~

TOR OUTPUT]). If this terminal is used, a load
resistor (Rg) of 50kS2 or more should be connected

from this terminal to Vgg. If unused, this terminal _

should be left open. The VCO can be connected
directly or through frequency dividers to the com-
parator input of the phase comparators, A full
CMOS logic swing is available at the output of the
VCO. ‘A logic 0 on the INHIBIT input “enables”
the VCO and the source follower, while s logic 1
“turns off” both to minimize stand-by power
consumption.
-~

-——

PHASE COMPARATbRS

The phase-comparator signal input (terminal 14)
can be direct-coupled provided the signal swing is
within CMOS logic levels [ togic “0” < 30% (Vpp .
Vgg), togic 1" 2 70% (Vpp-Vgg)]. For smaller
swings the signal must be capacitiyely coupled to
the self-biasing amplifier at the signa*einput.

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

The frequency range of input signals on which
the PLL will lock, if it was initially out of lock,

.is defined as the frequency capture range (2f.).

The frequency range of input signals on which
the loop wiil stay locked if it was initially in lock is
defined as the frequency lock range {2f; ). The
capture range can not exceed the lock range.

With phase comparator I, the range of frequen-
cies over which the PLL can acquire lock (capture
range) is dependent on the low-pass:filter character-

- istics, and can be made as large as the lock range.
Phase-comparator I enables a PLL system to remain
in lock in spite of high amounts of noise in the in-
put signal,

One characteristic of this type of phase com-
parator is that it may lock onto input frequencies
that are close to harmonics of the VCO center-
frequency. A second characteristic is that the phase
angle between the sfgnal and the comparator input
varies between 0° and 180°, and is 90°,at the center
frequency. Figure 2 shows the (typical) triangular
phase-to-output response ‘characteristic of phase-
comparator 1. Typical waveforms for a CMOS
phase-locked-loop employing phase comparator I
in locked condition is shown in Figure 3.
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Fig. 2 — Phase-;:omparator I characteristics at
’ low-pass filter output.
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SCL4046B, SCL44468

VCO SECTION

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

-

TOR OUTPUT). {f this terminal is used, a load
resistor {Rg) of 50kS2 or more should be connected

from this terminal to Vgg. If unused, this terminal _

should be left open. The VCO can be connected
directly or through frequency dividers to the com-
parator input of the phase comparators. A full
CMOS logic swing is available at the output of the
VCO. A logic 0 on the INHIBIT input “enables”
the VCO and the source follower, while a logic 1
“turns off” both to minimize stand-by power
consumption,

PHASE COMPARATORS

The phase-comparator signal input (termina! 14)
can be direct-coupled provided the signal swing is
within CMOS logic levels [ logic 0" < 30% (Vpp-
Vgs), logic “1" 2 70% (Vpp-Vgs)]. For smaller
swings the signal must be capacitively coupled to
the self-biasing amplifier at the signal input.

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

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

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

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

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



This information is a guide for approximating
the values of external components for the Cc1
SCL40468 and SCL44468 in & Phase-Locked Loop
system, The selected external components must be

DESIGN INFORMATION

A1, R2 2> 2k, Rg 2102 )

2 15pF )

In addition to the given design informstion refer
to Figure 5 for R1, R2, and C1 component selec-

SCL4046B, SCL44468

within the following ranges: tions.
0.
, USING PHASE COMPARATOR I USING PHASE COMPARATOR IT
CMARACTERISTICS vcomf;:):::orrur veo mTH OFFseT | veo mr':;o-ulo"ut VCO WITH OFFBET
¢ ;.‘l . H ~
vcdrm 2 !
v Yoot Voo voo? Voo Yoot Vo cf Yo’2 Vo
¥CO INPUT vOLTAGL vCO INPUT YOLTAGE ¥CO 1MPyUT u?l‘l. vCO MPYUT V(X‘TAG( )
* . 8 .

For Mo Signal Inpet

VCO in PLL system will acwst to center frequency,fy

VCO in PLL system will adjust
to fowest opefating frequency, fmin

fmin 1o —fL
fonax

- with
fmin

Fig.5¢ to determine

ratio R2/R1 to obtsin

R1

fL = full, VCO ¢ ange
Frequency Lotk Range, 21 21y = fu O frequency r >
. : 211 = frax—tmin j
. -
Frequency Capture fh i BT
Range. 2tc o—zw»l-—o
. meascz ==c2 21¢ mt (2L
-5 T
Loop Filter § fc=f
Compoment LB our
Selection A
3 ne
For 21c, sen Ref,
c2
Phase Angle between 80° at canter frequency (1), spproximating C° snd € i
Signal end Comparstor 180° st ends of tock range (2fy ) Alweys 0% in foc
v
Locks on Harmonics of .
Canter Frequency Yes No
Signal Input Noise . .
Rejection . High Low
— Given: g - Given: lo and f = Given: {mgy ~ Given: frnin8 {0y
- Use f, with Fig.Be to ~ Catcutste fy;, from ~ Catculste 14 from ~ Usa fyin, with Fig Sb
determine R1 and C1 the equetion the equation to determine R2andCl1
fmin = fo—fL » ;. _'m.x fnax
— Use Imin withFig. Sb o - Calgulste T
- to determine R2 and C1|  _ e fo with Fig.5a to ] -
f n ¥ne R1 mex .
vco — Calcutate 'm.u determine R1 and C1 - Use - with Fig.5¢
Compo min
Scltclio!: " i “from the equation 10 dedermine
frax fo*+fL ratio R2/R1 to
— — obtain R1

~

REF. G, S. Moschytz, “Miniaturized RC Filters Using Phase-Locked Loop”, BSTJ, May, 1968.
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PHASE COMPARATOR It
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Sig Comp
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PCILOut 0 Qutput Disconnecisd \
Phase Puises o y A

SIGNAL INPUT (TERM. 14)

ASE COMPARATOR I
%’JTPUT (TERM. 13)

YCO OUTPUT (TERM 4}«
COMPARATOR INPUT
(TERM 3)

VCO INPUT (TERM.9)s wmr
LOW-PASS FILTER
oUTPUT

PHASE PULSE (TERM.1) ||

.

N - S
-_ﬂ.........n_.___.._a.q_jr_ o0
-Vss
> ‘-‘pﬂ:‘;’oo

s N
s '3 U- Voo
“Vss

NOTE: DASHED LINE IS AN OPEN-CIRCUIT CONDITION

-

Phase-comparator IT is an edge-controlled digitaf
memory network. [t consists-of several fiip-flop
stages, contro! gating, and a three state outpyt
circuit comprising p- and n-type drivers having a
common output node. When the p-MOS or n-MOS
drivers are ON, they pull the output up to Vpp or
down to Vgs. respectively, This type of phase com-
parator acts only on the positive edges of the signa!
and comparator inputs. The duty cycles of the
signal and comparator inQuts: are not important
since positive transitions control the PLL system
utilizing this type of comparator. If the signal lags
the comparator input in phase, the n-type output
driver is maintained ON for a time corresponding
to the phase difference. If the comparator input
lags the signal in phase, the p-type output driver is
maintained ON for a time corresponding to the
phase difference. Subsequently, the capacitor volt-
age of the low-pass filter connected to this phase
comparator is adjusted until the sighal and com-
parator inputs are equal in both phase and frequen-
cy. At this stable doint, bath p- and n-type output

o

Fig. 4 — Typical waveforms employing phase comparator I in locked condition.

drivers remain OFF. Thus, the phase comparato
output becomes an open circuit and holds the vo e
age on the capacitor of the low-pass filter constant}
Moreover, the signal at the “phase pulses” outpuf'i#
a high level which can be used for indicatipg_§]
locked condition. Thus, for phase comparator
no phase difference exists between signal and com
paratof input over the full VCO frequency rangéj§
Moreover, the power dissipation due to the low?
pass filter is reduced when this type of phase comy,
parator is used because both the p- and n-typed
output drivers are OFF for most of the signal}
input. cycle. o8

It should be noted that the PLL lock range fp
this type of phase comparator is equal 1o the capy
ture range, independent of the low-pass filter. Wit
0Q signal present at the signal input, the VCO
adjusted to its lowest frequency for phase col :
parator II. Figure 4 shows typical waveforms fo
a8 CMOS PLL employing phase comparator II in ¥
locked condition. . £
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ELECTRICAL CHARACTERISTICS - *

-

ae

10

EX

. 2 ° 2
PARAMETER Voo | conpiTions | Teow 1%C THIGH" | i
(Vde) Min. | Max. | Min. | Typ.-| Max. | Min Max
QUIESCENT DEVICE Ioo )
CURRENT 5 |Inhibit = Vg - 5 0.05 5 - 150 [pAdc
10 {Signa! Input = - 10 - 10.01 10 - 300
15 Voo - 20 - 102 20 - 600
TOTAL POWERDISSIPATION [P, tnh = Vgg,
vCO,, = Yoo
to = 10kHz2 4
5 [ Cu =15pF - | - —Joo7 | - | - - | mw
10 | R1=1MQ, 1 - |os p -
156 ] R2=Rg=oco LA ~ |24 ~ e
NOTES: ! Remaining Static Electrical Cha'pc(eristics are listed under “SCL40008 Series Family Specifications”.
! Tiow =-55"C for C, D, F. H device.
=.-40°C for E device.
Tuigr = +125°C for C, D, F, H device.
=+ B5°C for E device.
* VCO output {pin 4} and Phase Comparator Outputs (pins 2 and 13) have been designed for
balanced output drive current specifications. Consult Family Specifications.
PARAMETER CONDITIONS Vi - 24°¢ > UNIT
20 Min, I Typ. I Max. .
VCO SECTION < ! ]
MAXIMUM OPERATING| f..
FREQUENCY
SCL40468 R1 C1
R2 =oo 10k SO0pF 5 0.5 0.8 ~ MHz
VCO = Voo 10 1.0 1.5 - .
15 1.3 1.9 —
5k 50pF 5 0.6 . 1.0 - MHz
10 1.4 21 -
15 1.8 . 27 -
2k S50pF 5 -~ 1.3 - MH2z ’
10 - 2.9 -
15 . - 3.8 -
SCL44468 R2 = oo R1 C1
VCOy = Vpp | 10k 50pF 5 0.7 1.0 - MHz
i . 0 - 13 ,I 20 -
i 15 1.9 2.8 -
6k S0pF 5 09 1.3 h B MHz
10 1.9 ' 29 -
~ 15 | 26 3.9 -
2k 50pF 5 T - 1.8 - NHz
10 - 3.9
. 15 » 5.4° -
LINEARITY R2=eo A E
VCOIN = 2.5£0.3V, 5 — 1 ; - I %
R1210k2
VCO =6.0:2.5V, 10 - 1 -
R12400k N2 4 J
* |VCON = 7.5¢5.0v, 15 - 1 - y
R121MQ ~ o B o __j




ELECTRICAL CHARACTERISTICS (Continued)
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SCL40468B, SCL44468

: BC . UNIT
PARAMETER CONDITIONS Voo Min. | Tyo. | Mo
VCO SECTION (Continued)
TEMPERATURE-
FREQUENCY
STABILITY
No Offset . R2=o 5 - 0.12-0.24 - %/°C
10 . - 0.04-0.08 -
15 - 0015003 | - .
" - With Offset R2< 10X R1 5 - 0.068-0.12 - %/°c
W 10 ~ 0.05-0.1 -
. 15 - 0.03-0.06 =
INPUT RESISTANCE Rin
(vco,, ) 510,15 | - 10° - M
OUTPUT DUTY All valid input combin -
CYCLE ations and voltages = 50 - %
OUTPUT TRANSITION, fr_ . ¢
TIME Y7 a5k 5 > 100 200 | ns
- 10 A 50 100
| 15 ¢ 40 80
PHASE COMPARATORS i
INPUT RESISTANCE
Signal Input  [Rn 5 1 3 - MQ
10 0.2 07 - -
15 0.1 0.3 o
Comparator Rin 5. 10, 15 = 108 - MR
Input
AC-COUPLED INPUT  [v,,
SENSITIVITY
. Signal Input ) -~ 200 400 mv
10 4 400 800
15 b 700 1400
OUTPUT TRANSITION
TIME .
PCI, PCO treH, tray 5 o 100 200 | ns
Outputs Cy = 50pF 10 - | s0 100 |
15 - 40 80
Phase Pulses  [try 4, tyy, 5 - 130’ © 260 | ns
Output 10 - 65 * 130
' 15 — 50 100
DEMODULATOR OUTPUT v
OFFSET VOLTAGE  [VCO,,,-
Voem | Rs>50k 02 5 - 14 2.2 | vde
~ . 10 - 1.6 2.2
15 - 1.8 22
A 4
LINEARITY Re>50k £ .
VCOn = 2.5:0.3V 5 - 0.1 - %
VCOyy = 5.0£2.5V 10 - 0.6 - .
. VCO,y = 7.545.0V 15 - 0.8 - [
ZENER-DIODE
ZENER VOLTAGE vz Iz = 50uA - 6.3 7.0 77 | v
DYNAMIC Rz Iz = 1mA - - 100 - Q J
RESISTANCE

”
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CMOS 14-STAGE BINARY

COUNTER AND OSCILLATOR

fly Static Stages

ffered Outputs Available

ipimon Resst Line

JH2 Counting Rate @ 10Vdc

Active Oscillator Components on Chip for
{ 8 or Crystal Control :

RIPTION _
e SCLAOGOARB consists of an oscillator section,

44 ripplecarry binary counter stages. The
pr configuration allows design of either R-C
stal oscillator circuits. A Reset input is
ded which resets the counter to the all-O's
ii\ high level on the Reset line accomplishes
jhesat function, The state of the counter is ad-
g6l one step in binary order on the negative
tion of the Clock input ¢. All inputs and out-
are fully buffered. Outputs are available from
oes 4 through 10 and 12 through 14. 2

Aﬁplications include timers, frequency dividers,
"eircuits and counter controls,

)

TRUTH TABLE

CONNECTION DIAGRAM

(all packages)
"™ vppaio s a8 A ¢ P ¢
L | I | | 1 | |
16 15 14 13 12 11 10 9
SCL4060AB
1 2 3 4 5 6 7 8

I

I =1 1 1 7
Q12 Q13Q14 Q6 Q5 Q7 Q4 Vg*

Add suffix for package:

o] 16-pin Cerdip
16-pin Ceramic

16-pin Flat
Chip

-

o
E 16-pin Epoxy
F
H

RECOMMENDED OPERATING CONDITIONS

For maximum reliability:

CLOCK | RESET | OUTPUT STATE DC Supply Voltage Vpp-Vss 3to15 Vde
al : “:‘:::;‘:'m Operating Temperature  Tp [
ne state C, D, F, H Device -55 to +125 ©C
X b kil E Device 4010 +85 ©OC
X = Don’y Core
LOGIC DIAGRAM
.DQ

Y TRy Pr e

o3

rers

p—agm

b

»



SCL4060AB

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS'

2 o 2
PARAMETER Voo | conDITIONS |_Ttow $3C THigH”__| Units
(Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE loo| 5 |Vin=VssorVoo 5| - |oos| s — | 180 |uAde
CURRENT 10 | Al valid input w! - {o1 {10} - | 300
———— 1|15 lcombinations | - | 15 - o2 | 20} = ] 600
QUTPUT HIGH {SOURCE} low
CURRENT
C, D, F, H device 5 {Von=4.6V 015 -~ |-012]-08 — |-008 | - |made
10 |Vou=9.5V 037] - {-03 |-1a5| - 021 | -
15 |Vonu=135V 125] - {-10 |-45 - |-069 | -
| _[Ymw=VssorVoo | |
E device 5 |Vopn=4.6V 014 = ]-012|-05 - 000 | - |mAdc
10 |Von=9.5V 035! -|-03 [-115] ~- [025 | -
15 |Von=13.5V 1.2 ~|-10 |45 - lo85 | -
. . o | ) Vin=Vgg or le .
OUTPUT LOW (SINK) low
CURRENT -
C. D, F, H device 5 [Vo =04V 0.15 -1 012] 05 -~ |0.08 - |mAdc
10 |VoL =05V 037 —| 03 |10 | - jo21| -
15 [Vp =15V 125} =~ 10 |58 - o089 | -
g Vin=Vss of Vpp|
E device 5 |Vp =04V o014l -—1o012{05 | - |010| - |mAde
10 {VoL=0.5V 03| ~{03 |10 | - [025] -
15 [Vo =15V 1.2 -~ 110|858 | - |oss| -
Vin=Vss of Vop

NOTES: ! Remaining Static Electrical Characteristics are listed under “SCL4000B Series Family Specifications”.
Tiow = -85°C for C, D, F, H device.
= -40°C for E device.
Trian ™ +125°C for C, D, F, H device.
=+ 85°C for E device.

DYNAMIC CHARACTERISTICS (C, = 50pF, T, = 25°C)
PARAMETER J “\’,gg, ] Min. [ Typ. [ Max, I Units

CLOCKED OPERATION
PROPAGATION DELAY TIME

Clock to Q4 toum- Top, 5 - €50 1300 | ns
0 - 326 650
15 y 260 520
Qjt0 Qi+ 1 tpim. teHL 5 - 150 300 ns
10 - 75 150
15 = 60 120
OUTPUT TRANSITION TIME i 5 = 180 360 | ns
10 - 90 180
15N\ 85 130
MINIMUM CLOCK PULSE WIDTH PWc, 5 - 100 200 | ns
10 - 50 100
. 15 v 40 80
MAXIMUM CLOCK FREQUENCY fer 5 20 [ 40 - MHz
10 40 8.0 -
s | & L o .. hod
MAXIMUM CLOCK RISE AND FALL TIME tew oL 5 15 -~ I
10 15 - -
) 15 5 - - -
RESET GPERATION  ~ .
PROPAGATION DELAY TIME tone 5 - 300 600 | ns
{ . 10 - 150 300
15 - 120 240
MINIMUM RESET PULSE WIDTH PWe 5 - 150 00 [ m
: 10 - 75 150
15 - 60 120
RESET REMOVAL TIME tem 5 - 250 500 | ns
E e 10 - [ 128 250

15 - 100 200

Kl
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AB

P

8@ 24 o

i
A
. V. DRAM VOLTADE (Véc)
46 14 12 10 8 6 4 2 O _
Vou =~ Vi s - g
s * = - »
Vo g 5 Ves = 15 Vée
ca™~ ~‘5§ g 12
N [ ] g //
A g
o}~ Yoy w15 Vet N -25§ 5 8 y Vs = 10 Vde
A 6 )
s 5 S / 4 }
5 2
; NNy s = 5 Vée T.=25¢C
. = 1 1 1 - 1 1
Tome D 2 4 6 8 10 12 14 16 18 20
. Voo, DIAIN VOLTAGE (Véc)

Typical N-Channel 5

Typical P-Channel
Sink Current Characteristics

Source Current Characteristics

TIMING DIAGRAM

ikt

R T

2 8 16 a2 64 178 2586 512 1024 2048 4096 8192 18 84
Cloch WU'U__U'—U—_LF'U_IJ—"LFU——U""U—TJ—_U__LFU
Rooset --——1

I— =R b An 2T QL AyA —i—— I g

Qa
as fidiag e 1 7 "N00G) N\ aglomdoblidttlen gl * T1.
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as ol Tl VINTE P 1 ).
ov M A Ll L T 0 T |
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Q12 g =1 _ . s
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“ais : [y gy /.

Zat S §
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TYPICAL COUNTER STAGE
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SCL4060A8
N APPLICATIONS INFORMATION
TYMCAL COMPONINT VALUES AND CIRIUIT PEAPORMANCE
- m
! SCL4060AB 1 [oovnon [ [ ol o | o,
1 . .
I i L':.—::T : : :.-;v ¥ -
| t 1008 Mo as | @ | o014
L _______ J L) 0 - 400 7 7
" ¥
"'n'n,c'@'“"" :::-" ': -.u ::
LY Cy > 100 pf *
Ar> Ik
Ry w10 Ry
3
Typical RC oscillator circuit b
| scLdos0AB g
| 1
| !
Uil o -
= sM <R 100MS2
Rs% {5X-> 10X) RS(XTAL)
CsCr
°s ¢ GGy  CLIXTAL)
Typical crystal oscillator circuit
o Pmo
o o e e e om o
| SCL40GOAB %,
| ! Yoo
! J bV )y —on
1 | ring
[ S99 SRR R (U J
- / -
TYPICAL COMPONENT VALUES Vs
FOR OPEAATION FAQN 60 1o v,
NPUT AT vpo e 3 TO IS VOLTS: T
Rg 130 XN} L) vp
Ry 390K
v Re ¢R v,
IFOR USE WHEN INPUT SIGNALS WITH ""_L-"" T
2|'.ocvl.onc|:,l-uu TIME ARC USED o » >Ry

Input pulse-shaping circuit {Schmitt trigger)

Input circuit characteristics for pulse-shaping
circuit.
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ScLacTTAR COUNTER /DIVIDER !

1

FEATURES ;

¢ 10 Decoded Decimal Outputs CONNECTION DIAGRAM E

¢ Direct Reset . {all packages) i
¢ Trigger from either Edge 6f Clock. lnpu! . A

4 Carry Output for Cascading Stages Vpp R CL CECqoyy 8" 4" “8” 3

¢ Fully Static Opeutlon DC to SMHz e ‘IOVdc I I N S N S i j

t’ 16 15 14 ‘3, 12 11 10 . 9

. © SCL&D17AB_ ¥

DESCRIPTION ~i 3 8 50 4 g 4

Tho SCL4017AB consists of a 5-5tage Johnson
Decade Countér and an Output Decoder. Inputs
‘Include Clock, Reset, and Clock Enable signals.

The counter has mterchangeable Clock -and ..
Clock Enable lines for mcrementmg bn either a
pomwe«gomg or negative-going transition, respec-
tively. A high Reset’ sngnal clears the counter to its

’ znro count =
“ Use of ths Johnson decade counge? configur-"
ation perfnits high-speed operation, 2-input decode
.gatmg, and spike-free decoded outputs. Antl-lock
; gating is providod thus assuring proper counting.
.sequence. The 1O decoded outputs are normaily
. Yow and go high ‘only at thefr respective decoded
:' time slot. Each decoded output rémains high for
~one full clOck cycle. A Carry-out (CoyT) signal
completes one gycle every 10 clock input cycles
" and is used fo directly clock the succeeding counter -
hmulti—ctage apphcatlons. A b2 13

" This part can be used In ¥requency divition j

" eircuits ss well as decade counter or decimal decoda
dispiay upplicatnons $8 :

- {Positive Logic) - -
" " . Clock ", Decode -
.} Clock Enable Resst {  Output=n
o 4 » X -0 n .
X [ -0 R I
3 X -1 . o .
— 0 : 0 n+i
i X ‘0 n
: X s~ 0 n
1_';, g~ 0 nts .
X Dpn t Cere e L . ' ‘

1 n< 5 ccrrv -1, Othorwlu - "0"

-‘. A g,

“
!
.
e
i

FUNCTIONAL TRUTHTABLE e -~

»

For maximum reliability:

T, T 1T T T T 1
'15" 10110 llol: .7—' ..sll Dl7ll. llsl‘ vss

)
.

Add wffix for package:

C  16-pin Cerdip
D. 16pin Ceramic
E 16pin Epoxy
F  16pimn Flat

RECOMMENDED OPERATING CONDlTlONS

2

-'DC Supply Voltage™ Vpp-Vss  3to 15 VJQ
Operating Tomperature  Tp s
C,D, F,H Devioe 55 tb,‘!-125
€ Dewci > ~40 to +85
d g AN
BLOCK DIAGRAM "%
I
}: :
y Clock 14 O—i of}—o3 :i
1}—o02 3
_ . 2p—o0a 13
' ap—o07? 4
af—o 10 E:
ok, 130G Y )
sh—os . H
.o ° 43
* T ep—o0 1
. 9p4—o1n . ; :
Meset 18 O-— Cou [0 12 o i
bpp - rinre 7;
; ¥Xsg~Ping




SCLADIFAR
’ " ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS ! " -
Vpo c ITION TLW1 . +28°C THBH’ o]
PARAMETER . (Vde) ,OMP TIoNS Min. | Max. | Min. | Typ. | Max_| Min. | Max, u:'_flf
QUIESCENT DEVICE . “foo| 5 [VineVgsorVed| — §| -~ |oos] & = 10 | pA
CURRENT . 10 " JAl valig input -] 1w0] - ]o1 |0 - | 300
15 combingtions - 20 - 102 20 —~ } 600
OUTPUT HIGH (SOU RCE) " -
CURRENT _
C, D, F, H device - lon
Decod_ed Outputs 5 Von=4.6V -005| ~ |-0.04 |-03°| - l-0028] - mAjs
10 Mou= 9.5V -012d - {01 |-075| - [-007] - i
N 15 Voy=135V  [-0379 - |03 [-28 - |02
Vin=Vss or Voo N
Corry Output § Vou=4.6V 0251 - 102 1-075 | — |04 | - {mag]
4 Ll b 10 Nou=95vV -p.62 -~ 105 |11 — 035 | - *
15 Noy=1356V  [-19 ~ |15 |-35 ~ |-t -,
" . Min=Vss or Vg ‘L
E device 3 Vv on ; - 4 , 7
Decoded Output: 5 Mou= 4.6V -0048 - |-0.04 [-03 - [-0.032] - |mAg
s 10 Now= 95V 0.12| = |01 |2075} -~ loos| - i
oo v/ 15 Vou=136V 1036 - 103 {-25 | - |o2 ]| -
7 | Vin=Vss or Vpp i : —
Carry Dutput .~ Sl ] 5 Now=486V  |-0.24 - 0.2 |-0.75 - . }F0.16 - mAd‘[1
7 - 10 Noy=95v " 106 | ~ |05 [-1.1 - fosa | - )
_— 15 Nou=135v  |-1.8 - {15 |35 - 12 | -
i V|N'V550FVD° : ! ’
OUTPUT LOW (SINK] , y el F ]
CURRENT :
C.D, F, H device [ lo] , |]. = . .
Decoded Outputs -~ 6 (Vor=04v 005, — |004 |04 - [ 0.028] — ImAdc
- 10 Mo =05V > (0128 —-.jo1 {10 | - loao7{ -
= 15 [Vou= 1.6V 0378 -~ (03 |30 - o2t ] -
' S—r -V|N-V$vatp .
Carry Output .8 & b Vo,=04v- - 025] - {02 075 - |ait]| - lmak
: Je 41 10 Vor=05v . |o062) =~ |05 |13 - lo3s | -
_f N 15 VoL=1.5V 1.9 - 115 a0 - |14 -
;: ’ Sty “‘f B y ’le-VSS Ofvin . * -
€ device - . ~ R Y -1 4. -
Decoded Outputs “he 116 Vo =04V, 0048 — {004 {04 - |0032] — [mad
o 22 4710 NMog=06V ¢ 032} —~lo1 |10 - {oo8| - -
s 16 Voy= 1.5V 036{ - |03 ‘|30 - lo2¢ | -
T . V""VQDYV(»;
Carry Output 6 MoL=0.4V 0247 -~ |02 (076 ~ {036 ]| — [mAm
<. ’ 10 Mo, =05V o6 —|os |13 - o4 -
. 15 Vo =15V, 184 - [15 |40 - 112 -
,‘ VIN-VSS orVpo .

.NOTES 1 Remaining Stmc Elactricol Characteristics ore listed

2 TLow""55 C for C, D, F, H device.

¢ v 40° CfovE devicc. .
T..ucn = +126° CforC D, F H device.
A .=t 85° CforEdevux .

»”»

under 'SCUOOOB Series Family Specifications™.

ot
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scLao17AB - :
ELECTRICAL CHARACTERISTICS (Continued)

+

DYNAMIC CHARACTERISTICS (CL =50pF, Ty = 25"0)

o nnms'n:'n - (‘\’,gg) Min, Typ.. | Max.

CLOCKED OPERATION

PROPAGATION DELAY.TIME )

To Decoded Outputs teLH. topyy ‘5 - 600 | ' 1200

. . 10 = 240 -480

Yy 15 - 180 360

To Carry Output - biwtewe] 5 - 500 1000

P 7 10 . 200 200

- 45 - 150 300

: troi trmy R - 250 500

g t %0 - 125 280

: , .15 = 90 180

Trusiten| B < 180 360

S 10 - 80, 180

) 16 = 65 130 -

-TMCL k] e 200 400

R R B [ - 100 200

i ‘ .15 o 80 160
MAXIMUM CLOCK FREQUENCY, . for B 1.25 25 -
- : 2 ::- ey ‘107 ] 25 5.0 g

- avy = 16 -~ | 30 6.0 -

MAXIMUM CLOCK OR ENABLE RISE AND el ol \ '

FALLTIME ; .- f : : 5 15 - -
-3t .,‘.,.:‘ N Tl ELLLE / 10 15 L i
R R A e Tans / 16 5 = - .

MINIMUM ENABLE SETUPTIME . " - Ytuap .| -6 - 176 350
pd L ? Eie ST 10 = 75 150
e el S | = 65 110

MINIMUM ENABLE REMOVAL TIME ? oo - .- 250 *500

-1 e D S ST J10 )~ 100 200
Aoy g 1T G : 2 ‘16 - o 75 150

RESEY OPERATION R e e ’

PROPAGATIDN DELAY TIME ‘S . A : e

To Dooodod Outputs PR LSV P R ] . 500 1000
I R ; & 10 S 200 400 -

7 U . , 15 - 140 280
To Carry Output ' PN v 5 - 400 800
R el 10 - 150 300

e e ) .15 i~ 110 220

#MINIMUM RESET PULSE WIDTH | PWe '~ |- 6 - 150 -300
a5 i A . 10 - 75 150
'f T U 15 e 60 12p

RESETREMOVALTIME e e 5 - 250 - 500

. 10 - - 100 200
- 80

.

is
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~ AC MEASUREMENT DEFINITION AND FUNCTIONAL WAVEFORMS
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APPLICATIONS INFORMATION ,

>
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v e

COUNTER EXPANSION.
. ‘2'

This figure shows a technique for extending the 'cij'nmber of decoded output statss

for the SCL4017AB, Decoded outputs are sequential within each stage and from stage

to stage, with no dead time (except propagation detay). ¢

P ..
»
" . B K [
. N cL i ‘ ct . ~ [ CL
. N . SCL4017AB SCL4017AB|; SCL4017AB
. - cE. - cE - o CE
0 1veea @ 9 01es'inm 9] 1 eee 8B &
1 { 1 I I | |
! A, A ,] -
; P 4] 8 Decoded
9 Decoded 8 Decodes it § -4 Ouputs
Ouwputs Outpuwm _ . ™
élc:k = £ — —_ o —
Flrst Stage e Lest Stege -
2 v a
v
. =~ \“
s g

- DIVIDEBY-N COUNTER
tade

.
-

£ . o -

R g
"4 When the Nth decoded output is resched (Nth clock pulse}, the S-R flip-flop
. .. {constructed from the SCL4001B) generates a reset Huilse which clears the SCL4017AB
L ; toits.zero count. At this time, if the Nth decoded 69tph[ is greater than or equal to 8,

’ .. the Coyr line goes high to clock the hext countersgction. The “0” decoded output
. _ . -8lso goes high at this time. Coincidence of the clock “low’ and decoded Q" output -
" "high” resets the S-R flip-fiop to ensble the SCL4OTFAB. .o !

" - M the Nth decoded dutput is less then 6, the LouT line will not go high, and,
* therefore, caninot be uséd. In-this tase, the 0" dacod‘d output may bs used to perform

the clock function.for the next counter, fer2
[ ! ., gt
2N\ —
1 .
CLOCK .
CLOCK
H LT & 4
r
JI 1T : g
L
ST [ "y ALTERRATE Coy:
jcurrurs 1 sorcwesewyrt T
. v FORX-2TON
. 3 f-QLock i »
TR Sy ——— o —
L T scCL40018 ‘.'ﬂ : -
' ' £
' *
' -
1
3
i /
1
1 -
i :
U e 4
(E: ~ A
- i/ < 3
. P 4
e Pl -
=" \ .




ORDERING INFORMATION

Device __ Temperature Range _ Package , 5101495 L

MC1495L 0°C to +70°C. Ceramic DIP

MO1595L _55°C to +125°C. Ceramic DIP MGISQSL

| Specifications and Applications Information |

WIDEBAND MONOLITHIC LINEAR FOUR-QUADRANT
FOUR-QUADRANT MULTIPLIER MULTIPLIER INTEGRATED
.. . designed for uscs where the output is a linear product of two CIRCUIT
input voltages Maximum versatility is assured by allowing the user -
10 select the leve! shift method. Typical applications include: muiti- MONOLITHIC SILICON
ply. divide', square root”, mean square”, phase detector, 1reguency EPITAXIAL PASSIVATED

doubler, baldnced modufatot/demodulator, electranic gain tontrol.
*When used with an operational amplifier,

e Wide Bandvvidth

e Excellent Linearity — 1% max Error on X-input, 2% max Error on

Y.lnput — MC1595L
e Excellent Linearity — 2% max Error on X-tnput, 4% max Error on r [::::::]

Y-Input - MC1495L )
{10p view)
e Adjustable Scale Factor, K -
e Excellent Temperature Stability
CERAMIC PACKAGE
& Wide Input Voltage Range ~ + 10 Volts CASE 632
T0-116
e * 15 Volit Operation S

FIGURE 1 — FOUR-QUADRANT
MULTIPLIER TRANSFER CHARACTERISTIC FIGURE 2 — TRANSCONDUCTANCE BANDWIDTH
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ELECTRICAL CHARACTERISTICS (vt =432V, V" =-15V, T = 425°C, 13 = 133 = 1 mA, Ry = Ry = 15 k{2,
R = 11 kS unless otherwise noted)

Characteristic Figure Symbol Min Yyp Max Unit
Linearity:
Output Error in Percent of Full Scole: 5 “og
Ta =+26°C
-10< V<410 {Vy =210 V} MC1495 Eax - 1.0 2.0
MC1595 - +05 +1.0
~10< Vy < 410 {(Vy =210 V] MC1495 ERy - | “4+20 | 240
MC1535 - 1.0 | £+20
Ta=010470°C MC1495
-10<Vy< +10 (Vy =110 V) Epx “ - -+ 1.5 -
-10€ Vy< 410 (V=210 V) - - “ERy - +30 -
Ta = -55°C to +125°C MC1595 .
-10< V< 410 (Vy =£10 V) £RAX - 4078 -
-10< Vy <410 (Vx =210 V) ERy - +1.50 -.
Squaring Mode Error:
Accuracy in Percent of Full Scale After 5 Eso . %
Otfset and Scale Factor Adjustment .
Ta = +25°C MC1495 - 1075 -
MC1595 - + 05 -
Ta =0to +70°C MC1495 - + 1.0 -
Ta = -55°Cto +126°C =~ MC1595 - +075
{Scale Factor {Adjustable) . ) .
28
(K » e - K 0.1 = -
13Rx Ry
Input Resistance MC1495 ? Rinx = 20 - MegOhms
{f = 20 Hz) MC1595 - 35 P
MC1495 Riny - 20 -
MC15956 L 35 -
Ditferential Output Resistance {f = 20 Hz) B Rp - 300 - k Ohms
Input Bias Current & )
Ig+1 l1g +1g) .
NPRL ML a4 MC1495 6 lox - 2.0 12, A
2 2 MC1595 - 2.0 8.0 N
MC1495 Iby - 2.0 12
MC1595 - 2.0 8.0 *
Input Offset Current
lig — 142l MC1495 6 Fiox] - 0.4 2.0 LA
MC1595 - 0.2 1.0
lig — 18} MC1495 Hioy! - 0.4 2.0
MC1595 L™ 0.2 1.0
Average Temperature Coefficient of 6 ITChiol nA/°C
tnput Offset Current
{Ta = 0to +70°C) MC1495 7 2.0 -
(Ta = -55°C to +125°C) E -. MC1595 . _ i - 2.0 . - .
Output Offset Current 6 ool uA
tyq - 1ol MC1495 20 100
MC1595 - 10 50
Average Temperature Coefficient of 6 ITClnol nA/CC
Qutput Offset Current i A 0 = ¢
{Ta =010 +70°C) MC1495 b 70 |- T
(TA = -559C to +125°C} MC1595 = 1.0 -
Frequency Response . = s = -
3.0 dB Bandwidth, R_= 11 k{1 9,10 BWagg - X - MHz
3.0 dB Bendwidth, Ry = 50 £ (Transconductance Bandwidth) Tew3ds - 80 - MHz_ -
3% Relative Phase Shift BetweenV§ and Vy’ huhtiindeshendeull Miaosandhs RAd F wannts Biaktialie Ma 750 .- -kHz -
1% Absolute Error Due to input-Output Phase Shift (] - 30 - kHz
Common Mode input Swing " CMV Vdc
(Either Input) MC1495 . 1105 212 -
MC1595 +11.5 113 -
Common Mode Gain " AcM d8
(Either input} . MClags -40 -50 -
MC1596 . -850 -60 -
Common Mode Quiescent 12, Vo1 - 21 - Vde
QOutput Voitage . X Vo2 - kd! -
{ Ditferential Output Voltage Swing Capability 9 Vo - 214 - Vpeak
Power Supply Sensitivity i 12 . st - 5.0 - mv/v
¢ o ' s” = 10 -
Power Suppty Current - 12 [P - 6.0 7.0 mA
DC Powver Dissipation e e - . 12 . Po . o 135 170 mW
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MC1495L, MC1595L

MAXIMUM RATINGS (T4 = +#25°C unless otherwisa noted) .
Rating Symbol Value Unit
Apolied Voltage aVv 30 Vde
(V2-Vyq, Vig-Vy, V1-Vg. VI=Vy2, Vi-Vy,
V1-Ve. V12-V7. Vo—-V7. Vg-V7, V4-V7)
Difterantial input Signal Vi2~Vg 6+ {3 Rx) Vde .
Va—-Vg *6+13 Ry) Vde
Maximum Bias Current 13 10 mA
e e e e ey 10 .-
—_—— Power Dissipation (Package Limitation) Pp
Ceramic Package 750 mV‘l’
Darata above Ty = +25°C L. 5.0 mW/°C
Oparating Temperaturs Range TA °¢
MC1495 0 to +70 %¢ .
. - 4 o = e MO1698 | 0 5516125 . ) -
Storags Tamperature Range Tstq -55 to +150 R
v
TEST CIRCUITS *
FIGURE 4 — LINEARITY (USING NULL TECHNIQUE) . N
~BVtertiy ©
s 2R
vyl m Ry 27k Rxs18% c 2 T 10n
S 59 ol Qu oS oy
& 1% vy ' A
’ ?
‘3x
uC158sL ! Sen b '
MC1435L)
MCI76I1G $
MCIMICT)
"
e L] .
s
osrser 2 Qi+ 01 on 3 f
. L]
SEERIOURE 13 1 1 5 ourruf
ax Aosust
SCALE st vy
FACTOR _I_ NOTES.
0287 T'-“' Adjast “Scate Fector Adjuns” bor 2 aell la VE. iod
L L This schematie for Rumcative purpases aody -
= = et macilied for Lss canditians,
FIGURE 5 — LINEARITY {USING X-Y PLOTTER TECHNIQUE}
Ayeist  Rxe1sy .
uv
rorm s ' v on " r
Ny
. V¢ SO ! f:' ‘] 01 uf
s nemed =
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. ] [y T arven o
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MC1495L, MC1595L

FIGURE 6 — INPUT ANO OUTPUT CURRENT
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FIGURE 8 — OUTPUT RESISTANCE
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FIGURE 10 ~ BANDWIOTH (R =50 §2)
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. TEST CIRCUITS {continued)
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FIGURE 7 - INPUT RESISTANCE

2 * 1.0V (rms)
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FIGURE 9 — BANOWIDTH (R; = 11 k{2)
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TEST CIRCUITS (continued)

FIGURE 12 — POWER SUPPLY SENSITIVITY FIGURE 13 — OFFSET ADJUST CIRCUIT
Y s sk T2 — - tv
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<
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FIGURE 14 — OFFSET ADJUST CIRCUIT [ALTERNATE)
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ERX, ERY. LINEARITY (%)

ERAOR, PERCENT OF FULL SCALE (%}

VX1 QR |IVY], MAX {Vpeax)

-

TYPICAL CHARACTERISTICS

FIGURE 15 — LINEARITY varsus TEMPERATURE

FIGURE 16 — SCALE FACTOR versus TEMPERATURE
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OPERATION AND APPLICATIONS INFORMATION

1. Theory of Operation

The MC1595 (MC1495} is @ monolithic, four-quadrant muiti-
plier which operates on the principla of variable transconductance.
The detailed theory of operation is covered in Application Note
AN-489, Analysis and Basic Operation of the MC1535. The result
of this analysis is that the differential output current of the multi-
plier is given by

—_ 2VxVy
'a-ls ot RRvTS

where | 5 and Ig are the currents into pins 14 and 2, rn:pactlvely.
and Vy and Vv ara the X and Y input voltages at the multiplier
-input terminals; ~— -« - s comme vo e e o

2. Daesign Considerations
2.1 Generat

The MC1595 (MC1495) permits the designer to tailor the
multiplier to a specific application by proper $elaction of ex-
ternal components. Extarnal companents may be selected to
optimize a given paramster {e.g. bandwidth) which may in turn
restrict another parametar {e.9. maximum output voltage swing).
Each important parameter is discussed in detail in the following
paragraphs,

2.1.1 Linearity, Qutput Error, Egy or ERy

Linearity erfor is dafined as the maximum deviation of out-
putvoitage from a straight line transfer function. 1t is expressed
aserror in percent of full scale (see figure below}.

Vo _._L

+10V 4 N
4
2 VE max

+i10V
Vy orVy

For .example, if the maximum deviation, VE{max), is
2100 mV and the full scale output is 10 volts, then the
r.'ercentage Brrors

v
R = —omax) o0 x 100 = £1.0%.

. 100 x 10-3
Volmax) 1

Linearity error may he measured by either of the following
methads: .

1. Usingan X - ¥ plotter with the circuit shown in Figure 5,

abtain plots for X and Y similar to the one shown above.

2. Use the circuit of Figure 4. This method nulls the level

i shifted output,of the multiplier with the originat input,

Tha peak output cf the null operationat amplifier will be
equal to the error voltage, VE{max)-

One source of linearity error can arise from large signal non-
ipearity in the X and Y-input differential amplifiers.. To avoid
inftroducing error from this source,_the emitter degeneration
rqsistors Ry and Ry must be chosen 'larga enough so that non-
lipear base-emitter voltage variation can be ignored. Figures 17
and 18 show the error expectad from this tource as a function
of the values of Ry and Ry with an operating current of 1.0 mA
in each side of the differential amplifiers {i.e., 132193 = 1.0 mA).

) KT
- with the assumption Ry 2> 2'—- and Ry »
a3

2.1.2 3 dB-Bandwidth and Phass Shift

Bandwidth is primarily determined by the load resistors and
the stray multiplier output capacitance and/or the operational
amplifier used to level shift the output. |f wideband operation
is desired, fow value load resistors and/or a wideband operational
amplifier should be used. Stray outpur capacitance will depend

to 8 large extent on circuit layout,

- Phase shift in the multiplier circult results from two sources:
phase shift common to both X and Y channels (due to the load
resistor-output itance pole a {l d above} ar+ refative
phase shift between X and Y channels {due to differences in
transadmittance in the X and Y channels), if the input to output
phase shift is only 0.6°, the output product of two sine wavas
will_exhibit a vector error of 1%. A 3° retative phase shifs be-
tween Vy and Vy results in a vector error of 5%. N

2.1.3 Maximum Input Voltage

Vx(max). VY{max) Maximum input voltages must be such
that:

u

Vx{max} <113 Ry
" 'V¥{max) <'3 Ay.

Exceeding this value will drive one side of the input amplifier to
eutaff’” and cause non-finear operation.

Currents!gand I y3are chosen at a convenient valus (observ-
ing power dissipation limitation) between 0.5 mA and 2.0 mA,
approximately 1.0 mA. Then Ry and Ry can be determined by
considering the input signal handling requirements.

For V{max) * V¥{max}) * 10 voits;

10V ¢ 10 k8.
0

Ry =Ry >
x =Ry 3

1
2VyVy
RxRyl3

The equation lp - 1g =

is derived fronm! ta -1g =

k
Ry +
ati3

ELLEN
at3

AtTp 7+25%Cand 113 = I3 = 1 mA,

ELUNEL ST
ali3 al3

Therefore, with Ry = Ry = 10 k2 the above assumption is vatid.
Reference to Figure 19 wilt indicate limitations of Vi (max) o'
Vy{max) due to Vq and V7. Exceeding these fimits wilb cause
saturation or "‘cutoff’ of the input transistors. an Step 4 of
Section 3 {General Design Procedura) for further details.

2.1.4 Maximum Output Voltage Swing ¢

The maximum output voltage swing is dependent'upon the
factors mentioned below and upon the particular tircuit baing
considered.

For Figure 20 the maximum output swing is dependent
upon V™ for positive swing and upon the voltage at pin 1 f"
negative swing. The potential at pin § determines the quies

“cent level for transistors Qg, Qg, Q7. and Qg. This potential

“

ar



MC1495L, MC1595L

OPERATION AND APPLICATIONS INFORMATION icontinued)

If an operational amplifier is used for level shift, as shown
in Figure 21, the output swing lof the muttiplier} is greatty
reduced. See Section 3 for further details.

should be related so that nagative swing at pins 2 or 14 does
not saturate those transistors. See Section 3 for further Inform-
ation regarding selection of these potentials,

3! Gaeneral Dasign Procedure

. - - ” Selection’ of component values is best demonstrated by the
FIGURE 20 —~ BASIC. MULTIPLIER following example: assume resistive dividers are used at the X and
. Y inputs to limit the maximum multiplier input to £5.0 volts Vy =
_ V¥ [max)for 8 £10-volt input (Vg = Vy'(max)}. (See Figure 21).

ave 1F an overall scale lactor of 1/10 is desired, then

LIS A _VES: V\r!..;(2Vx) {2vy) Lane VxVy.

10 " Ms 1 L Vo 10 10
LIR

.__o’__ . 2 Therefore, K = 4/10 for the multiptier {axcluding the divider

vx { n * - network).
*——0——1- MCISISL " v Step 1. The first step is to select current 13 and current 143,
4 MCH4g5L) N T T There are no restrictions on the selection of either of thesa currents
v ’ e O+ e s B except the power dissipation of the device. 13and 113 witl normalty
V' ] . 2 z: v be one or two miltiamperes. Further, 13 does not have {0 be equal
K~ i% 10 143, and there is normally no need to maka them different. For

LAV this example, let LR
"J 13 7
Ig=1l13=1mA,
- 3] Ltk !

To set currents |3 and L13 to the desired value, it is only

| necessary to connect a resistor between pin 13 and ground, and be-
tween pin 3 and ground. From the schematic shown in Figure 3,

FIGURE 21 ~ MULTIPLIER WITH OP-AMPL. LEVEL SHIFT

-5V a5y

Ax Ry L > flg
10k 10k Ix >3k

MCISISL
{MC1495L)

qu B f'u [ 1

N

S L
n3 1
2% MY L
.:] oureur
stace £ ) oreser
e A aossr M
AONST R = =
-lovevx iy Y OFFSET |2y X OFFSET
RITPINPNTT AOJUST prmss
1ov "
n LA
SV O—AA VA .15V
[, 10k
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Stv A ’_[, Sty
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OPERATION AND APPLICATIONS INFORMATION (continued)®

it carr be ssen that the resistor values necessary are given by:
Ivil-07v
—_—
13
Ivii-0.7 v
'3
Let Vo=_t5V e

Ry3+500 Q =

R3+500 2 =

- Then R,;rsoo-”:w
1mA

orRiz= 138k

Let Ryg=12kn
Similarly, Ry = 13.8 kf} .

Let Ry =15k

However, for applications which require an accurate scale factor,
the adjustment of R3 and consequently, i3, offers » convenient
method of making a finat trim of the scate factor. For this reason,
#s shown in Figure 21, resistor R3 is shown as a fixed resistor in
series with a2 potentiometer.

For applications not requiting an exact scale factor (batanced
modulator, frequency doubler, AGC amplificr, etc.), pins 3 and 13
can be connected together and a single resistor irom pin 3 to ground
can be used. In this case, the single resistor would have a value of
one-half the above calculated value for Ry3.

Step 2. Tha next step Is to select Ry and Ry. To insure
that the input transistars will always be active, the following condi-
tions should be met:

\ v
-L<'|.1 X <!3.
Ry Ry

A good rule of thumb is to make lhRy 2 1.5 Vy[max) and
113 AX 2 1.5 Vtimax)-

The larger the I3F'{y and 13Ry product in relation to vy
and Vx respectively, the more accurate the multiplier will be {see
Figures 17 and 18},

tetRy = Ry = 10k
Then i3Ry =10V
113Rx =10V

$ince VX{max) = V¥ (max) * 5 Ovbits thevatueof Ry = Ry = 10 k02
is sufficient.

Step 3. Now that Ry. Ry and 13 have been chosen, R_ can
beé determined:

X 2R 4
RxRyly 10 .
o!' (20 1R} . i_

(10%) (10k} (1 mA) 10

Thus Ry = 20 k.

Step 4. To determine what power-supply voltage is necessary
for this apptication, attention must be given 1o the circuit schematic
shown in Figure 3. From the cirghit schematic it can be ssen that
in order to maintain transistors O, Qp, Q3 and Qg in an sctive

region when the maximum input voltages are applied (Vx' =Vy'=
10Vor Vx = 6.0 V, Vy = 5.0 VI, therr respective collector voltage
should be at least a few tenths of 3 volt higher than the maximum
input voltage. 1t should also be noticed that the collector voltage
of transistors Q3 and Q4 are at 3 potential which is two diode-drops
betow the voltage at pin 1. Thus, tha vditage at pin 1 should be about
two volts higher than the maximum input valtage. Thersfore, to
handle +5.0 volts at the inputs, the voitage at pin 1 must be at least
+7.0 volta. Let V= 9.0 Vdc .

. Since the current following into pin 1 is always equal to
23, the voltage at pin 1 can be set by placing a resistor, Ry from
pin 1 to the positive supply:

+
. VT -vy
213

Ry

tet  vtesisv

i15v-8v
Then Rt = T mAl

Ry L3k

Note that the voltage at the base of transistors Qg, Qg, Q7 and Qg
is one diode-drop below the voltage at pin 1. Thus, in order that
these transistors stay active, the voltage at pins 2 and 14 should be
approximately halfway between the voltage at pin 1 and the positive-
supply voltage. For this example, the voltage at pins 2 and 14 shoutd
be appraximately 11 volts.

Step 5. Level Shifting

For dc applications, such as the multiply, divide and square-
root functions, it is usually desirable to convert the differential
output to a single-e .ded output voltage referenced to ground.
The circuit shown in Figure 22 performs this function. ttcanbe
shown that the output volitage of this circuit is given by:

Vg = lig -114) Ry

2xly 2VxVy

And since 1p -1g=21g-l14 = i3 Gﬁ;R—Y
2R Vy'Vy’
Then vy« ZRLVXVY’

4Ry Rxl3 where Vx‘Vy' is the voltage at the
input tor the voltage dividars,

FIGURE 22 —~ LEVEL SHIFT CIRCUIT
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OPERATION AND APPLICATIONS INFORMATION {continued) .

The choice of an operational amplifier for this application possible as shown In Figure 23 where Ry has been increased sub-

should have low bias currents, low offset current, and a high
common-mode input voltage range as well as a high common-mode s0 as not to materially affect the X linearity, this avoids increasing

rejection ratio. The MC1556, and MC1741 oparatinnal amplifiers Ry_significantly in order to maintain a K of 0.1.
The versatility of the MC1595 (MC1495) allows the user to

maet these requirements.
Referring to Figure 21, the level shift components will be de- to optimize its performance for various input and output signat
termined, When Vx = Vy =0, tha currents 7 and [ 14 will be equal tevels. 4
tol13. InStep 3, R was found to be 20 kSl and in Step 4, V2 and -
V14 were found to be approximately 11 voits. From this informs-
tion, Rq can be found easily from the following equation {naglect- 4, Offset and Scale Factor Adjustment
ing the operational ar.nplifian bias current): ) © .41 Offset Voltages . B
. v . Within the monolithic multiplier {Figure 3} transistor base-
___2_ +1g3= VT -Va * emitter junctions are typically matched within 1mV and resistors
R Ay R, - et 4o o oee = grg typlcally matched within 2%. Even with this careful match-
ing, an output error can occur. This cutput error is comprised

of X-input offset voltage, Y-input offset voltage, and gutput-
offset voitage. These errors can be adjusted to zero with the tech-

And for, this example, 11V Iy I5V-11Vv
20Kk 1mA = T niques shown in Figure 21. Offset terms can be shown ana-
2 tytically by the transfer function:
Solving for Rg, Rg = 2.6 kNl Vo * KIVx £ VIoxtVx off! Vy L VIgytVy ol £ Voo 1)
Thus, sefect Ry = 3.0k02 Where K = scale factor
Vx = X input voltage
For Rg = 3.0 k2, the voltage at pins 2 and 14 is calculated to be Vy  « ¥ input voltage
B VIOX = X input offset voltage
Va2 = Vg = 10.4 voits, VioY =Y input offset voltage

VX off= X input offset adjust voltage
Vv oft= Y input offset adjust voltage

Tha linearity of this circuit {(Figure 21) is likely to be as good
Voo = output offset voltage.

or better than the circuit of Figure 5. Further improvements are

. .
FIGURE 23 — MULTIPLIER WITH IMPROVED LINEARITY
15y -18v
$ +i5V
5% 3 33k
mm m. Y
10k 4 L]
vy . -
o ueIsIsL Vv
“YXVy
£y (MC1495L) oy 2
10k ’ |
¥'x . + p—0—
1o 3 13 3 {ll
= 13 e S
12% |
st ' 1% :] auteur ‘
OFFSET
;sf:,":“ . J_ ADJUST B
aowst = = = ‘
¥ OFFSET X OFFSET
ADJUST ADIUST
A J A
4
. 1k 9
13V G a/ —~9-1SV '
200
! _] n j n

stantially to improve the Y linearity, and Ay decrpased somewhat”
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OPERATION AND APPLICATIONS INFORMATION (continued)

X, Y and Qutput Clfsat Voltages

Vo Output Vo Output
Offset Offset

it 21 b

fe— ¥ Otfset

X Offset

For most de applications, alt three offset adjust potentiome-
ters {Pq, P2, P4) will be necessiry. One or more offset adjust
potenti scanbaali d for ac applications {Sae Figures
28, 29, 30, 31).

1f well regulated supply voltiges are available, the offset ad-
just circuit of Figure 13 is recommended. Otherwise, the circuit
of Figure 14 will greatly reduce the sensitivity to power supply
changes.
4.2 Scale Factor

The scate factor, K, s set by P3{Figure 21). Pavaries t3which
inversely controls the scate factor K. 1t should be noted that
current 13 is one-half the current through Ry, Ry sets the bias
levet for Qg, Qg. Q7. and Qg (Seq Figure 3). Therefore, to be
sure that these devices remain active under all conditions of input
and output swing, care snould be exercised in adjusting P3 over
wide voltage ranges (see Section 3, General Design Procedure),

4.3 Adjustment Procedures

The following adjustmant procadure should be used to null
the offsets and set the scale factor for the multiply mode of
operation. (See Figure 21)

1. X tnput Offsat

{a} Connectosciltator {1 kHz, 5 Vpp sinewave) to the
“Y*" input (pin 4)

(b} Connect X" input {pin 9) to ground

{c) Adjust X offset potentiometer, P2, for an ac aull
at the output !
2. Y lnput Offser

{a) Connect osciltator {1 kHz,'5 Vpp sinewave) to the
“X*" input (pin 9)

. (b} Connect “Y** input (pin 4) to ground

{c) Adjust “"Y" offset potentiometer, Py, for an ac null
at the output
3. Output Offset

{a) Connect both “X* and “Y" inputs to ground

(b} Adjust outout offset potentiometer, P4, until the
output voltage Vg, is zero volts dc
4. Scale Factor

{a} Apoly +10 Vdc to both the X" and Y inputs

{b} Adjust P3 to achieve + 10.00 V at the output.
5. Repeat steps 1 through 4 as necessary,

The ability to accurately adjust the MC1595 (MC1435)
depends upon, the characteristics of potentiometers Py
through P4. Multi-turn, infinite nsolul_lon potentiomet-
ors with low-temparature coefficients are recommended.

OC Applications

$.1 Multiply -

The circuit shown in Figure 21 may be used to multiply
signals from dc to 100 kHz. Input levels to the actual multi-
plier are 5.0 V (max). With resistive voltage dividers the maxi-
mum could be very large — however, for this application two-
to-one dividers have been used so that the maximum input
level is 10 V. The maximum cutput lavel has also been designed
for 10 V [max).

N /_j f vx /__j -\:\— er

-

5.2 Squaring Circuit

1f the two inputs are tied togather, the rasultant function is
squaring; that is Vo = KV2Z where K is the scale factor. Nota
thatall error terms can be eliminated with only three adjustment

.potentiometers, thus eliminating one of the input offset adjust.

ments.  Procedures for nulling with adjustments are given 23
"

“follows:

1. AC Procedure:

{a} Connsct osciltator {1 kHz, 15 Vpp) to input

(b) Monitor output at 2 kHz with tuned voltmeter
and adjust P3 for desired gain (be sure to peak response
of the voltmeter) .. N - -

{c) Tune voltmeter to 1 kHz and adjust P4 for a min-
imum output voltage

{d) Ground input and adjust P4 {output offser) for
zera voits de output

(e) Repeat steps a through d as necessary.
2. DC Procedure:

{a} Set Vi = Vy = 0 V and adjust P4 {output otfset
potentiometer) such that V, = 0.0 Vdc

{b) Set Vx = Vy = 1.0 V and adjust Py (Y ‘input
offsat potentiometer) such that the output volitage is
+0.100 votts 17

{c) Set Vy = Vy = 10 Vdc and adjust P3 such that the
output voitage is + 10.00 volts

{d) Set Vx = Vy = =10 Vdc. Repeat steps a through
d as necessary.

FIGURE 24 — BASIC DIVIDE CIRCUIT

X

L

KVx Vy
'8

lxl b3l
e

VI —AAA——d
Ry
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5.3 Divide Crrcuit

/Considcf the circuit shown in Figure 24 in which the multi-
plier is placed in the feedback path of an operational amplifisr.
For this configuration, the operationa!l amplifier will maintain
8 “virtual ground” at the inverting {-) input. Assuming that the
Bias current of the operational amplifiar is negligible, then 14 =
12 and

KVyxVy -Vz
—— B man
Rt R2
A1 Vz, (2

(1

Solving for Vy, Vy "A2K Vx

it

1f

R1=R2

VYt oY I

R1 = KR2
vz (4

A,

i
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OPERATION AND APPLICATIONS INFORMATION (continued)

Hance, the output voltage is the ratio of V2 to VX and provides
adivide function. Thisanalysis is, of course, the ideal condition.
1f the multiplier error is taken into account, the output voltage
is found to be

R1 }vz &E
Vy = o | =+ — (5}
R2K|Vx KVyx

where aE s the error voltage at the output of the multipfier.
From this cquation, it'is seen that divide accuracy is strongly
dependent upon the accuracy at which the multiplier can be
sot, particularly at small values of Vy. For example, asidine
that R1 = R2, and K = 1/10. For these conditions the output
of tha divida circuit is given by:

-10Vz  104E |

Vy ® e— - +
YTk Vx

(6)

From squation 8, It Is saen that only when Vy = 10V is the
error voliage of the divide circuit as low as the arror of the
multipty circuit. For example, ‘when Vy is small, (0.1 volt)
the ecror voltage of the divide circuit can be expected to be a
hundred times the error of the basic multipligr circuit.

In terms of percentage error,

.

From equation 7, the percentage error is inversely related to
voltage Vz li.e., for increasing values of V7, the percentage
error decreases).
A circuit that performs the divide function is shown in
Figure 25. .
Two things should be emphasized concerning Figure 25.
1. Thae input voltage {V'x) must be greater than zero and
must be positive. This insures that the current out of
pin 2 of the multiplier will always be in a direction com-

patible with the polarity of V2,

2. Pins 2 and 14 of the muitiplier have been interchanged
in_respect to the operational amplifiers input terminals.
{n thisinstance, Figure 25 differs from the circuit connec-
tion shown in Figura 21: necessitated to insure negative
fecedback around the loop.

A Suggested Adjustment Procedure for the Divide Circuit

1. Set Vz = 0 volts and adjust the output offset potentio-
meter {P4) until the output voltage (V) remains at some
(not necessarity ze;o) cohstant values as V' is varied
betwean +1.0 volt and +10 volts.

2. Keep Vz at O valts, set Vx* st +10 volts and adjust the
Y input offset potentiometer (P4} until Vo = 0 volts.

3. Let Vy' = Vz and adjust the X input offset potentio-

meter (P2} until the output voltage remsins at some {not
g necessarily - 10 volts) constant value as Vz = Vy'.is

percentage error = e"o'l x 100% varied between +1.0 and +10 volts.
W) * 4, KeepVy =Vgzand adjust the scale factor potentiometer
or from equation {5}, {P3) until the average value of Vg is ~10 volts as Vz =
V' is varied between +1 .0 volt and +10 voits.
5. Repeat steps 1 through 4 as necessary to achieve opti-
AE mum perlprmancq.
KV
P.ED ,.R—-l\(/— = E iE_ . 7 5.4 Squara Root
LE. 1 i
— _E. Rilvz A special case of the divide circult in which tha twoinputs to
R2Kj Vx the multiplier are connected together is the square root function
FIGURE 25 — OIVIDE CIRCUIT
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~ r 4
L
1 ::;xh 1'3'. 2 2
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OPERATION Al\‘lD APPLICATIONS INFORMATION (continued)

FIGURE 28 — BASIC SQUARE ROOT CIRCUIT 8. AC Applications

The applications that follow demonstrats the versatility of the

monolithic multiplier, !f a potted multiplisr is used for thess

casas, the results ganerally would not be as good becauss tha'potted

xv,?
2 HCISISL Ly " units have circuits that, although they optimize dc multipljcation

MC1995L)

as indicated in Figure 26. This circuit may suffer from
Iatch-up problems similar to those of the, divide circult. Note
that only one polarity of input is allowed and diode ciamping
{see Figure 27) protects against accidental latch-up. =

. This circuit also may be adjusted in the closed-loop fode as
followss:

1. Set Vz to -0.01 volts and adjust P4 loutput offset) for
Vg = +0.316 volts, being careful to approach tha output
from the positive side to praclude the effect o' the out-
put diode clamping.

2. Set V7 to -0.9 volts and adjust P9 {X adjust) for V¢ =
+3.0 volts.

3. Set V2 to - 10 volts and aaiust P3 {scale factor adjust}
for Vg = +10 volits.

4. Steps 1 through 3 may be repaated as necassary to achisve
dasired accuracy.

operation, can hinder ac applications.

8.1 Fraquency doubling often is done with e dicde wh'n the
fundamental plus a series of harmonics are generated. Holvever,
extensive filtering is required td obtain the desired hermonic,
and the second harmenic obtained undsr this technique usually
Is small in magnitude and requires amplification.

Whaen s multipller is used tq double frequency the second
“harmonic is obtalned directly, except for a dc term, which can
be removed with ac coupling.

s = KE2 cos2wt

€o = '%— {1 + cos 2wtl,

A potted.multiplier can be used to obtain the double fre-
quency component, but frequency would be limited by its
internal level-shift amplifier.”In’ the monolithic unifs, the ampli-
fier is omitted.

In 8 typical doubler circuit, conventional £ 15-voit suppties
are used. An input dynamic range of 5.0 volts pesk-to-peak is
allowed. The circuit generates wave-forms that are double fre-
quency; less than 1% distortion is encountered without filtering.
The configuration has been successfully used in excess of 200
kHz; reducing the scale factor by decreasing the foad resistors
can further expand the bandwidth.

A stightly modified version of the MC1535 (MCNQS) -
the MC 1596 {MC1496) — has been successfully used as a doubler
to obtain 400 MHz. {See Figure 28.)

6.2 Figure 29 represents an application for the monolithic
multiplier as a balanced modulator. Here, the audio input signal
is 1.6 kHz and the carrier is 40 kXHz.

FIGURE 27 - SQUARE ROQT CIRCUIT
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OPERATION AND APPLICATIONS INFORMATION (continued)

FIGURE 28 — FREQUENCY DOUBLER
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FIGURE 29 - BALANCED MODULATOR
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The defining equation for halanced modutation is

K(Em cos wmt) {Eccos wt) =

" KEcEm

feos fwe + wplt + cos (wg = wylt]

where wg is the, carrier fraquency, wm, is the modulator fre-
quency and K is the multiptier gain constant.

AC couplingat the output eliminates the need for level trans-
lation or an operationa! amplifier; 3 higher operating frequency
results; — = ' b

A problem 1 to cor is 10 extract the
intslligence from singte-sideband received signal. The ssb signal
is of the form

Cgsh = A €03 {we + wyt
and if multiplied by the appropriate carrier waveform, cos wet,

A .
QsebCearrier = —ziriqos 2w + Lot +cos lweltl.

1t the frequency of the band-limited carrier signal, we, is ascer-
tained in advance the designer can insert a low-pass filter and
obtain the [AK/2) {cos wt} term with ease. He also can use an
operational amptifier for a combination level shift-active fitter,
as an external component. But in potted multipliers, even if
the frequency, range can be covered, the operational amplifier
is inside and not accessible, so the user must accept the level
shifting provided, and sti!l add a low-pass filter.

6.3 Amplitude Modulation

The multiplier performs amplitude modulation, similar to
balanced modulation, when adc term is added to the modutating
signal with the Y offset adjust potentiometer. {See Figure 30.)

Here, the identity is

Eml1 + mcoswmtl E¢ costugt = KELEccos wet +

KE mEm
¥ __MeCa [costwe + wplt + cos fwe - wmit]

where m indicates the degree of modulation. Since m is adjust-
able, via potentiometer P1, )00‘.’6 modutlation is possible. With-
out extensive tweaking, 96% modulation may be obtained yhere
we anY wpy, are the same as in the batanced-modulator exa{nple.

6.4 Linear Gain Controt’

To obtain linear gain control, the designer can feed to one
of the two MC1595 (MC1495) inputs a signa! that will vary the
unit’s gain. The following example demonstrates the feasibitity
of this application. Suppose a 200 kHz sine ‘wave, 1.0 volt
peak-to-peak, is the signal to which a gain control will be added.
The dynamic range of the control voltage Veis 0 to +1.0 volt.
Thess must be ascertained and the proper values of RAx and Ry
can be selected for optimum berformance. For the 200-kHz
operating frequency, load resistors of 100 ohms were chosen to
broaden the operating bandwidth of the multiplier, but gain was
sacrificed. It may be made up with an amplifier operating at the
appropriate frequency. {Ses Figure 31.)



MC1495L, MC1595L

= x
vco-vw—-L—o—‘
0

oFFsEr o

ADJUST

e

OPERATION AND APPLICATIONS INFORMATION (continued), .

FIGURE 30 — AMPLITUDE MODULATION
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The signal is applied to the unit's Y input. Since the tota)
input range is limited to 1.0 volt p-p, a 2.0-volt swing, a current
source of 2.0 mA and an Ry value of 3.0 kilohm is chosan.
This takes best advantage of the dynamic range and insures
linsar operation in the Y channel.

Since the X input variesbetwaen 0 and +1.0 volt, the current
source sefected was 1.0 mA and the Ry value chosen was 2.0
kilohms. This also insures linear operation over the X input
dynamic range,

Choosing Ri_ = 100 assures wide-bandwidth operation. Hence,
the scale factor for this configuration is

. AL
K= AxfRyls
S -

12 k)1 k2 x 10+3)

<Ly,

) 40
The 2 in the numarator of the equation is missing in this scale-
factor expression becaude the output is single-anded and ac
coupled.

To recover tha gain, an MC 1552 viden amplifier with 3 gain
of 40 is used. An operational amptifier also could have been
used with frequency compensation to allow a gain of 40 at
200kHz. The MC1539 operational amplifier can be taitored for
this use; and the MC1520 operational amplifier does it directly.

FIGURE 31 — LINEAR GAIN CONTROL
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OPERATIONS AND APPLICATIONS
INFORMATION INDEX

1. THEORY OF OPERATION
2. DESIGN CONSIDERATIONS
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2.1.1 Linearity, Output Error, ERX or ERY
2.1.2 3-d8 Bandwidth and Phase Shift
2.1.3 Maximum input Voltage
2.1.4 Maximum Output Voltage Swing
3.GENERAL DESIGN PROCEDURES

4.OFFSET AND SCALE FACTOR ADJUSTMENT
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4.2 Scale Factor
4.3 Adjustment Procedure %
6. DC APPLICATIONS
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ORDERING INFORMATION

Device * Temperature Range Package
MC1496G 0°C to +70°C Metal Can
MC1496L 0°C to +70°C Ceramic DIP
MC1456P 0°C to +70°C Plastic DIP
MC1596G -55°C to +125°C Metal Can
MC1596L —55°C to +125°C Ceramic DIP

‘MC1496
MC1596

BALANCED MODULATOR — DEMODULATOR

. . . designed for use where the output voltage is a product of an
input voltage (signal) and a switching functjon {carrier). Typical
-~ applicationsinclude suppressed carrier and amplitude modulation, ~
synchronous detection, FM detection, phase detection, and chopper,
applications. See Motorola Application Note AN-531 for additional
design information.
® Excellent Carrier Suppression — 65 d8 typ & 0.5 MHz
-~ 50dB typ @ 10 MHz . .. =

. AdjustabI;E}ain and Signal Handling
& Balanced Inputs and Outputs
® High Common-Mode Rejection-~ 85 dB typ

BALANCED
MODULATOR — DEMODULATOR

SILICON MONOLITRIC
INTEGRATED CIRCUIT

FIGURE 1 ~
SUPPRESSED CARRIER
OUTPUT WAVEFORM

0

FIGURE 2 -
SUPPRESSED CARRIER
SPECTRUM
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FIGURE 3 -~
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MAXIMUM RATINGS® (T = +25°C unigss otherwise noted)

N Ratinq,ﬁ:" Symbol Value Unit
Applied Voitage - av 30 Vde
(Vg = V2, Vg - Vi, Vg - V7. Vg—-Vg Vg - Vs, Vz -V,
Vg - V4. Vg - Vg. V2 - Vs, V3~ Vs
Differential Input Signal ’ Vy-Vg +85.0 Vde
~ N7 2{5+tgRg}
Maximum Bias Current is 10 mA
Power Dissipation {Package Limitation) o . .
Ceramic Duat tn.Line Package 575 mw
Derate abave Tp = +25°C a8s mW/°C
Matal Package 680 mw
Derate above Tp = +25°C 4.6 mw/oC
Operating Temperature Range Ta °c
) MC1496 Q1o +70 °
MC1596 -55to +125
Storage Temperature Range Tsig -65 to +150 o
ELECTRICAL CHARACTERISTICS® {vge = +12 Vde, Vgg = -8.0 Vdc, 15 = 1.0 mAdc, Ry =3.9kS% Ry = 1.0 k2
‘Ta = +25°C unless otherwise noted) {All input and output characteristics are single-ended unless otherwise noted.)
. MC 1598 MC1498
Charactaristic Fig| Note Symbol | Min ] Typ | Max Min] Typ | Max Unit
Cerfier Faedthirough 5 t | Veer uVirms)
Ve = 60 mV{rms) sine wavé and fc=10kHz A 2 40 | - - | 40 -
o"slet adjusted to zero fc = 10 MHz - 140 - - 140 -
Ve * 300 mVp-p square wave:, mVirms)
* offset adjusted 10 zero fc = 1.0kHz - |oo04| 02 - |o004 | 04
offset not adjusted fc = 1.0 kHz - 20 | 100 - 20 | 200
Carrier Suppression 5 2 Ves d8
fg = 10 kHz, 300 mVirms)
fc ~ 500 kHz, 60 mVirms) sine wave 50 65 - a0 65 -
fc = 10 MHz, 60 mV{rms] sine wave P 50 - - 50 - k
Transadmittance Bandwidth {Magnitude) (R = 50 ohms} 8 8 BWsagp == MHz
Carrier Input Port, V¢ = 60 mV{rms) sine wave & 300 x - 300 -
fg = 1.0 kHz, 300 mV{rms) sine wave
Signal Input Port, Vg = 300 mV{rms} sine wave - 80 - - 80 -
ivcl = 0.5 vde R
Signal Gain 0| 3 Ays 825 (35 - F25) as]| - VIV
Vg = 100 mVirms), f = 1.0 kHz: V¢l = 0.5 vde
Single-Ended Input Impedanca, Signal Port, f=50MHz 6 -
Par '3l input Resistance fip - 200 | - - 200 | - ki
Parallel Input Capacitance Cip - 20| - - 2.0 - oF
Single-Ended Output Impedance, f = 10 MHz : [ -
Parallet Qutput Resistance § *op - 40 - - 40 r [%4]
Paraltel Output Capacitance ‘ Cop 7 50§ - - 5.0 - pF
input Bias Current 7 = HA
Iy +1g Iy +1g bS - 12 | 25 - 12 | 30
'bs = e ® =5 = Ine — | 12|25 f-= | 12| 3
Input Offset Current 7 — uA
liog *l1-1a:lioc=17-18 Itiosl - |o7)so ] -.]o7}70
% "ioC[ - Q.71 5.0 - 071170
Average Temperature Coefficient of Input Offset Current 7 - ITCiiol - 20} - - 2.0 - nA/CC
(T4 = ~55°C to +125°C)
Outpyt Offset Current 7 - llool - | 4] s0o § - 14 | 80 uA
f's -}‘Ig) i
Aveuie Temperature Coefficient of Output Gffsat Current 7 - ITCloo! - 90 | - - e | - nA/OC
{Ta 7 -55°C to +125°C)
Common-Mode Input Swing, Signal Port, fg = 1.0 kHz 9 4 cMV - 50} - - 5.0 | - Vp-p
Comejon-Mode Gain, Signal Port, tg = 1.0 kHz, g - ACM - -85} - - -85 | - d8
Ivel= 035 vde . .
Comn'ion-Mode Quiascent Quiput Voltage (Pin 6 or Pin 9} 10 - Vo - 80| - = 80 | -~ vde
Differgntial Output Voltage Swing Capability 10 - Vout - 80| .- - 8.0 | - Vp-p
Power:Supply Current I 7 6 mAdc
lg + !9 tce - 20 ) 30 - 20 |40
1 ige | - [30f40 § - [30]50
DC qu?/wr Dissipation 7 S Pp - 33 - - 33 - mw

# Pin numbaer references pertain !6 this device when packaged in s matal can. To ascertain the caorresponding pin numbers for plastic or
carsmic packaged devices refer to the first page of this specification sheat,

[
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GENERAL OPERATING INFORMATION * . <

Note 7 ~ Carrier Fredthrough

Carrier feedthrough is defined as the output voltage at-camier
frequency wnh only the carrier applied (signal voitage = 0},

Carrier null is achieved by balancing the currents in the differ-
ential amplifier by means of a bias trim potentiometer (R of
Figure 5).

Note 2 — Carrier Suppression

Carrisr suppression is defined as the ratio of each sideband out-
put to carrier output for the carrier and slgml voltage lavels speci-
Hind,

Carr,gr wpprewon ls very dzpu dem on carrln lnpu( tavel, a3
shown in Figure 22, A low value of the carrier does not fully
switch the upper switching devices, and results in lower signal
pain, hence lower carrier suppression. A higher than optimum car-
rier lavel results in unnacessary device and circuit carrier feed-
through, which again degenerates the suppression flgure Thc

- — MC1596- has* beerrcharacterized #ith’ 3 60 mVi{rms!” Sinewave

carrier input signal. This favel provides optimum carrier suppres-
sion 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 large sig-
nal levels, However, a linear oparating mode must be maintained
in the signat-input transistor pair — or harmonics of the modulating
signal will be generated and appear in the device output as spurious
sidebands of the suppressed carrier. This requirement places an
upper limit on input-signal amplitude (see Note 3 and Figure 20).
Note also that an optimum carrier level is recommended in Fig-
ure 22 for good carrier suppression and minimum spurious side-
band generation.

At higher frequencies circuit layout ‘is very Important in order
10 minimize carrier feedthrough. Shielding may be necessary in
order to prevent capacitive coupling between the carrier input
teads and the output leads. .
Note 3 — Signal Gain and Maximum lnput Level

Signal gain {single-ended) at low frequencies is defined as the
voltage gain,

Vo, PRL 26 mV
AVS'VS-'Rei»Zr,"‘_'he" r.els A

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

Linear operation requires that the signa! input be below a criti-
cat vaiue determinad by Rg and the bias current Ig

Vg < 1g Rg (Volts peak}

Note that in the test circuit of Figure 10, Vg corresponds to a
maximum value of 1 volt peak.

Nate 4 — 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 amplitier
itsalf by swinging it into the upper switching devices. This swing
is variable depending on tha particular circuit and biasing condi-
tions chosen (see Note 6).

Note 5 ~ Power Dissipation

Power dissipation, Pp, within the integrated circuit package
shou!d be calculated as the ion of the voltags rant prod-
ucts at each port, i.e. assuming Vg = Vg, Ig = Ig = Ig and ignoring

base current, Pp = 2 15 (Vg — V1) + 15 (V5 — V1g) where sub-
scripts refer 10 pin numbers. N
Nots 6 — Design Equations «

The following is a partial list of design equations needed to
operats the circuit with other supply voltages and input condi-
tions. See Note 3 for R4 equation.

A. Operating Current
The Internal bias cuments sre set by the conditions st pin 5.

Assume:

is=lg=1lg
Ig<<ic for all transistors
then:

Rg = Y_:_;Q -5002  where: Rg Is the resistor bstween pin
5 and ground
$=0.75VarTp = +25°C

The MC1596 has baen characterized for the condition 15 = 1.0
mA and is the generally recommended va)ue

8. Common-Mods Quuescemompu Vollage
L §
V6=V9-V+—I5RL -

Note 7 —~ Biasing

The MC1596 requires three dc bias voltage levels which must be
set externally. Guidelines for setting up these three levels include
maintaining at least 2 volts collector-base bias on all transistors
while not exceeding the voltages given in the absolute maximum
rating table;

30 Vde = [[Vg, Vo) — (V7. Vgl = 2Vde
30 Vde = [(V7, Vg) - (Vq.V4)] = 2.7 Vde
30Vde = [(Vq, Va) = V)] = 2.7 Vde

The foregoing conditions are based on the following approxima-
tions:

Vg=Vg. Vy=Vg Vi=Vg
Bias currents flowing into pins 1, 4, 7, and 8 are transistor base

currents and can normally be neglected if external bias dividers
are designed to carry 1.0 mA or more,

Note 8 — Transadmittance Bandwidth

Catrier transadmittance bandwidth is the 3-d8 bandwidth of
the device forward transadmittance as defined by:

ip (each sideband)
v210 * 2y gl | Vo =0

Signal transadmittance bandwidth is the 3-dB bandwidth of the
device forward transadmittance as defined by:

Iq (signal}
v218 "nT'_‘Tv, Signal l V¢ =0.5 Vde, Vo =0

*Pin number references pertain to this device when packaged in 8
metai can. To ascertain the corresponding pin numbers for plas-
tic or ceramic packaged devices refer to the first pagc of this
specification sheet,

«®
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Note 9 — Coupling and Bypass Capacitors Cq an:!_cz

Capacitors Cy and C3 {Figure 5 should be selected for a re-
actance of less than 5.0 ohms at the carrier frequency.

Note 10 — Output Signal, Vg

The output signal is taken from pins 6 and 9, either balanced
or single-ended. Figure 12 shows the output levels of each of the
two output sidebands resulting from variations in both the car-
rier and modulating signal inputs ‘with a single-ended output
connection.

Noje 11 — Signal Port Stability
Under certain values of driving source impedance, oscitlation

-

connected directly to each input using short teads. This will reduce
the Q of the source-tuned circuits that cause the oscillation,

$10

SIGNALINPUT
(PINS 1 & &)

WA

1
T

10 p¥F

“An slternata method for fow-frequency applications is to insert
a 1 k-ohm resistor in series with the inputs, pins 1 and 4. In this
case input current drift may cause serious degradation of carrier

OVD

= Zout

Vo

may occur. In this event, an RC suppression network should be suppression.
TEST CIRCUITS
FIGURE 5 —~ CARRIER REJECTION AND SUPPRESSION FIGURE 6 — INPUT-OUTPUT IMPEDANCE
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FIGURE 7 — BIAS AND OFFSET CURRENTS
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FIGURE 8 - TRANSCONDUCTANCE BANDWIDTH
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Pin number raferences pertain to this device when packagad in s metal can. To sscertain the corresponding pin
numbers for plastic or ceramic packaged devices refer to the first page of this specification sheet.
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TEST CIRCUITS {continued)

FIGURE 9 - COMMON-MODE GAIN " FIGURE 10 — SIGNAL GAIN AND OUTPUT SWING
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Pin number rafarences partain to this davice when Packaged in a metal can. To ascertain the corrssponding pin
numbers for plastic or ceramic packaged davicas refer to tha first page of this specification sheat.
TYPICAL CHARACTERISTICS (continued)
Typical charactaristics were obtained with circuit shown in Figure 5, fc = SO0 kHz (sine wave),
Ve = 60 mVirms), fg= 1 kHz2, Vg =300 mVirms), Ty = +25%C untess otherwise noted.
FIGURE 12 -~ SIGNAL-PORT PARALLEL-EQUIVALENT

FIGURE 11 - SIDEBAND QUTPUT versus CARRIER LEVELS INPUT RESISTANCE versus FRE QUENCY
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FIGURE 13 — SIGNAL-PORT PARALLEL-EQUIVALENT FIGURE 14 — SINGLE-ENDED OUTPUT
.0 INPUT CAPACITANCE versus FREQUENCY * IMPEDANCE versus FREQUENCY "
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TYPICAL CHARACTERISTICS {(continyed)
Typicat charagteristics were obtained with circuit shown in Figure 5, ¢ = 500 kHz_(Ilna wavae), ,
Ve = 80 mV(ems), fg = 1 kHz, Vg = 300 mVirms), T 5 = +25°C yniass otherwise noted. .

FIGURE 15 — SIDEBAND AND SIGNAL PORT
TRANSADMITTANCES versus FREQUENCY
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FIGURE 17 — SIGNAL-PORT FREQUENCY RESPONSE
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FIGURE 19 — CARRIER FEEDTHROUGH versus FREQUENCY
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FIGURE 16 —~ CARRIER SUPPRESSION
versus TEMPERATURE
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FIGURE 18 — CARRIER SUPPRESSION versus FREQUENCY
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TYPICAL CHARACTERISTICS (continued) -
FIGURE 21 —~ SUPPRESSION OF CARRIER HARMONIC FIGURE 22 - CARRIER SUPPRESSION
SIDEBANDS versus CARRIER FREQUENCY versus CARRIER INPUT LEVEL
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OPERATIONS INFORMATION
. L)
~
The MC}SSG/MCMQG. a monolithic balanced modulator cir- q
cuit, is shown in Figure 23. FIGURE 23 — CIRCUIT SCHEMATIC
This clrcuit consists of an upper quad differential amplifier ';:,'v oureur
driven by a standard differentiat-amplifier _with dual current i e 0>
sources. The output collectors are cross-coupled so that fullwave i
balanced multiplication of the two input voitages occurs. That is,
the output signal is 3 constant times the produc} of the two input CARRIEN = 1
signals. : ’ ’ weor 0= +
Mathematical snalysis of linear 8c signal multiptication indi-
cates that the output spectrum will consist of only the sum and i .
ditferance of the two input frequencies. Thus, the device may be SIGNAL g - 2

used as a balanced modulator, doubly batanced mixer, product

detector, frequency doubler, and other applications requiring -

these particular output signal charactaristics.

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

output.

Signal Levals

The upper quad differential amplifier may be operated either
in a tinear or a saturated mode. The fower differential amplifier
is operated in a linear moda for most applications.

For low-level operation at both input ports, the output signal
will contain sum and difference frequency components and have
an amplitude which is 3 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 ditference frequency components of the modu-
lating signal freq y and the fund tal and odd h'armonig of
the carrier frequency. The output amplitude will be a3 constant
times the modulating signal amplitude. Any amplitude variations
in the carrier signal will not appear in the output.

= e f———Qaamanusr
il b !

}/ 3

. j
WK 8,

VEg 0O

FIGURE 24 — TYPICAL MODULATOR CIRCUIT

, +12vde

Pin number referencas pertain Yo this device when packaged In a maetal can. To ascertain the corrssponding pin
numbers for plastic or ceramic packaged devices rafer to the tirst page of this specification shaet.
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OPERATIONS INFORMATION (continued)

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

Since the- lower differential amplifier has provisions for an
external emitter rasistance, its lineer signal handling range may be
adjusted by the user. The maximum input voltage for linear op-
eration may be approximated from the following expression’

v r(ls) (Rg)volts peak. =

This expression may be used to compute the minimum value of
Rg for a given Input voltage amplitude.

FIGURE 256 —~ TABLE 1
VOLTAGE GAIN AND OUTPUT FREQUENCIES

Carrier Input Approximate Qutput Signal
Signal (V¢ Voltsge Gain Frequency(s)
RLV
. Low-levei dc LC KT M
URE + 2rgl{—
E 'e’( al -
igh- AL
High-level dc R+ 2rq far
Lowe-level R Velirms) Al
sow-level ac NI - S cifm
2J'2'(':—'l)(n5 * )
637 R y
High-level ac 954k fc . 3fc £fm.
Rg + 2ry Stcafy. . . .

”~

The gain from the modulating signal input port to the output is
the MC 1596/MC 1496 gain parameter which is most of ten of interest
to the designer. This gain has significance only when the lower
differantiat 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 ocperated either in a linear or a saturated mode. Approxi-
mate gain expressions have been developed for the MC1596/
MC 1496 for a low-level moduiating signal input and the following
carrier input conditions:

1) Low-level dc '
2} High-level dc
3} Low-level ac
4) High-level ac

These gains ara summarized in Table 1, along with the fre-
quency components contained in the output signal,

NOTES! -~

1. Low-level Modulating Signal, Vpy, assumed in all cases.
Vg is Carrier Input Volrage.

2. Whan the output signal contains multiple frequencies,
the gain expression given is for the output amplitude of
each of the two desired outputs, I¢ + iy and fc - fm.

3. All gain expressions are lor a single-anded output, For

a differentia! output connaction, multiply each expres.
sion by twoer

. Ry = Load redistance.

Rg = Emitter resistance between pins 2 and 3.

. rg = Transistor dynamic emitter resistance, at +25°C;

oo s

—~ 26 mV.
™ 5 (mA)
7. K = Boltzmann’s Constant, T = temperature in degrees
Kelvin, @ = the charge on an elactron,

-'%': =2 26 mV at room temparature

APPLICATIONS INFORMATION

Double sideband suppressed carrier modulation is the basic
application of the MC1596/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
MC 1596/MC 1496 with a single dc supply voitage instead of dual
supplies. Figure 26 shows a balanced modulator designad for
operation with a single +12 Vdc supply. Performance of this cir-
cuit is stmilar 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.

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

However, the suppressed carrier nuil circuitry as shown in
Figure 27 does not have sulficient adjustment range. Therefore,

.

This product detector has a sensitivity of 3.0 microvolts and a
dyhamic range of 80 dB when operating at an intermediate fre-
quency of 9 MHz,

The detector is broadband for the entire high4frequency range.
For operation at very fow inm"med_ialg frequencies .down to 50
kHz the 0.1 UF capacitors on pins 7 and 8 should be increased to
1.0 UF. Afso, the output filtar at pin 9 can be tailored to a
spacific intermediate frequency and audio amplifier input im-
pedance.

As in all applications of the MC1596/MC1496, ths emitter
resistance batween 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 datector by intraducing
carrier signal at the carrier input and an AM signal at the SSB
input. .

The carrier signal may be derived from the intermediate fre-
quency signal or ganerated locally. The carrier signal may be in-
troduced with of without modutation, provided its level is

the modulator may be modified for AM operation by changing
two resistor .values in the null circuit as shown in Flgure 28.
Product Detector

The MC1596/MC 1496 makes an excellent S8 product detec-
tor {see Figure 29).

sufficiently high to saturate the upper quad dif ferential amplifie?,
If the carrier signal is modulated, a 300 mV(rms) input level is

recommended.

(&

»
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APPLICATIONS INFORMATION (continued)

Doubly Balanced Mixar

The MC1596/MC1496 may be used as a doubly balanced
~. mixer with either broadband or tuned narrow band input and
output networks, .
The local oscillator signal is introduced at the carrier input
port with a recommanded amplitude of 100 mV{rms).
Figure 30 shows a miser with a broadband input and a tuned
output., . . -

—
Frequency Doubler

The MC1596/MC1496 will operate as a frequency doubler by
introducing the same fraquency at both input ports, .
Figures 31 and 32 show 3 breadband frequency doubler and a

. «-tuned. output very.high frequency {VHF] doubler,. respectively.

Phasa De nd FM D j

The MC1596/MC 1496 wiil function as a phase detéctor. High.
level input signals are introduced at both inputs. When both inputs
are at the same frequency the MCI1596/MC1498 will deliver an
output which.is a funation of the phase difference betwaen the
two input signals.,

An FM detector may be ¢onstructed by using the phase detec-
tor principly. A tuned circuit is added at one of the inputs to
cause the two input signals to vary in phase as a function of fre.
quancy. The MC1596/MC 1496 will then prowide an output which
is @ function of the input signa! frequency.

Pin number references pertain to this device when packaged in 8 metal can. To escartain the corrasponding pin numbaers for plastic or ceramic

packaged davices rafer to the first page of this spacification sheet,
+
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TYPICAL APPLICATIONS

FIGURE 26 — BALANCED MODULATOR
(+12 Vdc SINGLE SUPPLY)
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FIGURE 27 - BALANCED MODULATOR-DEMODULATOR
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FIGURE 29 — PRODUCT DETECTOR .
FIGURE 28 — AMMODULATOR CIRCUIT {+12 Vdc SINGLE SUPPLY)
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TYPICAL APPLICATIONS (continued) .
FIGURE 30 — DOUBLY BALANCED MIXER .
{(BROADBAND INPUTS, 9.0 MHz TUNED OUTPUT) . FIGURE 31 — LOW-FREQUENCY DOUBLER
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Pin number references pertain to this device when packaged in » metal can. To ascertaln the corresponding pin numbers for plastic or
ceramic psckaged devices refey to the first page of this specification sheet.
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