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ABSTRACT

This thesis is the project about design and construction the
television satellite receiver in range of C band +that is 3.7-4.2 GHZ.
1t receivéd the microwave signal from parabola dish and then send to
LNA and IET stage down coverter that reduce frequency to 1 GHZ. The
receiver is consist of RF-Amp which use to amplication signal from LNA
and IST stage down converter and Quadrature (90) hybrid mixer that
use to mix input frequency from RF-Amp with local oscillator into IF-
Amp 70 Mﬁz and limitter. The base band demodulator is quadrature

detector then can seperate vidéo and sound. And can select channel hy

VCO by the use of software and ET board and D/A convertor or by manual.
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\figy 3@, TVRO (Television Receive Only) TaaFudugraid 191nan7 L g
nNTEAYN1 9 lnawan LATTUNAUD IUNAIFNENTDINA  Tawa 91 %uuAN 7 LRan |l uunay

é v é v a o < v o
151uAU0UIADT  (transponder) 51“L81ﬂ§ﬂ1ﬂlﬂﬂﬂﬂTsuﬂm 5 00 AINNIY
ABONALDILATOITY 3051xﬁuﬁauiﬁuuuﬁﬁ5w7ﬁnw7ﬂﬂﬂa§a Falouwn  91wanmen
mavimngTuie T ludaufiddudasusnuesnisfudaninannanadies  lisfiaein
nTIEgduNenoauNIng & LENINIANe sRuNNMLT I i swetarde TinunNABY  LieT
N1TUENLONANAAWLRY AR RE 990NN F91T1aunTaL Tuwuaea laerunTata s 1ATe Y
LT ¥ U(l ol v LY al *
FudoaaInsraudrunn e e demifi 2.1

a ai)| &5 % a a ae
Uaaﬂiﬂaguﬂsuﬂaﬂlﬂ7907ﬂam%quﬂ7ﬁﬂquuﬂ77lﬂﬂu Nﬂquﬂ73ﬂaUﬂaW

Al 4 @I @ g

AIUUTA ANUANLDINNA

drufiaos 299TIENERAOTTRINTINUA (LKA ¢ Low  Noise
Amplifier)

daufany 19RTRIWMUT (Down Converter) wlsrnaLnig
2997UE8RANG RF 7997801709 (Mixer) , 2997008718

= \193 (Oscillator) uaaaoaigué (tuned)

daund 29978y avilTenauag  2997UEEAIINENANAC IR

Amplifier)  ,7995Wa\@97 (Filter) ,7937INALADT

(Detector)
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anusoalnerunty Tuiﬂﬁ' 2.1 uananTietutesiafesiudaneng
fiaddnunn v R Tﬂﬂléuﬂﬁﬂ£QQWm1§TﬂTL1ﬂﬂ1aﬂ uFweImd  aviuaTe lldeann
VieufdoeniTiu uauﬁﬂwﬁw%asﬁauﬁqumTﬂﬁegﬂTﬂﬁa udrdeinuneiiadn  (vave
quide) 1ﬂ§a1aa7mawa§@q1mﬂ11u§§u. %035QQ1m7unauﬁaﬂu1n

WATTHWANIBTURUNY ( LVA ¢ Low Noise Amplifier) tawint
uﬂﬁﬂﬁqqﬁmﬁgnéquwawnﬁaﬁwméu LdauﬂWﬂﬁqumWﬁﬁﬁﬁﬁaﬁeﬁu Tnannauiinne 11993
ﬂawaﬁqumsunvuén (LNA) Tanwduiugiurwnnuosensareeindlognts ae 81190
vdenldauangoniAmnniin  fidesfenasaTuensduanaTunausi %Sqmﬂuﬁﬁaﬁgﬂﬁ
ANNALA? LiwasﬁaﬂsmqnuWﬂuaSawuanﬂaﬂnwﬂﬁau uﬁa%auﬂidwqmauﬁaﬂaavnni
wsdagnaTuniwnataly 5@mﬁmﬁaanq1n1qaimﬂﬁﬂﬁqumsunauéﬂi avands i
293TRIURUN . .

wwHRN W50 2995uavRanmBRT (Down Converter) Fanermin
fuasarwfisnndwlalaind c-and) aswnimwd 17 lughu ver w3 umr
dwfrlaTeonuiaanad IF  seSAnivndy 70 Mz nwn&uﬁqumgnéa1ﬂﬁauaaiéau
naY

9ITHIUNAY auﬁwwiﬁﬁuﬂnﬁqumawwuasﬁqqﬂmLﬁﬂa 90NAINFUYMTIN
(base band) TaefUdNANNE IF 70 MHz  An99eTRawrin udadiuid
WITIVHIHFYY I IFLﬁaﬁﬁwﬁwﬁuﬂwaiqum IF 70 MHz iﬂﬁﬁﬂuﬁuu79ﬂ005q
qwmuwn%u warariiunaTilin Signal to Noise ratio qﬁidHﬁa%uﬁaa N
doldn  29aTunuswIETa (hes LﬁaﬂaqﬁuﬁqumaﬂnnWﬂuanxiwuﬂ uavtibaaﬁnﬁq
qwmﬁﬁwuuuuﬁuﬁaﬂatmaé nsgnaﬂﬂauTmﬂaaaiwﬁa%ﬂﬂatmaé aviud o TuEne
SnATese WITIwANIE 1P fafi 2 winSedein 9vesaie
if95 (Linitter) Lﬁaﬁﬁﬂﬂ?ﬂ%ﬂﬁ@@ﬁmﬁdﬁuhﬁﬁmﬂﬂﬂaﬁnaun?n17m31ﬂ F §af 2

Tamsgudtluandun e (cliping) MeFnuInuasingy Vet i nne sdn asitunaa e

WRIAUVIUUNILONAIL 1!'\11!?:1\1 WINWANA a5 (Detector) ‘ﬁwu‘l'ﬁ'mw (R3]
oo “

@ a u v é

(Detection) Uyl quadrature LUBNIENINTITURENTAUUUTIY AININFUUIUWIR

uazﬁqqﬁmiauﬁﬁtnﬂaanuﬂuﬁa ﬁauuwuﬂnﬁqqﬂmt%ﬂeaanaﬁnﬁqqﬁmnﬂu Toutnu 7999
Low-pass  Filter Lﬁagu1ﬂ155qumtﬁﬂqLﬁ1u11un1u wanniiae i 7999
Video de-emphasis Lﬁaanisﬁnﬂaqﬁqum udr3sueeawle dudunna
video  output éaunﬁﬁﬁtnﬂzmgéﬁqgvmlﬁaq Liﬁauiﬁnﬂaéaﬂgﬂ (Phase Lock-
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. ol o d : LY v ﬁ~1 o u . (
Loop) lupT@vesianduonms  FM uaaitﬂaaangﬂu dnlfiiule?  Tasduanmt uawuue
“ - e FTY)
. ¢ . v 4 A
(Baseband) QENUNALADT 5-8 MHz FIdQQN9EADINNTNAINAD 6.2 MHz LAy
6.8 MHz  JUUUAIE 250 KHz avwwutmw1aa71ﬂaaan§ﬂ Fat779tlMiueT NE
[ . L4 1
564  1AERENRINNAUANAMATNLEND995Ta IR iR T Wl unTTU AR Te  (S0e
a9
awnﬂﬁuwwwséaﬂnvuagtan?ﬁﬁﬁaanﬁﬁuniqﬂaeﬂawuﬁLﬁﬂa 10%  UBINITUOALANNIATIY
. " o M
) o :J, L1 o vot d d
LRYRNATUANNTTLAL ﬂquunwsiuqzmaaﬂauquqmnﬁuTwa nw1aanuaetuaaan§ﬂ
'] q
WAWITONY  VCO(Voltage Control Oscillator) g T  anansalfuainwd
16 TomnFuailalon druflfy Ao 5-8 ‘MHz Fewaeann7U5y  subcarrier
. ﬁ' o UC‘I’ ﬁ o t (3] ol v d ﬁ o ﬂ‘
tuning  FINITUTUUAZL YL umaﬁaﬂﬂiuasLaamqunﬂaaangﬂx % AFC  URYARARY
TUMNAIY  Tedaneidasasonuanainaduunty  lan RC Filter  uardngnass

Qnmaﬂﬂdauﬁavénaantﬂuﬁqumnﬁﬂa

25



unn 3

VOLTAGE LEVEL CONTROL

M7 Rontesesduanfuasanaunsann lalnald voltage Control 0Os-
cillator (Vo) Tauarld Software fiufuuludiy ET board HudiaadneTeduusfu
Fedonlify veo uhreduuteduild dudannddnoadsdosnisuilas i Sudanraun

d [ v é ﬁ
guIdvNNaY Tﬂﬂqﬁ IC L1u97 0808 (1w D/A Convertor

3.1 DIGITAL-TO-ANALOG CONVERTERS (D/A)

DIGITAL-TO-ANALOG CONVERTER iﬂﬂLﬁuiﬂuﬂﬂﬂﬂiuﬂﬂﬂﬁﬁmﬁﬂiuTﬂLxu
M bl
ao L] d -] 1 v aa ﬁ 4 o ﬂ'l l"
103098 1ﬂa%1uTmLuunaqauwaan Tﬂﬂﬂﬁ?%ﬂﬂﬂﬂaﬂﬂmmﬁmﬂﬁﬂaﬂl URUUMUBUN L UDNIY
L ) - w q

A a v o L d ‘h' o ot
Lﬁumanﬁwuﬂ1wunwsn1uuﬂaqumauwaan ﬁﬂﬂulﬁu78ﬂﬂﬂTaﬂ?8ua

DIGITAL ——————————do ANALOG
INPUT ——————————-—d1 +———————-  QUTPUT
d

O N d -
zﬂﬂ 3.1 vaenlnerunsaunnTulas b/a 3 I

aﬁnzﬂﬁ 3.1 WLIAINITNN I UUD IURDA LABEUNTY 199 3-bit digital to -
analog converter éiuzﬂ% 3.2 | udnuaeras output %LﬁuTunwoqﬂuﬂa

D/A  converter awuwsaﬁnzﬁwwuﬂTaaéwmaeﬁaLaﬂuaeﬁuaéﬁudﬁuao
accuracy Q¥ temperature stability 3%0171un17ﬁ1 D/A converter %ﬁﬂuﬁu

Nﬁﬂﬁﬂﬂ iaé 2 %% ﬁa weighted current source Wa¥ R-2R network
5 U

26



Mw
-
)

Analog output
-
-n
w

g
-n
o

fre v e e

e e o e i et

T

0
000 001 010 011 100 101 110 111
Digital input -

FS = full scale

710 3.2 AUANMMENTY inpub/output U8Y D/A converter |uN1JOANAR
g 4 a

3.1.1 WEIGHTED CURRENT SOURCE

weighted current source qﬁwﬁﬂﬂﬂféﬂﬂq Tﬂﬂqﬁﬁﬂﬁmzﬂaﬂ voltage
switching war72¥ 1189017 1 4inAYALSY current switching mnzﬂﬁ 3.3 awiiludn

aéﬂemaqnﬁiqﬁ 3-bit D/A weighted voltage switching

Digital
input
switches
R
Bit0 —VWA—
v 2R
REF . .
° Bit 1 b—0 Analog output
Bit2 = " Operational
amplifier

7idn 3.3 éhaeho 3-bit D/A converter
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1uzﬂﬁ 3.3 914 switen rfuniTunuanves digital input l¥un D/a
converter LﬁaLTﬂ open switch Qﬂﬁ?&uﬁ&qﬂaa digital input aé 000 ﬁq%u
‘oubput voltage arl@imifiu O 81 close switch bit 0O Swmanufe digital
input @ 001 uaedl output hevld@ues voltage Ao (R/ARIV___ %39 VR;F/4
f1@0dl% bit O war hit 1 close WA3 digital input @@ 011l voltage output
Ao C[(1/4R) + (1/2R)IRV___ w39 3V __ /4 £90AR9INANTI9R 3.1 LUAR
¥ S daucsvning  digital input 3-bit (ulgoeniily 8 Tesw Auan

voltage output

n: ol ( d a v
M7 3.1 MTGQUHWGLOWﬂEﬂuUUDuWROﬂ amTun1Twlas D/A 3-bit

DIGITAL INPUT ANALOG
OUTPUT
2 1 0 VOLTAGE
0 0 0 0
0 0 1 \'j /a4
N REF
0 1 0 v /2
REF
0 1 1 av /4
REF
1 0 0 v
REF
1 0 1 5V /4
REF
1 1 0 3v /2
REF
1 1 1 v /4
REF
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D/A converter TiUBHURINATEWELTULTINY 4% NTEUALDY sine AR
y1roauanle warnoeld switching ﬁﬁﬂkutﬁﬂam7e§o war L JannTuilaeAl e InTY
9

] [ H 1
uatﬂuuiaﬂuﬂ output @3UY weighted current source awuﬂﬁnnaatﬂwnu1ﬂﬂn

0
tR
Re
——AAA—
'-|—>
+

weidhted voltage source ﬁauaﬂa1u7ﬂﬁ 3.4
u

Vier Logic inputs

1
Current ) [
R

2
reference ¥ [
) circuit
VS R £ N
Base
H . current

Vo
source
bias circuit & &

b

Analog

) utput

Summing 1 \?ottgge
junction = Current to
voltage
L Acp‘nverter

7ﬂﬁ 3.4 Weighted current source 3-bit D/A converter
LU

; .

weidhted current source D/A converter ﬂtﬁ% bipolsar

o v . ' . b dwv av
transistor 9EnnlUBAIR Vb AN LAYNTEUA I¥ANNY transistor NIRNANADIAINAIE
Y
81 logic input iiwuan(logic 1) NTruvy Aty transistor B1lwiRANaTIN
a ‘v L. ﬂ d ‘ ¢ o

1WInTELaanee uidn  logic input 1y "0" nvuanay lnarwasntian i vl
Panseuanazanansalfuandula  (nszuaidn vom anndufaswilaciily voltage laam

N7% OP—AMP.
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3.1.2 NETWORK D/A CONVERTER

weighted ocurrent source ﬁumzlﬁﬂﬁquLﬁatﬁwq%iﬂuzuuwnq‘51w¥u

1 a d [ 7] [} o v Q( a L7 L
NRUINTDILAALSN  AAEHRINITHNIAI1DIMIAINAN UL UNLITA  @WTU 8-bit D/A @1
maaﬂawuﬁﬁunnuﬁaéfswiwa R D9 128R azﬁaawﬂdwnaoﬁaﬁwuwwuﬂﬁﬂquiﬁwuﬂ Fauiu
arenuanlsniTeoneuy nistFendnnielunisoenuuy e a7t R-2R ladder Ts
*d {J] a:a [ v a:‘lv“l a va a: ﬁ [ 7]
ey L 1ua segnsianaaauny L L ailum awnzﬂn 3.5 1N TUARIANMLE YD R-
‘2R ladder D/A converter aﬁuﬂinuaﬂodﬁ R-2R @1Ny Jjunction (1-m) aa 2R Loy
WRay  junction arugneonidwianluuni  Hasvauatwianuanen 5uzﬂﬁ 3.5 gy

.d la' 1 e o g t o
transistor switch NﬂT?NﬂBﬂﬂTS&ﬂﬂQﬂO%ﬂ Junction (MNINY a1w1uaﬂmaqﬂ3a511u
q

Lﬂu logiec "1™ NRT?NﬂDGﬂTquﬁGWNQ Ao

I = (Vv  /RI2 '+47 487 "+16 ‘4 +27 ™)
REF

(=]

= -

wariNold RF wge 0P AMP. = R udiarle V_ @

1T 1/f§L

Current summing |unct|on \

5% 3.5 Aanuwru9s R-2R ladder D/A convertor
A N

3.2 Tdvunsahldaruan ,
LY
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READ KEY

SCAN KEY

A

Y

CONVERT
DISPLAY

ouT O

ouT 1

A 4

OUT F

Y

INC DATA
oUT ING

Y

DEC DATA

ouT DEL

h 4

Y




2500 A.D. Z80 Macro Assembler - Version 4.02a

Input Filenaﬁe t key.z80

10

11

12

13

14

15

16

17

18

19

Output Filéname ¢ key.obhj

PSR R R LR R R R L R R R R S R B B R B
s HHHESE DATA OUT 8 BIT TO VOLTAGE CONTROL LEVLE i
§ G IN SATELLITE RECIVER Hf R

$ HRRRE R R R R R R S S R R R R R R R S

0002 DIGIT EQU  02H
0001 SEG EQU  O1H
0020 DATA0O EQU  20H
0023 WORD EQU  23H $ CONTROL WORD
0080 CONTWD EQU  8OH
2A00 DISBUF EQU  2A00H
2A06 NUMBER EQU  2AO06H
2000 ORG  2000H
§HE R S I B B R S S R S R R R
2000 3E 80 LD A,CONTWD
2002 D3 23 OUT  (WORD),A
DRSS MA TN PROGAM #4348 H b4
2004 3E 52 LD A,52H
2006 D3 20 OUT  (DATAO),A
2008 CD 83 20 LO7 CALL KEYRELE
200B  CD 9B 20 L06 CALL SCANKEY 1
200E 79 LD A,C
200F  FE FF CP OFFH
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24
25
26
| 27
28
28
a0
31
32
33
34
a5
36
37
38
38
40
41
42
43
44
45
46
47
48
49
50
51
52

53

2011

2014

2016

2018

201B

201E

2020

2023

2025

2028

2024

202D

202F

2032

2034

2037

2038

203C

203E

2041

2043

2046

2048

2048B

204D

2050

2052

20585

2057

205A

CA
FE
CA
FE
CA
FE
CA
FE
CA
FE
CA
FE
CA
FE
CA
FE
CA
FE
CA
FE
CA
FE
CA
FE
CA
FE
CA
FE
CA

FE

7D

00

5C

03

06

72

03

7D

01

88

04

93

07

SE

OA

AS

02

B1

05

BC

08

C7

OB

b2

oF

bD

10

E8

11

20

21

21

21

21

21

21

21

21

21

21

21

21

21

JP

CP

JP

CP

JP

CP

JP

CP

JP

CP

JP

CP

JP

CP

JP

CP

JP

CP

JP

CP

JP

CP

JP

CP

JP

CP

JP

Cp

JP

cp

33

Z,L05
OOH
Z,0UTO
03H
Z,0UT1
06H
Z,0UT2
0SH
Z,0UT3
O1lH
Z,0UT4
04H
Z,0UT5
G7H
Z,0UT6
OAH
Z,0UT7
C2H

Z,0UT8

-0O6H

Z,0UTS
O8H
Z,0UTA
OBH
Z,0UTB
OFH
Z,0UTC
10H
Z,0UTD

11H



54
55
56
b7
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
T4
75
76
T7
78
79
80
81
82

83

205C

205F

2061

2064

2066
2069
2068
206K
206F
2072
2073
2076

2079

- 207A

207D

2080

2083
2084
2086
2088
208B
208C
208E
2090
2082
2084
2086
2097

2088

CA

FE

CA

FE

CA

FE

CA

ES

21

71

Cch

CDh

E1l

c3

CD

c3a

D5

06

16

Ch

TA

D3

DB

E6

FE

20

14

10

D1

F3

12

FE

15

08

16

i1

06

D5

2D

08

2D

0B

08

00

2D

02

02

70

70

EE

F2

21

21

22

22

2A

20

21

20

21

20

21

LH

LG5

JP

cPp

JP

CP

JP

CP

JP

PUSH

LD

LD

CALL

CALL

POP

JP

CALL

JP

S SUBPROGRAM KEYRELEASE ###### il

Z,0UTE
12H
Z,0UTF
15H
Z,DEC
16H
Z4INC

HL

. HL,NUMBER

(HL),C
CONVERT
DISPLAY
HL

LO7
DISPLAY -

LOG6

KEYRELE PUSH DE

LO2

LO3

LD
LD
CALL
LD
ouT
IN
AND
CP
JR
INC
DJNZ

"pOP

34

B,08H
D,00H
DISPLAY
A,D
(DIGIT) ,A
A,(DIGIT)
70H

70H
NZ,L02

D

Lo3

DE



84
85
86
87
g8
89
90
91
92
93
94
95
96
97
98
99
100
101

102

103

104

105

106

107

108

108

110

111

112

113

209A

209B
209C
209D
209F
20A1
20A3
20A5
20A6
20A8
20AA
20AC
20AE
20B1
20B2
20B3
20B4
20B5
20B7
20B89
20BA
20BB
20BE
20BF
20C1
20C3
20C4
20C7

20CS

c9

D5
AF
D3

06

OE

16
TA
D3
DB
E6
FE
c2
14
ocC
oC
ocC
10
OE
D1
Ccs
CD
5F
DB
E6
BB
c2
CB

CA

01
08
00

00

02
02
70
70

BB 20

EE

FF

4F 21

02

70

B1 20
67

D3 20

RET

§ RS SUBPROGRAM SCANKEY ######44##:

SCANKEY PUSH

LO1

LO4

FIND

XOR
OUT
LD
LD
LD
LD
ouT
IN
AND
CP
JP
INC
INC
INC
INC
DJNZ
LD
POP
RET
CALL
LD
IN
AND
CP
JP
BIT

JP

35

DE
A
(SEG),A
B, O8H s NUM COLUME
C,00H {KEY
D,00H ; COLUME
A,D
(DIGIT),A
Ay (DIGIT)
70H {MARK BIT
70H
NZ,FIND  ;LOKK PROSITION
D s CHANG COLUM
C
c
c
LO1
C,0FFH
DE
$REGISTER C OUTPUT
DELAY $....BOUNCE
E,A
A,(DIGIT)
70H
E
NZ,L04
4,A

ZyEND



114 20CC ocC INC c

116 20CD CB 6F BIT 5,4
116 20CF CA D3 20 JP Z,END

117 2002  OC INC C

118 2003 D1 END POP  DE

119 20D4 C9 RET

120 § RS EEE SUBPROGRAM CONVERT NUM bttt
121 20D5 'DD ES CONVERT PUSH IX

122 20D7 FD E5 PUSH 1Y

123 20D9 F5 PUSH AF -
124 20DA C5 PUSH BC

125 20DB  Eb PUSH HL

126 20DC DD 21 00 2A LD 1X,DISBUF

127 20EO0 FD 21 06 24 LD 1Y, 2A06H { NUMBER

128 20E4 06 03 LD B,03H

129 20E6 FD 7E 00 BEGIN LD A, C1Y+0)

130 20E9  E6 6F AND  OFH

131 20EB . CD 12 21 CALL CALTABL

132 20EE DD 77 05 LD (I1X+5),A

133 20F1 FD 7E 00 LD A, (1Y+0)

134 20F4 CB 3F SRL A

135 20F6 CB 3F SRL A

136 20F8 CB 3F ‘ SRL A

137 20FA CB 3F SRL A

138 20FC  CD 12 21 CALL CALTABL

139 20FF DD 77 04 LD (1X+4),4

140 2102  FD 23 INC 1Y

141 2104 DD 2B DEC  IX

142 2106 ., DD 2B DEC  IX

143 2108 10 DC DJNZ 'BEGIN

36




144

145

146

147

148

149

150

151

152

1563

154

155

156

157

158

158

160

161

162

164

165

166

167

168

169

170

171

210A
210B
210C
210D
210F
2111
2112
2115
2116
2117
2119
2114
211B
211C
211D
2122
2125

212A

212D
212K
212F
2130
2132
2136
2138
2139
213B
213C

213E

C1

F1

FD

DD

€8

E1

Et

iD 21

85

6F

3E

8c

TE

Cc9

3F

F5

C5

D5

16

DD

06

AF

D3

TA

D3

Db

00

06 5B 4F 66

7D 07

6F 77 7C 29

78 71

00

21 00 2A

06

o1

02

TE 00

POP
POP
POP

POP

POP

RET

CALTABL LD

TABLE

4DD
LD
LD
ADC
LD
LD
RET

DEF

DEF

B

B

HL
BC
AF

1Y

HL, TABLE
A,L

L.A

3FH,06H,5BH, 4FH, 664, 6DH, 7DH, OTH

7FH,6FH,77H,7CH,39H, 5EH, 79H, T1H

P HRELEE R REEE SUBPROGRAM DISPLAY  d#st###iua

DISPLAY PUSH AF

NXDGT

PUSH BC
PUSH DE

LD D, 00H

LD 1X,DISBUF

LD B,06H

XOR A ;CLEAR A

OUT  (SEG),A  jCLEAR SEGMENT
LD A,D

OUT  (DIGIT),A

LD A, (1X+0)
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172

173

174

175

176

177

178

178

180

181

182

183

184

185

186

187

188

189

190

191

192

183

184

185

186

197

198

199

200

201

2141
2143
2146
2147
2149
2148
214C
214D

214E

214F
2150
2151
2154
2155
2156
2157
2159
215A

215B

215C
215K
2160
2161
2162
2164
2167
2169

2168

D3

CD

14

DD

10

D1

C1

Fi

Cc9

F5

DS

01

OB

78

B1

20

DS

Fi

CS

3E

OE

6F

61

D3

C3

3E

OE

6F

01

4F 21

23

ED

5A 00

FB

00

00

20
6E 20
01

01

DELAY

LOCP1

OUT -
CALL
INC
INC
DJNZ
POP
POP
POP

RET

(SEG),A

DELAY

IX
NXDGT
DE
BC

AF

§ R EREEEE SUBPROGRAM DELAY  ####88#iiaiity

PUSH

EXX

LD

DEC

LD

OR

JR

EXX

POP

RET

AF
$BC DE HL TO BC*' DE' HL'
BC,0090

BC

NZ, LOCP1
${BC' DE' HL' TO BC DE HL

AF

AR R R CONDITION OUTPUT b srthit it s ape

CUTO

OUT1

LD

LD

LD

LD

ouT

JP

LD

LD

LD
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A,O0H 1 DATA

C,00H

L,A

H,C

(DATAO) , A

LH o
A,O1H

C,01H

L,A



202

203

204

205

206

207

208

208

210

211

212

213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230

231

216C

216D

216F

2172

2174

2176

2177

2178

217A

217D

217F

2181

2182

2183

2185

2188

2184

218C

218D

218E

2190

2193

2185

2197

21898

2198

219B

218E

21A0

21A2

61

D3

C3

3JE

OE

6F

51

D3

C3

3E

OE

6F

61

D3

c3

3E

OE

6F

61

D3

C3

3E

OE

6F -

61

D3

Cc3

3E

OE

6F

20

6E

02

02

20

6E

03

03

20

6E

04

04

20

6E

05

05

20

6E

06

06

20

20

20

20

20

ouT2

ouUT3

0UT4

CUTS

QUT6

LD
ouT
JP
LD
LD
LD
LD
ouUT
JP
LD
LD
LD
LD
ouT
JP
LD

LD

LD .

LD
ouUT
JP
LD
LD
LD
LD
ouT
JP
LD
LD,

LD
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H,C

(DATAD) ,A

LH

(DATAO) , A
LH

A,03H
C,03H

L,A

H,C
(DATAQ) ,A

LH

(DATAO} ,A

LH

(DATAO) ,A
LH
A,O06H

C,06H



232 21A3 61 LD H,C

233 21A4 .D3 20 OUT  (DATAO),A
234 21A6 C3 6E 20 JP LH

235 21A9 3E OA OUT? LD  A,OAH

236 21AB  OE 70 LD C,70H

237 21AD  6F LD L,A

238 21AE 61 LD  H,C

239 21AF D3 20 OUT  (DATAO),A
240 21B1  3E 00 QUT8 LD  A,OOH

241 21B3  OE 08 LD  C,O08H

242 21B5  6F NN/ 72

243 21B6 61 LD H,C

244 21B7 D3 20 OUT  (DATAO),A
245. 21BS  C3 6E 20 e L0 1

246 21BC  3SE 01 OUTS LD  A,O1H

247 21BE  OE 09 LD C,09H

248 21C0  6F P

243 21C1 61 (D) Pt , 1

250 21C2 D3 20 OUT  (DATAO),A
251 21C4 C3 6E 20 JP LH

252 2167 3E 02 OUTA LD  A,02H
263 21C9  OE 10 LD  C,10H

254 21CB  6F LD L,A

255 21CC 61 - ‘LD H,C

256 21CD D3 20 ouUT (DATAOQO) ,A
257 21CF  C3 6E 20 JP LH

268 21D2  3E 03 OUTB LD  A,O3H

259 21D4  OE 11 LD C,1tH

260 21D6  GF LD L,A

261 21D7 61 LD H,C
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262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

280

291

21D8
21DA
21DD
21DF
21E1
21E2
21E3
21E5
21E8
21EA
21EC
21ED
21EE
21F0
21F3
21F5
21F7
21F8

21FS

21FE
2200
2202
2203
2204°
2206
2208
2204

220B

D3

c3

3E

OFE

GF

61

D3

C3

3E

OE

6F

61

D3

c3

3dE

OE

6F

61

B3

C3

3E

OE

6F

61

D3

Cc3

2D

4C

7D

D3

20

6E

04

12

20

G6E

05

20

6E

06

14

20

6E

OA

15

20

6E

20

20

20

20

20

20

OUTC

QUTD

OUTE

OUTF

DEC

ouT

JP

LD

LD

LD

LD

ouT

JP

LD

LD

LD

LD

ouT

JP

LD

LD

LD

LD

ouUT

JP

LD

LD

LD

LD

ouT

JP

DEC

LD

LD

ouT

41

(DATAQ) ,A
LH

A,04H
C,12H

L,A

H,C
(DATAO) , A
LH

A,05H
C,13H

L,A

H,C
(DATAOQ) ,A

LH

(DATAO) ,A

LH

(DATAO) , A

LH

(DATAQ),A



g
Defined

292

293

284

295

286

287

298

1259

150

Pre

10

121

Pre

288

182

11

161

118

106

293

71

82

72

75

220E

2211

2212

2213

2214

2216

2219

BEGIN

C3

2C

4C

7D

D3

c3

CALTABL

CODE

CONTWD

CONVERT

DATA

DATAO

DEC

DELAY

DIGIT

DISBUF

DISPLAY

END

FIND

INC

KEYRELE

LO1

Lo2

LO3

6E 20

20

6E 20

Symbol Name

INC

JP

INC

LD

LD

oUT

JP

END
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(DATAO) ,A

LH

Value

20E6

2112

2000

0080

20D5

0000

0020

2208

214F

0002

2A00

212D

20D3

20BB

2211

2083

20A5

2084

208B

143

131

13

15

64

18

256

58

106

76

126

65

113

97

60

20

102

80

82

References
138
1897 203
262 268
173
77 g3
165
68 T4
116

209

274

84



l

L "

S8

68

21

20

61

185

12

167

183

198

205

211

217

223
229
235
240
246
252
258
264
270
276
282,

86

158

LO4
LOB
LO6
LO7

LH

LOOP1
NUMBER
NXDGT
oUTO
OUT!1
oUT2
oUT3
OUT4
OUT5
OUT6
ouUT?
oUTS
oUTS
OUTA
OUTB
OUTC
OUTD
OUTE
OUTF
SCANKEY
SEG
TABLE
WORD

Lines Assembled

298

43

20B1

207D

200B

2008

206E

2154

" 2A06

2138

216C

2167

2172

217D

2188

2193

219E

21A8

21B1

21BC

21C7

21D2

21DD

21E8

21F3

21FE

209B

0001

211D

0023

111

24

68

67

198

268

188

62

176

26

28

a0

32

34

36

a8

40

42

44

46

48

50

52

54

56

21

88

150

16

Assembly Errors

*
.

204

275

168

0

210

281

172

216

287



UMM 4a

F9ITUVEAREUEUIN I F wWI/IEIILWT LIMITTER

4.1 995 VEIBAQAM |F
\HodyIMEIB2997UR AR (Down Convertor) Fawasainun  8.7-
Y 4 . o v g
4.2 GH_ Vv iuannad 70 MH_ aldiduaanad 17 A2INLT SUD I IF uaeagiuis
[} i o 1] v
AunANANA e ndannailfiiug99T Mixer FelulaTeenuiiduuyy Passive Sevn
TﬁﬁnﬁfamL%ﬂuaoﬁqmﬁmiuvaai Mixer (Quardrature (90) Hybrid , Germanium-
uIJ -
1 v
Diode) WAY|W2997 Band-Pass Filter T4lu1437 BPF uauaniLnﬂﬂ17§q1aﬂaﬂwe
7 o 7 ]
0 avaLvmuaeanWﬂqwuuieuaaaqum IF nlf3naA Down Convertor lai¥gdwoh
: v oo - v a 7] v ‘;’ ﬁ‘
asldlunTainale aaawnﬂuwaan1n17ﬂﬂwaaqum 17 ThuTo%n wart duntvidiy Signal-
) .
to-noise (S/N) Wwaqiu
u
£ 74 1] t
19NN HOAIWALAIN TUN1TUT VLA 2 997 LM 981 T1391WN299F  [F~Gain
NEWITOUTUAN L ABUD 92995 IF Amplifier LARIANADINITNN IRALAIN L UNTANIIUTY
dagadivuinvesdananTule Suuinvesdunalwiuoy  Fereaviertani Iiarainann
TannTaruaununnue sdunna lanTvaumie  ward L w2997 3R 1L T 110 s Lo L 9 9
q - W -~

97 Rectifier uddindg ahlelifonlsny signal strenght Meter fanunTofive

Calibrate Scale Meter 16

R N

Zﬂﬁ 4,1 NVT0ONWUVRIAT IF Amp
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U
- x-

997U a8 IF Amp ¢ 1% Common Emitter N3 Collector
a o ' [ [ . a la
Resistive Feedback WaviN7I1ounaTewINIA@AIE Capacitor Tnaniwuﬁatmasn

1 v
e 141429395 IF Amp 9¢@0IlAY13D Gain Bandwidth cut-off 9N 70 MH Sy

v
mau‘lum‘:mummu

V =V ¥R J/J(R +R +R )
h coc b2 < bt L2

I =V -v 7/
} ] b be b2

Ic = V: /Rc

I.N Ic

I = p*lb

4.2 7997 LIMITTER

2997 Linitter 9¢1dwanNn171092997 Clipping MlTUTIEL cub-in 109
1ﬂTaﬂLﬁugaﬁwn%musaﬁuﬁasw%u 5a§u51111500n171ﬁ5@@1m§ﬂu1mﬂe%tsﬁﬁaﬁoamﬁu
SRR 130 991 Tagi Traunoariiansans sas ld Taeiann sisnsaanaia e sdana
ffandon

Vindaeditanan inanae 167 997 L iguinde

ﬁc

1] + v
My Sefaganiia i duan nansranansainulalenldldTagae
DNUAUNTLALYDIUTIAY  cut—in p09lnlomlTsan 0.25 Volts lulnTonuuuinovsiu
”a 1 w a:az (N} L4 aau = v
Vg aauaqumﬂumdLﬂuaunziuwwu1mTam1ﬂ1mLuiwz?un7mu1mTaaasuﬂkum1unﬁuQq

¥ 9 39180 uLAI99T (Open Circuit)
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adannadian 1 Tuautdranay1d sa1 fiuiinge

S

Ljaﬁqqﬁmtﬂuautiwuﬂ M 9wy LrNouting 9974 suuL Sie suRsenduriu
naiaAa 5qq1mﬁ§%1auaua1uwiadﬁu1ﬂTaﬂ1ﬂ1ﬁ Tuumuﬁﬁqqﬁmﬁﬁﬁauanasiﬁﬂwuw%ndﬁu
1alon D, 1ﬂ15ua81uﬂ11§311mﬁﬁﬂﬂ?ﬁﬂ 2 16@71&T8ﬂﬁq D usy D_ ngﬂTuSamio
UTOUNY

Tanrsmanaanasnunfssanafanseua lusaliunlalonnenas  nieualy
Saa7ov0e lnTonuuut aossint Savasdian1difu 20 ma (HerrnuilasasaunsilaTanisnay
Aamua lnansrualudaunlalon 5 ma wavdonin v Noise lulaTonlianlnsnnifnly way
uTedtufianaly V__ =12V,

=V_ /1

forward biaws ccCc o

12 V./5 mA = 2.2 Kohm
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UMM 5

o <
ANEreAILMEaLeIas (DETECTOR))

nwmﬁLﬂﬂLmaéavﬁwwﬁwﬁuanLawﬁqqﬁmiau-(base band) %aauﬁ%aﬁ@qﬂm
AULRL AL FE 3 aanawnﬁqqﬂmﬂguwwﬁ Foudumnad 1F 70 MEz  Fldennient
WN99n1A Down Converter TmaﬂnﬁuﬁanwnﬁLnntmaéiazﬁaéﬁdﬂﬁuwaﬁaaea7 uel
Tularsonitirorldrasdiinainofuny  quedrature  Ferea7iainenlasdudy
SN uﬁaﬁwnw¢uan5qum5ugﬂaantﬁu 2 @ Teownardussdiodadneny 90
9967 Qﬁn&uaziﬁﬁqumﬁaaaaumeﬁu ua2 147997 Low-pass Filter N793L0N

dygnatinaosnisoonan  feTifi 5.1

! -\ AD;IDQ e -,'\!
Amplitude v multiplier ;
o r Low-pass | Audio !
= titver outpul :
input !
C; 2;: 3
1

) !

Phase !

shii R I3 C,

neIworh '] # , ‘
{

Tﬂﬁ 5.1 TﬂuUUﬂ8010Q7 -quadrature detector
g © &) u

Qqﬂzﬂliﬁﬂﬁuﬁﬁ'ﬂa%ﬂﬁﬂﬂﬁ‘fﬁﬁﬂ']u'ﬂ'ilﬂ')\'l’iﬁ quadrature detector \1(5
v . 3
124 120 LT’I’QBﬂ’]W'\Lﬂch Wo 9 @INNNANY (center frequency) ﬁﬁu‘)ﬂ

dueniden warld w o @ mnafiwelaq  vieciuini@en Feiraeelaan

UBIAIWATILNR Cad)  LuRuILLTLOEY

&d (¢/2) - k(W - W)
Y o

(w/2) - kaW [5.11
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v

Sabw Vv .(sin Wetad) avleidu

~

V .sinlWt+(w/2)-kaWl = Vo.cos(Wt—kAW)

| 4 ]
ﬂﬂnuuuwxaﬂammﬁmﬂ15ﬂmﬂuammﬁmtmu 120} V .sin Wt
LYY ] [YRY] ©

LY
o W

fIunL 79t lndnannesanunol Ao V_.sinfWe+(s/2)-kaWILV_.sin(Wt) ]

L%49930
sinlWt+(v/2)-kaWl = cos(Wt-kaW)

an £5.37  (Sgulwa iy

1

Vocos(Wt—kAW);Vosin(Wt) Vuzsin(Wt)cos(Wt—kAW)

; o au ] d o1 ol o~ o
LUDRUUIWUNIUINIT  Low-pass Filter AILIRADLIULILNOULALTY @B

[V _")/21Csin kWb)

[(5.21

£5.31

[(Voz)/ZJEsin (2Wt-kaW)+sin(kaW) ]

(39 kaW  FA%OBAIY 0.25  (TiREu 1919y |0duGRENY  Low-pass  Filter

A9
sin(kaW) = kW [5.41
o ¢ K
ﬁﬂﬂzﬂﬂ 5.1 799718 % RLC ¥ (T LBuuuinalun W uRennT
T OIVORIY giandy  ae LF1EINNTOLILUANNTITNNT LRDULD S LWATERI & V_

vu a‘s’ o ’
uay v Tﬂﬂau b -7

ad Arg(Va/th)

H

(v/2) - tan"(Qaa)
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: 4 ¢ v

\3ia Q_ vludn @ feonsi s Tuund (W) wararln
5= (WMWY - (W_/W) [5.61
AMTUNTITIROUIUAL09299T  Quadrature Detector %% 8193t Ly 16

oa d [ 7] 1 L Y la: i) r-" 3
90 99An  tauelvonveridly 45 9@t wIe 135 eedn  Aleuawaawdnlassiian

Tnatagenu
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UMM 6

ANTHINIIIBUDIVIAVTANI 9
6.1 299Td2UNUN
2ardrunin L fur sssfidminfulasainsfiassn 1 GH_ Rfuen Low

Noise Amplifier (Ui u8 IF 70 MH_  (Down Convertor) TelTenaunie0 999

o o 4
UL H AU RF (RF Amplifier) ,93970A4QQUQUM (Mixer) o?ﬂﬁ?ﬂu s IIATUUUA

I'4
WANA L NoT
1 GH_ RF AMP. MIXER SAW FILTER
L 70 MH
z
vCo
VOLTAGE MICRO
CONTROL I PROCESSOR
LEVEL CONTRQL

o o . o .
?ﬂﬂ 6.1 uaaﬂ1ﬂ8¥uﬂimﬂﬂiﬂﬁGﬁuﬂaﬁﬁﬂQTﬂﬁuﬁﬁﬁ
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anngaﬂ1ﬂasuniyﬂuﬂnéﬁgnuﬂaeacuwuﬁqtﬁﬁa 1 aHz  Blewnann
Low Noise Amplifier (LNB) Q'sﬁauﬁﬂuﬂ’]‘i

1. g edw s RF emplifier W3l emplitude wORNAITHIYIAN TSN
viotfu veo  ielwldaanad 70 Mz

2. aeaTiniTed ﬁwwﬁw%wamﬁqumann LNB Ay VCO Faar ldwannsvas
nadiniges 1w le 70 MHz

3. VCO 'asxﬁugﬂﬁw%mﬂawué TogansnTofiswasanad  Taald
voltage 1UYIAN10 varicap diode \Hooadaiainod wanadwaoanan 1w lduanig
ﬁuﬁqumﬁae%ﬁaon171ﬁ1ﬁ 70 MHz

4. Voltage Control Level awmwiamiiuAnuosussmdiluiia  veo
Tumaifuii ey M uananaiium e liFudnvoswr stufiar Tal drootuosd
Tun1Triuuns oferifurean Wl Tvaminua sus siuay  Sent )

la v a "
5., 70 MHz Filter(SAW FILTER) lﬁui)ﬂﬂ‘i’mﬂﬂau‘l'ﬁﬂ')']l’m 70 MHz ®%
R}

- a Iq”
e LWGLiW?ﬂﬂﬁTﬂLﬂﬂLﬂGT gio 11l
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6.2 IRTEIURAN

299TRIURA xﬂuaaaiﬁﬁwwﬁﬁﬁuanﬁqqﬂmnwwuazﬁmqﬂmL%ae Fnana
ATAIURU %axﬁuﬁq@nm IF 70 MHz 299T@2ud ol ﬂ?vﬂauﬁﬁﬂﬁGﬂiﬂﬂﬂﬂﬁqq7mﬂ;1ua
N9 (IF Amplifier) ,79999a1A07 (Filter) ,2937a0MiA97 (Limitter) Wawd9
ITRLNALADS (Detector) 5auama1uzﬂ% 6.4 Taglumigruan1desuneirzayi Sea
29397937A9 0 Salrenout fursasdrunds debulumisrnanafersarhldened suasans

a 1 o 1 ﬂ' {lﬂ' v a
NITUUDIVIITRAIURR aauzﬂn 6.5 uﬂﬂﬂ?ﬂﬂ?ﬂ&g?&ﬂqﬁﬂﬁuﬂTﬂ

WTER n"“

TIRLUIY

> . L™ SIGRAL
TomH f VR STRENGTH
SAW FHTEP

‘I c. "; LUTER N vIoro
f % 3 BUFFER
N
g

QUADRATURE
bEvECIR

AsL

+12v
_%_m
ren = =2

I
e, .
TREUSFONDER
G JUE WL 7 Ry
:
l SUMMING = oniee
anp -

o~ d . v
iﬂﬂ 6.4 uaaﬂ1ﬂasun7unaaauaiaauwaa

aﬂnzﬂﬁ 6.4 Lﬁuu%aﬂ1mazun7uuananﬂ7ﬁwaﬁunaaLﬂéao¥n§qumﬂ11—
\ha éaud%nﬁqum 70 MHz 930AN74ABULI091MBT (Down Converter) auoonyatilu
fnTa J, Awihuindane 1F 97 D/C AR 70 MHz ﬂautﬁwﬁﬁugﬂ J, A
GUMEREDRERRRELEREE LR daurnidlivane 25 dB udrdeidna saTuunnaila
\n@d (Band Pass Filter) 70 MHz Lﬁaﬂaeﬁuﬁqqﬁmgutiﬂuwiunvu Vioeannda
Qo IF QsQﬂR@ﬂ@ﬂTﬂﬂ?ﬂﬂ?ﬂatﬂaé Faufuuumnathl Sedosusnatnl tefier 19T uEne
IF ffidos LﬁaﬁqqnmdwunWﬂﬁﬁmnmaé (limitker) 141 IC_ Fouiu  quedrature

detector  TRUNNLENLBNEUNIBANEBNINARAINL FE VL0 ITEINOANINTENIN Al

¢ o u a ' ) o
&§I8774 (base band) Lﬂ‘ulﬁﬂﬂ"g'ﬂ'ﬂ Jz argmwmwuwgnuamflu 3 q3U Tﬂﬂﬂ')u'ﬁu\i‘aﬂ
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PHASE LOCKED LOOP

SE/NE564

fUNCTIONAL DESCRIPTION
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b = Ry ® B s = 0l LNTERIAL)

L4 5 Coterral Teguene, Le1ng (oLt ior

Yt ks ndcaled by EQualion 2, 1he requen: o
cy of the oscdlator has 8 negative

n
R-Sog YY)
H
|
A
i . “T:K LIRCR ALY :
= 5
ti !
]“ L
.
R
: ;
3 !“ N
e
:.i,u ;1 Ly
l‘" - T
P .
{ i
o
] ".H
: Yy N
N
f fl": """ -
i {
l )
1
| , 1
! !
! 1
! ‘
. 1
e e Ty e -
i
:

Figure 1

Signetics
A 03

5-137



PHASE LOCKED LOCP

——

' SE/INES64

termcerglure coeflicent Cue IC tte C25 €
lempetzlure 2OMCent Cl 17 € MmO LinhC te-
$1810f To compensete 1ov NS, 2 Curtent Ig
wilh fegzlive lempeglure COEs.e71 18 1n-
trococed 10 echieve a2 10w treguency C° %t
wilt. tempereture

Phase Compatalor Section

The shese ComMpeIaior CL L Sls 27 2 Cout'e
?e!anced modulatdr wah & matee argiter
10 1o A0 teged toyn tee
ver-cal PRFs are ceed ¢ vl ’ 3T ww.el
ingilts The locp Ga €o” Le ver.ec ty
chenging the cutrert i C; arnc Tog w* 1

DI R P R AT |

ellectnely Cher3es 1€ 52 = 2! 1n€ T “éven
t.ztamplliers TH s canbe eCCImLhsnes by

MITSUCING 3 Cutrent 3T LN 2

Pcst Detection Processof

Section .
Tre L0 SEtECI TN 2 0CEsSDr C2vsitls ¢l 2
Vidy Gam transtingullaree ampllier gng

crzeratst T e e~ ter Ccan be oS€d 25 @
CC *elne.€r 10t CemSOuiation cf FSK sig-
[ERTLRRSTTR s IR AN PRRLA IS FIUR P21 T TR 8 DR YT ]
Fit gencosteton Tre comparzier bes a0
jestatie Dysleces s SC thal phase pilerin the
ouiput signa’ €& be elvmungled. |

A ey SRR

.

AS S*Twh i %€ ETivElent SThemale the
ac rer:ever s formeS Ly the transt clange
empiter Ogz—Cs3 125€10€r with 2+ eater.
el Caracnor which 18 $on1€Cte0 & the am.
plihier Sutput (F.n 18) Tras 121ms 80 rlegra.
10 whose Culre! (0N22€ 1S ShOown in the
tcliowing egeziion
Cm
. = V2t

o C;

Ez.zton 3

Um  F HB7SLLINLINRTIE 21N oy

Cop = 0sat e & e L, L 34y
Vin T S5n&. «S085E 8T ENLLE inL L .

With proper selector of Co. the integraior
time CORSIaN! Caf L€ +2Mel S0 that the Lot
Pul vOHZ D€ 1S the CC 07 2ve'2€ vi've of the

< wnput sgnat 1or vse n FSK, or zs 2 post
FM DEMODULATOR AT 5V . TN Of 85 & post
detection Qller in krezr gemedulaticn
. The COMTeraid” w 17 hysielesis 18 made oo
gh L8 BENGE ADIUSTA Y of Oug—Qgy with posine feedoack bemng
Y3 Groviced Uy Q:--Q. The hrsieresis g
0 vanec ty chenginp tte gurientin Qe 2 with 2
T T 4 = oceruten resulting vanuation i the 105p gzin of the
: ©0%F HEElC | g et 5
S8 0% e Cempe .=.u. Tri:s meirod of Fysteresis con
X A { 5 J | it ___l trol, which is 2 de conuol, provides symmet-
';..'- 1-:- i f . AT e venztion around the nommal value, ©
| 325 1313 464 i °
—_— LIF ' o
= 2 2 l—_l SCST DETLCTON Fu LA .
R Design Formula
N =
2 : The {ree tennngy freczency of the VCO is
(LA AT .
AL g shown ty the {cliowing equation:
T L—‘l ; 1 1
LT = - = E .
~e - Ce av 4
FREOUENCY STICAP <SR Gy - Gy Sration
‘b
> < S . Re = 1hou- Qs
Cy = esternal cap o tarzds < 44T
sv W Ce = shay Cazat tzmie ¢ .
Figure 2
FM DF ' ‘CDULATOR AT 12V 7 MODULATOR
§ ri\ .
[ R | ‘o 1NE FREZUERCY
c, LOCE ESN S0 &L LETWENT e s e
S ey S s
\J f‘l 1ODF SN E2N ,/
$¢7 9 = e antong o
H v i X 3N} et = ’
~ tanm i~ w0
neoT [ e @4 ! }1 . ' cars 2 v e
te Seey & Y = . (]
7 it f——o - " ? ‘t—o
£.48 fu3n __I__—‘ € see 4nerds out -:-‘; "t sea
= 3 14 T —o—{3 “eb—o
cvs L -
v 3] = - N .3
& L} -
AL Y oS3 DOILTON fult e Wy 2 !
4 sopt ! ! ug;j ,
L - PR = e !
Zos = | 3 cetourany S0t car T
= e S sv PELANCY SE1 CAP
s 2 i
b3 o OB UL CuTuT .
¢ i RO
12v
Figure 3 ) Figure 4
PR
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A

The loop lilter diagram ShIown s €20°57¢3

2y ine I2H0w NG equaton

1
—————— (Fust Drce ‘
1. gﬁ:::

RaR, = Ry= 13K @0TE3 AL

ity =

£y adoingcepecuors iz predencs s €

LPPLICATIONS
FM CEMODULATOR

The NES64 cen be .t€0 2L &n &8¢
AemeAuiaton The (Cnnel e 1o ;e *n
ol £V 3nd 12V aig shown = Sgures P gns 3
rescectively The inpot $15%80 18 82 £ovs-€2
weit the Oulful signel Zemng erlrgtles et o
14 Loog frtenng is provCel by tne Z2pete
1o's &1 £ins 4 5nd § wah £25110nE! Yhermp
teng provided by the ceoacaor 2t o.n 14

Since the conversion gzin 2! the VCO 18 -3t
sery tigh, 10 oblain cutficent geT.otle el
coiput signal the freguenty Jevietofin 1~

NIl $LNE! SOTLIC TE 172 &0 fugnet

MODULATION TECHN:QUES

Tre NIS€2 stese ockedizop cente mody-
s1ec €1 € *ner the 005 Liler pors (p.ns 4
er3 &) ortme mpot pont (£ 6) s shean e
L3.7¢ 4 Tre BrrcCaimate mOoOLELON lre-
GQue7Cy CE° € Ceterrmunes 10m tne frequen:
Cy CLNve .00 e Cufve sown . figyre S
Trs cune will te pofroz-.ate far sgnals
NECleD .0 Pres & 50 S as thIan n
fiz.7e £

h

FSK Demodulation

Tre S€4 FLL s sarthcliacly autactinve 100
FSr cemeculalicr Sonce o $ONES Ehanier:
r2'ashzge comperalorens VCC which have,
TIL comzzudble puls ars oulf.is, anc it
cer. tperste from 2 single & volt power sL3-
1y Denmsallates do vollzges £550C.2t¢%
wite, e rarth ged spate frequenlees are
terc 8162 wih a ¢ ngle external €y 3Ci1H N
2 JI retnie.er wilf Syt wiillng €xtensive ul-
1" g NEinCrhs AR nle nal CImEaralor,
altng as & Schett tagges with 2a aciust-
&lle hyslerests, shapes ne JeTodvizied
valteges 10 competible TTL ouiput tevets,
Tre high "equercy design of the 564 en-
atles it 1c demzJulate FSK a! high ceata
rales mn excess ¢ 1 OM devd.

F.poc€ & smoks @ hign fresversy; FSK de-
culer cesgned for input freluency odewis
227 of = * ChHZ centeres zrount 2 free-
rurmng frepsency ©f 10 E0MiHz The ve've Of.
the tmar g TaLBCUENCE T€QTed wWis esh-
r.3'e0 trom figure 8 tc te appros mately
20¢F. A lrmmer CAZ8C110T wis 200€C 1S fine
tone 15" 10 1Q EVHZ

Tee iSCe ZnCE otaoh oc.czies (ra) (he |
AHZ "eQLerTy Cewiglicns ani lie within
igre. renge {00 DUl S TE £v€.5 reater
®enalpsemately SOV 1nrec £h 2 as
{o-€nt VWhie S1uftly Mt gute S &IU0.
cnete ooy for S, 1t can be uted as a
goice for iock range estrmates at'tiher {50
frecuent.es

Tre hystecesis wes agusied erpenmentelly
i the Vet poterliometer a0 2ol Lags ar-
rzozement 10 give the we.est2fe s*cwrnn
t-oore 7 (50 20K, SO0K, ZM Lauc retes wilh
s3.27e weve FSK modulation Nete the mag-
de arg phase te:aliohsnips of the phase

crparaiors cutpul vollages with respect 10
ezch other zng tc the FSK outpul The high
frecuenCy sum Comoonents of the input ang
VCO frequency also a‘e vwitibie gs roise on
the phase comparatoss oulpuis

e

[
| 10.5Mr2 FSK DECODER USING THE 564
i
1 -
1
i: ‘e
| S
i 4
1 "
1
i
!
!
: -
i i
i = $- e RPN

. } . St3te 0 =
, -~—— 3 b
2 e I AN—t—e .

T ‘ L . - )
; s % Nz = N )
_ " EEE

i bt 2
; i .
! :"“"”—‘ * =
i = e
| L |
l Figure 5
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PHASE LOCKED LOOP
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PHASE COMPARATOR (PINS 4 AND 5) AND FEK (PIN 16) CUTPUTS FOR DATA RATES OF
ro 1 | 1.1 T
{ ‘;:_-; ] :-. l..l! , ] ! ! “: ] _;l I "t I ‘ -
T AT NANANASN
R R = e e r Wl
= o pwm  eom  pmm | 4 :
L L) L
—_— L_. s ' 1o o o r
R |
i i ; T T -
. i 1] il N I I N O A
(&5 200 BAUD {b} $O02K BAUQ
I . T
wie. l s2zee | l‘-.l ]' I
SaONSINL L \
j‘A i | .
N -
Y/ Pas! ! : -
— —; le= eie —~—
L]
!

Certer aca-gin &

jl

Eotiz— traze-5or 1€

{c) 2.0M BAUD
Figure 6

.

OUTLINE OF SETUP PROCEDURE

1.

5.

Delerming opera
vCO-
if =« N in feedbach foup, the-
fo=N xt,.

ting {requency of the

6

. Ceiculete va'ue of the VCO frequency
e et ——

25001,

. Set {, {curent s-king into Pin 2) for
=100, A. Afer operation s cblz ned. this
velue mey be aousted for best oynzmic
Letavior,
Chetk VCO oulpst frequency with digi-
tal counter 21 Pin 9 of cevice (oo open,
VCO & ¢ set). Agjust Cg trum or fre-
quency adj. Pin &-5 for exact cenler fre-
Guency if needed.

. Ciose 1o0p and inject input signzl 1o Pin

€ Monitcr Pin 2 2ng 6 v.1th {wo channel
L2ope. Lock shceit otcur weh 3046

egual 1c 3G° (chese error).

140

If puised burst o ramp freauency 15
vut:d {61 npul Signal, special 16on Titer
dewmgn nay Letequied in place of Limn.
tle singie capecitor filter on Pin & and 5.
{See PLL apphcation section i Analog
Manue )

. The input sigral t¢ Pin 6 and the VCO

feedback signal to Pin 3 must hzve a
cuty Cyc'e of 50% for proper cpesation
cf the ;“ase cetector, Due 1o the nature
of 3 tziznced marer i signals are not
80% in duty cycle, D.C. cfisets will
occurinthe iccp which tend to create an
anificia’ o bizsed VCO ofiset.

. For mu'tclier circuits where phase jitter

S & presiem, 1025 filler capeciiors may
be ncreziod 10 3 value of ~{-SO.F on
fin s, 5 Alse careful supply decoupling
may be nezezsary. This includes the
courter tha = V' - lines.

eayal, vﬁ' I ae l
cre
5% 2 l H
4T F e ! l
—d H .
pt ne Y
* @ v w i .CO® ¢
hIOAR S AN B fe7E0 '
- o— (ﬁl s et !
™
. et l ~Ene a0 |
_— 43
] * Do
—_—ae I I vto \n:r
I'— 1y Vg 3] . u
i | el .
I
'
1 LLDJ |
xTaL 1
H ! fa ot !
t = !
! Ld
. Figure 7

NES64

PHASE LOCKED FREQUENCY
SR TIPLIER WITH VCXO

*For additional information, consuit the Applications Secﬂon-
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AASE LOCKED LOOP

SEINES65

prd
P g —
DESCRIPTION PIN CONFIGURATIONS
The SE./NES6S Prase-Locked Loop tFLLI s €N PACKAGE D PACKAGE -
8 seif-corizineo, adapladle fiter ang de- ' :
mocuiator for the freguency range from v 7 T e wewt 7] T v.
0 003H2 10 $00kHz. The Circurt comp:ses a sy = - e e l; .
voitage-controlied oscitialor of exceplional it -~ ‘ — r‘: : s
siebtliy and linezrity, 8 phase compz-z1or, *PUT 5] {2 NC INPUT {3 ) *2, ::Tw“c
an amplifier and a low-pass filter &5 shown VIG OSTRLT T = e veooutr® <] (9 foe veo
in the block cragram. The center frequency c:vnziﬁéi - T v c:vn::'fé{ T S T EE;::-;S; R
of the PLL is determineo by the free-ru~ning -'-5&'."?2’2 “‘!,_: ; EXIEANAL € vee "":] — — ¥
"3 ' o . p——
treguency of the VCO, this frequency Cari be CoTRCT T = FOR vcO PECLRENE [ senoDuiat
Lo i e~ o0y M exsionel R EPERENCE 7] 7. SEMODULATED
adiusiec exlernzily with 2 resistof ¢! & ca- -'-V-'-J~a:‘£;—- = FOR vCO OLIFLT = cutPul
pacitor. The Iow-pass filer, which Zeter- ORIy C
ICE viEW TCP VIEW
mines the caplure chzracienstics of the ORCER AUMBER ORDER NUMEER
toop. s formed by annternz’ resis1orn 3¢ an SE nEiF N NESESD o .
external capacitor. .
FEATURES ABSOLUTE MAXIMUM RATINGS 1. =25°C unicss otherwise speoided.
‘ s
= Highly slable center {requency PARAMETER RATING uNIv
{220ppm/* C typ.) erimum cperatnd voliaje 26 v
* Wide operaling voltage range (2610212 " 50t vo'izze- 3 Vo-p
volis) Srorage terpersivre -£5 10 -150 °C
<& Highly tinear cemodulated oulpul {3.2% Cireratng lemperature rznge 'L '
typ.) - ; IWESES5 010-70 ‘c
e Center frequency programming by SE565 -§510 =125 <c
means of 8 resislot or capecitor, voilage Power ciss.paticn' 300 mw
ot current )
+ TTL and DTL compatibie squarc-wave BLOCK DIAGRAM
output; toop can be opgned 1o Insert ov
diglial frequency divider
* Highly linear triangle wave output ' o
* Relerence ouiput for connection of com- r L’ '-;“‘ - I
parator in frequency ciscriminator s OT:F":‘T”‘I [‘,_.,_,, “}“;’;;: 7 b Dediad
j ' : [T 1! ~O e LoVt
s Bendwidth adjustable from < =1% to €3] : J 3
> =60% Cary
s Frequency adjustable over 10 1o 1 range o 1
with same capacitor Ju o i .
APPLICATIONS . -
B 0
* Frequency shiff keying L imwn |
* Nodems : T <
» Telemetry rectivers
* Tone decoders
¢ SCA receivers
* Wideband FM discriminatlors EQUIVALENT SCHEMATIC
* Data synchronizers
* Tracking filters SOy SET NG RIS IO N i iiiceeveeeean
* Signal restoration £E__R e,
LR FEN TP P 1 T
Frequency multiplication & division — — , i i $ 548 ¢ { { ‘3.‘f ¢
. -’ e b e 3 cuteut
R A QS . T‘L‘_| e T outRut
HOTES ——d— — l 3 © 4 '\ BN { i F i .__‘___‘r——l t € ?EQ’KQENCE
1 SCi — Released n large SC pachage only P ; 8 L ‘ L T vl
(2 SOL gaf nON-418ACHIC Praout R ° o f H e f 44,
3 SO eng ne-siancart pinout — R ! .. et -—1
——t_ , . : sy T |
—_— : . = A= H
- . . ———— i
At H . ! ——— .
§ { [ : L « ! .\'
i - - —-
s T A i |
e —an — 1 -1 RN
st b gt
' el R0 Tsional | A soue;
VT €y FREQUENCYSETTING vCO PHASE weyr weey
C£PLCITOR *  OUTPUT COMEARATOR
5-141
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/PHASE LOCKED LOOP

SEINES6S -

TYPICAL PERFORMANCE CHARACTERISTICS

POWER SUPFPLY CURRENT
AS A FUNCTION OF
SUPPLY VOLTAGE

~
o

Rye FRECUENCY SETTING
RESISTOR

.
»

-
1=

POWER SUPPLY CURRENT —~ mA

A ] "% % 2
TOTAL SUPPLY VULTAGE — V

LOCK RANGE

l AS A FUNCTION OF

GAIN SETTING RESISTANCE
(PIN 6-7)

Y4
.y
-

T
] Vaerty
. bolveagy

OUTPUT (Vy-Vg) — v

C2CLCECE 1012124 1€ 1.6 26
RELATIVE FREE-RUNNING FREOLENCY —~ fe

[ s ot ey 0 6 et s 4 arene 4 v
o

VCO CCKVERSION GAIN

-~
I3

NONRMALIZLO  RIE-NUNNING | REQULNCY

€8 10 8 20 25 3¢
VOTAGE EETWEEN FINTAND PINIC — vozov,
CHANGE IN FREE-RNNING

VCO FREQUENCY AS A
FUNCTION OF TEMPERATURE

I
'
o st V‘ "‘V._J_"_. | . §
‘>'. Ve =gV . l 1 /
1.8 : 2 Al
O 8
b
z ¢
9 ME /
<
< >
= s
g
#E e
28 —es
z €&
:" -13
£ -
s
& it T
-2%

W-50-25 0 2% &2 1% 152 128
TEMEESATURE — °C

LOCK RANGE
AS A FUNCTION OF
INPUT VOLTAGE ‘
1920 - -
VoeVoeigv
* " . N
) .

INPUT — mV {p-p)
<
'
L]
<
"
. ™
<

1

0.2 {4 C6 08 1.0 12 14 15 16
NCRMZLJED LCZC': RANGE

. VCO OUTPUT

VWAVEFORM
¥ --.
]

c - J-—,—.
TR /\—1 |
0 N A \/' i\
i3 ¥ ; f v
3 ¢ =
> & r—1 :

A bt ], 1 10 ]

z J AP :

g ol —
T 3 L S N

g Viev- sy | N
]

DESIGN FORMULAS
{See Figure 1)

Fee-running trequency of VGO 1z

43
25-Cy

&t |
2ch-range: f = = — in Hz
- Vee

] ) 1 ,‘2:(;
E: wle-range- B2 e
& C . v

T

~cgre : = 12€X103 X Cy

TYPICAL APPLICATIONS
FM Demodulation

. .
“re 565 Phase Locked Loop s a generg!
Zerpose circuil desigred for highly Linear
M gemodulalion Duningiock, the averzge
o2 level of the phale cocmparator oulnut
«'zral is ditectly peoportionst to the fre-
=-¢ncy of the input signal. As the nout
“requency shifts, it is thys oulput signatl
~~ich causes the VCO 1o shift its trequency
I match thatl of the infut Contquently
e hnearity of the phase comparator outpat
~1in frequencty is Cdetermined by the
«tage-to-frequency transfer function of
~~& VCO.

Because of its urugque and highty iinear
VCO. e 565 PLL cani tock 1o a'»c irach an
DUl 8003l coer 2 very wioe bznowigih
typiceiy €05 w-m very hegh imneanty
Sypcally, within 0 5%

a™ 18 shown in
cfrequencyis

A typice! connsztion Ciagra
Figure 1 The VCD free-runnin
g.ven grproxirzlely by

4 % a7 S shouid be edjustec 1c be at
e center of e inpua signal freguency
*ange. C1 can be any vaive. b-. R1shculd be
within the range of 2000 10 23.090 ohms with
a0 Opurium value on the o:der of 4020 ohms.
The source ¢z~ be drect coupled if the dc
'esjsxan:es seenfiom pins 2 219 3 are €qual
&nd the'e is ro DC voliage dif‘e-ence
fetwgen the pins A shon between pins 4 and
< connects the VCO to the phase compzrator.
Pin 6 provides & DC referenze voltage that is
ciose 1o the DC potenta! of the demeZ lated
Culput (fan 7) Thus, d a teantance & con-
necled between pins 6 and 7. thw: ga:n of the
oulpul stage can be teduced wth litile
€nenge m the DC voltage leve! at the ouiput.
Ttus gllows the lock range 1o be decreased

Signetics

A 09

with lulle chafige in the free-tunning fre.
Juency. In th:s mzner the jock range ten be -
Oecreased from s 60% of {, to approx:mately
2 20%¢ of I, (2! 2 6V).

A smazil capacnor tiypically 0.001,Fr1shoutd
be cornectes between pins 7 anc B1c elimi-
n21e pose:ble CSCiNaNON in the ConirGi cur-
tent source . *

A s-ngle pole loop 1u.er us {ormeg by the

cacitor C2. connected ben' 2e6 pin 7 ang
lhe positive supply. end an internal resist-
ance of appreaimately 3600 ohms

—— v { u
v, E A ted (
5 :?::=L.(‘ bo{
IR TN gt
. a4 o
g \ ’D\J U
1,
/l (14
M it o 00
Figure 1 .
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PHASE LOCKED LOOP

Frequency Shilt Keying (FSK)

FSKrefers 10 cateligne™ussi0” T, merns of
& Carne?r wNIiChIs STlEl Delwee ™ tae (o e8(t
trequencees This frequency sh ‘s us ity

accomplshed by dtevirg a VOO vath the
Linary €513 $13Nn3a! SO 113l the 1o 1esLung
f“requencies cortesponc tothe 0 ang "1
&'s of

stgles icem™moniy Celled ¢pale a=g ™
the bingry C2la Signal.

A simzle SCREME using tne 882
FSK signats ‘of 1070Hz anc
shovnan Figure 2 Astne egt @
the «pul INE G ICCrs 10 ' & -nr
Quency &nd trachs 1f betver” 72 tac fre-
GQUENTIES with & COMESTONT.FZ ©C 1= 1
the output

The ioog ““ler cepalintor C2as ¢ Zcer smai.
€1 1han CLLal 10 €inungie O ety S0 2% tne
Ol at Prise, anc a theee-stagi RC 1zcser
f.l1er 1S USeO 10 remMove thi Ca!r €1 cemo-
nent 110 the cutpul. The Larc exge ¢*the
10061 Tiiler b Chusen 15 DO & 110y iMatety
hell way Lelweern the maamniur o Cying rale
tn ths cese 300 bauo ¢ 15Gr> anc twge
the input frequency t2prronsmziely
2200Hz). The cutlpuf s.gnai €a1 now pe
made [og« COmpalble by ¢Ianect-ng a
voltage comparalor beivween the Qulp .t end
pin 6 of the loop. The free-runn:ng ftecuven-
Cy 15 acjusted with R1 so 25 10 tesuli i a
shightly-positive veltage at the cutput with
fix = 1070H2.

The input connection is tyscé’ 10t cases
where a3 dc vollzge is present a: ine scurce
2nd the'elore a direct connest.on s not
desuable Bethiinputltermingls z-¢ reurned
10 grounc with dentical res:ieiors in this
case, the values are chosen to €'fect & €90-
ohm input impedance!

Frequency Muttiplication

There ate two Meth@Os ty whilh ‘requeney
muttiphcation. can be achievec using the
565

1. Locking 10 @ harmoni 0! the .~put signat

2 Incluson of & digiai e r Iy Civ.der or
counterinthe loop betveenime VCC ang
phase comparator.

The first melhod i the simples! and (z= be
achieved by sciting the tree-ruinng te-
quency of the VCO 17 & mgltipts ot thie inout
frequency AlM:ztion 2 ihg 80 .eme ¢ that
the ok range decreasss &% ¢ .LCessiely
tugher and weaher harmorics & ¢ uses for
feching I the aput B1eguct ¢y s 1@ be
constant with little trete:ng regues. the
loup can generally be lockeZ 12 any one of
e fust § harmonics Fot tughsr orcers of
MUl 00N, 01 101 Canes whae 3 e
1uCh 1a0ge 18 desned. the seLun Lehcme g
more desitable Aneaanigle ofin.s nughibe

5-144
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Figure 3
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o] Y 1.‘ L~|
agegs ‘(:_
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Figure 4-

3 case where the inp ot s1gnal varies over a
wide requencty rance and 2 large micitizle
cf the mput freguerncy 1S required

A blots diagream ¢! he second scheme s
shown 1 Figure 3 hote the 100g- 1¢ Lroken
bdelwesn the VCO ano the phase compara-
1or, anz 2 frequency dnader s inserted. The
fundemeniai of U1« c.vided VCO frequency
1s tockes tC the input ‘requency inthus cese.
so the: the VCO is actually running 2t a
mullipie of the (nput frequency. The emount
of myiiphcecn s cetermined by the fre-
qQuency  Cdwvizer. A typical  connection
scheme s snoanan Figure 4. To set up the
Circunt the frequenty bmuts of the ngut
signel wust te colermined. Tre free-
tunning freceency ¢ the VGO s then ad®
Justed zv mezns of R1and C1 tas ciscussed

.under A ceradulztion! so that the oulput
- {requency Of he gvigeris midway between

the gLt trecuenty Lmuts The tltercaprace
tor Cz shouiz telzrge enough loehiminate
vanauoins in the dencdutated oulnut voit-
age ‘&l pin 71 an orcer 1o stabilize the VCO
frequency The oulput cen now be tahen as
the VCO squerewave output, and its funda-
mental will be the deswed multiple of the
rpul freGuency i 2s 1ong as the lovp s in
lock

SCA (Background Music) Decoder
Some #M stations are authorized by ire
FCC 1o breazcast crunlerrupied ! aci -
ﬁ'Ouﬁj mysic tor ¢ ~mmengal yse 1. @
ttus a frequency mogdulaled subicarier «f
€7kHz 15 used The lrequency 1s chosen &

Signetics

A10

as not 10 nierlere with the norenal steres .
monauradl progrem in asdition, the leves
the subcarner is oty 0% of the amphit.:
of the combined s:3nal.

The SCA sgnal can be filtered cut ar
demtdulated with the NESST Pr.ase Locke
Loog without the use of any resonant €1
cuits. A connechion Ciagram 1S shown
Figure 5. This crrcunt &'so serves as ¢
exzmpie of operaton from a single powe
supoly.

A resistive voljage diviCer 1s used 10 esta!
lish 2 bias voltage for the input ‘pins 2 a7
31 The demodulatzd (multiplex! FM signa!
fed 10 the mput th-ou3h 2 two-sizge heg!
pass filter. both 1o etiect capaciineg cousir
anc 1o attenuste the strong s.gnal us th
regular chiannel. A tota! sigrnal emplitudt
betv.een 8imV anc 300mV.1s required 2t th
Nput s source s° oulc Lzve an impecanc
of less than 10,003 chms.

Thie Phase Locked Loop s tuned 10 67«
with a 50087 ohm potentometer: only af
prosamate luning 1s reguirec. since the loc
will seek the signel.

The dempgulated oulpul tpin 71 p&sse
through a three-siage low-pess filter 1
proude ce-emphriasis end aitenuate 1h
high-frequency ninse which clien zceen
panies SCA trtansmssion. Note that no ¢:
pacitot is providec directly a1 pin 7, thus, th
circuit s operating as a tust-order loop Th
demoduiated output signal 1s i the ogder ¢
50V and the frequency response extenc
to 7kHz
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BALANCED MDDULATORI DEMODULATOR

.. . Cesigred fo- use vhere the outpin voltage is 2 preact of an
inpat vohiege ‘~'gnal) end 3 swiiching function {carries). Typicet
Epolicstions int.ude suppressed carrie: and amplitude madulaticon,
syrizhronous Jrisciion, FM detection, phese detestion, a2 chogper
2pptications. See Metorols Application Note AN-531 121 3ditional

® Enceiient Czri-er Suppression — 65 €5 1yp 6 (.5 MHz

- S0 02 1vp @ 15 iz

® fLdiatieb’e Ci'n end Signal Handling
¢ E:lancec ‘nporg and Outputs
@ +igh Comman tode Rejection — 85 &3 1yp

 BALANCED
MODULATOR/DEMODULATOR

- . -~
SILICON MONOLITHIC \
R

alypien

A
Yoo uve

FIGURE 1 -
SUPPRESSET-CARRIER
CJITPUT AVEFORM

FIGURE 2 —
SUFPRESSEDCARRIER
SPECTRUM

FIGURE 3 —

Gias {Top Viewi

L SUFRIX
' CERAMIC PACKAGE
CASE 632-08
D SUFFIX a8
PLASTIC Facrac: | &od™
CASE 751A.02 1
S$0-14 N
P SUFFIX
PLASTIC PACKAGE
CASE 64605
+ Signal
tnput O L
Gain Adjust BBINC .~
Gsin Adjust 03
— Sipna!
Input
Bias N
+ Ouput 51 + Carrier

tnput {Tep View?

FIGURE 4 - AMPLITUDE -MODULATION SPECTRUNM
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AMPLISTUDE A DDULATION r} g
CUTEUT WZVEFORM ‘::
Uon 3
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44
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INTEGRATED CIRCUIT
N G SUFFIX
METAL PACKAGE
/,{7’ CASE 60504 :
R/
l'l' 5 VEE
10’: + Signa! - Output
Input - Carsier !
. . Input
Gein Adjust + Carrier {
Gein Adjust Input
~ Sipne! thput ~ Output
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MRS I RETINGS® (T = = 25°C unless 0. erwise notedi
i Brting .- . . Teymbo Valve Usit | -
achceds sage - ‘ v 3 vec
g = Vg - Vi.Vo= Vo Vg- Vg V7 - Ve Vs - Vg
Vg -Ve Vg - Vg. V2~V V3-Vo) ... — .. ! : PP 4o - - . . e
Dffere-ta ~put Sigual Dy o vg Y vee
Vvg-vy | =210
2eaximim Eas Corrent . . el . ;L Ll e mh -
M he—a asunce duncion 1o die " Reaa Tw )
1) Ceamic Zuatinline Fackage . ! 100 .
\ Piesc S8 In-Line Fackaps I B .. 109 - ’ -
- :m . ¥
pe'z 2 Temperalicc Range Ta <
MIeeS T 01c =30
WCHE96 - 8810 2325
.,u,c Te—oemnire Rage Va0 ~6tto =350 °C
E.ECT‘N.J....C-!AMCTURF‘L?S’ (Voo o =23 Ve Vg » =EL Vde Ig = L0 made R = 3280, Ry = 1000,
Ta & = 25T uniess othewebe noledi AL~ #aS owirut cheetietisiecs 2re singleended unless otherwise noted.}
1 C1596 TS T}
Charpziesistic Fig. | Wote | Symbo! | Min | Typ ( Mo St Typ | hax Unn
Ca-rie- Fer=trough . s 1 verT #Ve
Ve = €7 =Virmstsine wasc and o« 04 - <0 - - 40 -
v 22 ured 1 2620 ic ~ oM - L — 140 | — —_ 140
Ve = 33 ~Vpgp saaate waeed - ¢ Vil
oz aZusted 1 rer0 fc « 104k { — J00s] 02 | — j00| 0& I
e ~ot adjusted ceb: ~ {20 (w0} — | 202 i
Care- S ooression 4 2 Ves P 1
s = 11«2 35C rVimms!
Ir = SU ks, 6 m¥NTs! 80T wave S0 €5 - 40 65 - *
= = 32 Wz, 67 mVTemst sie wave - 50 —_ —-— 80 _— &
Transe==— Tanse Bandwicin Jagrhudt: Ry = 80 damsl & 8 EWs3gg T e
Ca~ier &put Pont, Vg = 60 mV(rms) sire wive —_ 130 | — — faml] - -
Ig w =7 kM, 330 eVirms gire wave
Siza’ Fput Pors Vg = 327 rvirms! site wave - 80 - —_ 80 —
Ne = 15 Vde
Sigre G 10 3 Ayg a5 s -— 2% 35 -— VY
Vg = 120 mV{rmsl. (= 12 C".z Ve’ = 85 Vdc .
SingleE-o= nput |-pedu~=. Signsl PorL f » 5.0 Mrlz & -— he
Pe-a'e impui Resiriance fip — | 200} — = 206 | ~— «
Pea'e’ o Capesiance Cip L 20 -— - 20 | — of
Swg'e-Eome Cuips mpedence. { = 10 MH:2 . € —_ .
Pa2'se Gspun Res sance fop -— 40 o —_ 49 -— 0
Pa-z~e Coipat Capeciance A4 Coo e $0 —_ - 5.0 —_— [
in52 € 2< Current 71 — " vy
l;s-‘.'-uﬂp"‘!z‘j Ips -— 12 5 —_ 12 »
2 ~ 2 ot — 12 | 25 -— 12 »
inpur O, Cutrent 7 - Fe 3
lieg = I~ loc = b-lg Fros! - {07 ]|s0) — 01 | 20
- [ #e] —_ 07 80 — 07 70
Ave-age Tenperatun Coeticren. of inp: Offse: Carrent 7 - Mot | — | 20 | — — 2o | = | . »a€
Ty = -55°Ctc ~1EC)
Osor C=set Curremt ? - Yoo! - " S0 -— ® | ok
Ue—tg
Avedza Temperaiu-e Cocticient of Outpuat Ctiser Current 7 —_ oo | — » -— —_— o0 —_— aAC
{Tg = -S5Cro - IB8TH . "
e}
Corrror-ode Input Swing Sipuel Pon, Ig « (£ 4 8 4 cwy - $0 -— - §e | — Vo
Com—me--2'23e G, Sgna’ Fan 15 « 10 kHL § - am | —-es| — | — | -es) — (23
Ve = 25 Vdc
Cor—or-1753¢ Dusssent Otzut Vetiagt (Pin € 5 Ein 8} 10 -— Vout -_— 80 | "— - eo | — Vo
Tae=m—a Dupir Votiage Sap Cepabitty << — Vout —_— 80 - —_ 689 | -~ Voo
Powe S50y Curent 7 [ mAG:
6 -% cc — j20}30] ~ |20} a0
he g — 30 ja0 ] — ]30}se
OC Fomme- Dissipation ? [ (&) —_ a3 — — {33 -— -
o Fur euirer 1eierenees peHin 10 thit Sevios when pocteses in 8 meu! can. Tc ascertain the coresponding pin numbers fot plastic of
tea— % pacheged Seveces rafer 10 the firgs gige o this 5o ication sheet.
He
/
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MC1496, MC1596

GENERAL OPERATING INFORMATION *

Note 1 — Carrier Feedthrough base corrent, Pp ~ 215 lvg - Vg - 1g {v'g — Vgl nhete sub-

Cz~p fregz Togh is d-T'ned .43 the 0.1l (Clge 21 caTier sceipty refer 10 P QUMOeTs.

{resueniy oy the czrte 2opled (s g2’ votispe = O). .

Carir null is athieved by brlancing ine coment: in the c-Her- - Note 6 - Design Equations .- - - -
entia” a-olifier By means ¢l 2 bizs trim potentiomerer (Ry of The folioning it & pe-tial kst of desizn equstions needed 10
Figure SY. optraze the circuit witt cher ssoTly vetieprs and mput condi-
tions See Noae 2 for By ezuztion. \
Hote « = Cartie Suppression A. Coerzting Crrent
Caveote supsresran is oelined 2¢ the retio o' east sidebend out- The intena’ Lias Cuments ene st by 1he conc-wons 82 oin 5.
put 10 zarier .32t o1 1 carvier and sgmal votiage levels speti Assume.
fied. .
Crorst SUS,. 728100 it ve'y dependent on cartie” inpot seel, & 1ge1g=lg
shovin o Figur1 22, A Baw veive Of the casier Ooes not fuily 3
avitch the uniet €aihig Cecicer, 80 tesslts in lower signal 1g<< I (o1 1 Hamintans
LN, ternse 10 eRT LA ICT s.oprestion, A hipher thaa oplimu Cat- .
cef Weg cesetit o LTmitessary Gevice ad tirccis carrier feed- then:
Proupt. At EpRir digrnerates +he suparession figure. The
WOIEST b Leen Chyazurized with @ 60 mV\{rms) sinewave v -G
careet ROut gy, Thi leve! provides opiimum c viet soores. Re == -5000  v.ere: Fg i Ta i etwesn pin

S 2 oo

sien B cacties fre Lutncies in the vicinity of 500 kHz1, end i
0=018V 1T = 23C

o2 g recormerded for tatanced moduiztor applic ions.

Carer foecirough it independent of signa! fevel, Vg. Thus
caries soOprEieTT €2 D¢ warimized by eperarin; with large sip-
nal le.es. However, » fintar opesating mode must be maniained

The NMCIEDE fes beer. cheracieised 187 the comdition ig ~ 10
mA 2-d is the generatiy recomencied! value.

i the - BMnpT IEDEST DAEE — OF hrrmonics of the modulating . 8. Commontiode Guiesten: £ uinst Vatigs
sgatte. . be grraraies 23 AIDed! i the dev.ce CIIPUt B SHITIOUS
sidesans Of 1he supi e’ cacrier. This requirement places an Vge vpt ¥~z Ry

o~3] ampirtude {see Nowe 3 and Figure 201,
mon. Corrier tevel is tecommended in Fig:
- $_rorestion Bnd MINIMUM 3potious sede--

uppt” Lot 0% irs.
Heow sb that an ¢
w2 2 > godd car-
Lan2 prneredn.

L3 taghet frezanacier Zinns layous i vety imporiant in order FTIRE
10 Romemuze Cates teeltvDsgh. Shieiding mey be necessaty n
order T PrEvet Cilslitie coupling between the carrier input

Notz 7 — Biasing

re MC1E2E rezuites three ¢ Dizsvehage tevet nhich must be
craslly. Guinzfines for stitmg uf Inese sheee levels inctude
ting 31 lexrt 2 volte ccUectordas fimy 00 oMt transnton
Ot exteeding The voMats Siven ir tne 230iwle MMEs iTwm

Leads &0 The OUD-2 edTe raln; tehie: .
Kot 3 - Sig.a' Ga'n 226 imum tnput Levet dvec 2 Ve Vel - 'y vgll e Ve
S in lsapicensect at lov. acies is defi h K 1
w;-;-.x— e 133 enect at lov. {requenciet is defined as the o vde T (V. Vg — ¥y Vi 2 27 Vae
T N,
anvde & Vg, vg) - iVgil & 2.7 Ve
g S8 T ere e 22 > A g -
WS <G e e ima)
4 Ve Ret 2te s imA The foregoing conditions are besed of. T fofloaing o5 simar
b ons: .
£ corsant ©. prie b & soplied  the carrie input 1erminals 10 i
Lully 5. 12h Al © 5 uDDer 1INTIION “on" 2nd two TeiNtON ve=Vg, Vi~Vg. Vi*Va
~ot" .vg = 05 Vo' Toie in elfect forms a cescode Citferential
avitle g . MR . Bias currents fiowing into pint 1, 4, 7. 72 € ave ranssio” tmie
o eare OOIT G fTSuass that \ht‘ signs! indut be belon & oriti- cutrents and can normally bn eeghected it exiernal bias Gviders
i aal determene s Ty 67 £nd the bies current Ig e dnigned 1o csny 10 m& ormor.
Y Vg S Ig Rg (Vo peak) Note 8 — Tronmdmittance Eartwicht
Note thet in the test ciravit of Figure 10, Vg corresponds 10 8 Carrier “'z"”f"““‘““ E”":";d“: "’“‘f 3«5 bandwidth of
mawie o= value 07 1 voh peak, . the device L Beem by:
Mot &~ Cammon$todeSwing” op ol leach sdetandt
- . 21C vg Gl Vo= 0
Toe commoremodt saing i the vchage which may be applied »
10 5o bies of twe 3gna’ Eftrential smpier, without seturating Signal 1~sadmittance bandaicth: i the 39E tancwids? of vhe
e Comrn $5uTa ©F Wit Ot SIcTBting the differentia! ampifier device forward tansdmitience &5 defuned by

iBrif L, Binp 7§ T emT0 The LpDer switzhing devices, This swing

i verask dinevZ g o0 the paticular circuit ond biasing condi- - &, (signa')
tinw chosen dae fes s 6L . 218 --:.;—b—m Ve 05 Vac, Vo0 .

Notr & — Pone Dasmtion “F.r. number teferences Pertr.n 1o thit drvice whe- pathege « &
Fymz: despriac. Pp. within the imegrated circuit Dackape meis! can. To sscerisin the cortespongdng pin numbers for plas
shouic o o len & the sommation of the velagecurrent prod- tic or cetamic pact.aged devwes refer o the fest page of tha
veu 82 @acth por L essurirg Vg = Vg lg = ig = 1g and gnoring specification sheet.
. MOTOROLA LINEAR/INTERFACE DEVICES .
*
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FIGUSE 15 - SIDEEAND AND SIGKAL FORT

TYPICAL CHARLITERISTICS (continued)

Tyoita’ ChersZie €l were LZUNIT v

Ve ® 60 mVierm) tge 1z Vge

TRANIADIITTANCES versus FREQUENCY verses TEVPERATURE
. 4 [~ 1 T T T H ! 3
| : HE
T 5; 1 : :
i Zx 1 : :
: :E ; :
z £ D o
- < vt i :
- -t . . . M
2 : b : i)
3 R . 1 T 1 i
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. 9= 8 . . ] 1 i 1 H
¢ 5 &7 w0 S50 SIS SN a2 -l <1
. . fg, CARFIE R FREQUENTY {tka} Ta AVRILWS TEVPERATUFR (0
.
FIGURE 17 - SIGNALPORT FRECUENCY GESONSE F*GURE 18 - CAHRIER SUPPRESSION versos FRECUENCY
-2z T 5 + v -
_ e 4 z [T ii. IR E
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FIGURE 20 - SIDEELND HARMONIC SUPPRESTION
FIGURE 18 ~ CLRRIER FEEDTHROUGH versus FHEQUENCY wersus INVPLT SIGNAL LEVEL
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.

2ot shzenan Fagoe 5,40 « SO0 AT Y ne wave),
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FIGURE 16 = CXRRIER SUFFRESSION
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TYPICAL CBARACTERISTICS {continued}

FIGLTE 21 - SUFPPEESSION CF CAFRSIER HARMONIC
SIDEEANDS wrms CLR.EF FELOUENCY

s (RERNL T ]
E oae it o
s Tl IREIL P oeagid
fg : AL T 1 3ged
EEnF—f T S e N
e : N : B 17 —
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ot RTME IR 1
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g2 L .
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X% Sammsdt T 1
267 ¥ i |
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FIGURE 22 - CARRIER SUPPRESSION
versus CARRIER INPUT LEVEL
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OFERATIONS IKFORMAT tON

citetentiat arrgt foar
empttier with dusl coment
cross << anied 1o tnzl futiwise

FORER 34

(AT T . input VI hages TILUTS. Thras =,
e ¢ Fr.l i RIS COUST sieeia the o-oduct 0f the two w8
§

Ty e A N ] of tines. 8z gl matrighcstion 172
caver Thar Cie GuIDD BECINT will contl Gf only the sum =g
ddferinny £ T T DY tepzargecies. Thus, the Gevice may be
Jses s3 & Seeoed nzslmer, doubly pilanced miner, £TCOUTT
angy Codler, and other applications recuv g

igaal cha-acreristics.
ampldeer bz it eminers connectes 0
ahe peuiaT TS SC shz on eatecna! ermtlet resisiance may be
sl ABT, saierng! kad resistons are emoloyed 8t the dee

“tput 3 )

ot

Cigne' Lenes

T enza Toad gitterential amplifier may be operated ettar
in 2 taar o & 3pureted mode. The towt: differential omplter
GIpEdwT e d tme2t moge o1 MOS1 agplizziions.

For cam-m el operznion a1 both input ports, the output sgnal
will con 351 and Git ¢ frequency penents and tave
24 a—chinuos wnheh is & function of the praduct of the inpu? seg=2!
amphlude . S -

For gt cpemation Bt the arties input port and tinezr
Lpewor 1t the mod._tating sgna! port, the Output siprat! will
c=rapin s 2J Gitlpence {reguency COMPONENts of the macu-
15 g-a ‘rezoency 3~d the furdemers! and odd harmonriss of
e aarer eiency. The output smpituce will be & consant
ey the —zoEN0E s.7al smplinge. Any amphitsde varaton
 the catT e s g2l w301 0t 8DpERT in the oaput.

£13UKRE 23 - CIRCULT SCHEMATIC
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FIGURE 28 — TYPICAL MCTULATOR CiRCIT
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rurelets (00 platin ©° ceramnic £218 Aprc Or. L es cefer 1C The €orst page ¢1 this speciticetion steet.
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MC1496, MC1596

OPERATIONS [N EDRMATION (continued)

The tineer signat handling carsbil.ties of & diHurertic! amptidver
ors well gefned. With no emitter degenerstion, the raxirmum
input volisge for knesr operaten is anoroximately 25 eV prek,
Smze the upper C.fferentis! amshifier has it emitters internally
connected, this voliage sppies to the carrier input port for sil
conditons,

Since the lower diffarentia! smotiwe hat Drovisions {or an
s sinal emutier resstance, t knew sgnst handling cange may be
scjusted by the user. The masumum nput veitge (of Lecar 0P
ecateon Ay lw aros.mated Y1om the fulloamng eaireinon

v -(;5) (‘:f_)vol:s pean.

This erprezson may be used 1o compute the minimum value of
Rg for 8 guven input voftage amplitude.

FIGURE 25 — TABLE 1
VOLTAGE GAIN &ND OUTPUT FREQUENCIES

The gain from tte moduisting tigne! input DS 10 the oviput iv*
10 &0 15ZEMT1LIE gain parame Lo which is Mozt often of interegt
10 toe designer. This gein tes siguficance only when the foner
Crfegntist amplifiec & opersied in 8 linesr made, but this includes
mos aspleations ¢ the device.,

24 previousty mmentioned, the upper quad ditferential smpldie
e, e ofersied eaher in & unear Of & waturatied maode Apprexie
mete gain expressions haee been developed for the MC1596/
L3655 for 8 low-tevel modulating signetl inpyt end the following
worrwr aput cOndivons,

1. Low-levctdc
I hghdevelde
T Low-evelec
4 Hegh-level ac

Trese gaint st summarized in Teble 1, slong with the e
Quecy tomponents contaned in the oulput signsl.

—q— a2 26 m\V 8t OOM tempETature

APPLICATIONS INFCGRMATION

Duslile siteliond tupressed car et moduletion s the beeic
applicaton of the NTISOEAICTIA06. The supgrsted circunt for
ths epphcation is shown on the {tont page of thiy dsu sheel.

tn some applications, it mey be necesary 1o operate the
MC1S56MC 1AL with 8 singte dC tupaly voltsge «nsiesd of dust
tupotes. € Gure 26 shows 8 talsnced modulatos desigred for
Opt 80N with & single +12 Vdc supply, Performance of tha cur-
Cuit 13 similar 10 that of the duaisupply mogulator,

AN Modulstor

The circuit shown i Figure 27 may be uted 81 an amphiude
modulatos with 8 rmunor mociticaton,

All the i requered 10 91 from suppressed caruer o AM
operstivn W 10 adjutt 1he Cat-ser null potentiomete: for the proper
80Ut Of Carter 1o 1+ON 0 the vutiht tgnsl.

However, (he Suiqrensed carrme null Cucuitey as shown
Fip.ug 27 cues not heve sutfiwnt sthutlinent tenge T herelore,
the sasfieletn nay le austited foe AM viciation by changayg
two resstor values 1n the outl circutt o3 shown in Figure 28,

Pioduct Dewctor

Tte MCISRGHACTIL06 malar an cacelient SSB product detec-
tor {tee Figure 29).

Ts product detecior hes 8 iteity of 3.0 mi s and 8
cyma~ug tange of S0 B when operating st aa intecrneduste fre-
Que-<y ol 9 MH2,

Tee detector is hroadband for the entire hugh frequency renge.
£o- soeration 81 very low intermediate frequencies down to SO
AH: 17w 0.1 UF cepacitors on ping.? and § should be incremed ©
1C ;€. Alo, tle oulput filier 8t pin B cm be tabored © 8
saeceis intermediate frequency end sudic smplifier input i
oezenle.

23 i sl eppications of the MCISO6/MCI406, vhe emiwe
cesrsia-c¢ between pins 2 anc 3 may be incressed ¢ Jecressad 10
225 CHCuit gain, sens tivity, and dynamic range.

T ewcuit may sh0 Le ued 83 sn AM detector by introduct
earre signal 81 The Catriar snput and en AM signel 81 the $s8
oapt
Tr4 carcier sigral may be durved from the intermediste fre-
quercy tgnel-0r gensrated tocally. The carrwr sgnel may ba in-
teried with Of without moduletion, povided (s level @
. M.zently hegh 10 saturate the upper qued differentis! empliet.
1 carner signal is modulated, 8 300 mVirms) input fevel »
tese—neaded,

NOTES:
levet Moduleting S« V. ssssmed in il 3
Certar tnput Apuroximste Cuiput Segnal L ':l?h"c‘:ni« 'n‘;m"\‘,ﬂo"::‘- M. in ail cases.
Segnat tve) Velmge Gan Fregquencylsl 2 Viem the Guteat St consaing multiple frequencies,
the gosn eapremion given it for the ouviput emplituds of
Low keweldc __i‘__v_c__ 1 each of the 1wo denred outputs, (¢ ¢ T)y end fc - ty. .
-~ 2Re + 20 {8 L 3. Al gain erpressions sre for ¢ singlee-ded output. For
e <. ( Q s diffecentisl OUTHUL CONNETIION, MUTLiply sach expres
sionby t~C. N ‘
. .__RJ-_. A 4 R =Lod resistance. ¢
gy o Rg + 2eg ™ b S. Rg = Emitter resistance between pins 2 80nd 3,
€ g = Trenittor dynamic amitter resistance, ot ‘2_5°C:
Ry Volinw)
Low-levelac t.,c fcatm o 28 mV
NEICUILEEE ™ 15 (mA
7. K » BoWsmann's Constant, T = ternpersture in degrees
Higr level sc Q&N Ry fc 2. 2c 2t Kelin, q= the chage on gn clectron.
Rg + 21 Steafp, - - -
KT
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1C1496, MC1596

APPLICATIONS INFOAMATION {continued)

Doy Balinced Mizec

The MOIWOGMCIATG nuy 1w wen® 81 & Caalily tolenced
P WIth cther Dismdiexd O tune! ~ordm 132 Siut end
Dulsutl netwdrhg,

The 16¢a! C3CHIatOr tigral 8 MO Iuzed 8% Ite Cortaet DUt
*ps1" with ¢ rOommended amplituce of 100 mVir ¥ .

B Qure 30 110wt & Maaer wath 8 Hrafbend iTut 02 8 tuned
outin,

Feeguency Dovtbler

The MC1E95/MC1496 will onerste as 8 frea.e~cy coudter by
mtraducing the same frequency 8( bath «~put porte.

f opueres 31 end 32 show & Droedliond feqie~ty doutier and 8
tuned Output vaty hgh lrezeuency (VHFI dowtuer, resoectively.

frase Detection and FM Detection

The #4401 990/MC 1496 will fusictiun g5 © pliots detectosn. High.
Lvet mput signats sre intioduced st Leth inputs When both inputs
are # the same fiequency the MCIS36/MC 1495 will defiver an
cotput whah 5 8 funztion of the phase d.Herence bietweer the
1a 9 nput tigneks,

An FM Cretector may be construtied Dy using the phese detec-
tor principls. A tuned Circudt is 3dded ot one of the inputs 10
Couse the two iNDJ2 8108l 19 W1y i phase 82 & tunction of fre-
cuency. The MCTLOGAC 1496 will then ¢ Owide 2n Output which
« 2 functeon of the input signa! frequency.

N Fin numnigr el

ONIOL (10010 ©+ 10 W og v @ i PacE 3@t In 8 inelel Can V0 srLerten the CuTtaIDORNING Pin
aumbers 167 plastic 00 Cora~ 1 Coctaged Oavices *efer 1T 150 Tirsl poge o1 this spaclicaiion shaet.

TYPICAL APPLICATIONS i

FISURE 26 ~ BALANCED MODULATOR
(412 Vde SINGLE SUPPLYY

FIGURE 27 — BALANCED 12ODUL ATOR-DEMODULATOR
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