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DIGITAL MICROWAVE

Wisut Kaewbangkapom
Sarich Samuthkalin
Monai Kraileark Advisor

1988

Abstract

The thesis of digital microwave is presented to make study the
long distance digital microwave signal communication system via
microwave 1link. The objective of this project 15 a part of the
equipment for education and experimentation of the digital microwave
system. The first, we make simplex communication system for this
project and experiment in part of modulation and demodulation. In
modulator modulate digital information with carrier signal ( analog
signal ) for transmission and the ather wise the demodulator

demodulate the modulated signal to the digital information.
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(Multiplier) axgninWﬂdquafwwaﬁaLmafﬂiaaaaﬁﬂfznauﬁﬂkuﬁn%@maan Ao
ﬁgnﬁaLmaéuﬁdazgnﬁwuwgmﬁuﬁﬂﬂga Uae waﬁWﬁquﬂi11ud1uTa§wwaﬁaLmaf wTaqu
ﬁanma?nﬁaﬂ%wuﬁmmwmﬁmwaqﬂ (Error Signal ) §1M¥u CO 109§

w3 w09n139uTng Tu L euge vume ﬁaﬁ%a§u~1mL?ntﬁﬂ§ﬂ (51 2.27)
Mo sacefe iy o ﬁﬁLiﬂauuﬁTﬁQﬂagquﬁaﬂuﬁa iudo veo e
ﬁndwuﬁﬁgnﬁaauﬁ1édﬂqutwﬂLgﬂﬂ (Small Phase Angle : 6 ) TuzﬂLéﬂﬁgnﬂaq
ﬁ@qnmLﬁnﬁyﬂmauﬁmmﬂmﬁwaﬁaawn VCO  Ffulaifientin  Cinphase VCO Reference)
RECUTE N Gl

r, = cos(w bt + 6 ) (2.66)
dwivaOdon 9 e~ cosw b Hugud1eBeingiuily 90° (Quadrature
Reterence) fiae . fewle fiy

r, =  sin( aLt + 6 ) p (2.67)

Y]

3 & des o o a6 o a @ ¢ 1
fyadr Bt fient v, seifioananfudoiudan war  uiindilasod

. [ o O cu § o
(Matched—F:lter)Qaquﬂﬂﬂisuﬁmﬂquﬁvﬂumaaﬁaga (d) 9anan uuﬂalﬁﬁﬂwﬂmGGMQ

et fiu
°
ZE) = y(t) ., rt(b)
= dit) cosw t . cos w_t
= de) L1 +cos2w t 1 (2.68)
oy E . Y S L S S
WIBHUB IAITNIMIAN AE0NUIINTWA LS e oen 1 L IMUNATOH L6 T NEN

& o 4 o ' 2
WINLIA (Sample) UAESIABIWITILADS (Comparator) wimalsenudtsasfoua
L oy » N ' -1 oG @ al %
1 5eufen « 4 ) Alreiaduilas TUfTaagian (Remodulate) fiuwmeifioais r,
Tuhe

A
d(t) . sin ugt (2.69)
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Z | Matched Sample d
fitrer 7} and hold Comp.
cos
y(t) —— ;
r
2 x
n
e(t) f2
Loop .
Ts delay fitter »1 VCO sin

Tﬂn 2.27 ﬂﬁaﬂu 1mt7ntmmau
U ;7 A o
Alssumosdons d wamninell 1 pmaefin (Delayed by 1 Bit
v a o w & e i
Period) a1ndoyafuyn Taﬂnnsfaunw7nfznwmaouunﬁﬁaLma7 AT LA L gy

o 8 b] J c:: / § o v &
T W uuazunulutéunﬂﬂnlwﬂ%wnTU 80 (Quadrature Path) Lavnwn e (t)

o L - 1
nﬂautw1QUﬂaLmaiazLﬁu

e(t) . ==SEU) coscuct

<]

A A - i
= d.d sinw Lt cosw _t cosf + d .d cos w_ t sinB (2.79)

ﬂﬂaﬁlmaiQtﬂﬂqﬂLﬁauﬂﬁﬂuﬂﬂﬁﬂmaaﬂ Uae Lﬂﬂﬂﬂﬂwﬂﬂmﬂaﬂﬂﬂﬂﬂ ﬂUﬂWUTBuﬂmﬂOONu
?04&1“LnQNquﬂ?ﬂmtwﬂulwﬂnnﬂmao (Proporticnal Phase- —Error Term :f (L))
fiu vco
Pty = K sin28
- il 6 feton o (2.71)

=

& =z o g
LﬂauwaaﬂﬁﬁuLwﬁutwauaz1ﬂwu1ﬁ§ULﬁ1aaﬂ
nﬂfaaﬂuuunaauﬂﬂgﬂ (Costas Loop Design)
1uﬁﬁﬁa17mnﬁannﬁaanuUUﬂaﬂuna§ﬂ51w¥u§mm1m BPSK  mulumaveesy 2.28

= é
auwnﬂaaﬁﬂﬁatmaftﬁu

e = K A" sinlag 91 -6 ] (2.72)
1 4 o
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decoder

!
V2 cos (w,t + 0,)
veo [+ tooe L
PWR 4
ft) —— _sphitter i
90°
VZsin{w.t+0,)
I —— LPF
(1) sin (0, - ¢,)
gﬁﬁ 2.28 ROAUNAR
¥ A= @ rms Y99¥00 BPSK
oy ¢
Kh F NQAWRIEL0DTLAN  (Multiplier Gain)
B, = Lwamaaﬁqmﬂmﬁuwn

B, = waresdyinen veo
Léﬁﬁwnmaugﬂ@aLmaf £ (t) el
flt) = H(p) [K_ %: sin2( 8, -~ g_ ) (2.73)
tﬁaH€p>LﬁuTOLﬂaL?Lmaf(0peraber>ﬁa%uwﬂﬁowaﬂaagﬂﬂaLmaé}wamaoﬁmmnmanﬂvco
A imiiy O, = K, ft) db

o ! ot aod 1 v o
L K, il Louiiieas veo  Tuming red/s-v 9nT 1 LREmuLA 0 9 Lldae L iy

dfe = K_ f(t)
dt °
= K HG) [K A% sin2(0, - §_) 3 (2.74)
4
Lil C'l’ m’ 1 4 A’ « [~ 1 oo LY
nanlunufisewe AN s LTrEnsaNaLRan laosunsa T nflonfiuauna
(@71l 2.29 )

LR

sin2(0, - 0,) - 3 Hs)

‘N‘ d 'U
gun 2.29 uaaﬂ1aaeun7umae§uﬁumu1qnnaun17 (2.74)
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;:i- ,-},’ =R 1 .- 4 3 o s v ‘
WA UBL LUANAAY 9 sin2(9 - 6) & 2(6, -6  quludaInLTuninu
. . o3 '4
(Equivalent Gain) 989Ltudainaianes , K taﬁu
K = A% K . (2.75)
.oa ™
" ol o de “ . (o C v
nﬂﬂuumluQUwaLmaﬁuniﬁuatwaﬁwanmu Hs) =¢C1+7 s/ Waaay
o 44 4
S RUCIRA R e OREA
Als) = 1+ 75 (2.76)

1+ (28/wn) s + 8%,

o o o {
ﬂvﬁunﬁivuﬁﬂmmaaﬁﬂ ( Loop Natural Frequency : Gy ) (3} umuﬁeuwﬂLmai
(Damping Factar 3 ) )

[~ Bl rl
iR LU W

= K K (2.77)
4
wau: SR EnRnna W = KK, (2.78)

, 4 4 7,
- o (= ¢ ' £« [ a
AINAINIT (2,75 3einingtinaaliiees w.iae b agquﬁaniumaaiemuﬁmqwmauwn

Ay Taznan 5a877 1 utnoawns Lot Ln (Equivalent Comparator Gain)
shndrvnsesnuuuLan Tudhetig

§ioting qaaanunuaaﬂunaﬁuLﬁaﬂ%wowWﬂxﬁquﬁanéﬂu¥u ANdwyn 1800
Hz -PSK ﬁﬁam@tanﬁuﬁagaTuuﬂ? 1200 brs — n15fulas luisiume sumeiidiosdr 1 $alu
12 fnugaiin uasixﬁuwaaﬁqmﬁmﬁuwnLﬁu 100 mV {rms)

gl 2.19 Qﬂﬁtlﬁﬁﬁqu 5% 15l Wn = %5 19 aruvesinde ity 15 a1y

4RI GI9tln

t = (15 (.l ) = B.33 mS
1800
Loy
Wy = 4.5 = 549 rad
t
W5
£ = 35,94 ~ 86 Hz

tiovasiowne lumsoonuuy (Bon veo  #umudeddiu 1000 H, /v giviin

K = 6280 rad/s-v

o
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2 2
udr K, = ATKn =00 K = g pgask_

&4 4
IMANNT (2.78)
é = W LZL
"7
%30
T, = 26
Wn

~ ) o € o . ") . wu &
AN 2,19 drges & = o.8 QtﬂWlﬁﬁUlﬁﬂﬂqu 5% dwiy Wab= 4.5 Fedy

Ty = 2(0.8)/540 = 0.002963 s
6 v u-‘f
Andenld ¢ = 1 uF Aol
R = 0.002963/18  ° = 2963 QO

P

MNFUNIT (2.77) 3]s

"L’] gl € L e 7
WavaIn
K, = 0.0025 K_
o4 6 v o ¥
Forld k= so gy
Ty = (6280) (8.125)/540° = 9.002692
uae ot R, = 0.0u2692/10°° = 2692 a

L Y ~) ‘
11l 2.30 LﬁuvaaiwaaﬂaﬂunaaﬂTﬂﬂ1ﬁ Mc1496  (Husiafiwarnians al
uamw~1ﬂtaﬁiLnuznﬂnuLnumaouamwaﬂﬂtaasasen ﬂuLnumaouauana1ﬂLﬂDTnmanuaﬂ
1&waaﬁaLmainmaaﬂﬂuuﬂmwa1ﬂaaaino 2 g ﬂvfazuuuumnaﬂcwanaeqwmouRTUWQ
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3.2 ng ownuuuaqa:mawnﬁnmwmﬂ1uﬂ11unanﬂ<SMALL—SIGNAL RE AMPLIFIER)

NTIBONULUY KF AMP ﬁunauauwaaLaannﬁwm%aamai<TR> ozt o Uae
draeenin Toa 1418w 515 g 4 (Y-PARAMETER)  fiflogiFon TR. ffnqe- w151
T1nofR omnesa FaBon Tr. 1ﬂuﬂ1m01ﬂqaﬂwuvmn171uuaﬂ7wlk 97 0. an
Ly1dioeng ﬁnuauquuulun17aanuuum01u eusniiudo o §of

L., 8IWAT 1Me~wTSiLe0du0y TR, Y Y LY, uar Y fanmdiisadeenis
Twﬂdwﬁuqsa§1u§Umao Y = G+jB

2. AMIWAT C (LINVILL STABILITY FAGTOR) ANGaT

Y,

2.9:9e = Re (Y, Ye)

c P

07 C<1 0 U@AYIT TR.Avai6iilia (STABLES ool ou'le - 36 Tuuoaf 197
LAan 41 C>1  u@gyd1 TR, 193¢ laid 11 Dia (UNSTABLE) %0 goa%aian
(OSCILLATE) ﬁwu?udﬁmaaﬂafﬂuﬂuTﬂaﬂﬁuﬁuﬂuf (SOURCE AND LOAD |MPEDANCE)
Furinoua it

3. 1uﬁfazﬁ1n1ﬁaanuuunﬁa €21 (POTENTIALLY UNSTABLE)

VAN (DATA SHEED vy TR. \Bandn R, (SOURCE RESISTANCE)

]
=3

2 (D ( . CJ.
nlinowiiinined (NoISE Fiaure) g 0 uarlel G =1/R_
4. MWuaA1 K (STERN STABILITY FACTOR) (fiiy 3 MAT09 G,

Q']ﬂ":jg]‘j K - 2 (9;+ Gs)(90+ GL)
erYf[ + Re(Y.Y,

5. fmualk B, = -p_
.l& [~Y ‘

foily Trasuasfauandt v, = 6, + JB,

6. mdnduynuonfiouaud v, NNFNT Y, =Y, - Y Y Y 4y
[ 6 ¢
ik B, = -8,
w & 4 ¢
fSULTOTALDANAURUY Y = G, + JB_

o Qa'( D' r= .I

fe MUMBATUNNTS (IMPEDANCE MATCHING) Wafis4nen (SMITH GHART)

arlsiFns ¢, L ,C. uas L,
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o (d uw
ua510Q7naugimLﬂuma§ﬂﬂ 3.3
+ 12V
\L 17.285 ko ,[23 (FeR
0.t uF T * ogpuf
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carrier Moadulated
input l 4 o ' output
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D2
Binary input

= s B\Ted o
gﬂn 3.4 UIRULT IR LA LADT
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o 1 o i o — { Q‘ 0:
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SIGNAL o
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1k§ 1k 5 = 51 % A
sok
6.8 k
CARRIER NULL 1 1
- % Vde
o 1 5 P2, B SON ] 5P
7N 3.5 2935llaiwangLeaTnieduLaToefy
c, = 1,592
L = 1.744
o
C = 1,469
a3
8 ] — i
NN C, W\ &¢ 4MIAT C
ANHANNTT = ¢ _29ER,
oL, L, A
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a' R w i ( - y -
nh 3.1 mq710ﬁ1n7uaanuunlavwnaﬁalma§
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n  Ry/R, C, L, C, L,
2 L1l 1.035 1.835
1.250 0.849 2.121
1.429 0.697 2.439
1.667 0.568 2.828
2.000 0.44K8 3.316
2.500 0.342 4.095
3.333 0.245 5.313
5.000 0.156 7.707
10.000 0.074 14.814
= 1414 0.707
3 0.900 0.808 1.833 1.599
0.800 0.844 1.384 1.928
0.700 0.915 1.165 2.277
0.600 1.023 0.965 2.702
0.500 1.181 0.779 3.261
0.400 1.425 0.604 4.064
0.300 1.438 0.140 5.363
0.200 2.669 0.284 7.910
0.100 5.167 0.138 15.455
.0 1.500 1.33. 0.500
4 L1111 0.466 1.592 1.744 1.469
1.250 0.3848 1.695 1.511 1.811
1.429 0.325 1.862 1.29] 2.17s
1.667 0.269 2.103 1.082 2.613
2.000 0.218 2.452 0.883 3.187
2.500 0.169 2.986 0.681 4.009
3.333 0.124 3.843 0.507 5.338
5.000 0.080 5.684 0.331 7.940
10.000 0.039 11.094 0.162 15.642
. 2 1.531 1.577 1.082 0.383
n___R./Rg C,



3.6 WATHE AW IF 10.7 Miz

GENERAL OPERATING INFORMATION (continued_) Frequency
. . Component| 455 kHz | 10.7 MHz
RIGURE 7 — POWER GAIN AND AGC TEST CIRCUT c1 o— 80-450 pF
{455 kHz and 10.7 MHz) c2 . J— 5.0~80 pF
A c3 0.05 pf 0.001 uF
Input : cs 0.05uF | 0.5 uf
Rg = 50 Q2 L ' . €5 0.001 uF 36 pF
v C6 .| 0OSuF | 0.05uF
c2], 3] =|- ca 005 uF | 0.5 uF
&5 36 20 4 e L - 4.6 uH
c1 o . T1 Note 1 Note 2
MC1350P i Output ‘Nots 1. Primary: 120 uH (canter-tapped)
- . ! 1) Ta, = son Qy = 140 at 455 kHz
5.1k |5 69479 8 . Primary: Secondary turns ratio = 13
Vage* e—w—1—1c7 ce . Note 2. Primary: 8.0 uH
N Peimary winding = 24 turns #36 AWG
'Grou'ndnd for - T <+ +— Iclose-wound on 14 * dia. form)
maximum power gain. = -

Care = Carbonyl E or J
Secondary winding = 1-3;2 turns #36 AVYG, 1.4° dia.
{wound over center-tap}

:

T 3.7 2987 1F Amp anaidigasled .

dqaiﬁ1ﬁqaLﬁuﬁq§ﬂﬁ 3.4

Nof oy
Qs =HhofHr i—{O’q-.‘)OPF:’ T1 I

o/p
r_s & v Fz R,z sSon
o1 F

. o v X
gﬂn 3.8 UAAIIAT IF Amp-Na¥19%u




8.7 KT VCO ﬁqtﬁﬂﬁgmqmgﬂﬂﬁuﬁLuﬁﬂu 21.4 MHz

Yin
%1.51 Ko

nowﬁnﬂuﬁqzuﬁ 3.9

o+BV

T uF
19“76V if Fkﬂfﬂ____ﬂgif;L

ol ]

01/“ ;l— 14 12 10 3

) MC 1643

o.}a%f °-’/“F

Ut 3.9 435 veo ﬁﬂtﬁmﬁmmwmzﬂﬂﬁuﬁtuﬁﬂu

& o " o 1 Ci’Cl ' C!.l < =] Q( L ‘;/
AINMTUM MV2108 TRn C ﬂOuWﬂT?RLWQﬂWGWLNDﬂWﬂWTTL??ﬂqquﬂ G euU

V.. | Aicuesveiesiit | drcrosmvaiosinge ACT
(V) (pF) (pk) (pF)
1 49.6 44.3 23,51
2 36.8 34.7 17.86
3 31.8 29.0 15.17
4 28.3 26.2 13.60
5 25.9 23.9 12.43
6 24,1 22,0 11.50
7 22.5 20.8 10.81
8 21.8 18.7 18,23
9 20.4 18.7 9.76
10 19.3 17.9 9.29
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M F = 1729 [1¢

L= 1/¢295)Ye

fuua £ = 21.4 MHz
o & o
gedin L = 3.65 lulpsioud
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e 130° S kift
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TaiTan Tinsuda 1 nad dioTidanafisedy "High" uae "Low' §imneauiylod
CMOS CraHCea uar 7anc7s)  hdyyad luwod i i dneasmsane 494
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4=k WaudRou TuTwanontfa (rogeLs vl udyguaned 10,7 wez

§| o v & o 6 & L. (Y] .

lnans Benfutuirdignud lusoalnsiud ity 19109580 e Cinvertor Toel4108
& . av va % [ ﬁ ) o R

7aHCo4 i s a0 L i 9 9w a0 9 Lamuniae L udyymennafi1e.

"Inn ) 1 ’ CI’ i [} o 3 .ﬁ. [+ 1 4 ‘N‘
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HzV 1090 10.9 MH3,
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=) (T 1 L
Y 0.4 pF
Heos IR0 g i I
oz, “ 74 HC 73 )

J o E_rz W i c
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TU% 8,12 939 1 UdTWLs0T 90
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3.9 1qq7§ﬂuauﬁuazgﬂﬁatﬁa?
o - s [V . W 4
NIMUGRWY I BPSK 160.7 MHz Sredudaguttiifly 100 mv (rms) 909745290901
[ 73 CI‘!‘ d' o
aawayaLﬁu 1.544 Mb/s  uaen17Head0ed15luia 10 AML09iin
NN 2,19 g ndiile 5% Fow b = 4.5

. a Vv o § a
10 auwaeiin ity 69.3 uaiSadl.8a

w_ = 4.5/%

b = 69.3(1/10.7%18°°%) = §.4767 //LS '
W, T .4.5/(6.4767%10°°) = 694798.27

£oo= g ol = 110.58 kHz
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270 VCO K =9.30 % 10°° pad/s-V

K, =a% 74 = (@.10%K /4 = 0. 0025K _
G
31 6 = £¢%L_§
T = 256
Wn
R,= T2 = 26
(o8 wn

finwun C = 330y pF

- a I'4
2%0.8 / (694798.27%3300%10° ' %) = 6.978 Aaloy
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2
AN Ti= Koka
Wb,
v K = 50
T = 2.41%10°
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MC1648/MC1648M

VOAWTIGL-

" ONTROLLED

OLCILLATOR

Blas Point 10
Tank

Outpnre

Iaput Copacitanee = Gl yp

Maximum Series Resistance for L (External
Inductance) = §0 {2 1yp

Power Dissipntion = 150 mW yp/pi g
{(+5.0 Vue Supply)

Maximum Output Frequency = 224 MM/ 1typ

The MC16G48 requires an external parallel
tank circuit consisting of the inductor (L)
and capacitor (C),

A varactor diode may be incorporated into
the tank clteult to provide a voltagr variahle
input for the oscillator (VCO), The MC1G64a8
was designed for use in the Motorola Phase
Locked Loop shown in Finute 9, This device
may olso be used i many other applications
requiring o fixed or variabie freq‘n-n(v clock
sourco atl high epocital purny (Gee fapne 2.)

The M 16LAN many Lo oserpterd frong p o 0
Ve supply or n -5H.21Vde subply, depending
upon system requirements,

Supply Voltage Gnd Ping Supply Pine

+5.0 Vde 7.8 1,14

-5.2 Vac

1,14

i
i
i
|
§

L SUFFIX P SUFFIX F SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE CORAMIC PACKAGE
\\ * CASE 632 CAST 846 CASE 607
FIGURE 1 - CIRCUIT SCHEMATIC
[ vee? B ¢
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MC1648/MC1648M

FIGURE 3 = TESY CIRCUIT AND WAVEFORMS ™
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OPERATING CHARACTERISTICS

Figure 1 illustrates the circuit schematic for the
MC1648. The oscillator incorporates posigive feed.
back by coupling the base of transistor 06 10 the
collector of Q7. An automatic gain control (AGC()
is incorporated to limit the current through the
emitter-coupled pair of transistors {Q7 angd Q6 ) und
allow optimum frequency response of the oucillaicn

In order to maintain the high Q of the oscitlato-,
and provide hipgh spectral purity at the outpus,
transistior Q4 is used 10 transliate the oscillator sig
nal to the output differential p‘air Q2 and Q3.
Q2 and 03, in conjunction with outpul transistor
Q1, provides a highly buffered oviput which pio-
duces a square wave. Transistors Q9 and Q11 pro-
vide the bias drive for the oscillator and output
buffer. Figure 2 indicates the high soectral purity
of the-oscillator output (pin 3}.

When operating the oscillator in the voltage
controlted mode (Figure 4), it should be noted that

FIGURE 4 ~ THE MC1648 OPERATING IN THE VOLIACGT
CONTROLLED MODE

Quipuy

the cathode of the varactor diode (D) shoutd tn
biased at least 2 Ve above Veg (1.4 V (o1 pos.

itive supply operation).

When the MCI648 1 ustd vith a constant e voltage
10 the vaiactor chode, the vutput frequency wel vary
shightly brecause of mteinal nose This variation plotted
VEISUS 00 ating "l‘(llu'l\‘(y 0 Fguee §

FIGURE 5 — NOISE DEVIATION TEST CIRCUIT AND WAVEFORM
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TRANSFER CHARACTERISTICS IN THE VOLTAGE CONTROLLED MODE
USING EXTERNAL VARACTOR DIODE AND COIL. Tp = 25°C

Yesr OUTPUT FREQUENCTY (M)
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Typical transfer characteristics for
oscillator in the voltage controlled mode ore
shown in Figures 6, 7, and B. Figures 6 and 8
show transfer, characteristics employing only
the capacitance of the varactor dinde {plus the
Input eapacitanen of the oscillatorn, 6 pf 1yl
cal), Flgure 7 iHustrates the osclitntor opeeating
in a voltage controlled_mode with the ouinyt
frequency range limited. This_is achieved by
ndding a capaclior In paraliel with the 1ank
circuit as shown, The 1 k2 resistor in Flguresh
and 7 _is_used 10 protect the varactor dioide
during 1testing. It is not necessary as long
as the dc input voltage does not cause the dicde
to become forward biased. The targer.valued
resistor (63 k§1) in_ Figure 8 is required 1o
provide isolation for the high-impedance.
Junctions of the two varactor diodes.

The 1twuning range of the oscillator in the
voliage controlled mode may be calculated as:

Imax _ NCplmax) 4 Cq
Tmin VCpimin) ¢ Cg

1

2/ LICHmax) 4 (-:_c:;

CS = shunt capacitance {input plus external
capaciian o),

whera fhin =

Cp ~ vatacior copactance a* a function
of bias voliage.

Good NF and low-frequency hypassang s

necessary on the power {Gre

Figure 2.)

supply  ping,

the

“Capacitors (C1 ana C2 of Figure 4) shoulu

be used to bypass the AGC point'and the VCO
input  (varactor diode),
dc levels at these points, .

For output frequency operation hetwean
1 MH2 and 10 MH2 A O piF canaciion is sutll

guaranteeing  only

cinnt tor C1 and C2. A highae frornuem tos,

smaller values of canacitance should e yaed;
at tower frequencies, larger values of capaci-
tance. At high frequencies the value of bypnss
capacliors depands ditectly upon the Physical
layout of the system, Al bypasung thould bo
as close 1o the package pins as posuible 1o
minimize unwanted fead inductance,

The peah 10:peak swing of the tank cowcuit
is_set internally by the AGC circuitry. Since

voliage swing of the tank circiunl provides the
drive for the output butfer, the AGC poienitial
directly affects the output waveform, If it is
desired 10 have a sine wave at the output of
the MC1648, a series resistor is tied from thae
AGC point to the most negative pownr poten.
val (ground o1 +5.0 volt supply is used, -5 2
volts il a negative supply 18 used) ae shown in
Figure 10,

Al frequencing above 100 Mtz 1yp, it may
be desirable to increase the 1ank circuit penk
10 peak voltage in to shape the signal
AU e outpnt of the MCIGAH Thia iv act om

wrglar

fhsheo Ly tying a seres resistor {1 4§21 ninl
mum,; tom tha AGC to the most positive
power potential {(+~Hh 0 volte it o+ 5.9 volt sun.
0.2 volt supply s
used), Figure 11 itlustrates this g.ancipte,

Ply 08 used, grovnd if p

APPLICATIONS INFORMATION

The phase locked loop shown in Figuie 9
iflustrates the use of the MC1648B as a voltage
controlled oscillator, The figure illusirates
a frequency synthesizer useful in tuners for
FM broadcast, general aviation, maritime and
tandmobile communications, amateur and
CB receivers, The system operates trom a single
+5.0 Vdc supply, and requires no internal trans.
lations, since all components are compatible,

Freguency generation of this type offers
the advantages of single crystal operation,
simple channel sclection, and elimination of
special circuitry to prevent harmonic lockup.,
Additional features include dc digita! switching

{preferable over RF switching with a multiple
crystal sysiem), and a broad range of tuning {up
to 150 MHz, the range being set by the varacior
diode},

The output frequency of the synthesizer
loop is determined by the ;ciercnco frequency
and the number programmed at 1he program
mable counter: 1., Nfiat. The channet
sPacing is equal 10 frequency (1, 4¢),

For additional \nformation on applications
and designs for phase locked loops and cigital
frequency synthesizers, .sre Motornta Abphlica
tion Notes AN 532A, AN 535, AN 553, AN
5G4 or AN594,



FIGURE 9 ~ TYPICAL FREQUENCY SYNTHESIZER APPLICATION
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Figure 10 shows the MC1648 in the variable {requency
mode operating liom a +5.0 Vdc supply. To obtain a sine
wave 3t the output, a resistor is added from the AGC

cireuit {pin 5V to Vgg

Figure 11 shous tht MC1642 10 the variable froquency
mzde operating trom 4 4+5.0 Vde supply. To extend the
uselul range of the device {maintain a square wave outpu!
above 175 MHz}, a resistor is added to the AGC ir¢unt at
pin 5 {1 k-ohm minimum).

FIGURE 10 - METHOD OF OBTAINING A SINE-WAVE OUTPUT

Figure 12 shows thet MC1648 opriating from +5 0 Vde
and 49.0 Vdc power supphes. This permits a higher voltage
swing and higher output power than is potubic from the
MECL outpul (pin 3. Plots of output povier vetsus total
coliector load resistance at pun 1 are given in Figures 13
and 14 for 100 MH7 and 10 MH: aperation. The totat
collector load inchudey R in paraliel with Rp=of L1 and
C1 at resonance The c:timum valie for R at 100 MH2 1
approvimatcly BL0 vims,

FIGURE 11 - METHOD OF EXTENDING THE USEFUL RANGE
OF THE MC1648 (SQUARE WAVE OUTPUT)

Lo

A0 Output

*S 0 Vdc
[
Y 14
10 3 Quipul

1% nun
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@ MOTOROLA

MONOLITHIC IF AMPLIFIER

- - - 8n integrated circuit featuring wide range AGC for use as an
IF amplifier in radio and TV over the temperature range 0 to
+75°C. The MC1352 is similar in design but has a keyed-AGC
amplifier as an integral part of the same chip.
® Power Gain — 50 dB Typ at 45 MHz

— 48 dB Typ at 58 MHz

AGC Range — 60 dB Min, dc to 45 MHz

Nearly Constant Input and Output Admitiance Over the Entire
AGC Range

MC1350P

IF AMPLIFIER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

All windings #30 AWG tinned nylon
acetate wire tuned with Carbonyl
€ or J slugs.

® y21 Constant (- 3.0 dB) to 90 MHz \
® Low Reverse Transfer Admittance — << 1.0 rmho Typ PYSUFFIX
® 12-Volt Operation, Single-Polarity Power Supply PLASTIC
PACKAGE
MAXIMUM RATINGS (Tp = +25°C unless olherwise noted) CASST 04
Rating Symbol Value - Unit
Power Supply Voltage v 118 Vdc
Qutput Supply Voltage Vi, Vg +18 Vdc ® ﬁ
AGC Supply Voliage VAGC vt Vide ¢
Differential Input Voltage Vin 5.0 Vde D SUFFIX
Power Di {Package Limitation) Pp PLASTIC PACKAGE
Plastic Package 625 mw CASE 751-0
Derate above 25°C 5.0 MmWAC 50-8
Operating Temperature Range TA Dto +75 “C
FIGURE 1 — TYPICAL MC1350 VIDEO IF AMPLIFIER
AND MC1330 LOW-LEVEL VIDEO DETECTOR CIRCUIT
0.002 uF 479 220 118 Vde
(—Wv l *v‘uv...-__..]
= Q.1 uF 33k Auxiliary Video |
0.001 uF :__I.: 68 pF o Outout oV L hore !
_r‘ VVV'ﬂ(" Pumary Video
T 22 Ti v 5 1 and Sound Output
1TV — — .
45 MHz
input 3 50 MC1330 $39k
Of—r
12 pf
b~ 8 3 33 p 2 1
5.0 —e AFT Output
k 39k
Ly
1l
AGC "'1[ 5 l ¥
e 16 16
] Lm_f:}_l (] | o
3 LT e e 10 |
Turns <~ Turns 4 Turns 16

L1 wound with #26 AWG tinned nylon
acetsle wire tuned by distorting winding,
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iMC1350P
ELECTRICAL CHARACTERISTICS (v * 2 12Vvde; Ta 425 C unless otherwise noted)
Characteristic Symbol Min Typ Max Unlt
AGC Range, 45 MHz (5.0 Vto 7.0 V) (Figure 1) 60 68 —_ []:]
Power Gain (Fin 5 grounded via a 5.1 k{} resistor) Ay dB
f -~ 58 MHz, BW - 4.5 MH: See Figure 6(a) - 48 -
I = 45 MH2, BW 4.5 MHz See Figure 6(al,tb) 46 50 -
f = 10.7 MHz, BW 350 kHz : — 58 —
: See F 7
[ 455 kHz, BW ~ 20 kHz ee Mgure - 62 —
Maximum Ditferantial Voltage Swing Vo Vp_p
0dB AGC - 20 —
~-30 dB AGC - 8.0 —
Output Stage Current (Pins 1 and 8) I+ 1g —_ 5.6 — mA
Total Supply Current {Pins 1, 2 and 8) Is — 14 17 mAdc
Power Dissipation PD — 168 204 mw
DESIGN PARAMETERS, Typical Values (V ' 12 Ve, Ta + 25 € unless otherwiso noted)
Frequency
Parameter Symbol 455 kHz 10.7 MHz 45 MHz 58 MHz Unit
Single-Ended Input Admittance a1 o 0.36 0.39 0.5 mmhos
by 0.022 Q.50 2.30 2.75
Input Admittance Variations with AGC AYTIRY — —_— 60 — phos
(0 to 60 dB) Abyy N = 0 .
Differential Qutput Admitlance 922 4.0 4.4 30 60 umhos
h22_ 3.0 110 390 510
Output Admittance Variations with AGC Aygo - - 4.0 —_ umhos
{0 to 6O dB) b2 i — 90 —
Reverse Transfer Admittance {(Magnitude) lv12l w10 <<1.0 < <10 <10 umho
Forward Transfer Admittance
Magnitude ly21l 160 160 200 180 mmhos
Angle (0 dB AGC) v21 5.0 - 20 - 80 - 105 degrees
Angle (-~ 30 dB AGC) Y -3.0 -18 -69 -90 degrees
Single-Ended Input Capacitance Cin 1.2 7.2 74 7.6 pF
DiHterential Output Capacitance Co 1.2 1.2 1.3 1.6 pF
FIGURE 2 — TYPICAL GAIN REDUCTION FIGURE 3 — NOISE FIGURE
{Figures 6 and 7) {Figure 6)
0 1 0.1 mA ]
AGC R PR
3] \
D ou S —_
<
3 ——
5
2 - e - -
o
]
o —]
s
oo
AGr  072mA
o : L
40 10 0 10 20 30 40
Vage tvi

GAIN REDUCTION (dB)



MC1350P

GENERAL OPERATING INFORMATION {continued)

FIGURE 7 — POWER GAIN AND AGC TEST CIRCUIT
(455 kHz and 10.7 MHz)

Input
Rg = 5011 | "2V
czl ;C3I
T C4
T
C S
2l n
N i: Output
5. . y RL = 5010
VAGC' @ ‘v“ a{
*Grounded for

maximum power gain.

Frequency
Component| 455 kMHz 10.7 MHz
c1 — 80-450 pf
c2 - 5.0~80 pF
Cc3 0.05 uF 0.001 uf
o] 0.05 uF 0.05 uf
Ccs 0.001 uF 36 pf
c6 0.05 uF 0.05 uF
c? 0.05 uF 0.05 uf
R} — 4.6 pH
T Note 1 Note 2

Note 1. Primary: 120 uH (center-tapped)
Qy ~ 140 at 455 kH2
Primary: Secondary lurns ratio + 13
Note 2. Primary: 6.0 uH
Pritnary winding = 24 turns #36 AWG
[close-wound on 14 * dia. form)
Cora - Carbonyl E or J
Secondary winding = 1-1°2 turns #36 AWG, 1 4" dia.
fwound over center-tap)

TYPICAL CHARACTERISTICS

V+ =12V, Tp =
FIGURE 8 — SINGLE-ENDED INPUT ADMITTANCE
5017 - 500
W -4 AU P A 400
1 _4_"!'/ 4
f. U iy LA LG 2wl
Z - LA 114 Sw
B
- / -4
10 ; 100
L —1 an] 41
B 111
0 i I = 0
0 20 ) 5070 100
FREQUENCY (MHz)

FIGURE 10 — DIFFERENTIAL OUTPUT ADMITYANCE

10 1 ! ' '
(Singla-ended output % l ﬁ
admittance exhibits

081 twice thase values D

- et
£ b:
06}--— 2
£ //
=, -
=
F-)
gor /
| .. //

0} - L]

L ' a2

0 /_I_/_

10 2 0 40 5 0100

FREQUENCY (MH:)

For additional information see “A High-Performance
Monolithic IF Amplifier Incorporating Electronic Gain

+ 25°C)
FIGURE 9 — FORWARD TRANSFER ADMITTANCE
e N LI [ ] et Habgam|®
bt - bt -+ H
N
4. - LY L4444 @0
B {max gain)
/1| | - ¥21 tmax gai .4..\\,__‘- 1 B
&8
- 4 -4 114{4---F+ i f~ FiH -80 &
T AN &
S FHIE A N E
\ =
et o d ol - - 0 &
ol 3
7 (71 \&*
\\ 160
200
1.0 20 30 50 10 0 0 S0 100
FREQUENCY (MHz)
FIGURE 11 — DIFFERENTIAL OUTPUT VOLTAGE
80 ANET" 4 I o
270 i 1 l . —
e Vi oy
o 60N~ - 4 .-
2] \ /
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e
S 40 e VEE =2V L L VG
o
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GAIN REDUCTION (d8)

Control,” by W. R. Davis and J. E, Solomaon, IEEE Jour-
nal on Solid State Circuits, December 1968.



National
Semiconductor

microCMOS

MM54HC73/MM74HC73 Dual J-K Flip-Flops with Clear

General Description

These J-K Flip-Flops utilize microCMOS Technology, 3.5
micron silicon gate P-well CMOS. They possess the high
noise immunity and low power dissipation of standard
CMOS integrated circuits. These devices can drive 10 LS-
TTL loads.

These flip-flops are edge sensitive to the clock input and
change state on the negative going transition of the clock
pulse. Each one has independent, J, K, CLOCK, and
CLEAR inputs and Q and O outputs. CLEAR is indepandent
of the clock and accomplished by a low level on the input.
The 54HC/74HC logic family Is functionally as well as pin-
out compatible with the standard 54LS/74LS logic family.

All inputs are protected from damage due to static dis-
charge by internal diode clamps to Ve and ground.

Features _ .
m Typical propagation delay: 16 ns

u Wide operating voltage range: 2-6V

B Low input current: 1 pA maximum

@ Low quiescent current: 40 pA (74HC series)

& High output drive: 10 LS-TTL loads

Connection Diagram

. Dual-in-Line Package

] a1 Qt GO K2 Q2 G2
14 13 12 l" lw 9. 8
A w. 1

[ [ [ Q
(-1 ] CLn
s O Kox
— 7
1 2 [: ll 5 ) 7
Cxi CLRY K1 vVee ClK2 CR2 32
TOP VIEW TUF/507221
MM54HC73/MM74HC73
54HC73(J) 74HC73 (J,N)

. Logic Diagrams

CLEAR

Truth Table

inputs Outputs
CLR CLK J K| Q Q
L X X X L H
H l L Lo 0o
H 1 H L} H L
H d L H L H
H d H H | TOGGLE
H H x x| Go
{>°_° cL &
i
Hih g
 { —1 ¥
=8 c
3 T ¥

TL/F/5304-3
TL/F/5304-2




Absolute Maximum Ratings (otes 1 & 2)

=

Operating Conditions .

Supply Voltage (Vo) =0.51t0 +7.0V . Min Max
DC Input Voitage (Vi) =1.5t0 Ve +1.5V Supply Voltage(Vce) . 2 6
DC Output Voltage (VouT) —0.510 Vcc+0.5V DC input or Output Voltage 0 Vee
Ciamp Diode Current (hik. lox) 120 mA - (VinVouT) :
DC Output Current, per pin (loyr) +25mA Operating Temperature Range(Ta) -
DC V¢ or GND Current, per pin (icc) +50 mA MM74HC —~40 +85 (] 'n
Storage Temperature Range (TsTg) ~65°Cto +150°C MM54HC -55 = +125 c - :;4
Power Dissipation (Pp) (Note 3) 500 mW Input Rise or Fall Times *;
Lead Temperature (T() (Soldering 10 seconds) 260°C (t.t)  Vec=20V 1000 ns 3
Veo=4.5V 500 ns
. Voo =6.0V 400 ns
. . . «?
DC Electrical Characteristics (ote 4) 3
‘ - 74HC 54HC 3
Ta=25C . . .. 3
Symbol Parameter Conditions Vee Ta 20085°C | %y 8510125°C Units™;
Typ Guaranteed Limits 4
Vi Minimum High Level 2.0V 1.5 15 1.5 v i
Input Voitage 4.5v 3.5 3.15 3.15 v i
6.0V 4.2 4.2 4.2 v 4
Vi Maximum Low Level 2.0V 0.3 0.3 03 v §
Input Voltage 4.5V 0.9 0.9 0.9 v 'fg
6.0V 1.2 1.2 1.2 vV g
Vo | Minimum High Level | Vin=ViorVy i
Output Voltage oyt <20 nA 20v | 20 | 18 1.9 1.9 v
4.5V | 45 4.4 4.4 4.4 v
6.0V | 60 5.8 5.9 59 v i
’ = g
Vin=ViqorVy » X i
llouTl<4.0 mA 45v | 42 | 3.98 3.84 3.7 v .f
lloytl 5.2 mA 6.0V | 57 | 548 5.34 , 5.2 v =
Voo Maximum Low Level | Viy=ViyorVy. - 1
Output Voltage lloutl<20 pA 20v| o0 0.1 0.1 0.1 v
4.5V 0 0.1 0.1 0.1 V. &
6.0v 0 0.4 0.3. 0.1 \
VIN=ViHor Vi,
lour|s4.0maA 45V | 0.2 | 0.26 0.33 0.4 v
’ llout|<5.2 mA 6.0V | 02 | 0.26 '0.33 0.4 v
N Maximum Input Vin=Vcc or GND | 6.0V +0.1 $1.0 £1.0 BA
Current s
lcc Maximum Quiescent | Viy=Vgc or GND | 6.0V 4.0 40 80 HA
Supply Current lour=0 pA

Note 1: Absolute Maximum Raungs are those values beyond which damage to the device may occur.
Note 2 Unless otherwise specifivd all voltages are referenced 1o ground.
Note 3: Power Dssipation temperature deratng — plastc “N” package: —12 mW/°C from 65°C to 85°C; ceramic “J" pachage: —12 mW/*C from
100°C to 125°C.

Note 4&: For a power supply of 5V 1 10% the worst case output vollages (Vo and Vou) occur tor HC at 4.5V. Thus the 4.5V values should be used when
0OSigrung with s supply. WOrst €ase Vi and Vy, occur @t Vo= 5.5V and 4.5V respectively. (The Vi value at 5.5V is 3.85V.) The worst case leahage current (I,
lcc. ana Ipz) occur for CMOS at the hgher voltage and so the 6.0V values should be used.
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microCMOS

MM54HC04/MM74HCO04 Hex Inverter )

General Description

These Inverters utilize microCMOS Technology, 3.6 micron
silicon gate P-well CMOS, to achieve operating speeds simi-
lar to LS-TTL gates with the low power consumption of stan-
dard CMOS integrated circuits.

The MM54HC04/MM74HCO4 is a triple butfered inverter. it
has high noise immunity and the ability to drive 10 LS-TTL
loads. The 54HC/74HC logic family is functionally as well as
pin-out compatible with the standard 54L.S/74LS logic tami-
ly. All inputs are protected from damage due to static dis-
charge by internal diode clamps to V¢ and ground.

Features .

W’ Typical propagation delay: 8 ns

® Fan out of 10 LS-TTL loads

m Quiescent power consumption: 10 uW maximum at
room temperature

u Typical input current: 1075 A

Connection Diagram

Dual-In-Line Package

i
+
i
!

vee as v ¥s§ A Ya
lu 3 lu '11 Iw Jn 'n
’ l| lz 3 Is Is ]1
’ a1 Y1 A2 A3 %) GND
TL/IF/5068-1
’ TOP VIEW
MMS54HCO04/MM74HCO4
54HCO4 (J) 74HCO4 (J,N)
-Logic Diagram
R | . |

TLIF/5060-2

1016 inverters




Absolute Maximum Ratings mows 14 2 ' Operating Conditions

Supply Yoltage (Vcc) —0.510 +7.0v Min Max Units
DC tnput Voltage (Vi) =150 Voo +1.5v Supply Voltage(Veo) 2 6 1
DC Output Voltage (Vour) ~0.510 Ve +0.5V, DC Input or Output Voitage 0 Vee v
Clamp Diode Current (li, lok) 120 mA Vin.Vour)
DC Output Current, per pin {loyt). 25 mA Operating Temperature Range(T )
DC Vg or GND Current, per pin (icc) +50 mA - MM74HC . -40 +85 “C
Storage Temperature Range (TsTg) —65'Cto +150°C MMS54HC =55 +125 ‘C
power Dissipation (Pp) (Note 3) 500 mwW Input Rise or Fall Times
Lead Temperature (T|) (Soldering 10 seconds) 260°C {tt) Veg=2.0V 1000 ns
Ve = 4.5V 500 ns
Vee= 6.0V 400 ns
DC Electrical Characteristics (ote 4) .
' ) 74HC 54HC
Ta=25C . \
Symbo! Parameter Conditions Vee Ta 401085°C | Ta polo125°C Units
Typ Guaranteed Limits
" Vi Minimym High Level 2.0v 1.5 1.5 1.5 v
Input Voltage 4.5v 3.15 3.15 3.15 v
6.0V 4.2 4.2 4.2 v
Vi Maximum Low Level 20V 0.3 0.3 0.3 v
: Input Voltage 4.5v 0.9 0.9 0.9 v
6.0V 1.2 1.2 1.2 Vv
Vou Minimum High Level | Vin=V.
Output Voltage llouti<20 pA 20v | 20 | 19 1.9 1.9 v
4.5V | 45 4.4 4.4 4.4 Vv
6.0V | 6.0 5.9 5.9 5.9 v
VIN=ViL |
lloutl<4.0 mA 45V { 4.2 | 398 3.84 3.7 v
loutl<5.2 mA 60V | 57 | 5.48 5.34 5.2 v
Vot Maximum Low Level | Vin=Viy )
Output Voltage llouT| <20 pA 20v | o 0.1 0.1 0.1 v
4.5V 0 0.1 0.1 0.1 v
6.0V 0 0 0.1 0.1 v
VIN=Vix
lloutl<4.0 mA 45v | 02 | 0.26 0.33 0.4 \Y
.| llourlss.2ma 60V | -0.2 | 0.26 0.33 0.4 v
N -Maximum Input ViN=Vccor GND | 6.0v 1041 £10 £1.0 nA
Current .
lcc Maximum Quiescent | Viy=Veg or GND | 6.0V 2.0 20 40 BA
Supply Current louTr=0 pA

Note 1: Absolute Maximum Ratings are those values beyond which damage 10 the device may occur.
Note 2 Unless otherwise specified ali voltages sre referenced 1o ground.

Note 3: Power Dissipation temperature derating — plastic “N* package: —12 mw/°C from 65°C 10 85

100°C to 125°C.

Note 4 For a power supply of 5V 4 10% the worst case output vohages (Vou, ana Vo ) occur for HC
0esigning with this supply. Worst case Vi andt Vi occur at Voo = 5.5V and 4.5V respectively. (The V),

Icc. and loz) occur for CMOS at the higher voltage and $0 the 6.0V vaiues should be used.

°C; ceramic “J” package: —12 mW/°C trom

at 4.5V, Thus the 4.5V vaiues should be used when
i value 81 5.5V Is 3.85V.) The worsi case teakage current (k.




ORDERING INFORMATION

Device Temperature Range Packago
oo P we  Sota MC1496
MC 14956 0°Cto + 70°C Matal Can
MC1496L 0Cto + 720C Ceramic DIP
MC 14968 0"Cto 1 20C Plastic DIP Mc 1 596
MI596G 55°Clo + 125°C Matal Can
MC1596L 55°C 1o 1 125°C Caranvic DIP
! 3 ) - . »
i Specifications and Applications BALANCED
Information MODULATOR — DEMODULATOR

BALANCED MODULATOR - DEMODULATOR

designed for use where the autpan voltage is a product of an
input 'voltage (signat) and a switching function (carner). Typmeal
applications include suppiessed cartier and amplitude modutation,
synchronous detection, FM detection, phase detection, and chopper
applications. Sew Motorola Application Note AN-531 for additional
design information.
o Lxeetlent Carties Suppression G4 (B typ & 0.5 MH,

S50 dB typ e 10 MH,

® Adijustable Gain and Signal Handling
® Bakmeed nputs and Ontputs
i ® High Common Mode Rejection 85 di3 lyp

SILICON MONOLITHIC
INTEGRATED CIRCUIT

FIGURE 1
SUPPRESSED-CARRIER
QUTPUT WAVEFORM

FIGURE 2
SUPPRESSED CARRIER
SPECTRUM

FIGURE 3 -

OUTPUT WAVEFORM

G SUFFIX ;
METAL PACKAGE

‘4

2
/ CASE 603-04
S
Vee
/ v Signal Output
(=)

Ju tnput Carrier
Gain Adjust(V Input

+ Carrier

Gain Adjust ©, Input
Signal Input ™ + Quiput

Bias {Top View)

, L SUFEIX

s ! CERAMIC PACKAGE
[ | CASE 632-02
4
1
D SUFFIX

L. PLASTIC PACKAGE
G CASE 751A.01

) S0-14

P SUFFIX
PLASTIC | ]
PACKAGE 14 “ “
CASE 646-05 1
+ Signal
Input (7]
Gain Adjust L

Gain Adjust Output
Signal ¢ ; ANC
1 -
nn“[;ms f.‘ A Carriar Input
1 Output ! R |cCarrior
Ne 1

Input {Top View)

FIGUARE 4 AMPLITUDE MOMILATION SPECT nem

AMPLITUDE MODULATION

fyf {audNMe
"'hu-m"
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MAXIMUM RATINGS® (T4 +25VC unless Gtheiwise iated)

Rating Vatun et
vt Vot T - - vih
Wy, vy Vi ViV vy vy vy Yy v, Yy,
Vi Va Vi, Vg Voo v, vy !
(atterent Vih
- QI L 4 JR—
o e Curgent o
Thwernal Husaalancs, Jutic ioss Lo An BCiw
. Dual in Line Packaye
Mutsl Pachaye
Opwetoting §enpurature Hange L
MU 14, Wi et
ML 1590 ~bh 1o 112Y
S10raype Feiiperature Range <G5 1w 1 150 ¢
i
ELECTRICAL CHARACTERISTICS® tvge « +12 Vie, VEE * -8 0 Viie, 5 * 1.0 mAde, AL < 39k82 Ag=10k8Y
TA  +26°C untess utheiwise noted} (AN tpul aind Gutput characterties we singte eoded unless atherwise noted )
MC 1596 MC 1496
' A Charectensiie Symbol Typ | Max Typ Unit
7 Catres Fedinrough Verr wVhonl
Ve B0 mVirmis sine wave and lc-108H: 40 40
olbset sdjusted 10 suru Ic 10MH. 140 140
' Ve 300 mVp p squane wave I
L ot whusted 10 sens tc 10KH, aoal| o2 [T
L olws 0ot wdusted Ig 1 0&e Y UM T 0
[ Castars Supnmesaron Ves an
Iy 10 KH., 300 Vi)
Ic 500 kHZ 60 MV il aine wave GY [
tc 10 MHz 60 Vil sne weve %0 40 S
T ! e B, M tel 1Ry 50 ohans) BW MH,
Caroer loput Port, Ve 60 mVinm) aine wave 300 00
fy 1 OhHe, 300 iV itms) sine wave
Sugaat Ingnat Pore, Vi 300 mVios) sine wave HO Ha
Ivel 04 va
Sugnat Gun L P su] T AT 22
Vo 100 Ve L F0RM2 vl 0L vk
Single Eaded luput Linpedance, Sigoal Port, | 5 0 MH,
Parstiet dnpat Hesslance e 200 200 (%4
Paraltet Input Copratatsge 20 20 ol
Sugte Exwied Oriigmd 1 T T A —— - T
Purgiiet Uutput Husist, fap 40 au (3%
Paratiel Qutpit Copran otainee Cm we o »h
toput Beas Cusrenmt T - }Am‘—
1y elg 1y 4y [l 1212 12 30
[ [y ! & :
A o ) e 12 ] » 12| x
1 tpat Ottt Carrant oA
[T TN Y PR R usr] o [y
[ ] 0/
o Avecage Temperature Coethivwnt of gt Oitet C, KX 20 WA
L Ta -559Cro ¢ 125%C)
' Output Oftser Current liggl 1| so 1 My
(g - gt
Avesage Tenywrature Corthicient uf Output Oltset Cusrent HCpal 90 i nAoC
1Ta  -969%C w (12s0Ct
(¥ 10as Mot lnput Sweey, Sgngt Port, fs 1 ONH2 CMmy Lo LR Vin
" Cominon Mode Gans, Snat Port 1 1 0 Rhy7, acMm i 'y i
Ivel ub v
" CommonMoue Quutsient Output Vattage (P 6 ar Prer 91 v, Ho B0 Vil
Osfterential Oulput Voltege Swing Capatitity Vour ) 80 Ve
“Pawer Supasty Cutrent AU
161 iy Icc 20| s0 20
M 1 30 K
© ho IEE 30 | au 30
[ D€ Power Dussipaion Py a4 33 nuy

* Pin number reterences periein to this device when pack el 11 0 AWl cen To adew Lain the CaTTesponting gin .
1 page 01 M apecificanion st

l COraMIC PUCh ayed) UeviCes raler 10 the

$ 107 plasig or




GENERAL OPERATING INFORMATION *

Note ¥ — Carriar Fuediheough

Caroier feedthrough is delined as the output voltage at carrier
frequency with only the carrier apphied {signal voltage * 0).

Carrier null is achieved by balancing the currents in the differ-
ental amplitier by means of a bias thm potentiometer Ry of
Figure 5),

Note 2 — Carrier Suppression

Carrier suppression is definert as the ratio of each swdeband out-
DUl 1o carrer output lor the carrier and signal voltage levels speci-
tied.

Carrier suppression is very dependent on carrier input lgvel, as
shown in Figure 22. A low value of the carrier does not fulty
switch the upper switching devices, and rosulls in fower signat
gan, hence lower carrier suppression, A higher than ogimum car-
ne level results in unnecessary device and circuit carrier feed-
through, which again degenerates the suppression figure. The
MCI1%9G has been characterized with a 60 mVirms) sinewave
carner inpot sgnal - This lavel prowvides optimum carrier suppres-
o0 w fiequunaes ain the vitmity ol 500 kHz, sad is
recommerdiad fer halas modubnoe  wpphentions,

Carrigr teadihrough s sndagmndent of signal level, Vs. Thus
cartier suppression can be maxirm sl by operating with large sig-
nal tlevels. However, a linear operating mode must be muintained
in the signat-input transistor paiw — or harmonics of the modulating
signai will be denerated and appear in the device output as spurious
sidebands of the suppressed carrier. This requirement places an
upper linut on inpul-signal amplitude (see Note 3 and Figure 20},
Note aiso that an oplimum carrier level is recommended in Fig-
wre 22 for good carrer suppression and minimum spurious side-
b qoareation

wr deedthiongh  Shiskduvy iy be iy (ISR
sparilave cougsliog Detween the e Wit
feads and the gutpit leads.

Note 3 - Signal Gain and Maximum Input Level

Signal gain tsingle-emierd) a1 low frequencies is defined as the
voltage goin,

A rbt-—-——ﬂL here r - 26my
VST Vg TR 2rg Ve fe T i TmA)

A constant dc potential is applied o the carrier input terminals to
fulty switch two of the upper transistors “"on’ and two transistors
“olFT (V¢ 05 Vdel Vs in elfect forms a cascorde dif lerential
wiliher,

Linear operation requires that tha signal input be below 3 ot
cal vatue doternuned by R and the beas current Ig

Vg < Ig Rg {Volis peak)

Nivte that wy the test cieust ot | e 10, Vg conesponds 1o n
v valie ol | voll penk

Note 4 - Common-Mode Swing

The commaon-muode swing is the voltage which may he applied
to both bases of the signal ddferential amplifier, without saturating
the current sources or without saturating the differentiat amplifier
1selt by swinging it inta the upper switching devices. This swing
is varmble depending on the particular circuil and biasing condi-
tions chosen (see¢ Note G)

Note 5 — Power Dissipation

Powar dissipation, P, within the integrated orcuit package
shoulit be cali ukited as the sunmation ol the voltage curtent prod
et at each pawe, e imsuinng Vo Vil gty and gnonaeg

base current, Pp = 2 15 (Vg — Vqgl + Ig {Vg — V1) where sub-
scripts refer 10 pin numbers,
Note 6 —~ Design Equations

The lbllowing is a partial list of design equations needed to
operate the circuit with other suppiy voltages and input condi-
tions. See Note 3 for R, equation,

A. Operating Current
The internal bias currents are set by the conditions at pin 5.
Assume:

Is=lg=lg
tg<<Ig for ail transistors

then;

Ag V—I'—Q -500 ¢t where: Rg is the resistor between pin
5 5 and ground
Br0.75Varla 1269C

The MC1096 has been charactorizod Tor the condition ig 10
mA and is the gener ally recommended valua.

8. Common-Mode Quiescent Output Voltage
Vg=Vg=Vvt—igR|

Note 7 —~ Biasing

The MC1596 requires three dc bias voltage levels which must be
sel axternally  Guidahines for setting up these thrae lavels include

g at lemd 2 volrs caltector hase bnas on all vansistars

wiuly not exceambing the voltagas givon i the absolula msmxsmam
1aling toble,

30 Vde 2 [{Vg, Vg) = (V7. Vgl = 2 vdc
30 Vde 2 vy, Vg) ~ V), Vgl 2 2.7 Vde
30 vde > [(Vq, Vgl — IVg)] 2 2.7 Vdc

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

Ve =Vg, Vi=Vg Vi=v4
Bias currents flowing into pins 1, 4, 7, and 8 are transisior base
currents and can normally be neglected if external bias dividers
are designed to carry 1.0 mA or more,

Note 8 — Transadmittance Bandwidth

Carvier 1ransadmittance handwidth is the 3<iB bandwidth of
thet deevece: Torwind eansadmittance as deline by

. iy teach sidueband)
y2ic vg (signa

Vo-0

Signal transadmil tance bandwidth is the 318 bandwidth of the
device forward transadmittance as defined by:

i {signal)
Y215 7 g Tsignal

V¢ =05 Vde, Vg - 0

*Pin number references pertain 10 this device when packaged in a

metal can, To ascertain the corresponding pin numbers for plas-
tic or ceramic packaged devices refer to the first page of this
specification sheet,




Note 9 — Coupting and Bypass Capacitors CrundCy

Capacitors Cy and C2 (Figure 5} should be selectad for g te
dctgnee of toss than U 0 oluns at the caner fraency.

Note 10 ~ Output Signal, Vo

The output signal s 1aken from pins G and 9, either Lidlanced
o7 single-undud.  Figure 12 shuws the outpal evuls of coch of thy
Iwo oulput sidebands resulting from vanations in both the car-
rier and modulating signal inputs with o singlo-ended  output

conngction,
Note 11 - Nugative Supply, Vgg

VEEe should Le de only. The insertion ol an RF choke wn sy
wilh VEg can enhance the stability ot the internal Cutrent suuices.,

Note 12 - Signal Port Stabihity

Under certan values ol driving souree
iy uceun

mspuedande, ascillation
I this event, an HC suppression ietwork shoulit ()
connectud difectly 10 each input using shaet Jeads. T his will raduce
the Q of the source-tuned circuits than cause the oseillabion.

SIGNAL INPUT

(PINS 1 & 4) ‘510

An alteriate smethodd tor low Leguenty

apriealions s 1o ser |
\
8 1k ohn resis

100 series wilh thie sopaads, pins 1 andd 4 in LLITEY

Case npul current dolt imay cause sinous tegrislastion ol «arner
SuppIession,

TEST CIRCUITS

FIGURE 5 — CARRIER REJECTION AND SUPPRESSION

FIGURE 6 - INPUT QUTPUT IMPEDANCE
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OPERATIONS INFURMATION {continued)

The inear signal handling capatubtes of a dilferennial amphhes
are well detined.  With no emitter degeneration, the maximum
Input voltage for hnear operation is approximately 25 mV peak.
Since the upper diiferennial amplifier has 1s emitters nternally
connected, this voltage apphes to the carnier input port for all
conditions.

Since the tower differential amphfier has prowvisions for an
external emitier fesistance, its linear signal handhing range Mmay be
adjusted by the user. The maximum Wput voltage 1or linvar op-
eralion may be approximated from thy fullowing expression.

v-{ig) (Rg)volls peak.

This enxpression may lae used 10 Compnite the nnuauin valug ol
Rg lora given input voltage amphitude.

FIGURE 25 - TABLE 1
VOLTAGE GAIN AND OUTPUT FREQUENCIES

Carrier Input Approximate Output Sgnal
Signal vl Voituge Gain Frequency(s)
ALV
Low-level dc “—L—C—K:‘,— m
2ARg + 2:,,)(—“—)
Hagh 1 il L [}
High level de HE ; 2’!4 M
Ry Velrms) M
Low-evel ac RN/ [ o, C Ui
2J2(80) g 1 21,
837 R . 4
High-level ac -O“—L- fc tim, e tiw,
Reg 1 20y 9IC Ly,

The gaun from the modulating signal iyl po to the Oulpul iy
the MC1596/MC 1496 gain parame ter which 1s most of ten of mieres)
10 the designer. Tius gan has sigiulicance only when the lower
ditferential amplitier is operared in a hinear node, but tus ineludes
most applications of the device.

As pieviously mentioned, the upper quad difterential amplilier
may be operated esther 1 a hnesr of 4 sdturated mode. Approx.
mate gamn eapressions have begn developed for the MCI4Y9G/
MC 1496 lor a low-level modulating signal input snd the tollowing
carrer input condihons:

1) Low-level de
2) High level dc
3 Low-lvel ae
4) High tlevel ac

These gans are Summanized an Fable 1, along with the tre
Quency Componenis contaned 1n the Qulput signal.

NOTES.

1. Low level Moduwating Swgnal, V. sssumiead in all cases
V¢ 15 Carrer inpul Voltage

2. When the output signal contains multiple frequencies,
the gam expression given s for the outpul amphiude of
¢ach ol the two desired outputs, (¢ 1 Iy and ic - ftm

3. All gan expressions are for a single-ended outpout, Far
o dillerentisl oulpa ronnechion, mubliply each eagues
st by wo

A4 KL Lot tosstamee

S Hg  Emntion aasistance batween s 2 and 3

6., Transston dynanue enntter rosistane . at 124YC,
- o, 26 v

'™y TinA)

7 K Boltzamann's Constant, | heibpetatine i degiees
Kelvin, ¢ the Chisge un an election.

*’f—‘r R 26V atwom wmpersture

APPLICATIONS INFORMATION

Doubile sidebiand suppressed carin mudailabion s the husie
apphication ot the MCI1LY96/MC 1406 The suggusted cocont Tor
this apphication 15 shown on the tront Page ol this data sheet

in some apphcations, 1t may be necessafy (o operate the
MCI1696/MC149G with a single dc supply voltage insiesd of dual
supplies  Fagure 26 shows o bataced mudulaior designed for
Opuration with & single +12 Velg supply. Pertormiance ol this o
Cutt s silar 1o that of 1w dual supply modualator .

AM Modulstor

The circust shown in Figure 27 may be used ay an amplitude
modutator with a nunor modhfication,

Al that is tequired 10 shify from suppressed carrer 10 AM
Operation 15 to adjust the carries null potentiometer {or the proper
8MOount of carnier inser ton in the output signal,

Howviever, the suppressed carrigr null oarcuilry as shown in
Figure 27 aoes not have sullicient adjusiment range. Therelore,
the modulator may be modified for AM operation by changing
WO resistor values in the null circuit as shown Figure 28.

Product Detector

The MCI596/MC1496 makes an excellent SSB product detec-
1or {see Figure 29).

Thas pronduet detecton hay o sEnsitvity o8 3.0 wikciovalty g o
Ay tage ol 90l wia LpeTating at an menshigte be
yurncy ol Y Mis,

The detector 1s Lroudlamd tor the entie high frequency range.
For operation at very low intenmudiote lrequencies down to 40
KHz the UV uf capaciors on mns 7 and 8 shoukd be ncreased 16
1.0 uF  Ano, 1he output Blier ot e 9 can he tuntored 10 a
speaihic antermediate lesquency and awlio amnphbier mput un
pedance,

As i all applications ol the MCIb!)(S/MCMUG, the emitier
fesistance between pins 2 and 3 may b ancrcased o decreased 1o
adjust circuit gain, sensihivity, and dynainuc range.

Tius circunt May also be used as an AM detecior by introducing
cartier signal at the carrier nput and an AM signal at the SSB
input,

The carrier signal may be desived from the tatermediate fre
quency signal or generated locally. The carner signal may be in-
troduced with or withous modulation, provided ity Jevel "
suthiciently high 1o saturate the upper Guad dit ferential amplileet,
11 the carner signal is miodulated, a 300 mVirms) input level s
recommended.




APPLICA I IUNS INFURMATION (continued)

Duubly Balanced Mixer

The MCI596/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 recommendlad amplitude of 100 mV{irms),

Figure 30 shows a mixer with a broadtyand input and e Wuned
output.

Frequancy Doubler

The MC1596/MC1496 will operate as frequency doubler by
introducing the ssme fruquency et both input ports,

Figures 31 and 32 shuw s Lroadband frequancy doubler and a
tuned output very high frequency (VHF) doubler, respectively.

Phass Detection and FM Datection

The MC1596/MC 1496 witl function as a phase detector, High-
level input signals are introduced at hoth inputs, When both inputs
are al the same frequency the MC1536/MC1496° will deliver an
output which is a function of the phase difference between the
WO input signals,

An FM detactor may be constructed by using the phase detec-
tor principle. A tuned circuit is sdded st one ol the inpuls to
cause the two input signals 10 vary in phase as & function of fre.
quency. The MC1596/MC 1496 will then prowde 8n output which
is a function of the input signsl frequency,

-~

NOTE  Pin numbher references pertain to this device when packaged in 8 metsl can. To sscertsin the corresponding pin
numbers for plastic or ceramic packaged davices refar to 1ha firsy page af this specification sheat.

TYPICAL APPLICATIONS

FIGURE 26 — BALANCED MODULATOR
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FIGURE 29 - PRODUCT DETECTOR
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