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modulation technigue which can be viewed either as frequency
- shift keyving (FSK) with peak frequency deviation precisely
aqual to £bh\ < (fb is frequency bitrate). Modulaticn and
demodulation in the ~MSK format are reduced to the form of
conerent biphase Keving. When the ratio ‘of the carrier
frequencv to the bit rate is high,then the technique
described here does not require the precise relative
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(b) Spectral comparison of conventional with Feher's QPSK.
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2.3 FILTERING AND LIMITING EFFECTS ON THE PERFORMANCE OF

QPSK,OKQPSK,MSK,AND FEHER'S QPSK
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2.31 Envelope Fluctuations of QPSK,OKQPSL
and MSK Signals
xuaoqqnt1anvaonﬁf1wauaenaua1u QPSK tﬁu1ﬂuuuﬁuﬁﬁu1ﬂ<tﬂa-
ANTAI1990 0, 90 uar 180 99AN Lnﬂuu1ﬂ ﬂoqﬂn 2.31.1a wan9
f9 RF amp1itudauautﬂaﬂaoamw1q4filte» QPSK o § 180 29A1 luviu
nntﬂannaa ﬁotnﬂuuno in-phase Uas quadrature ﬁaouauatﬂaau1ﬂnu

nnu1ﬂ envelope 1ﬂn Oamplitude n + 180 89AN phase transitions

xﬁnﬁaaﬂagatﬂaau Wa Beefifie dB

]- :h anne' m Iﬂo“ 1 ao‘m I

\

N \0 1 0 1 1 0
Q-ChanHEI (90‘. . 90.: :270; 270‘ e@a@ 90“ 90" 270“ I‘

270°
0/360°

Infinite-bang- —I_‘

90* width case 4
S B N
180° . { 1

220° _J'—
0°/260° ! —_—

{a}

Figure £.77.73 RF umplitude and phase of fltered QPSK signals. (b) RF amplitude and
phase of filtered OKQPSK signals. () RF smplitude and phase of unfiltered MSK signals.
(Figures and carresponding descriptions sfler [Huung, 1979), with permission.)
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z(t)=i(t)coswat+q(t)sinw=t (2.31.1)

i(t),q(t)= in-phase and quartrature baseband
= carrier angular frequency.rad/s(w =2¢fc)
ectr= J i) T oqe’? (2,31,2)
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Figure? .21.28ignal-space diagrams for unfiltered (a) QPSK, (b) OK
i . (b) OKQPSK, (c) MSK
(FFSK), and (d) NLF-OKQPSK (Feher's QPSK). ©
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Band-pass filtered QPSK

Band-passed filtered OKQPSK

Nonlingarly filtered OKQPSK (Feher's QPSK)

Figure 2.31.3 Mcasured signal space diagram of bandlimited QPSK, OKQPSK, and
Feher's QPSK.
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2.32 Spectral Spreading

Bandlimited 1uuu§§n11§uuasaanﬂutaaﬂ N7 filter é
modulate QPSK ua7vu MSK tqantwéﬁiﬁqaéuuuiwﬁa bandwidth #72
Qﬁﬂﬂﬂ1?ﬂ1ﬁ hard lim{ter1u1ﬂ 2.32.1 outputyodlimiter uﬁﬁauNQu_
n11tnu sideband bandwidth Y®94spectral 64-kb/s Oﬂiﬂﬂﬂiﬂé QPSK

modulater uanequzﬂ 2.32.1(¢)

Saturated earth station
power amplifier (PA)

Baseband ____{ wsodulator Bllf"IleS!
data ilter

Vert: 10 dB/div
Horiz: 20 kHz2/div

fo = 512 kHz

(c)

Figure2 22,7 Filtered and hard-limited QPSK spectra. Bit rate, fy = 64 kb/s. Carrier
frequency, /o = 512 kHz. Filtered QPSK spectrum (lower trace.) Same modulator
and filters as in the spectral measurement of Fig. 4.24. Filtered and hard-limited
spectrum (upper trace). (a) Block diagram. (b) Hard-limited power and voltage output/
input ratio. Here we use a hard limiter as a first approximation of saturated earth

station power amplifiers. (c) Bandlimited and bandlimited-hard limited spectral meas-
urements.
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Figure 2. 32 . "Mcasured. normalized, spectral density of bandlimited and hard-limited QPSK,
OKQF3K. MSK and NLF-OKQPSK (Feher's QPSK). Solid hine. NLF-OKQPSK (not bandlim-
ited): dash-dotted line, MSK bandlimited by fourth-order Chebyshev BTy = !; dashed line.
OKQPSK bandlimited by fourth-order Butterworth; dotted line, QPSK bandlimited by fourth-
order-Butterworth.
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2,33 N1TNTOILAENIIN WATDIDULNDTLUALTOT ATOANOAA
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i°°<t) + qe’ (L) = ¢ (2.33.1)

4-. 14 a' g LY L 4 d ‘ o ‘
L¥9 C lﬁuﬂﬂﬂﬂﬂ vuaqnunﬂaeLﬁwngnuaouauuaTQa

cen @_(t) = ten 'y q,(t) (2.33,2)
1 £ &% Y %2
0 1
v 3
NI
a_(t) = q (&) (2.33.3)
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b= Jci (b (2.33.4)

/riiz(t)+qi=(t)



_19—

J Cq (&) (2.33.5)
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jriiz(t)+qiz(t)
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iia(t)+qi=(t)

2.34 N1TNTDINALINA WAYDIRUANHE waveshapes UABUNUATY Eve
LUUYD9 QPSK 1uiWAWRE  quadrature TusuilatdtrunTnTos
WUVHIUNITNTDY uaun1aouﬁann5ﬁﬁn15uaﬂo1u1ﬂ 2.34.1 zﬂnguuaﬁuﬁu
11u1ﬂnenﬂ1nfao ﬂﬁ?ﬂfaﬂua1Q8ﬂnﬂ1Qﬂuﬂuﬂﬂﬂu8Lawﬁuﬁﬁ S QPSK
n1Q1nﬂLaﬂnwntﬁuuauanﬂnen uasuaﬂonotwaammﬁmauunﬂa

ANNNT (2.33.1) UKL (2,33,2)
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Figure 2., 34:1Efects of filtering and filtering then limiting on QPSK symbol wave-
shapes. Solid line, unfiltered; dash~dotted line, filtered: dashed line, filtered then lim-
ited. (After [Morais, 1981}, with permission. As a further reference see [Morais and
Feher, 1980].)
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Figure 2342 Simuluted eye diagrams jo; twl

QPSK. (a) Filtered, BT, = 1.0. (b) Filtered,
BT, = 1.0, then limited. (After [Morais,
1981), with permission. As a further refer-
ence, sce [Morais and Feher, 1980].)
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Figure 2.34. 7 Effects of filtering and fltering followed by limiting on offset QPSK symbol
waveshapes. soua line, unfiltered; dash—dotted line, filtered; dashed line, filtered then limited.
(b) Simulated eye diagrams for offset QPSK. Filtered, BT, = 1.0. (c) Simulated eye diagrams
for offict QPSK. Filtered, BT, = 1.0, then limited. (After [Morais, 1981], with permission.
As a further reference, see {Morais and Feher, 1980].)
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Figure 2,35 Degradation, due to filtering then limiting, of (S/Nyhicve + tnout Versus normalized
prelimiter filter bandwidth. B, double-sideband 3-dB filter bandwidth: Ts, bit duration. (After
[Moruis, 1981), with permission. As a further reference, see {Morais and Feher, 1980].)

2.4 A Generalizstion of Minimum-Shift-Keying (MSK) - Type
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tion. OLTIAWNNTALRON k tﬁu@ (3NNIIAY »  UasTIAIINNITANE LAY
A
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o < a o a ) 4 .
ﬂaeﬂﬂinﬁﬂuﬂn11ﬂﬂ A1 phase (|73 xo lﬂﬁﬂUﬁuﬂuﬂu modvlio-27 ANAN
{ = Vo )
193 xk Qulﬁuﬁuﬂ %Yo v LHuNnyd LTﬁﬂTsﬂﬂU‘ﬁﬁﬁ

cos x_ = +1, (k-1)TL=t<=(kH)T

sin x = 0 (2.45)

S g
U2NITNURINEADNITIRUIN

d cos x =-d cos x (2.46)
x ket kK+2
v v aflw v { M va v 4
1uauﬂun1ﬁaaawﬁﬂaa(S)uas(s) L?ﬁﬁQTQu1ﬁQﬂﬂﬂﬂﬂ(lOﬂaﬂﬁ“) n19
trigun 3N (2) 1% in-phase (I)iiavquadrature (@) channel
step WTNLTIAWATOLTEN  (2)
y(t) = cos wat cos (1/2T)(t—kT)fk(t) + x

- sin wct sin (1/2T)(t-kT)fk(t) + x

. -

(k—-1)T<L=t<=(k+1)T (2.47)

14 <2.45 1y 2.47) 1%
y(t) = cos wct cos (1/2T)(t—kT)fk(t) + x

- sin wct sin (1/2T)(t—kT)fk(t) + x
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cos wct cos (1/2T)(t-kT)gt(t-(k-l)T) cosx

- sin wat sin (—1/2T)(t—kT)gt(t—(K-l)T)
(-d cosx ) , (K-1)T<=t<=KT
k=1 1 3
y(t) = 4 (2.48)
cos wct cos (f/ZT)(t—kT)gz(t—KT) cosx

- s5in w_t sin (I/ZT)(t—kT)ga(t-KT) dkcosxk

KT<=t<{=(K+1)T

Tuaunis 8 AUaNIUULTAAINITASUINAAY | Chanol term cosweted,
(t)cosxk AMTY (k-1)T <=t<= KT %70 coswctc_(t)cosxk amfy kt
{=t, <= (k+1) T lﬁa coswct 50 carrier, cas xk aa term ﬁaualﬁﬂu

. ]

LN, WAL o (L)uas c_ (&) (flu@dy  in-phase  symbol weiphting
(carrier envelope) 5ﬁuuﬂTﬂﬂ

Ct(t) cos (1\2T(t-KT)g‘(t—(K—1)T

—

C_(b)
2

cos (t\ZT(t—KT)ga(t—KT) (2.49)

Tunuseifarfin @ channel 1Moy 89 ANHALUD Y sinwcts_ (t)dx.

cosx 5ﬁw;u KT <=t<=(k+1) T u?a sinwctst(t)[—dk+1 cosxk+21]
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Amdy (k+1) T <=t<= (k+2) T 1% sinwct Mo carrier, dkcosxk=
~dk+1 cosxk+2 L[A(6)] ﬂa;naunauatnuuxnnuas §_(t) uas S, (&)

Lﬁuaﬁﬂu quadrature sumbol weighting (carrier envelope) Qﬁuun

Tan

Sa(t) sin (I\ZT(t—KT)ga(t—KT)

L

Si(t) sin (—1\2T(t—(K+2)T)g1(t—(K—l)T (2.410)

=1

Lﬂﬂﬂﬂﬂﬁﬂlﬂﬂﬂlﬂﬂﬂﬂ%iu T Aot ﬂaﬁﬂnquﬁdo(k+t)+<—t< (k+2)T.
ﬁeuu I uay K uay OQPSK Lﬁ“lﬂﬂ?ﬂu an1nuauaanuutnn1uunavn1m
(1 %78 @ fa 1 symbel 9 9 2T seconcs. tﬂﬂﬂ?W”ﬂﬂlﬂuﬁadﬂmﬂﬂm
ﬁ?1ﬂﬂ00uﬂﬂ MSK, lfﬁﬂﬁffvﬂlﬁuﬂfﬂqu MSK, uuuadﬁoo 2T ﬁﬁﬂ?ﬂ 1
&07% 177R0921977

C*(kT—t*) = Cn(kT+t‘) s 0<=t‘<=T (2.411)

#3937 (9
(1\2T)t*gl(T—tt) = (7\2T)t & _(t ) (2.412)
gz(t) = gx(T—t) sy 0<=tL<K=T (2.413)
YiueslhEany @ mTy @ 15kou

S=E(K+1)T—bt] = S*E(k+1)T+t‘J ' O<=t‘<=T (2.,414)

¥3Fo91n  (10)

(v\2T)(T-% )g (T- t ) = —1\2T)(—T+t g (t‘) (2.415)
1%t t-t1 +415) lﬂ?ﬂﬂlﬂﬂﬂﬂu(IS)ﬂouuﬂﬁﬂ7u carrievenvelops
1“ I uay (2. 41)307% 2 pulse shapes ql(f) U]y qZ(f)ﬂﬁflju mir
ror imayes ﬂOO“ﬂﬂv?Oﬂ?ﬂ £=T/2 nﬂuuﬂnmsuaﬁ I wae Q ﬂﬂﬁu
envelope (symbol weighting) 5utﬁﬂﬁu1ﬂdﬁ

Ct(kT - tx) = 82[(K+1)T—t*] 0<=t‘<=T (2.416)



30 (2.49) Uar (2.410)
cos|-(R\2T)% ¢ (T-t )| = sin|(s\2T)(T-t g (T-t )| (2.417)
1% (2.412). lu z.417) %
cos|(x/2T) & q (b )| = Sin|(¥/26)(T-t dg (Tt )
1 a 4 1 a2
r- )
%30
(£/2T) & q (b ) = (/2) - (¥\2TI(T-t Ig_(T-t ) (2.418)
4 2a 1 1 a ES

[ v 1 »
nﬁiuzﬂfﬁouao (2.418) wagaring

(1-6\T)g_(T-t) = 1-(4\T)g_(£) , 0<=t<=T (2.419)
Sninonwae q1t)’
(1-£\TIg (£) = 1-(E\T)g (T-t) , O<=<=T (2.420)

m@naj'@mukﬁm\‘uaonwsﬁoznnﬁﬂquwsn@?watﬁu (19) #F0¢20) FwTnh
FosniTlatlauny g2 lugre 0<=t<= T/2 AVTRIAY qe(t) AMTY T/2
<=t<=T. A M7Y ¢, _, SUAY 2 unt b = T/2 14 (2.419)Uap(2.420)
v
Call;
g _ g, [T/21 =1 (2,421)

1 T/21

#TD LNBULNT 910 (2.49) W@y (2.410)

C, Ck=-CIN2)IT) = C_ [k+CIN2)IT| = J2\2
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S_|Ck+(1N2)IT| = 5, |[k+(3\2)IT| = J2\2 (2.,422)

1

LEURUUNUAT & = KT 1w (2.49) uas & [K+13T lu (2.4100 Tounmlse

nMTNi1 g, 001 = g (T3 1

C (kT) C_(kT) 1
1 2

Szt(k+1)T3 S‘[(k+1)T] =

C‘[(k—l)T) C:[(k+1)T] =0

S_(kT) = § [(k+2)TI1 = 0 (2.423)

ﬁe&u 2T wide symbol wéighting T4 1 wat Q@ chennel naqa;ﬁu
1272 n7uasna1t symboluauﬂuﬂnxﬂu 7uasamaﬁm1uﬂﬁutﬂaanu uaoanna
AR1 9L SiDU. U unﬁuuucaﬂnnax71a1ﬂ1ﬁ<z 410)UaE(2, 420)1qoaauuuu:ﬁu
ANTUIAUAINA) ANWDY qa(T) = q = (0) nquaﬂuwfnannﬂ1ﬂaaweTsnﬂwu
Tﬂfonﬁvnﬂuuﬂnmauumnno11twuﬁuuu ql(x)uaqu(t)zﬁaanswnatuaonao
nﬁftﬂaauuﬂaoﬂae in-phase UR¥ quadrature envelope nanet iy

| 4
spactralsidelobe rolloff URANUYU, lTﬂﬁﬂﬂuﬂ1{1ﬁ

d C (%) = —-d C_(t) = 0

— 1 Ltalk-122T - 2 tmCk+1OT

dt dt

d §_(b) = -d S () =0 (2.424)
- “a ®T - T tmCx+aIT

dt dt

OENuﬁ (a) Uay i\nny Quﬂ1ﬁ (nduuwuaﬂoon17aguuﬁ ingy ¢

g*'(O) Cg*(O)J\T INT

~IN\T (2.425)

gz'(T) [ga(T)J\T



-31-

' ¢ ’ '
081017ﬂﬂ1” IMNCI0IUIL(20) WUIN

g, '00) (INTYC1-g (T)1]

g,'(h —(I\T)Cl-gz(O)J (2.426)

993 (2.425) Way (2.426) 1%

gt(T) = gz(O) =g (2.427)

aqﬁué (2.410) dlild <2.427) fiud
#2081, W31701 modulsting pulse

1-(sin2st\T)\(2rt\T) , O0<=t<=T

g (t) =

o, otherwise (2.428)
ARNAANT 081 4 $18ATI9F0UIFN1TI1(2. 428) satisfies(2.410), (2. 427)
MNRUNUSN1TR9  in-phese symbol pulse C,(t) ADWIAN(a) UAY
Lﬁuﬁnuquuzﬂ 2.415nvmuLﬁunﬁﬂaﬁuTuzﬂﬁtﬁuaawuﬁxﬂae&uuﬁu«z&u £d
Lﬁﬂaﬁu carrier Te#119 KTH symbol 479 KT <=t<= (k+t)T QAUNA
dk=1 9fung fd(v) ﬁawaﬂﬂunu(z.4ze>uaa(2.43>1u<2.42>uaaagﬁu5

o -1 ( o
1NgY + NITUAINUYDY cosine function NUWNA
]

1>

fd(t) INZ2w |dlargy(t) - w_

ac

dk{1-cosl2x(t-kT)\T13

- T

kT<=t<=(k+1)T (2.429)

(Hemufit st uiniiots efuy iy sinusoidal  HuifuessneaAnes
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0.4

C2 [tH]

0.2

g 9.2 0.4 0.5 3.8 0
: {r - &N

@ ®)

(a) Carrier envelope for SFSK. kb) Frequency deviation for
SFSK.

Al

[%J

5ﬂ0501ﬁﬂasl5ﬂﬂﬂ00keying as sinusoidal freguency shift keying
(SFSK) [123 ﬁutﬁuqmauﬁﬁ spectral ot et BaatuBntlTe L ania T i
ﬁOﬂOGSH section.

.42 AUTOCORRELATION RUNCTION AND POWER SPECTRAL DENSITY
ﬂQWﬁéﬁ1ﬂﬂaﬁﬂﬁ7“ﬁﬁﬁ autocorrelation function U®r power
spectral density %99 digital PSK noldos PlannTiantanuailee
wang q ansue |fulsAnuoeinAla [181-017] 5ﬁﬂ§ﬂ?ﬂﬂ78ﬂ0éi§ul§u
ngdrehanlndiAnecas $19flanquijuos markor processes. Tu
THaY L SanlTr L ANt tof fset auadrature modwlationafulslina(2.48)
WAr@NTaLANAIAE  eight-state SuRuuInNmarkor procoss LINFILNA
lﬁuﬂﬁ18§UWﬂ%ﬂugf&Tﬂﬂﬂnﬁﬁuﬂﬁﬁgﬁﬁl§u1ﬂ15ﬂ00 metrix P, set 199
anususniduldle pcids i=t,2,...18} uwar set w9y wave forms
sz Tdrouqin Aeadiosduusasanias (siedsi=1,2.....,83 Taons

~ ~ ( F- "3
NuUNAANE 1% 1% £33 177891
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- O 0o 0 0 I1N2 0 IN2 O S
0 0 0 0 0 I1N2 0 1IN2
0 0 0 0O 1\N2 0 1N2 O
p = 0 0 0 0 0 1\N2 0 1IN2
1IN2 IN2 O 0 0

1N2 1N2 O 0

0
0
0
0

o O O O

0
0 0
0 0 1\N2 1N2 O 0
- 0 0 1\2 1\N2 O o)

p(i) =1\8 ’ i=1.2,3....,8
Sl(t)=81(t)+jsic(t) s 1I1,2,354000383kT<=L<=(k+1)T (2.430)

8 (t)=s (t)=C (t) § s (t)=s (t)=S ()
i 4a 2 1= K] a
s (t)=sg (£t)=-C () 3 s (t)=s (L)=-S (L)
ac 4 c a A s X ] a
s (t)=s (L)=S (¢) § s (t)=s (£)=C (%)
S Ga a Bw Ta 3
8 (t)=s (£)=~S (t) 3 s (t)=s (t)=-C (%) (2.431)
7 e ac a [ X ] [ N ] a
INALARIMTUNITAIUIUNTY sutocorretion function WA power
spectral dersidy uaoﬂsvuaﬁaua random ﬁlﬁﬂiuTﬂﬂ Markov sovrce
) * L]
fiosurely c183,0191  18mTuwionny (HudFn1rTnenT shuanedn
equivalent low—pass autocorrelation function KY (t) 1Y99NTY

YIUAIT v(t)=0 1% lng £33

5 s p(iL{pCiNi,mIriJ(T- T"

1 =1 d=1

R_¢(T) = | +pCINE,mEDIrdiTCTHI,

= -mTim=0,1,2,.0..3 T=5030<= T<=T

5 Ry'(—'T). T <0 (2,432)
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=e.

kKT +x

rij(x) I\Tf s, (uw)s "(u+T-xddu,  O<=x<=T
kT
P(j\i,m)=probability of state j on (k+m)T<=t<{=(k+m+1)T
gi&en state 1 on kT<=t<{=(k+1)T
=(i,j)element of the matrix P raised to the
mth power (2,433)
ADNIUUINIAY complex congugate.

T-T
INTS cos ¥ [(u+77gz(u+T)—ugz(u)J du
o aT
+ 1\21‘!rr sin L 1 [(u+T—’T)gz(u+T-’T)—ug2(u)J du
o aT

+ 1\2T1" sind « [Cu+T- T)g_ (utT- TI+ug_(u) ] da ,

o aT
R ¢ =] 0<=T<=T
¥
-r—‘T’
/ ]
IN2T¢ sin L Eugz(u)—(u+’T)g2(u+ff)J du
[=] 2T
-7

"+ 1\2Tf  sin ¥ [ugz(u>+<u+ff>g:(u+fr33 du ,

o aT

T<=T<=2Ty 7 =T =T

0 otherwise

5 Ry(—’T) . T <0 (2.434)
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LY o ( ¥
UREAUWUE NI power spactral densit

2T

2f Ry(T)cos 2xfordT (2.435)

Q

S_(f)
a

ANT08UNE toosed form AMMTU RY(L) WAL Sy(f) L ud efannfiasnad
n¥uqn g(t) function uBNINN (L) =1 LEuNTRNO9 MSK. ag1els
ANTN, (2. 434) A (2. 435) @810 1TUNTURIUYN digital computerasnd
Y 1ﬁnaiﬁu1uﬁqtaﬂéﬂw§uqn gt ﬁﬁwnuﬂénwfnﬁaaéwq autocorreal
tion function WApower spectral density 189 SFSK %1 1nsunuan
(2.428) 4 (2.434),(2.435)tﬁuﬁﬂﬁms1uzﬂ 2.42,2. 43014A NN UNTONNY
AINSNNUS  function @MTU MSK WAY OQPSK. x71a1ﬂ1ﬂuu1w null
WTN129 SFSK power densety spectram ﬂ:wngnﬂaﬁunaonaﬁuas Null
WTNY89 MSK spectrum,SFSK unwswﬂuwuuaﬂﬂ1u ft>2,power density
spectrum 294JUAN ANITONIITEITEUL IMNUDY  MSK unennNT L TuLNaY
ﬂnawuaanaﬂunfvnnsﬂﬂaa 2 spectra Bow11nENOIANIAY out-of-band
power pob Zuunt Sutawuas nﬂaonowunqu vee) Foldenu N7NTD LYY

l“ﬂﬂ”ﬂai transfer function ﬂa1utﬁuﬂuﬂtnﬁunquﬁaaﬂqﬂun (-B, B)

Tui nosuntain,
-
§ S (F) df
¥
P, =1 - - (2.436)
e
§ S (f) df
L4

-ao
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/7 I fT
Comparison of the equivalent low-pass autocorrelation func- Comparison of the equivalent low-pass power spectral densi-
tions for OQPSK, MSK, and SFSK. ties for OQPSK. MSK, and SFRK.
2-42 2.43

unuen ¢2.435) 7w (2.436) uasiFunin  denominator w99 LMY

autcoerelaton funtion “’l?] +=0 1':1'

2T
P . - 1-4B { RV(T) sin 2¥B7T|d«v (2.,437)
o S L

<1 4 Bon1TiUREULNEUYDYout-of —band power 199 OQPSK,MSK, WUaw
k']

SFSK
_ZZFURTHER EXAMPLES

$i37T811TE L anua s modulaeting pulses

n

gz(t’) = 2% y 0<=t<=T\2 § n=1,2,... (2.438)
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ﬂ' ﬂ' ] [*] L ¥ l
F9 satisfic (39 define q=(bt) lu¥29 T/2 <=t<= T,A1Nauwus

o o (Y] [ 72 ‘U 1
ANRL NI L UL (AIINRNWUENY carrier) lu KTH data 129M0¥197N0
(2.42),(2.43) uay (2.419) las

- -

dk(n+1) |2(t-kT) y kKT<=L<=(k+I\2DT

£ (b) = e L7 (2.439)

~

dk(n+1) 2L T-(t-kT) ] y (kHIN2)T<=tL<=(k+1)T

&7 T

Getty Fwdusaotne, 130 n=1, 17adnTRros i AuLEaty CanuRn
dk=1) luaawddn wfudae halk symbol maalanidniduanasluaruiidn
w?nnéotﬁuﬂaaiﬂz.4s ANMUEYDY out-of band power Qmauﬁﬁuao poly
nomiel-type modulating pulses 9funalnu(2.438)81%Fy n=1,2 uay
3 Lﬂ?ﬂuxﬁau1uzﬂ 5 51ﬂ3ﬂ 4 xfwﬁozﬂqiﬂ n=1 niﬁﬁqmauﬁﬁ spectral

Fotiuluarnidqla Ussnousening MSK way SFSK.
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3
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2
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MSK z
45 N O -ssbk
3
z
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| <l-<:nrv« T)
9o W1 7 — ;
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Comparison of fractional out-of-band powers for OQPSK, Fractional out-of-band behavior for several types of modu-

MSK, and SFSK. lating pulses.
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2.5 CPFSK signal decom position (A1TUENA&WYM CPFSK)
ﬁﬂﬁuﬂqﬁ polar NRE unuﬁda d(t) qv1ﬁtﬁu binary data
source UMar tb UM Inav i AnTuotneBaTe LT mun s dk  unw
Amplitude  auufi Amplitude +1 unule® Dats 1 Way Amplitude—1
unulae Data 1 WAt Amplitude -1 unulpe Data O 1un1&§
®a1# intervals AIMUALR K = -1,0,1, 20nens auunx11t1unun
intervals 0 (k=0) ﬂouaﬂoqusﬂ 2.51 AN 199 CPFSK

ﬁ interval ﬁ k Qslﬁu wot + awz = wot 9/2tb ﬁﬁ dk =1 Uas
»
w_ - 9/2tb Shk dk = -1 3y laned

o

SPFSK(t) A cos(w_t + et)

A cos( wat + ok + dkvt ) ,ktb <=t <= (k+1)Th

aAThH»

(2.51)

117780 o Ct) untuaoawnﬂwv mod vaua fPNBAIH  dkr/2Th
(5o ok unuﬂaauun t= 0 dk aqunfntﬂaauQﬂn interval uue1ﬂ
interval nuo ok TUANAIINU] BUARE interval uuq1ﬂ interval nuo,
oK BUANANINU | UUARY interval

NNYBY OCt) uaﬂoTﬂa trellis disgram uan01u1ﬂ 2.51(h)

51u§u t>0 O(t)—elﬁu o ﬂ t=0 1“ interval n 0 n1 do=1, ﬂ?ﬁun
AEUINNIA WO TnER aw = 20/4TD n?ﬂ e laidinduidu tincer  (mam
(andse) Tasinify awTb = v/2 f1 do = 1 au1ﬂaﬂ (b) pANLAuny
Qﬂﬂ?ﬂ%@ﬂadi 419 phase 5nA3 Ini e aszuu;uniaaﬂao £ v/2
di = %1, 3IN30 s dewuiﬂéoga c w30 d 37n3m b QzuwnonQﬂ d
(41 d1=1) %59 c (opendot) Tﬂﬂtnnutiwquuaﬂo phase (il
Modulo-21 fiux 4uu1udﬁa (x, v/2, O, —1/2)Tﬂﬂﬁ81ﬁ (heavy dots)
wminKTo open point b %70 ¢ (Fuslaneanues  inerval 2r Sunous
aztuuaunuuuﬂouau 1 phase history uao o(t)-e Qvtwutﬁu linear

linear sesgment 1u interval K ﬂﬁuﬁmﬂ +=20 Tﬂaqu ek—o ANUNTITTY
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ANUDY ek-—e uaﬂoquzﬂ 2,51(b) L TIBRILNNLHY 0k~ 3 2 A7 89 O
%30 v (modulo 2¢)  WABIUALNRUNAINAL GRS 99 NE w1l 4 interval

LTIRINITALENANNNT (2.51)nﬂuzﬂﬁa1ﬂ MSK a3 lnadin T w30
Was dk2 + 1

(L) = Acos|{w t + & + & - o + dgi
CPrPFERX Q o 1 3 o
aT
b
conwlxt+y) = aoswxcowy L einxsiny
() = Acos|e - o + dgi cos(w_t 8 )
crrasx Q N o] + [o]
aT
»
- Asinje - o + d?l sin(w t 9 )
| o o + (=
aT
.-
T
= Acos(e -~ & Jcos|di jcos(w_t L
& o o + o
a7
T
- Ad cos o - e _ _sin| —|sin(w_t e )
| 3 < 1 3 (=20} o + o
aT
b
= § (t)Acos w_ t ] - § (L)Asin(w_t e )
1 < o + Q) Q o + o
(2.52)
v 1
1212k
o
S (t) = cos(e_ - ¢ dcos|™ (2.53)
t k o

aT
b
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S (t) = d cos(e - & )sin| — (2.54)
Q 173 13 =)
aT
-]

ﬂﬂ?ﬂf?ﬂﬂaﬂﬂﬁﬂlaulﬁﬁuﬂvaaﬂﬁaﬁ nodec 1ulﬂﬂ trellis naozﬂ

2,51 (b)

+1 1

dy {-—I } for Data {0}
d.y d, d_y|dy dy d d dg d d dy d
493,92 9 0, N1 % 9 G 95 G 97 Gy

~2T, 0 277 4T, 6T, 87T, ¢

t Interval k Defined from k7, to (X + )T,

(a)

=d
-
1 L
= '
4
B Period 47T, for
Repetitive 8, -
-2z + ' I
Node at . 8y — 64 for Value of k Shown
Interval <
Start dy 11213 45167819
a +1 . 0 g 0 .4 0
~1 4 o] 4 0 r
b +1 .4 0 k4 0 T
-1 0 7 0 L4 0
[+ +1 [o] * 0 x
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Figure 2.51 (a) Data interval definitions in CPFSK. (b) Trellis and table of
8, — 8, to describe phase history of a CPFSK waveform.
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Rp 4+ Rs +SL

CRp(S+1\Rp(C)
N Vin

1+SCRs+CRe+S - LC+SLC

RpC RoC

Rp 1+Rs| Vin

Ru+Rpo R LC

s*+S(1\RpC+Rs\L)+(1+Rs\Rp) 1\LC

We (1+Rs\Rp) I\LC

J 2¥We (1\RpC + Rs\Ll)

(3.2.1-1)

(3,2.1-2)
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Generel form of Low pass filter. following

a

wc
H(S) =
s? + sf2w +w
a a
E
MCAw? -
~-Cw\w St res VEACW AW 2 .
[ o]
1
IH(jw)l =
/h;1-<W\w=)’J' + z<W\w=)2
£
/Fi + (W H°
g c
v ¥ v
ﬂcuuuﬂguas1ﬂ
J§W\W=
o (W) = -tan’
1—<W\w=>’
a1 W= W arld ¢ = 90 9mn
o(W) = —tan (a)

n

-x\2



_69—

f7087 9 nTil 3.1.48 Amunln Rp=16.07
£_=70 MHz.
Solobion MNANATNT (3.2.1-1) 01 phase

2 2
nelle £ = F_

Wa2 = 11 + Rs| 1
L “RP LC .
= {1 + 47 1
18,07 Lc

LA¥aNANNNT (3.2.1-2) 3r 1A

J2w_ = Rs + We'lL
L 3.9RP

we’L + Rs - J2Wec = 0

3.9Rp L

ohm., Rs=47 ohm.,

shift 90 23AN

. J2w_ * / zw=’ - 4 wczxs\a.snp

2W==\3.9Rp

= 31.34(/2 Wc + JjWc

w
C
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L = 44,32 + j31,34

w

AnLAToMNNEYIN (sign puls)

. , L = 54,28 [25.26
w
(o]
= 0,123 AuH -
. ., C = 3,9
123%10 > (2%¢%70%10"°) "
= 164 pF

3.2.2 N1T99nUUY LOW-PASS FILTERS

G
i
1

|
{

RI R!
.—wi[—j:::k—————1
v' CI = .o
—AAA—— 53
3 I- Ry, R

i -

zﬂ 3.2.2 743TATHIANNAAIUYY VCVS RAURD 3

V2(s) = K
V2(s) s* + as + b
K = A

RIIZCC

(3.2.2-1)
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a = 1 (1-u) + 1 + 1 (3.2.2-2)
!zcl Ric uzc

b = 1
ll‘lzccl

& =1 + R4 ~ -

ud1un1eﬂﬁﬁﬁtﬁaﬂaﬁuaﬂvhuau$1ﬂ1un11aanuuu11ﬁ931§n71ﬂ
20614 9990NUUUIIAT LOW-PASS FILTERS Wi CUTOFF FREQUENCY(f )

40 KHz

-

Solotion N f_ = 40 KHz LTINMRALR C = C, = 0.0014F
1779t l K PARAMETER = 2.5
% K PARAMETER = 2.5 (TAAINUAIE GAIN = 2 (@1n17atfeon

arlm t71aslam

Rt = 2.8 K
R. = 5.6 K
a
R =R = 14 K
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3.2.3 nwsaanuunaoq7uﬂaoaquuzﬂataaauWﬁ;ﬂuaqumﬁﬁau

(713t 147997 filter wyy band pass filtertin Multiple Feed
Back (MFB) ﬁouﬂmanﬁms1wnn Q aonvﬂuuu VCVS 1497 MFB Uy band
pass filter n1ﬁﬂauaﬂ01u7ﬂn 3.2.38

A1

1ﬂn 3,2.3 23399 band pass filter (LUU MFB
ﬂﬁ Transfer function uaodqa77ﬂn 3.2.3 Tﬂﬂﬂ?1ﬂlﬁﬂﬂ1ﬂ?ﬁ

Vo = -(G\Q)WoS (3.2.3-1)

Vin a

s® + (Wo\Q)S + Wo~

-(1\R C S
1 2
= (3.203_2)
S?4+¢(C +C )\(R € C )S+I1\(R C C )LI\R +1\R_ 1
S a ] i a 3 1 a 4 a
Tnan T Rey @a.1.4.¢3.2.3-2) Ay €3.2.3-1) 9zlain
GWo = 1 (3.2,3-3)
a r c
1 -
Wo = C1+C3 (3.2.,3-4)
a R.C,GC

3°1°2
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(I\R1+1\R2) (3.2.3-5)

=
2
«®
=
[}
»
H

%32 f 1 (3.2.3-6)

Aaw t(! ® 2\¢(®R +®m J23¢m C C 2

1 2 T a s 1 2 .

12
awnaanwsﬁ (3.2,3-3) uas (3.2.3-4) QB15110ﬂ7ﬁﬁﬂﬁﬂﬂ8@10Q7ﬂB

G = R3 [(C1)\(C14C2)] > (3.2.3-7)

®”1

A naNnT (8.2.3-6) dadmuald R, >> R, war €, = C, udaum3
(3.2.3-6) 1A

f y7 1 (3.2.3-8)
Aaw lzla c
WasA1 @ = (1\2)J/ (R_\R)

udﬂunﬂaﬂaﬁﬁtﬁaﬂaﬁuaﬂanuauéﬁaqunqsaanuuut71@u1§ﬂ31ﬂ
v AT AT A2 » ¢ da
Faofne  99oonuuydaTulasdamni naeyld L Tufaeeay 7l cuT OFF
FREQUENCY(f ) 20 KHz

k.

Solotion Hi £_ = 20 KHz 37fi1MuAL% G = G, = 0.0014F
(519t 14 K PARAMETER = 5

£ K PARAMETER = 5 (1A MuAL® GAIN = 2 uay Q = 10

(Aot aanan e t1aarlaan

R = 38.5 K
R. = 40 K
a
110 K

=]
- I

WNIBLHN R, aﬂuwfnﬂ¥uudozﬂﬂ§uqﬁavﬂoﬁuﬂ171§ R dFuanilssnm SOk
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@ MOTOROLA

MC1648

VOLTAGE-CONTROLLED OSCILLATOR

The MC1648 requires an external parallel tank circuit consisting

of the inductor (L} and capacitor (C).

A varactor diode may be incorporated into the tank circuit to
provide a voltage variabie input for the oscillator (VCO). The
MC1648 was designed for use in the Motorola Phase-Locked Loop
shown in Figure 9. This davice may aiso be used in many other
applications requiring a fixed or variable frequency clock source
of high spectral purity. (See Figura 2.)

The MC1648 may be operated from a +5.0 Vdc supply ora -’
—5.2 Vdc supply, depending upon systam requirements.

Supply Voitage Gnd Pins l Supply Pins
+5.0 Vdc 7.8 ] 1,14
-5.2 Vde 1,14 7.8

FIGURE 1 — CIRCUIT SCHEMATIC

Veez Veer
14 1
? 1
(&7 P
AVNCAR AN CE A )
' | * G313 |
i P TR0 s
i } +Output
| Nk
N
Qxi}-’mo —r—8703- . | !
| |
o =
i : 'oagh— i
2 e ﬁ !
T 4 s :
7 10 12 8 5
Veg1 Bias Pt. Tank Veg2 AGC

VOLTAGE-CONTROLLED
OSCILLATOR

L SUFFIX
CERAMIC PACKAGE
CASE 632
P SUFRX
PLASTIC PACKAGE
CASE 645
v LOGIC DIAGRAM
rTE " b
' |
]
Bias Point 100 g 3 o
Tank 120 ! utout
L 1
5
AGC

input Capacitance = 6.0 pF typ

Maximum Series Resistance for L (External
Inductance) « 50 ) typ

Power Oissipstion = 150 mW typrpkg {+5.0 Vde
Suppty)

Maximum Output Frequency = 225 MHz typ

Veer = Pin 1
Veez = .Pin 14
Vgg = Pin7

PIN ASSIGNMENT

Y2
vee [ 14 Jvee
NC[T] 2 13(INC
Output ] 3 12[] Tank
©oNe(Ta 11[dne
aGc[]s 10{] gias Paint

ne(Js | e[dInc
N VEEC7 a:VEE




MC1648

TEST VOLTAGE/CURRENT VALUES

@ Test {Volts) mAde

Temperature ViHmax [ Vitmin Vee it
MC1648

-30°C +2.0 +1.5 5.0 -5.0

+25°C +1.88 +1.35 5.0 -5.0

+85°C 1.7 +1.2 5.0 -56.0

-~
ELECTRICAL CHARACTERISTICS .
Supply Voltage = +5.0 Volts
t -30°C +25°C +85°C
"Characteristic Symbol Min | Max { Min | Max | Min | Max | Unit ' Conditions
Power Supply Drain Current - g —_ = _ 41 —_ — |mAdc| Inputs and outputs open.
Logic “1” Qutput Voltage VoH 3.955 | 4185 | 4.04 | 4.25 | 411 | 436 | Vde | Vitmin to Pin 12, I, @ Pin 3.
Logie “0” Qutput Voltage Vo 3.16 3.4 3.2 343 | 3.22 | 3.475 | Vde | ViHmax to Pin 12. It @ Pin 3.
Bias Voitage VYgias® 1.8 1.8 1.45 1.7 1.3 1.6 | Vde | ViLmin to Pin 12
7 "1 Typ {Max| Min | Typ | Max| Min | Typ | Max
Peak-to-Peak Tank Voitage Ve.p | = | =] —1400| ~ | = | — | — | mV
, Output Duty Cycle Vde = === 80 e~ = | =] - LMWQ 3.
[ Osiliation Frequency fmax*® | — |228] — |200(228| — | — [225] — | MKz

*This messurement quarantses the dc potentisi at the bias point for purp: af i

turning diode at this point,

9a
**Frequency varistion aver tamparature is a direct function of the AC/A Tempersture and Al/A Temparature.

FIGURE 2 — SPECTRAL PURITY OF SIGNAL OUTPUT FOR 200 MHz TESTING

L: Micro Metal torroid #720-22, 8 turns
#30 Enameled Copper wire.

C = 3.0-35 pF

L = 40 nH
C = 10 pF
+5.0 Vde

B.W., = 10 kHz

Centar Frequency = 100 MMz

Scan Width = 50 kHz/div

Vertical Scale = 10 dB/div
*The 1200 chm resistor and the scooe termination imped-

ances constitute a 25:1 attanuator proba. Coax shatl be CT-
070-50 or eguivaient,



MC1648

.
2
TEST VOLTAGE/CURRENT VALUES .
@ Temt (Volts) mAde
Temperawrs | Vigmax | Vitmin | Vee L
MC1648 ) . :
-30C -3.2 -37 =52 -50 ~
+25°C -3.35 -3.85 -5.2 ~5.0
-~ +85°C - =38 -4.0 -52 -5.0 - .-
ELECTRICAL CHARACTERISTICS .
Supply Voitage = +5.0 Volts . N
4 ~30°C +25°C +85°C .
Characteristic Symbol Min Max Min | Max Min Max | Unit Conditions
Power Supply Drain Current lg -— - - 41 - ~ |mAdc| Inputs and outputs ogen.
Logic 1" Qutput Voitage VOH —1.045|~0.815| —0.96| -0.75 | -0.89| —0.84 | Vde | Vi min to Pin 12, I @ Pin 3.
Logic “0" Qutput Voitags Vou ~1.89| ~1.65| ~1.85| —1.62| —1.83 | - 1.575{ Vdc | ViHmax 0 Pin 12, I @ Pin 3.
Bias Voitage Vaias® =3.8 | =33} -375| -345| ~3.9 | 3.6 | Vde | Vi min to Pin 12.
Min { Typ {Max| Min | Typ | Max| Min | Typ { Max
Pesk-to-Peak Tank Voltage Vp.p — |~} =] = |40} — | —} —| ~ | mV
Qutput Outy Cycle Vde ~| =] =1 =8| — |~} —|~—~1| % |SeeFigure3.
Osciltation Frequancy . Imax*® | — 1225 — [200{22§] — | — [225{ — | MH2

'Thls massurement guarantees the dc potennal at the bias pcint for puroosas of incorporsting a varactor turning muco &t this point.

aver

is a direct f

of the AC/A T

and AUA Tempersture.




MC1648
FIGURE 3 — TEST CIRCUIT AND WAVEFORMS

*Usa high impedance probe (>1.0 Megohm must be

used!),
e **The 1200 ohm resistor and the scooe termination
[ i 25:1 praobe. Coax

225
shail be CT-070-50 or equivalent.
***Bypass only that supply opposits ground.

PRF = 1.0 MHz

*® Duty Cycie (Vdc) - fa
Qy = 100 . /

OPERATING CHARACTERISTICS

Figure 1 illustrates the circuit schematic for the -
MC1848. The oscillator incorporates positive feedback by .
coupling the base of transistor Q6 to the collactor of Q7. - FIGURE 4 — THE MC1648 OPERATING IN THE VOLTAGE
An automatic gain control {AGC) is incorporated to limit CONTROLLED MODE
the current through the emitter-coupied pair-of transis- 7 :
tors (Q7 and Q6) and aflow optimum frequency response
of the oscillator.

In order to maintain the high Q of the oscillator, and 0.1 )
provide high spectral purity at the output, transistor Q4 i pFI >'> R Ouptput
is used to transiate the oscillator signal to the output Y A i :
differential pair Q2 and Q3. Q2 and Q3, in conjunction Vi L ] AN
with output transistor Q1, provides a highly buffered out- in QT SRR :

put which produces a square wave. Transistors Q9 and c1
Q11 provide the bias drive for the oscillator and output I

buffer. Figure 2 indicates the high spectral purity of the Q > 100 =
oscillator output {pin 3). -
When operating the oscillator in the volitage controlled
mode (Figure 4), it should be noted that the cathode of
the varactor diode (D) should be biased at least “*2" VBe to the varactor diode, the output frequency will vary
above Veg {=1.4 V for positive supply operation). slightly because of internal noise. This variation is plottad
When the MC1648 is used with a constant dc voltage versus operating frequency in Figure 5.

FIGURE 5 — NOISE DEVIATION TEST CIRCUIT AND WAVEFORM

100
= Veg = S0Vde Oscillator Tank Components
‘-:- — (Circuit of Figure 4}
& = f L
g // MHz 0 uH
§ — 1.0-10 Mv211s 100
& 10 = 10-60 MV2116 2.3
> 60-100 MV2106 Q.15
& :
=]
F] 0
] T
£ ! (
=5

10 .

10 W 100
f, OPSRATING FREQUENCY (MHz) Signat Generator
HP 608
20 kH2z above MC1648 FrequencyN or Equiv.
300 mv 8.W. = 1.0 kHz
v 20 kHz Frequency Voitmaeter
UnMd(i-]rGTd':sx Attenuator nm groductr Meter f—s AMS.
MC1648 erecta HP5210A HP3400A or Equiv.
Frequency (f) ar Equiv.
(HPS210A output voitage) (Full Scaie Frequency)

Fre Oeviati
quency Deviation = 70 Vor

NQTE: Any frequency deviation caused by the signal generator and MC1648 power
supply should be determined and minimized prior to tasting.
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TRANSFER CHARACTERISTICS IN THE VOLTAGE CONTROLLED MODE
USING EXTERNAL VARACTOR DIODE AND COIL. Tp = 25°C

Vi, INPUT VOLTAGE [VOLTS)

FIGURE 6
o L: Micro Metal Toroidal Core #744-10,
4 turns of No. 22 copper wire.
Vin
56 L =013 uH
E af
o]
& o L 10x34, 1200°
g ) / F I .
S pd fout
s
2 /.
2 u [ >
3 . 50 up A MVIe0! 2 5 ¢
< d O EET ey = Vegz = +5.0 Vch 0.1 uf
== Veg1 = Vgg2 = Gnd = ;
20 '}'h- 1200'ohm resistor and the scope termination
20 40 . 60 L 1 d itute 3 251 prabe. Coux
- Ve INPUT VOLTAGE VOLTS] shail be CT-070-50 or squivalent.
ine .
FIGURE 7
L L: Micro Metal Toroidal Core #744-10,
20 turns of No. 22 copper wire.
-8 Vi Qi = 100
Z 8 in L
E C = 500 pF
» = L = 1.58 uH
H Bic1]]
5 u v
g A
-3 1.0k
I+
-
2 1
=
=1
-
2
5.0 uF T veer = Yooz = <5.0 Vde == 0.1 wF
20 L Vegy = Vegz = Gnd T
] 20 10 6.0 30 10 *The 1200 ohm resistor and the scope termination
i e i a 25:1 prode. Coax
Vin, INPUT VOLTAGE {VOLTSI shail be CT-070-50 or equivaient.
FIGURE 8
190 l L: Micro Metal Torodial Core #730-12,
i S turns of No. 20 copger wire.
i
o Veey = Vegg = -5.0 vde
>
Y : e
=z . vl
2 L s T | T
g ' 1200°
=] | /
£ o ! fout
£ | l A ou
2 = ‘
3 Q0 7 /7
= T Qg = 100
3 L = 0.065 uH 0.1 uF
/ 2
30 20 ) 30 20 m *The 1200 ohm resistor and the scop; tgrmination

:moedance constitute a 25:1 attenuator probe. Coax
shail be CT-070-50 or aquivaient.
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Typical transfer characteristics for the osciltator in the
voitage controlled mode are shown in Figures §, 7, and
8. Figures 6 and 8 show transfer characteristics amploy-
ing only the capacitance of the varactor diode (plus the
input capacitance of the oscillator, 6.0 pF typical). Figure
7 illustrates the oscillator operating in a voitage con-
trolled mode with the output frequency range limited.
This is achieved by adding a capacitor in parailel with the
tank circuit as shown. The 1.0 kd resistor in Figures 6
and 7 is usad to protect the varactor diode during testing.
it is not necassary as long as the de input voitage does
not cause the diode to become forward biased. The
larger-vatued resistor (51 k) in Figure 8 is required to
provide isalation for the high-impedanca junctions of the
two.varactor diodes.

The tuning range of the oscillator in the voitage con-
trolled mode may be calculated as:

VCglmax] * T3

[mnz - pimax) + Lg

fmin  VCpimin} + Cg
1

27x VU Cpimax) + Cs)

Cg = shunt capacitance (input plus external
capacitance).

where fmin =

Cp = varactor capacitance as a function of bias
voltage.

Good RF and low-frequency bypassing is necessary on
the power supply pins. (See Figure 2.}

Capacitors (C1 and C2 of Figure 4) should be used to
bypass the AGC point and the VCO input {varactor diode),
guaranteeing only dc leveis at these points.

For output frequency operation between 1.0 MHz and
50 MHz a 0.1 uF capacitor is sufficient for'C1 and C2. At
higher frequencies, smaller values of capacitance shouid
be used; at lower frequencies, larger values of capaci-
tance. At high frequencies the value of bypass capacitors
depends directly upon the physical layout of the system.
All bypassing should be as close to the package pins as
possible to minimize unwanted lead inductance.

The peak-to-peak swing of the tank circuit is set inter-
naily by the AGC circuitry. Since voitage swing of the
tank circuit providas the drive for the output buffar, the
AGC potential directly affects the output waveform. If it
is desired to have a sine wave at the output of the
MC1648, a series resistor is tied from the AGC paint to
the most negative power potential (ground if +5.0 voit
supply is used, —5.2 voits if a negative supply is used)
as shown in Figure 10.

At frequencies above 100 MHz typ, it may be desirable
to increasa the tank circuit peak-to-peak voltage in order
to shape the signal at the output of the MC1648. This is
accomplished by tying a series resistor (1.0 k(1 minimum)
from the AGC to the most positive power potential ( +5.0
volts if a +5.0 volt supply is used, ground if a —5.2 voit
supply is used). Figure 11 illustrates this principle.

APPLICATIONS INFORMATION

The phase locked loop shown in Figure g illustrates the
use of the MC1648 as a voltage controiled oscillator. The
figure illustrates a frequency synthesizer useful in tuners
for FM broadcast, general aviation, maritime and land-
maobile communications, amateur and CB receivers. The
system operates from a single +5.0 Vdc supply, and
requires no internal translations, since all components
are compatible.

frequency generation of this type offers the advan-
tages of single crystal operation, simple channel selec-
tion, and elimination of special circuitry to prevent har-
monic lockup. Additional features include dc digital
switching {preferable over RF switching with a muitiple
crystal system), and a broad range of tuning (up to 150
MHz, the range being set by the varactor diode).

The output frequency of the synthesizer loop is deter-
mined by the reference frequency and the number pro-
grammed at the programmable counter; foyp = Nfref.
The channel spacing is equal to frequency (fref).

For additional information on applications and designs
for phase locked-loops and digital frequency synthesiz-
ers, see Motorola Brochure BR504/D, Electronic Tuning
Address Systems, (ETAS).

Figure 10 shows the MC1648 in the variable frequency
mode operating from a + 5.0 Vdc supply. To obtain a sine
wave at the output, a resistor is added from the AGC
circuit (pin §) to Vgg.

Figure 11 shows the MC1648 in the variable frequency
mode operating from a + 5.0 Vdc supply. To extend the
useful range of the device {maintain a square wave output
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FIGURE 9 — TYPICAL FREQUENCY SYNTHESIZER APPLICATION

t
Voitage
f Phass Low Pass Controiled f
rof ° Filter Qscillator out
MC4044 MC1648
. fout = Nfrgt
~whers
Modulus Endble Line 1 N=Npep + A
Counter Controt MC12012
Logic P, +{P + 1}
a— MC12014
{ Zero Datect Line
7 fout T N, l A
Programmable ngl;ﬂum:nlblo
o nter
P S MC4016
£ Counter Resst Line f
N =NpeP + A

above 175 MHz), a resistor is added to the AGC circuit at
pin 5 (1.0 k-ohm minimum),

Figure 12 shows the MC1648 operating from +5.0 Vdc
and + 9.0 Vdc power supplies. This permits a higher voit-
age swing and higher output power than is possible from
the MECL output (pin 3). Plots of output power versus

FIGURE 10 — METHOD OF OBTAINING A

SINE-WAVE QUTPUT

total collector load resistance at pin 1 are given in Figures
13 and 14 for 100 MHz and 10 MHz operation. The total
collector load inciudes R in parailel with Ap of L1 and C1
at resonance. The optimum value for R at 100 MHz is
approximately 850 ohms.

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

10 33+—o Output

'IHFI4H

+5.0 Vde
<]
1 14
10 3 Qutput
1.0 k min

)
i
]
—)




FIGURE 12 — CIRCUIT USED FOR COLLECTOR OUTPUT OPERATION

+50V

*Qy > 100

FIGURE 13 — POWER QUTPUT versus COLLECTOR LOAD

1 Qutput
oA
4\%:, —‘[ &= +9.0V
b~ :E 0.01 uF
- . .
+50v

FIGURE 14 — POWER QUTPUT versus COLLECTOR LOAD

POWER OUTPUT {mW RMS)

Sea tast circuit, Figure 12, f = 100 MHz
C3 = 3.0-35 pF
Collector Tank

L1 = 0.22 uH

R = 50 Q=10 k0

Rp of L1 and C1 = 11 k(} (@ 100 MHz Resonance
Oscitlator Tank

‘L2 = 4 turns #20 AWG 316710

C2 = 1.0-7.0 pF

C1 = 1.0-7.0 pF

70
80
TN
30 &\
10
Wl ) AN
\
\
20— . N
1 N

10 1

[+

10 100 1000 10,000

TOTAL COLLECTOR LOAO (QHMS)

See tast circuit, Figure 12, f = 10 MHz

C3 = 470 pF
Collector Tank F\.‘
Lt = 2744 C1 = 24-200 pF

R=500-10k} -’

Rp of L1 and C1 = 6.8 k{) @ 10 MHz Resonance
Oscillator Tank

L2 =27 uH |

C2 = 16~150 pF

"
[ *\ L
12 /
& A
210
2., b \
5 /’ N
360 -
@ /’
240
2 M
20
0
10 100 1000 10,000

TOTAL COLLECTOR LOAD (QHMS)
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The standard colour code applies except tor voltage

Colour Voitage (V)
Yellow 6:3
Green 16

Blue 20

Grey 25
White 3
Black 10

Pink 35

Marking of polyester capacitors

— 15t significant tigure n oF | Stangarg

-— 2nd signiticant figure in pF colour
code

-— Muyltipher

— Toterance

T

I

i — voltage ——
i3
100 8rown + 20°t Brack
250 Reag +10°% white
400 Yellow * 5%, Gregn

Inductances

Self inductance of a straight wire
At radio frequencies, the self inductance of a straight round
wire is given by

4
L =0-0021 (2-303 login 7 ~ 1)uH

where { = length in centimetres
d = dia in cenuimetres

1000 AN y 2
+ [ 1 "
800 —1— i
600 ————fp 1 4
500 ; — swg
400 : ; —— : -
N
300- I S : 1
! ; ! i LT 211925 nen
T ! 7 T nternal
200 1 - N o 16 grameter
= | : ! " s
I O L /_ ./,/;:'2
< . ; i ' //'// ) . 25104125 wncr
¢ 100 N /A,/\ -1 internai
S i
‘é 80T 17 /,/ Ell D Eil
g 60+4+———4 e e e =
= 5o T 7'/&( L A~
-
WS wvs’ /s '?“';‘:"’"‘ —
- o P D S
30 LT :
A
3 e 1l
’d i
2097171 . ;
7 : i
175 J.L-»% 4 . U U SO S
1 | \
L] '
10 -
2 3 4 S 6 7 8 9 10
Turns

The Inductance of 0 25in internal diameter coils with turns
spaced one diameter apart

Inductance of a single-layer coil

The inductance of a single-iaver coil of length at least eyual to
its radius s grven by

AN
SR T
where 7 = radius of coil (1)
! = length of coil (1)
A = number of turns .
This applies to both close=wound and spaced-turn cotls. Cor-
respandingly. the number of turns for a given inductance 1

Nos L g9 1
v '

’2
~
-
1000 T r - T -
800 4—1——F— ;
600 : . \ 1 L 25swg
; : . o
500 T ; 1 il L 21
400 -——— 16
1 i v v L 14
-~ 3004+ : T
: N B N 7l 7 B s % 92 3 O
$ 200 7,4,//,'/ ‘
u f v 1
[s] . { i
g N5 Zdil
£ 100 +——AALL L
Y Swey .7/ /4 : : +
’/// . . ; .
] t
e an —
50 - . . +
404 : = + }
30 t { ; 1
2 3 4 s € 7 8 8 10
Turns

The inductance of 0-37Sin internal dlameter coils with turns
spaced one diameter apart

e T !’ I[
1000‘ . B _ : ' b 25 swg
80C +— : - ———f 2
600 _ ! T :i
x L i i
500 — L =12 swg
3 400 ; ,1/ <L i
5 100 e e ot —- ._..._;_/ . ,/“;r" +
© A R
g i ATV .//1 X t T
S 200 / / : ! }
3 ve7d iR
° 4 o U N W I ,
£ A SR S
‘ :
100 4— ,/ / =
as ZZ : L
- T // ] T L3
4 . '
€0 1— /4 - T
5C L - i
vtz 3 &4 = 6 7 8 9 10
Turns

The inductance of 0 Sin internal diameter coils, with turns
spaced one diameter apart
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USA RG series coaxial cables

DATA

Cable Maximum
Nominal outside Approximate attenuation (dB per 100tt) Capaci- operating
Cable Iimpedance diameter Velocity tance  voltage
No. Z, () (in} factor 1MHz 10MHz 100MHz 1,000MHz 3,000MHz  (pFift) (rms)
RG-5U 52-5 0-332 0-659 0-21 0-77 2-9 11-5 220 28-S 3.000
RG-58U 50-0 0-332 0-659 0-16 Q 66 2-4 8-8 16-7 29-5 3.000
RG-6A. U 75-0 0-332 0-659 0-21 0-78 29 11-2 21:0 200 2.700
RG-8A'U $0-0 0-405 0-659 0-16 0-55 2-0 8-0 16-5 305 4,000
RG-9'U 51:0 0-420 0-658 0-16 .0-57 . 2:0 7-3 15-5 30-0 4,000
RG-9B8: Y 50-0 0-425 0-659 0-175 0-61 : 2-1 9-0 18:0 305 4,000
RG-10A U 50-0 0-475 0-659 0-16 0-55 20 8-0 16-5 30-5 4,000
RG-11A U 75-0 0-405 0-66 0-18 0-7 2-3 7-8 16-5 20-5 5.000
RG-12A:U 75-0 0-475 0-659 0-18 0-66 2-3 8-0 16-5 20-5 4,000
RG-13A/U 75-0 0-425 0-659 0-18 0-66 2-3 8-0 16-5 20-5 4.000
RG-14A:U 50-0 0-545 0-659 0-12 0-41 1-4 5-5 12-0 30-0 5.500
RG-16/U 52-0 0-630 0-670 0-1 0-4 12 6-7 16-0 295 6.000
RG-17A.U 500 0-870 0 659 0-066 0-225 0-80 3-4 8-5 30-0 11,000
RG-18A:U 500 0-945 0-659 0-066 0-225 0-80 3-4 8:5 30-5 11.000
RG-13A U 50-0 1-120 0-659 0-04 0-17 0-68 35 7-7 30-5 14,000
RG-20A/U 50-0 1195 0-659 0-04 0:17 0-68 3-8 7-7 30-5 14,000
RAG-21A U 50-0 0-332 0-659 1-4 4-4 3-0 43-0 85-0 30-0 2,700
RG-29:U 53-5 0-184 0-659 0-33 1-2 4-4 16-0 30-0 285 1.900
RG-34A.U 75-0 0-630 7659 0-065 0-29 1-3 6-0 12-5 205 5.200
RG-348'V 75 0-630 0 66 0-3 1-4 5-8 21-5 6.500
AG-35A U 75-0 0-945 0-659 0-07 0-235 0-85 3-5 8-60 20-5 10.000
RG-54A U 58-0 0-250 0-659 0-18 0-74 3-1 115 21-5 265 3.000
RG-55.U 53-5 0 206 0 659 0-36 13 4-8 170 32-0 285 1.900
RG-55A U 500 0 216 0 659 0 36 13 4.8 17-0 32-0 295 1.900
AG-58-U 53-5 0 185 0 659 0 33 1:25 4-65 17-5 375 28-5 1,900
RG-58C U 50 0 0 195 0-659 0-42 14 4-9 24-0 45-0 300 1,900
RG-59A U 750 0-242 0 659 0:34 110 3 40 12:0 26-0 20 5 2.300
RG-598 U 75 0-242 0 66 11 3-4 12 21 2.300
RG-62A. U 93 0 0 242 0 84 0-25 0-85 2:70 8:6 18-5 13-5 750
RG-74A U 500 0-615 0 659 0-10 0-38 1-8 60 11-5 30-0 5.500
RG-83/U 350 0 408 0 66 0-23 0-80 2-8 96 24:0 44-0 2.000
*RG-213 U 50 0 405 0 66 016 0-6 1-9 8-0 295 5.000
tRG-218 U 50 0 870 0 66 0-066 0-2 1-0 4 4 295 11.000
t1RG-220 U 50 1120 0 66 0-04 0-2 0-7 3-6 29-5 14,000

* Formerly RG8A. U

t Formerly RG17A-U

t Formerly RG1SA/U
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Waveguide sizes
British Inter- JAN Type Cut-
wG WG Services Ref No RG () oft
Internal Internal RCSC ————————— NATO Fre-
Frequency Wavelength dimensions dimensions British  Brass Alumin- ElA IEC NWG Copper Alu- Silver quen-
(GM2) {em) {in) {em) WG No  70/30 fum WR() R () (1 or2) orbrassminium cy
0 32- 0-49 93 68-61 18 23 80 ~t11-5 52-420 x29-210 Q0 2300 3 [}] 0 265
0 35- 0:53 B8S 65-56-56 21 0 -105 53 34 «26-670 0 2100 4 02 0 2
0 41~ 0 625 73-11-47-96 18:0 - 90 45 72 .22-86 1 1800 5 03 201 o 328
0-49- 0°75 61-18-39 97 150 . 75 38t «19.65 2 1500 [ 04 202 0 393
0 64- 0-96 46-84-31-23 11 5 - 5-75 29 210 ~14-605 3 1150 8 05 203 Q 513
0-75- 112 39 95-26 76 9 75 - 4 875 24 765 «12-3825 4 975 9 06 204 0 605
096~ 145 31.23-2067 77 +« 385 19-558 x 9-779 5 770 12 07 205 0 766
112- 170 26-76-17-63 65 -+ 325 16 510 - B8-255 6 012-0037 650 14 08 69 103 0 908
1 45- 220 20-57-13 62 51 - 2585 12 954 « 6-477 7 510 18 09 1187
1 70~ .2 60 17 €3-11 53 & 3 2-15 10 922 « 5-461 8 083-0144 083-0144 430 22 10 104 105 1372
220- 3301363-908 34 - V7 8 636 x 4-318 9A 012-0040 012-0042 340 24 1" 12 113 1763
2 60- 395 71 53-7-59 284 - 1 34 7 2163» 3-403 10 083-0068 083-0069 284 32 12 48 75 2 078
330~ 490 9:08-612 229 - 1145 5 8166 2-909 11A 012-0045 012-0047 229 40 13 2 577
395 585 795 512 1 872- 0 872 4 7549« 2-2149 12 083-0077 083-0078 187 48 14 49 95 3 182
490~ 705 6 12-425 159 - 0795 4 0486+ 2-0193 13 083-0146 083-0147 159 58 15 3am
585 8120 5 12-366 ! 372. 0 622 3 4849~ 1:58 14 083-0081 083-0082 137 70 16 50 106 4 301
705 1000 425 299 1122- 0497 2880 - 1-2624 15 083-0086 083-0087 112 84 17 51 68 5 259
8-20- 12 40 3 66~ 242 090 - 040 2286 - 1 016 16 083-0097 083-0099 90 100 18 52 67 5 557
10 00- 1500 2-99- 200 075 - 0 375 1 9050+« 0 9525 17 —— 75 120 19 2 868
12 40- 18 00 2 42-1 66 G 622- 0 311 1 58 » 0-790 18 083-0101 62 140 20 91 107 9 426
16 00~ 22 00 2 00- 1 36 0 S10: 0 255 % 295 » O 6477 19 51 180 21 11 574
18 00- 26 50 1 66- 1 13 0 420: 0 170 1 0668« 0-4318 20 Precision 42 220 22 53 121 66 14 047
22 00- 3300 t 36- 091 0 340- 0 170 O 8636~ 0-4318 21 34 260 23 17 328
26 50- 40 00 1 13 -0 75 0 280 0 140 O 7112- 0 3556 22 083-1500 28 320 24 96 21 081
33 00- 50 00 0 91- 060 0224 0 112 Q 5659 0-2845 23 083-1501 22 400 25 97 26 342
40 00~ 60 00 O 75~ 0 50 0 188- 0 94 0 4775« 0 2388 24 083-1502 19 500 26 1 357
S0 00- 7500 0 60- 0 40 O 148 0 074 0 3759> 0-1880 25 083-1503 15 620 27 298 39 863
60 00- 90 00 0 SO- 0 33 0 122. Q 061 O 3098« 0 1550 26 083-1504 12 740 28 99 48 350
75 Q0-100 00 0 40- 027 0 100- 0 050 O 2540~ 0 1270 27 083-1505 10 900 29 59 010
90 00-140 0 0 33- 0 22 0.080- 0 040 O 2032+ 0 1016 28 083-1506 8 1200 30 73 80
140 00-220 0 0 22- 0 14 0 051« 0 025 O 1295- 0 0635 116 80

Note {1} Alumintum {2} Copper based alioy
The cut-oft waveiengtn of a rectangutar waveguide. the wide dimension of which 15 @ ¢m given by A, > 23

For a waveguioe

1 1

F— —_—

A? ALt A

where + - waveguide wavelength. A, = waveguide Cul-off wavelength. and A, =

free space wavelength
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VHF/UHF MANUAL

Coaxial plug assembly
Standard Belling Lee type
|

3.

. Cut end of cable even and remove iin of outer sheath.
2.

Remove 3in of dielectric without damaging the inner con-
ductor. Tin lightly end of conductor.

Slide cap and collet clamp over cable and slightly clench
collet in position. Comb out the braid and fan out over
collet. Solder cable centre-conductor to tip of plug centre
conductor. Avoid overheating.

. Push sub-assembly into the body as far as possible. Gently

screw cap on to the bady to complete assembly.

Collet f
Cao clamp nsulator Contact Boay

== ﬁmm T

==

Belling Lee type

UHF type (clamped screen)
1. Cutend of cable even. Remove vinyl jacket {in. Slide coupl-

[ )

ing ring and adapter on cable.

- Fan braid slightly and fold back as shown,
. Position adapter to dimension shown. Press braid down over

body of adapter and trim to {in. Bare *in of conductor. Tin
¢xposed centre conductor,

Screw plug sub-assembly on adapter. Solder braid to shell
through solder holes. Use enough heat to create bond of
braid to shell. Solder conductor to contact.

- For final assembly. screw coupling ring on plug sub.

assembly.

o ah
Y
: &“"
wny
—

Agaptor -3 -

» ad 3
el
vy .
[
3.
4.

5. |

UHF type (clamped screen)

UHF type (soldered screen)

1. Cut end of cable even Remorve vinyl jucket 1in.

2. Bare iin of centre conductor. Trim braided shield. Slide
coupling ring on cable. Tin exposed centre conductor and
braid.

3. Screw the plug sub-assembly on cable. Solder assembly 10
braid through solder hotes. Use enough heat 1o create bond
to braid to shell. Soider centre conductor to contact.

4. For final assembly. screw coupling ring on plug subassem-
bly.

UHF type (soldered screen)



4.

DATA

Boay (C)

Clamp Ferrule fFront insulator
nut
Pressurs | mear
insulator

Mate
contact

. N type

m 1
> iy

873mm

SRl

N type

1.
2.
3.

Cut end of cable even and remove 8-73mm (kin) of outer
sheath.

Slide the clamp nut and pressure sleeve over cable. Comb
out the braid.

Fold the braid back. Insert the ferrule between braid and
dielectric. Trim off excess braid. Remove 5-55mm (in) of
the dielectric without damaging the inner conductor. Tin
end of conductor.

. Slide rear insulator over conductor and position against end

of dielectric. Slide the contact over conductor until the
shoulder of the contact is pressed hard against the rear
insulator. Solder the contact to the conductor but avoid
over-heating.

. Fit front insulator in body and push sub-assembly into the

body as far as possible. Slide pressure slecve into body and
screw in the clamp nut tightly to clamp cable.

BNC type (male contact) .
1. Cut end of cable even and remove 7-93mm (fsin) of outer

2

v

Clamp

sheath.

Slide the'clamp nut and pressure sleeve over-cable. Comb
out the braid.

Fold the braid back. Insert the ferrule between braid and
dielectric. Trim off excess braid. Remove 5-16mm (Rin) of
the dielectric without damaging the inner conductor. Tin
end of conductor.

Slide rear insulator over conductor and locate shoulder of
insulator inside recess in ferrule. Slide the contact over
conductor until the shoulder of the contact is pressed hard
against the rear insulator. Solder contact to the conductor
but avoid over-heating.

Fit front insulator in body and push sub-asscmbly into the
body as far as possible. Slide pressure sleeve into body and
screw in the clamp nut tightly to clamp cable.

Ferrule Boay (BNC)
nut Rear
l Pressure insulator
slcrve l

[0

Front
nsulator

Maile
<anu<t

T3 -

%6 |
7-93mm

BNC type (male contact)
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Forryie B, e
I b,

Pmgare | MR
canta t gL, '

S Peve I Wear
L nsGatn

BNC type (femaie contact)

BNC type (female contact)

[I¥]

Cut end of cable even and remove 7-93mm (#=in) of outer
sheath,

. Slide the clamp nut and pressure sleeve over cable. Comb

aut the braid.

. Fold the braid back. Insert the ferrule berween braid and

dielectric. Trim off excess braid. Remove 5- 16mm (Hin) of
the dielectric without damaging the inner conductor. Tin
end of conductor.

. Slide rear insulator over conductor and locate shoulder of

insulator inside recess in ferrule. Slide the contact over
conductor until the shoulder of the contact 1s pressed hard
against the rear insulator. Solder contact to the conductor
but avoid over-heating.

- Fit front insulator in body and push sub-assembly into the

body as far as possible. Slide pressure sleeve into body and
screw in the clamp nut tightly to clamp cable.

-LUD
' mmmmJ

Lengths of antenna elements

0
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Bercent of bt mave en
i
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93
! 0o ‘.oeo 10.000
Qatio SleTeENt cergin ot qipole
ftemer: z.ameter
Free space Corrected A/4 (in)
4 wavelength (tt) element diameter
(MHz) A al2 A4 A/4 (in) iin i in {in
70 14 057 7-028 3-514 42-168 41-02 40-9 ' 40-69
70-7 13-924 6-962 3-481 41 77 41-64 40-39 40-30
144 6-833 3 416 1 708 20-49 19-87 19 72 19-67
145 6 788 3:394 1 697 2037 19-76 19:65 19-55
146 6-779 3 389 ! 694 20 33 19-72 19 62 19.52
432 2:277 1 138 0-569 6-83 6-57 6-54 6-49
433 2-272 1-136 0 568 6 82 6-56 6 53 6-47
434 2-267 1133 0-567 6-80 6-54 6-51 646
1.250 0 787 0-393 9 196 2:352 2-24 2-218 -
1.275 0-771 0 385 0192 2 304 2 19 2:173 -
1,296 0-759 0-379 0-189 2-268 2:16 2-139
2.304 0 427 0-214 0107 1 284 1-216 -
3.456 0 285 0 143 0 o071 0-852 0797 -
5.750 cIin 0 085 0 043 0-516 Q0 4798
0 0237 C 284 0 2613 - -

10.350 0-095 0 0475 0

i
I



Ratings of some commonliy used pa valves

DATA

Type Base Heater P, v, Ve, Frar P.max Socket

(V) (A) (W) full (w)

rating
(MHZ)

DET22 Disc seal 6:3 0-4 10 350 — 100 2-4 Special
TD03-10
DET29 Disc seal 63 0-5 10 450 —_ 2.300 3:5 Special
DET24 Disc seal 6-3 1-0 20 400 — 600 23 Special
TDO04-20
QQvoz-6* B9A 6-3 0-8 2x3 275 200 500 5 BYA

12-6 0-4 N

~

QQvos-10° BSA 6-3 0-8 2x5 300 200 ™ 225 12-5 B9A
6360 126 0-4 -
QQV03-20A° B7A 6-3 1-3 2 x 10 600 250 200 48 B7A
6252 12:6 0-65 600 20
QQV06-40A° B7A 6-3 1-8 2 <20 750 250 200 90 B7A
5894 12-6 0-9 : 475" 60
QQvo7-50° B7A 6-3 2:5 2 x 25 ‘750 250 180 130 B7A

12-6 1.25 600 250 470 69
4X150A B8F 6-0 2'6 150 1,250 200 * 165 195 2m SK600A
QV1-150A Special i 500 140 70cm SK620A
2C38A Disc seal 63 1-05 100 1.000 —_ 2.500 40 500MHz Special
7289 17 2,500MHz
3CX100AS
4CX2508 BaF 6-0 26 250 2.000 400 500 300 (AB1) 2m SK600A
QE&1-250 Special 390 (C) 70cm SKB20A
Qv2-2506
4CX250R Special 6-0 2-6 250 2,000 400 500 330 (AB1} 2m SK600A
7580W 420 (C) 70cm SK620A
4CX350A Special 60 2-9 350 2.500 450 150 400 (AB1) 2m SK600A
8321
4CX350FJ Special 26-5 0-65 350 2.500 450 150 400 (AB1) 2m SKB00A
8904
8874 6-3 30 400 2.200 —_ 500 500 Special
8875
8930 B8F 60 26 350 2.400 450 500 350 (AB1) SK646

Special 450 (C)

3ICX100U7 Disc seal 6 3 100 1,250 —_ 1,200 225(C) Special
8961
8122 11-pin 135 13 400 2.200 400 5CO 380 (AB1) 11-pin special
8877 6 3 1.500 4,000 — 250 1,500 (AB1)
3CX1500A7 2,000 (C)

* Double tetrode
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Ratings of some commonly used power transistors

Type V. Voo 1, max P, max P, f P, V.
v) v) (A) (W) (W) (MHz) (aB) v)
BLX68 36 18 4 10 7-8 470 5.9 13-8
BLX69A 36 18 10 S0 20 470 >4 13 8
BLX95 65 30 10 75 40 470 >4-5 28
BLY33 66 33 15 5 2 175 8 13-8
BLY34 40 20 19 5 3 175 8 . 13-8
BLYB3 66 33 75 12 7 175 13 13:8
BLY8S 40 20 3 10 >4 175 >10 138
BLYBBA 36 18 7-5 32 15 175 7:5 12-5
BLYB9A 36 18 10 62 25 175 >6 12-5
BLY90 36 18 20 13 50 175 >5 125
BLYS3A 65 36 9 62 25. 175 >9 28
2N3375 65 40 1-5 11-6 >3 400 —_ ~28
2N3553 65 40 1 7 >2-5"7 175 - 28
2N3632 65 40 3 23 13:5 175 — 28
2N3866 55 30 0-4 5 1 175 10 13-5
2N4427 40 20 0-4 3-5 1 175 10 13-5
2N559G _— —_ _ —_ 10 175 52 13 5
2N5591 36 18 4 70 25 175 4-4 13-5
2N5944 36 16 0-4 5 2 470 9 12-§
2N5945 36 16 0-8 15 4 470 8 12-5
2N594£ 36 18 2 37-5 10 470 6 12-5
2N606% 36 18 1-5 12 4 175 12 12-5
2N6081 38 18 2-5 31 15 175 63 125
2N6082 36 18 4 65 25 175 6-2 12-5
2N6083 36 18 4 65 30 175 57 12-5
2N6084 36 18 6 80 40 175 4-5 125
C1-12 36 15 0-25 5 1 470 10 12-5
C3-12 36 17 1 ‘10 4 470 6 12-5
C12-1z2 36 17 2 25 12 470 —_ 12-5
-
Characteristics of some double-balanced diode mixers
Make- Relcom Anzac MCL MCL MCL MCL Olektron Olektron Olektron Olektron Olektron
Mode- MSF MD108 SRA-1  SRA-1H RAY-1 MA-1 CDB-198 CD8-110 CDB-112 CDB8-114 CDB-1854
Freque ncy
range lo (MHz) 2-500 5-500 5-500 5-500 5-500 1-2,500 0:002-50 0-01-100 0-2-200 1-500 5-1,000
RF inc 1 (MHz) 2~500 5-500 5-500 5-500 5-500 1-2.500 0-002-50 0-01-100 0-2-200 1-500 5-1,000

LF. oout (MHz) DC-500 DC-500 DC-500 DC-500 DC-500 1-1.000 0C-50 DC-100 DC-200 ©OC-500 ©DC-800
Conve-sion

loss aB) 9 7 58 6-5t 6 5t 7 5t 8-0t 8-0% 6-5% 7-5¢ 6t 7t
Isolatwzn lo-rt
(a8 35-40 40° 45t 45t 401 401 45 45 35 35 20
Isolatzn 1o |1,
(d8 25-35 35 401 401 40t 40t 40 40 20 30 15
Powe- input
(tota  (mW) 50 400 500 500 1.000 50 40 40 30 35 15
Powe- 10 (dBm) -7 +7 +7 +177¢ -23 +10 — _— bt - -
{mw) 5 5 5 50 200 10 —_ - — — -
Signa 0B
cormoression
ieve: 1d8m) —_ _ 41 +10 -15 +7 s71t0 +7 10 +710 -71t0 +710
+13 ~13 +13 +«13 #13
Impecance, ail
por:s (1) 50 50 50 50 50 50 50 50 50 50 50

tMax °*Min  tTypical §May be used with lo power + 4dBm.



DATA

Ratings of other semiconductor power devices

Type V.. I, max P, Max P, t P, V..
(34] (A) (W) (W) {MH2z) (a8) \))]
Power fets
VR6E6AJ 60 2 25 10 200 10 24
Dv2820S 65 2 40 20 175 10 28
0Vv2840S 65 4 80 40 175 10 . 28
Dv2880U 65 8 160 80 175 10 28
Broadband modules (cascade amplifiers)
BGY32 —_ —_ — 18 68-88 100mwW 12-5
BGY35 —_ — —_ 18 132-156 100mwW 12-5
BGY36 —_ - - 18 148-174 100mw 125
MHW709 —_ — — 75 400-470 18-8 12-5
MHW710 — — — 13, 400-512 19-4 ~ 128
MHWE01 — — —_ 13 146-174 21-0 12-5
MHWE02 — —_ —_ 20 146-174 20-6 12:5
Wire sizes
SWG AWG BWG Std metric (ref to swg)
Wire No. {in) (mm) (in) (mm) (in) (mm) (mm)
0000 0-40 10:16 0-460 11-68 0-454 11-53
000 0-372 9-45 0-409 10-41 0-425 10-80
00 0-348 8-84 0-365 9-27 0-380 9-65
0 0-324 8-23 0-325 8-25 0-340 8-64
1 0-300 7-62 0-289 7-35 0-300 7-62
2 0-276 7-01 0-258 6-54 0-283 7
3 0-252 6-40 0-229 5.83 0-259 6-58
4 0-232 5-89 0-204 5-19 0-238 6-05
5 0-212 5-38 0-182 4.62 0-220 5-59
6 0-192 4-88 0-162 411 0-203 5-16
7 Q-176 4-47 0-144 3-66 0-179 4-57
8 0-160 4-06 0-128 3-26 0-164 419
9 0-144 3-66 0 114 2:90 0-147 376
10 0-128 3:25 0-102 2-59 0-134 3-40
1 0-116 2-95 0-091 2-30 0-120 3-05
12 0-104 2-64 0-081 2-05 0-109 2-77
13 0-092 2-34 0-072 1-83 0-095 2-41
14 0-081 2-03 0-064 1-63 0-083 211
15 0-072 1-83 0-057 1-45 0-072 1-83
16 0-064 1-63 0-051 1-29 0-065 1 65
17 0-056 1-42 0-045 1-15 0-058 1-47 1-5
18 0-048 1-22 0-040 1-02 0-049 1 24 125
19 0-040 1-02 0-036 0-91 0-042 1-07 1-00
20 0-036 0-92 0-032 0-81 0-035 0-89
21 0-032 0-81 0-028 0-72 0-031 o & 08
22 0-028 07N 0-025 0-64 0-028 07 071
23 0-024 0-61 0-023 0-57 0-025 0-64
24 0-023 0-56 0:020 0-51 0-023 0-56 0-56
25 0-020 0-51 0 018 0-45 0-020 0 51 05
26 0-018 0-46 0:-016 0-40 0-018 0 46
27 0-016 0-41 0-014 0-36 0-016 0 4 04
28 0-014 0-38 0-013 0-32 0:0135 0-356
29 0-013 0-35 0011 0-29 0-013 033
30 0-012 0-305 0-010 0-25 0-012 0 305 0 315
N 0-011 0-29 0-009 0-23 0:010 0 254
32 0-0106 0-27 0-008 0-20 0-009 0299
33 Q-010 0-254 0 007 0-18 0-008 0-203 g 25
34 0-009 0-229 0-0063 0-16 0-007 0-178 0-224
35 0 008 0-203 0 0056 0 14 0-005 0 127 02
36 0-007 0-178 0-0050 0-13 0 004 0 102 :
37 0 0067 0:17 0 0044 011
38 0-006 0-15 0-0040 0-10
39 0 005 0-127 0 0035 0-08

SWG +« Standard wire gauge; AWG =

onginal inch sizes.

American wire gauge; BWG = Birmingham wire gauge. Diameters in milimetres are derived trom
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Power and voltage ratios in decibels

Power and voltage ratios are normally expressed in decibels
where

A
N (dB) = 10 log,q —

P
where P, and P, are the power ratios being compared. On the
assumption of constant impedance, the corresponding voltage
ratios V, and V, may be used,

N (dB) = 20 log,e V2

v
A value in decibels only has absolute meaning if the reference
level is stated. The expressions dBm and dBW are frequently

used 1o express decibels with respect to ImW and 1W respec-
tively. The table below gives the decibel equivalents of g
wide range of voltage and power ratios.

Relationship between dBm and voltage

A power level of ImW into a 600 or 5011 resistance has become
a standard for comparative purposes. lt is the datum 0dBm.
Signal levels above and below this datum are expressed in
: dBm; they correspond to finite voltage (or current)
levels—not ratios. ~
0dBm into a 6#00Q) resistance corresponds to 0-775V
0dBm into a 50Q resistance corresponds to 0-225V

Decibel table

Voltage ratio Power dB Voltage ratlo Power
(equal Impedeance) ratlo - ———— (equal impedance) ratio
1-000 1-000 0 1:000 1-000
0-989 0-977 0-1 1-012 1-023
0-977 0-955 0-2 1-023 1-047
0-966 0-933 0-3 1:035 1-072
0-955 0-912 0-4 1-047 1-096
0-944 0-891 05 1-059 1-122
0-933 0-871 0-6 1-072 1-148
0-923 0-851 0-7 1:084 1-175
0-912 0-832 0-8 1-096 1-202
0-902 0-813 0-9 1-109 1-230
0-891 0:794 1.0 1-122 1-259
0-841 0-708 1-§ 1-189 1-413
0-794 0-631 2-0 1-259 1-585
0-750 0-562 2-5 1-334 1-778
0-708 0-501 3.0 1-413 1-995
0-668 0-447 3.5 1-496 2-239
0-631 0-398 40 1-585 2:512
0-596 0-355 4.5 1-679 2-818
0-562 0-316 5-0 1-778 3-162
0-531 0-282 55 1-884 3 548
0-501 0-251 60 1-995 3-981
0473 0-224 65 2-113 4-467
0-447 0-200 7-0 2:239 5-012
0-422 0178 7-5 2-371 5 623
0-398 0-159 80 2 512 6-310
0-378 0 141 85 2-661 7-079
0-355 0-126 -0 2-818 7-943
0-335 0-112 9-5 2-985 8-913
0-316 0-100 10 3 162 10-00
0-282 0:0794 11 3-55 12-6
0-251 0-0631 12 3 98 15-9
0-224 0:0501 13 4-47 20 0
0200 0-0398 14 5-01 251
0-178 0:0316 15 5-62 31 6
0-159 0-0251 16 6-31 39 8
0-141 0-0200 17 7-08 501
0-126 0:-0159 18 7-94 63 1
0-112 0-0126 19 891 79 4
0100 0-0100 20 10-00 100-0
316 x 102 10+ 30 3-16 x 10 10
10°7 10 * 40 107 10°
3-16 < 10 103 50 3-16 » 107 10*
10 10~ 60 10° 10
316 x 10 * 10’ 70 316 » 10° 10°
10~ 10 80 10° 100
316 x 10 10-* 90 316 =~ 10° 10°
10 10-"* 100 100 10
316 x 10°* 10" 110 3-16 x 10* 10"
10 10-'? 120 10 107
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10mv 100mv v v
Signal volts RMS
*T" attenuators (50(1)
el 23
INoUt O . —0
{L&z
R1 R2 R3
Attenuation Resistance Dissipation Resistance Dissipation Resistance Dissipation Total
(d8) () (mW) () (mW) 1)) (mw) dissipation
(mW)
1 2-875 57 433 3 102 2-875 46 208
2 57N 114 215-2 180 57N 72 360
3 8-55 171 141 9 242 8 55 87 446
4 11 3t 226 104-8 285 1 3 90 520
5 1401 280 82-24 314 14 01 88 682
6 16-61 332 66-93 332 16 61 83 747
7 19-12 387 55-80 34 19-12 76 804
8 21-53 430 47-31 343 21-53 68 841
10 25-97 519 35-14 328 25-97 52 899
12 29-92 598 26-81 300 29-92 38 936
15 34-9 710 18-36 235 34-9 21 966
20 40-91 818 10-10 168 40-91 10 996
25 44.67 894 5 641 98 4467 S 997
30 46-9 938 3-165 59 46-9 1 998
35 48-25 870 1779 29 48 25 -1 999
40 49.01 980 1 000 20 - 49-01 <1 1.000

Dissipations based on 1W input with a 50{) termination.




Resonant rf chokes for vhf

In ht equipment rl chokes are not usually resonant because ot
the wide frequency range covered. but on vhi and uhf such
chokes are used. not only in the anode. grid. collector, base.
gate or drain circuits but often in heater leads in the case of
valve equipment.

A resonant choke is normally a single-layer winding, which by
virtue of its own self-capacitance. resonates at the operating
frequency. At the normal frequencies over which the equip-
ment is used, chokes designed for mid band will be effective
over u reasonable bandwidth.

VHF/UHF MANUAL

D U VU |

For a single-layer coil N
wavelength = NL R e b o e
. . . .. [ T
where NV is the shape factor depending the coil length to diam- R IR R Sospe
eter ratio
avelength
or L= YTg— ..
The graph shows the relationship between N and L/D 2 el
The length of wire L = ¢/fD R
number of turns nn = LI7D o T Y .
wire diameter d = LIN W e, | AN T
where D = diameter of coil A 1
L = length of coil - . 2 . 3 < :
N = see curve on right )
[ = vperating frequency
¢ =300 x 10*Hz Relationship between shape factor and length diameter
w=3-142 ratio

W e L

10

11

12.

13
14

Safety recommendations for the amateur radio station

. Al equipment should be controlled by one master swilch, the position of which should be well known 10 others in the house or club
. All equipment should be properly connected to a good and permanent earth (Note A}
. Wiring should be adequately insulated, especially where voltages greater than 500V are used. Terminals should be suitably protected

Transformers operating at more than 100V rms should be fitted with an earthed screen between the primary and secondary windihgs
Capacitors ot more than 0-01u F operatng in power packs, modutators etc {other than tor rf bypass or coupling) should have a blesder
resistor connected directly across their terminals. The vaiue of the bleeder resistor shouid be low enough to ensure rapid discharge. A
value of 1:C Megohms (where C is in microfarads) is recommended. The use of earthed probe leads for discharging capacitors in case the
bleeder resistor is defective is aiso recommendad (Note B). Low-leakage capacitors. such as paper and oil-hiied types, should be stored
with their terminals short-Circuited 10 prevent static charging.

. Indicator lamps should be instatled showing that the equipment is live These snhouid be clearly visible at the operating and test position

Faulty indicator tamps should be replaced immediately. Gas-lilled {neon) lamps are more reliable_than tilament types.

Double-pole switches should be used for breaking mains circuits on equipment Fuses of correct rating should be connected to the
equipment side of each swilch. (Note C). Aiways switch otf before changing a fuse. The use of ac/dc equipment should be avoided

In metal enclosed equipment install primary circuit breakers. such as micro-switches. which operate when the door or lid is opened
Check their operation frequently.

Test prods and test lamps should be of the insulated pattern

A rubber mat should be used when the equipment is installed on a floor that Is likely to become damp.

Switch oft before making any adjustments. it adjustments must be made whilg the equipmentis live, use one hand only and keep the other
in your pocket. Never attempt two-handed work without switching off tirst Use good-quality nsulated tools for adjusiments

Do not wear headphones while making internal adjustments on hve equipment

Ensure that the metal cases of microphones. marse keys etc are properly connected to the chassis.

Do not use meters with metal zero-adjusting screws in high-voltage circuits Beware of ive shafts projecting through panels. particularly
when metal grub screws are used in control knobs .

Antennas should not, under any circumstances, be connected 10 the mains or other ht source. Where leeders are connected through a
capacitor which may have ht on the other side. a low-resistance d¢ path to earth should be provided (rf choke)

Note A Owing to the common use of plastic water main and sections of plastic pipe 1 etfecting reparrs. it 1s no longer safe to assume that a

mains water pipe is eftectively connected to earth Steps must be taken, therefore. 0 ensure that the earnh connection is ot sutficiently low
resistance 1o provide salety in the event of a fault Checks should be made whenever repairs are made 10 the mains water system in the
buiding.

Note 5 A“wandering earth lead™ or an "insulated earthed probe lead" 1s an insulated lead permanently connected at one enc tg the chassis

of the equipment. at the other end a suitable length of bare wire is provided for touch-contacting the high potential terminais 10 be
discharged

Nore C Where necessary. surge-prool fuses can be used.
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MV2101 thru MV2115

ELECTRICAL CHARACTERISTICS (T4 - 25°C unlew otherwiw noted)
Char actormtns = Al Typen Sy al LY Typ Mos Unsy
p— = - ——
Roveorse §:aom doven Veltaw [ 17 b Vox
lig - 10pAd)
Reverse Voitage Loeh ape Curtent o [y - 010 uhAdc
Vg o 29 Vde, Ty« 23°C2
Ser vt lmum:- - ig . €0 - ot
1t o 250 Mty Lood Longm o 1/1871 .
Cove Croecrtance ) Ce . o.1a - (4
11« 1.0 8y, Lood Lomgrh w 1716 N
Oone Capscrionce Temowature Coetfiont TCc 280 400 pom/2C T
ivg - 6B vac, 1 ° 3 0MNel
— -
Cy. Dlede Copacitonee Q. Fapire of Moit ~ TR, Tuning Astis. I~
Vs 4.0V = 1.0 MN, Vi = 4.0 Ve, i CyCas
of 4 80 Mg € 1.0 MHe
Owvine oy Nem #aa i Sy Tve SMan
Mv3101 , &1 .3 1.5 a0 28 .7 32
Mv2102 At—] .82 J..-30. 450 - 29 2.8 .32
“Mv2103 2.0 . 10.0 11.0 400 ° 2.8 .9 22
V2104 M T X 120 13.2 400 23 2.9 a2
MV2105 133s 15.0 18.% 400 . 18" 2.9 * 3.2
uv2106 16.2 150 .| -19.8 350 25 25 22
“v7107 g9k .20 _J- 22 350 28 29 37
Mv21ice Y e .7 xq 2.5 3.0 3
L MV2109 29.7 a0 L83 200 25 2.0 12
[onzaal) 25.1 ' 30.0 42.9 2.8 3.0 22
MY21t1 423 47.0 .7 2.5 30 3.2
“v2112 . 80.4 80 :{ &6 2.6 ac 13
MV211) 4 812 - $8.9 s 2.6 3.0 33
“Mvtle - Rar¥ 2.0 920.2 o 2.6 i 30 . 33
Vs 200 100.0 “tw.0 2.8 30 . 33
° - [ P & t WA >
- D i PARAMETER TEST METHOOS

f. Lg. SERIES INDUCTANCE
L @ meclured on o thorted pachege o 250 MH: veng on
oo Srudge (B Rodeo Model JSOA AX Merer)

2. C¢, CASE CAPACITANCE
CC s moarured 00 o8 00N pach age o1 1.0 MH? viing s capacitance
7 wgr {Boonton Electroncy Madet 19A o0 sunwrolenil,

1 Cr. OtODE CAPACITANCE
1Cy = Cg *» €1 Cr & muaured 2t 1.0 MH¢ viing 2 capecitance
Sredge 1800nion Elecroncs Maowt TSA o vauelent),

4 TR TUNING RATIO
YA wineretsolCy
ot 20 Ve

*d o1 2.0 Vex oy Ct meensred

.

_ 8. O.FIGURE OF MERIT

O 1« coiculsted Wy tshong the G ond C roading of o sderettance
Brices 01 the soeciliod freavency end nbstitvting o T lefiomeng
wuation

201C -

(Boenton Electronict Mode! JIASE), U Leed Longth ae1/16™

&. VYCc. DIODE CAPACITANGE TEMPEAATURE COEFFICIENT

TCC ' poorontond by comowing CT ot Vo = 4.0 Vac, 1« 1.0
MHe, T  659C with Cy o1 Vi © 4.0 Ve, T o 1.0 MMz, Ty »

SES9C in 1he following squetion whih define TCe:

Cris85°Cl ~ Cy(-45°C) 108
" cptrsect

- e ' 65

Azcurecy timited by waeasrement 8f C1 19 2 0.1 8F.
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MV2101 thru MV2115

TYPICAL DEVICE PERFORMANCE
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MICROWAVE COMPONENTS

very low distortion
LEVEL 175 (+47dBm LO, up to +14dBm RF)
S50KHzt0 1.2 GHz

L=low range ({10 10 §)

M =mid range (10 to 1,/2)

m=mid band (2fto f,/2)

Two-Tona 3rd order M below iF
ecch tone (008m, 200 ond 2 02 mHz), LO ( + 1708m, 180 MH?2)
of models 6008 typ 55 d8 mn
except 55 08 1yp 45 B min (or TFM-3H, TAK-3H, 2FM-3H, ZLW-J3SH. ZAD-3SH

NOTES:
1

For quokty control procedures. envronmentol speciications,
ond te-Rel. ML ong 1X descrphion see section {
2 Absolute Momrmum Rotngs.
RF power 200 MW, peok ¥ cuirent 40 mA. see sechon 4
J for connector types and case Mountng ophons. see cose
tlyle outhne arowngs, sechon 1
4 Prces ond speciicathons subject to change without notice

pin and coaxial connections

100 cOse slyle oulline drawing

Serles TFM-H TAXK-H ZFM-H | ZLW-SH | ZAD-SH

Models all -1H - tWH ofl atl oll
models | - 34 models | models | modnis

(o] 4 8 ] 1 1 1

RF 1 1 1 2 3 3

IF 2 34 kY0 3 2 .2

GND 3 25.6.7 25.6.7 — - -—

CASE GND| 3 2 25.6.7 - — -

‘Pt must Do Connecied externolly

222y
M-H TAK-H ZFM-H 2W-SH 2AD-SH
FREQUENCY [CONVERSION LOSS LO-RF ISOLATION, dB LO-IF ISOLATION, dB
MHz ds
LO/RF ¥ Mid-Band  Total
MODEL m Ronge L M u L M [{]
NQ. f-fy Mo Max W Mox [ vp Min p Min hp Min | yp Mia  Typ Min  typ Min

MH M 7500 DC%00 | 80 75 70 85 | 50 45 40 30 30 20 | 45 40 35 25 25 20
iz mMan $1000 DC1000| 62 70 70 10 |5 45- 40 30 30 20 | 45 40 35 25 25 17
Y™ 1250 DC250 | S0 70 60 85|50 45 a0 30 28 23| a5 40 33 25 26 20
Iy - 51200 DC1200( 65 80 70 90 |0 40 35 25 30 20| SO 40 35 20 30 20
LKH wee 2500 ©0C500| 60 75 70 85 [% 40 40 30 30 25 | 45 35 23S 25 25 20
Thos K-t 5750 DC750 | 62 75 170 90 'S0 40 40 30 30 25 | 45 35 35 25 30 20
UM 05306 DC-300 | SO 70 60 85 )55 45 40 20 30 25| 0 40 35 25 25 20
MH om 250 DCSOO | 80 75 70 85 {50 45 40 230 30 25| 45 35 35 25 25 20
yers UMM 51000 DC1000) 62 70 70 10 |0 40 a0 30 30 20 | 45 40 35 25 2% 47
prive 05300 ©0CI00 | SO 70 80 85 |85 45 40 30 30 25| S0 40 35 5 25 20
M 51200 DC.1200| 65 80 70 90 {5 40 35 25 0 20| 0 & 3 20 30 20
NSH nwass 2500 ©0CS00 | 60 75 70 85 |50 40 40 30 30 25| a5 35 35 25 25 20
w2 owrwsn| 5750  DC7%0 | 82 75 70 90 { %0 45 40 30 30 20 | 45 a0 35 25 30 20
Uwash | 05300 ©0C.300 | 50 70 40 85 [s5 a5 40 30 36 25| 0 40 3 25 25 20
WD-GH VO-1sH 2500 ©0cs00l 60 75 70 85|50 40 40 0 30 25| a5 35 38 B 2% 20
Jmu2; UD-wSk| 5750  ©DCJs0 | 62 75 70 90 (50 45 40 30 30 20 | 45 40 35 25 30 20
~ 103w | 05300 ©0co | 50 70 60 &5 |55 as a0 30 30 25| s0 40 35 25 25 20

U=uonper range

schematic_____

s

MIL-M-28837/A, NSN GUIDE

MCL NO. NSN

TAK. 11 5895 04-167.9724
TAK. tWH 5895 0% 189.-9481
|12V IR $895.0%-120.0110
M 219 5865.01.184 1186

l:,:JMini-Circuits

ML M 28837/1A°
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. o Complets Typicsl Design Curves

1 -~ w —

My 2101
thru
MV 2115

T

MOTOROLA

vvec —Pp{—

SILICON EPICAP DIODES o

.. . Beugned in the popular PLASTIC PACKAGE for hegh volume
requirements of EM Radio and TV tuning and AFC, general frequency
control and twuning spplications; providing solid-state reliability in
replacement of mechanical tuning methods

® High 6 with Guu.mlad Minimum ;lolu« .
® Contiolied and Uniform Tuning Ratio
: e Standsrd Capacitance Tolerance = 10%* ; 3

VOLTAGE-VARIABLE
CAPACITANCE DIODES
' - 68-100 pF

0 VOLTS

MAXIMUM RATINGS -

Ronng L Bywbct Volue “Unds
Reverse Voitage . Va xn Veolty
Focward Cueront g - 200 mA
Oevice Dimivetion @ T4 = 75°C o 0 mw
Ovwrate sbowe 275°C B 28 mwoC
Junction Tempersture \f .128 *c
Storege Temoweture Ronge Tatg ~£5 19 <150 oc

nant’

tIvLge
_maf, ANOOE
2. CatmOOf

s\ \Iw{ T(8] [
% Cua [ MAlL | win | waz

a i nele
41 (04 Jesgjesny
BBERI] o% | 8110
gl - -

CASE 18202
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Frequency Mixers

-A B C D E F

GHJ'

200 20 14

70 200 285 310 310 400
1996 2032 724 780 940 W6 508 >S08 Id
LETTER M OVER MW 2
MCL
TOP viEw
-G — KO TYP
1L
F _, o 1 r
1w - G —
47 5
=11, -
' R " ——-g —
NOTE. Biue B8e0d NOCOIes.om ¢
Pin nuUMoen 00 NAT AOPEA! ON LN,
Fot reterence orvy
FRE%L’J.‘ENCY CONVERS!BON LOSS LQO)-RF iSOLATION, g8 LO-IF ISOLATION, a8
b3 d
LO/RF If Mid-Bana  Total
MODEL m Range L M u L M v
NO. 't"u Ivp Max yo Maz Wwp Mna vo Min yp Min vo Min Tvyo Min typ Min
S8 1.500 OC.%00 | $5 20 6% 40 lw a 45 23S aQ 25 503 4@ 2% X 20
1 10-4000 5500 {00 7?8 20 a6 |0 i 4 3B 30 20| 0 45 40 33 32w 25
R FIN OUT
l.) "
-1 - 11X
Lo 8 8
RF q 3.4
IF 3.4 1
GND 2567 2567
CASE GND -

2.5.0.7

.0
1]



MOTOROLA
= SEMICONDUCTOR e
TECHNICAL DATA

MC1495
MC15S6

l EALANCED.

EALANCED MODULATOR/ DENMOSULATOR }MODULATORDEMCDULATOR

... Cesigned for use where the outDut voitage is 2 product of an
inoJt voltage lsignal) and a switching function (carrier). Typical

spaiicatioms include supdressed cartier and aTohtude modutation, G SUFRIX e ]
:ync?'o.nous detecuion, FM demu.:-r_- nR2se OeteCiion, and chopper METAL PACKAGE - Sgne 3 - Outow
appiications  See Motorols Application Note AN-521 {or additional CASE 663 ? T - e
~- . ngt
desig~ information, Eag Gor touerY :_- Carner
o Eaxcellent Carrier Suppression — €5 dS tvo € 0.5 MH2 7 Go haer rtg e
~50¢5 typ G 10 MH2 /// - Sagral pat ™ « Gt
o Adisstable Gain ang Signal Handi ' -
! 2 9 i el (Toz Ve

® Ei‘anced inputs #nd Outputs

e FHign Common Mode Rejection — £5 ¢E tyo (z.gfo':—? . L SUFAX
ti"’"“ L' czmannc PaCesGE

1 ;.T \ 1 CASE €32

T 3 suFAx

P_LETIC FACY.AGE
CASE 7814

1S0-1¢)
P SUFFIX )
FIGURE Y = PLASTIC PACKAGE
SUPBRESSED CARRIER CASE 646

OUTPJUT WAVEFORM
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oy o = I Carver ot
e e Sres Ouine T ° Eu: .
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FIGURE 3 -

AMPLITUDL MODULATION

OUTPUT WAVEFORM

FWGURE & - &aMPLITUDE MODULATION SPECTRUM
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MAXIMUM RATINGS® (T4 = < 25°C unbess Otherwne noted”

Aarung | Symbol | Value Unn
Apones Vonage . av ] voc
Vg = V2. Vg = V. Vg = V. Vg = Vg V3 = Vg V] = V4,
Vg - V¢ Vg = Vg Vo = Vg V3 - Ve
Difteremial input Sipna’ vy - Vg -3%0 vee
Vs = Vy = (5 lahy)
Magimym Buas Currem: is 1 10 mh
Therms: Reswance. Juncuan o A Rea ow
Carame Dus! in-Line Facaape 100
| Piam Duef In-line Pacssge 100
Mes' Facape 1w
Operating Temparature hange s <
MC 1296 o0 =70
MC1£96 | -%510 <128
| Storaps Tampersisre Renge | Tse J-€10 - 0] <

ELECTRICAL CHARACTERISTICS® (Vop » = 12 Voz, Vgg » =80 Vec dg o 10mads Ay o 38K Re o 10401 Ta & < 26C,
2 MOUT 3NG OUtDUL CRBTBCILISTICS B78 SINOieenOel LML MNP wise NOtRE -

l i W mSwmes MCI49E |
Charmcrarivtic Fg | Note | Symbol | Min | Typ | Mes | Min | Typ | Max | Unh
Cartrer Featheough -] 1 verT pVirma-
Ve @ 65 mVirms) sine wove 8°d U E L} = < - - “© -
oftar: sowsteC 10 28rC 1= 10 Mm2 — | W0} — -— 140
Ve = 30 mVp-g souare wave: m\irnsl
ofe. PSS IS 1010 ic= 1.0k oDs | 02 - | 004 ) O&
e nez adwmies fc = 10 %Mz — | 20 Jwo| = | 22 ) 2
Carrigr Suporession R 2 ves < a8
fe = 10 kHz 300 mVirms! .
1 o 807 k. 63 mVirms! sine wave 8 [ - L] [13 - -
te o 10 W2, §3 mVirms) pine wove o 0 | - - 50 - ]
I Transasmmance Bandwnain (Magnaudel ify = 50 ohms) ] ] EWiag My
| Carvier mparz Port Ve » 60 ™ Virma) sine wave -— 306 —-— -— e P
fe = 1C akz 300 miirms) sone wove
Signal inpast Port Ve = 330 mVirmas sene wave -— = -— - 80 -
Ve = 05 vo:
| Signai Gar- l 10 I 3 Avs | 28 |38 | — ) 25 ) as | - vV
| Vg e 100mVirmslf =« 1.0 vz Vo' » 0.8 Va:
Sinpie-Enced Input Impecance. Sigasi Por f = 5.0 Mrz & B
Paralia! inpur Resrstance o - 1200 | = - | 200 - [X4]
Parpiie! Inout Cacacnance o — 20 — - 30 - of
Swnple-Enoed Duvicy: Impedance. { » 16 Mrz [ S
§  Parsiet Cantonst Aesrmiance foc -— 43 -— — PL] _— N
| Poratmi Ot Cazacnianes toc — s ] — - | o | — of
trow: Burs Current ? - ot
'bs‘"-u"f"'z::: les —_— 12 25 -— 12 30
7 - B Ine. —_f 12 ] %) =112l
| Inpw: Oftee: Cuven: 7 -— 3
' Los * h=l: hoC = Wit -— b7 %0 -— 0.7 70
! 1ot —jler)se | —1a7 )70
| Averspe Temperature Coeticoent ¢ inow O¥set Cutrent ! ? ' - | Mo I - 120 | = -] 20 | - a&C
| M= =85Cr0 =120 |
| Outout Oftser Cursent ' 7 — oo’ - 7] 0 - s =] ks
| fig=te-
| Aversge Tempersture Coetlicrent ¢ Gutonn Ciset Current 7 - TCioo' - l ] - - l 90 —_ [ S
| fTa e =55Cio =126C
| Commondidose tnout Swing S.pns Port T = 1.0 k-2 | 8 1 &4 | cwv — 180 ) — — g0 | = | vee
| Common-Mooe Gam, Signa: Po 15 @ 1.0 Rz, 9 I - ACM — ' -25 ] - — | -85 l - @b
| Vgt s voe J
i Common-Mode Ouiescant Outout Vurape (P 6 or Pin 8] 0 | - Vour - } &80 | — — 180 | — | vee
| Ceeremas’ Durout Yokage Swing Cadsbrny 10 - Voun -l — ] — 180 — 1 voo
| Power Suppty Cutrent 7 6 mioz
g o Ny e - 20 f30 ] — | 20| 40
he g - jao |40 ] — ] 30 ) s0
OC Power Dwaedere- I 7 ) s | e } = 23 - —~ | 3 - ~,

©Fin Pumbet selerentes DENMN 16 INS Orva wher DICLAGET 18 3 MELd- Can
o ascernty ™e CO*E3DONONG DN AUNDES 100 DI ‘o1 ceramec pacsaped

aevices reler 1 the hest Dagt Of tha spechcanion sheel
.
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MC1496, MC1586

GENERAL OPEFATING INFORMATION

Carrier Feedthrough

Carrier feed:hroych is definedastha-ouidut voitage
2t carrier frequency with only the cartier applied (signal
voliage = Ol

Carrier null is achieved by b.lancinqm_curvems in
the c3ﬂugpia_§ _lmp_li_f_ig_rbx heans of 8 buas rim poten-
tiometer (Ry of Figure 5.

Carrier Suppression

Carnier suppression is defined as the ratio of each
sideband outgit 1o carrier output for the cartier and
siémﬁe—lmli—speciﬁeo. -

Carrier sSUpDression is very dependent on carrier input
level, as shown in Figure 22. & low value of the carner
does not fully switch the upder switching devices. $nd
results in lower signal gwin. hence fower carrier
suppression. A higher than optimum carrief level
resuits in unnecessary device and citcuit carrier feec-
through, which acain degenerales 1he suppression Tige
ure. The MC1596 has bee _characierized with 2 60
mVirms) sinewave Cartier input signial. This level pro-
vides opumum carrier suppression 3t carrier frequen-
cies in the vicinity of 500 kHz, and is generally recom-
mendec for balanced modulator 2pplications.

Carrier ig;;mu;h.i_s_irpgpgndent of signal level. Vs.
Thus carrier suppression can be marimized by operating
with large signal levels. However. & linear operating mode
must be mainined in the signal-input transisior pair —
or harmonics of the modulating signal will be generated
and appear in the device outdut 23 sounous sidebands
of the suporessed carrier. Tnis requirement places an
upper limf on input-signal amolitude (see Figure 201. Note
also that an optmum carrier level is 1ecommended in
Figure 22 fo? good carriet suppression anc minimum spu-
rious siogZana generaton.

Al higher {recuencies circuit layout is very imponant
in order 10 minimize carrief {eedihrough. Shielding may
be necessary in oroer 10 prevent caoacitive coupling
between the carrier input lesds and the outout leags.

~/Signal Gain and Maximum input Level
Signal ¢ain ({single-ended} at jow-freguencies is
delined as the voitage gain,

. \7 R 26 mV
PR R . LA
JAYS ™ g T Re2re where e = i ima)

A constant dc potential is apolied 10 the—carrier indut
1erminsls to fully ewitch two of the ubper 173NnSISIOrS
“on” znd twe transistors “oH” (Ve = 0.5 Vdel. This in
eHdect torms 2 cascoce diderential amolifier.

Linear operation requires that the signal inout be
below a crinical value getermined by Rg and the bias
current 1.

Vg = It Rg (Volts peak)

Note that in the test circuit of Figure 10, Vg corres ponds
10 8 maximum value of 1 volt peak.

Common Mode Swing

The common-mode swing is the voltage which may
be applied 10 both bases of the signal ditlerential ampli-
{ie1. without saturating the current sources, of without
saturating the aitlerential amplifier itseti By swWinging it
into the upoet swilching devices. This swing is variadbie
depending on<he panticular circuit and bizsing condi-
tions chosen.

Power Dissipation

Power dissipation, Fn within the integrated circuit
package shoulc be calzulated as the sumation of :ne
voliage-current procec:s ai each port. i.e. assuming Vg
« Vg lg = lg=le and ignoring base current. Pp =2
I (Vg = Vio) = Ig Vg = Vo' where subscripts refer
10 pin numMbers.

Design Equations

The following is & cartial list of design equations
needed to 0Deraie TnE circuit with other supply voltages
and input conditons.
A. Operating Current

The internal bizs cu-Tents are set by the condition®:at
pin 5. Assume:

5=l s
1g<<ig for all transistors
then: ~
V- -9 wiere: Rg is the resisior between
Rge =T NTNQ pin § and ground

- o= ISV atTa= -25C

The MC1596 has been characterized fo: the condition
Ig = 1.0 mA ang is the generally recommended value.

g. Common-Mode Quiescent Outp=tVohage
Vg = \Vz = v+ - Ig ﬁv.‘- -
Bissing
The MC1536 recuires three de bias voltage levels
which must be set exe-naily. Guidelines {or seting Lo
these three levels incieot maintaining 31 least 2 volts
coliecior-base bias or alt iransisiors while not exceed-
ing the voilages given in the absolste Maximum rating
table;
30 Vde = [iVe. Vol - (V9. Vg)l & 2 Voc
36 Vde = (V7. Ve) - (Vq. Vo)) » 2.7 Vo2
32 vde = V1. Va) = {vg)} & 2.7 vVa:
The foregoing conciicns are based or the foliowing
spproximanons:
vg = Vs V7 = Vg Vi = V¢
Bias currents flowing i~10 pins 1, 4. 7, an€ € ate 1120
sistor base currents and can normally be neglected if
external bias divicers 2re designed to carry 1.0 mA o!
S MOrE.

Transadmittance Bandwidth
Carner 1ransacmitiance bandwidth is the 3 ¢E
tandwidih of the devize forward ArgnsadmiTiance as
gefinec by
i~ leash sideband!
infeacn e T V=0
Je s vy (signal) A

Signal transscmitiance bandwicih isshe 3 ct
bandwidth_of_the BevEEIorwara tfansagminiance 25
gefined Dy:

. . "w !
g = R tsign2’) |y 2 05 Vde, Vo = ©
vg (sigrial)

*Pin number references penain 10 this device when
packaped In 3 mezal can. To asceriain ihe corresponc:
ing DN numbers for plasuc of ceramic packaged
devices refer 10 the first page of this specification
sheel.
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Coupling and Bypass Capacitors Cy and C2

Casscstors Cy and Cg (Fpure S shouid be sewecied for 8 re-
actance of Wt than 5.0 Onee a1 the corteer 11eouency.

Output Signal, Vg

The Sutut spasl i 13aen from pim € ondt 9 either b

MC1496, MC1526

Sigral Port Stability

may Occur, In

Unoer Ceriaen ve.as Of Sruing source impedance, OsCiiaton
1ng event, 9 AC supDrem-omeeinwort should be

connecied G-restly 1Q.AACH INCT Waing ghorlesds. The will reduce

the G OF 11 20 C-Tuned (WG ity T1B: Chyie INE osciaton.

SIGRAL INPUT

slanced {PINS 1 & &

ot singleenced  Figure 12 shows the outul levels of sach of the
Two Outut sdebmnas resulung from saristong in DOth the cwr-
1t 3nd mOCUlaNNg Sl INDUT with 3 singleended outdul

connection.,

Kegative Supply, VEE

Vg should be e oniy. The insertion of an RF chone i secies

310

£4n aherrats method for lon-frequency Kplications o nsert

33 AONM resEldr in Wres with the NoOuls,
Qum setious orgradson of carer

cme MDGY current ority may

ity Of The » Current sowrces SUOOTeTHON.

with VEE @ ennance the

«Fin number references pertain 10 this device when patlaged in 2 mewat
numbers for plzstic OF ceramic pasasped devices refer 10 the st page of

FIGUARE S ~ CARRIER REJECTION AND SUPPRESSION

TEST CIRCUMTS®

pins T ang 4, intny

can To msserisin the corresdonding pif
this spechcation sheet

FIGURE § = INPUTOUTPUT IMPEDANCE
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TEST CIRCULTS {(continues)

FIGUREL 9 = COMMON MODE GAIN FIGURE 10 - SIGNAL GAIN AND OUTPUT SWING
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FIGURE 127 ~ SIGNALPORT PARALLELJOUIVAL!NT

FIGURE 11 = SIDEBAND OUT'UT verss CARRIER LEVELS INPUT RESISTANCE versus FAEOQUENCY
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TYPICAL CHARACTERISTICS Icontinued}

TUDICH Ch0ra31PHTIE wwere BOLIAEO wwitm Cirgast snown i Figure S, tc
Ve ® 80 mVivem), 1g* ¥ ame, Vg = 300 mVirma), Tac- «25%C uniem GIhe wonn POIS.

FIGURE 16 ~ CARKIER SUPPRESSION

FIGURE 15 - SIDERAND AND SIGNAL PORT
TRANSLDMITTANCES versus FREQUENCY
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TYPICAL CHARACTERISTICS {continued!

FIGURE 23 « SUPPRESSION OF CARRIER MARMONIC
SIDELLNDS wersus CARRIER FREQUENCY

FIGURE 22 — CARRIER SUPPRESSION
wormrs CARRIER INPUT LEVEL
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The MCIL35°MCI1COE. 8 monoLThic Balanced modulstor Cif-
Cuit, 18 3%0wn i Figure 22

Tha crcut conmns of 8 usoer ousd differential smokfier
Oriven Dy 3 TANae Odferental amoldewe with Cusi current
©Burees, Tre OUIDw! COeCIors e C7¢ lod! 30 that fulb
DAlInCEe MU DhEILON O The 0 MAUT vORapes OCLurs. That is,
the outast sgnal i 3 COMRANT Lmes The BroJuCT Of The Two 1NDUL
sgan

Matne~wtical snaives o hnesr ac sgmal muttioiicstion indi-
riey 18”1 OLIDUL IDEITTUM weell CONEST O ONly The sum and
Gitterenss O e Twe DUt Trecenciss. Thus, the Gevice may be
wed 21 3 £37CEC MOSUIEOr, OJiv BABNCES Miaw, PPOALCT
celeCior, treCuPnty COuDlPr, BNC Other BSDDLCILOM mEQUIIng
These D37Teculd’ OuTDUl gl CRa“aTIe W,

Tre ©Owes diiterental 1:¢- NE 1D emine 1
the Cacaipe £N1 30 AT AN EME AL EMUNIET rEIAING Mdy be
wsed. Als gaternsl KA rewsIons are emOloyed St 1he Cevice
ouzdut

Sepnial Leves
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OPERATIONS INFORMATION (continued!

The Lneas wpns! honghing canadulities Dt 3 Sitferentia’ amplLlver
are well gefrnad. Wilh ng eutter Segraerstion the Marmum
MDYt vOliage 10¢ bRedr DOF*310N ® sEanimaiely 25 MV Dese.
Since the uooer Cifferential pmoider Ran 13 erutiers internalsy

. CONPectas, Tha woltigr 250hes 10 the Carrwe mout port lor all
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eration may De axdCarTated from the 1010wing sxorenon.

v e(ig) (:E)ors ves..
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1. Low-evel Modulating Somal, Vi, staumed in ab cases
Ves Carresr input VONage.
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= APPLICATIONS INFORMATION
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MC1496, MC1538

APPLICATIONS INFORMATION leaunaed;

* Doudbly Balences Mizer

“he MCISSE'MCI495 mav be usmed 21 & Coublv hilances
Moot adr $ther DIoRCTANd O Tuned NI 0W TINC A0 NS
O-1DJ1 etewdray,

The ksl O32ili3107 Bgnal B iMroduced 21 The Carrwe MDUlL
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Fgure 33 $70ws 3 miser with § D OSZTan0 NDut 37C & Wned
outoul.
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MC1436, MT1556 -

TYPICAL APPLICATIONS (continued®
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FIGURE 30 - DOUBLY BALANCED MIXER
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MOTOROLA LF351
H SEMICONDUCTOR o e
TECHNICAL DATA LF353
FAMILY OF BIFET
JFET INPUT OPERATIONAL AMPLIFIERS OPERATIONAL AMPLIFIERS
SILICON MONOLITHIC
. . » ) INTEGRATED CIRCUITS
These low cost JFET input operational amplifiers combine two
state-of-the-art linear technologies on a single monolithic inte-
grated circuit. Each internally compensated operationai amplifier
has well matched high voitage JFET input devices for low input N SUFFIX
- offset voitage. The BI.FET tec.hnolog.y provides w.ide bandwidths ﬂ g PLASTIC PACKAGE
and fast slew rates with low input bias currents, input offset cur- 1 ¢ l l CASE 626
rents, and supply currents. = s l (LF357, LF353 Only)
These devices are available in single, dual and quad operational !
amplifiers which are-pin-compatible with the industry standard
MC1741, MC1458, and the MC3403:LM324 bipolar devices. G SUFFIX
PLASTIC PACKAGE
. ot CASE 751
3 8 (S0-8)
¢ Input Offset Voltage of 5.0 mV Max (LF3478) . \LF351. LF353 Only}
¢ Low input Bias Current - 50 pA i omsermun S T T
tnvt tnpug _b T
® Low Input Noise Voltage - 16 nv \ Hz NegeT e 17381
‘ez . 720 View!
® Wide Gain Bandwidth ~ 4.0 MH2 ;
High Slew Rate - 13 Vi - s
. e o
igh Slew Rate us = TN {_:. LF353
5 B ‘Top View)
e Low Supply Current - 1.8 mA per Amplifier EE- B..
o High Input 1 - 1012
1gh nput Impedance - 107< (} N SUSEIX
s . L1 PLASTIC PACKAGE
® High Commor.-Mode and Supply Voltage Rejection CASE 646
Ratios - 100 289 -LF347 Oniy)
MAXIMUM RATINGS T
T d o e r—F oura
I, Rating ! Symbol L Value ¢ Unit ;x_ 1 i __“
+ Supply Valtage i vVee g h T orous s
' vee e A
Differentuial Input Voltage Vip T e
Input Voltage Range iNote 1) VipR 4"-:', cagny ™
Output Short Circurt Durat-on (Note 2} ;J _":'
Povesr Dissipation a1 T - 25C T
— D —
Derate above Ty -25C The Ve
i Operating Amuient Temperature Range ‘L C
Operating Junction Temperature Range i Ty s oo ¢ i ORDERING INFORMATION
St1orage Temperature Range _____',____Tﬂg__ L8510 -150 € T ey T Davics - .}:;.g‘,
NOTES- Sy 4 s08
Singre Prastu, DIP
1 Uniess otherwise speCrhien. tne absotute Mman s "egalive Ll sGitant s . —— - i andndnemaliIEg
lirmsted 1o the negative puwer suonly Ous SO A
2 A . Duu . Blasta LiP
- ANy amplifier OulpUt €an lie ADLPEA T GrromA aghizan, e Lor 1l e LT A
than une amplitiar output 1s st tevea semftansouady Teeor,m |\~ VIR Q.u'“' : o DIP
fatngs may be nrecdny - B @vin OF
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LF347, LF351, LF353

ELECTRICAL CHARACTERISTICS (vcc - 15V, VEg = -1SV, Ta = 25°C unless otherwise notedl.
i LF3478 LF347, LF351, LF353 r
i .
Characteristic . Symbol Min Typ Max Min Typ Max Unit
input Offset Voltage {Rg < 10 k, Veuy = 0) 1 Vio mv
- Ta = -25°C : - 1.0 5.0 - 5.0 10
0°Cs Tas -70°C i — - 8.0 — -— 13~
Average Temperature CoeHicient of Input Offset AViQaT - 10 - - 10 -_— »rV°C
Voltage g i
Rg < 10K, 0°C = Tg = - 70°C :
Input Offset Current (Vepm = 0, Note 3) . ho
Ta = -25C k - 25 100 - 25 100 pA
0°C< Ty~ -70°C [ — — 4.0 - - 4.0 nA
input Bias Current (Ve = 0, Note 3 hg i '
. Ta -25C - 50 200 - 50 200 pA
0CaTa: -70C - - 8.0 - - 8.0 nA
Input Resistance 5 = 1012 - =3 1012 - ou
Common Mode input'Voltage Range ! VicR -15 415 Y
. =N —_— =N -—
_ -12 =12 {
Large-Signat Voltage Gain (Vg = = 10V. R = 20%  Ayor vy
\ Ta - -25C y 50 100 -— 25 100 -,
i 0CsTa- -70C 4 25 - —_ 15 —_ -~ .
| Output Voitage Swing (R = 10k i Vo =12 =14 - =12 =14 - v
Commaon Mode Rejection Rato {Rg » 10 k) , CMRR 80 100 —_ 70 100 ~ i ¢8
Supply Voltage Rejection Rato {Rg + 10 k) PSRR 80 100 - 70 100 — | o3
Supply Current ) . mA
LF347 J -— 7.2 1 —_ 7.2 AR
LF351 ! - - - - 1.8 34
LF353 4 & G > =~ 3.6 65
 Slew Rate 1Ay = - 1) ' SR z 3 - - 13 — ! Vs
! Gan-Bandwidth Product ' 8Wp - 4.0 - - 40 — i MM
Equivalent Input Noise Voitage e - 28 - - 24 — lnvrHz
(Rg = 100 (2 f = 1000 Hz) H .
Equivalent Input Noise Current (f = 1000 Mz} in S 0.01 - - 0.01 —  oANFq,
;’ Channel Separaton (LF347, LFI53) e N 120 | — A -120 | — o8
gl Q0 Hz v |+ 20 kHz linput Referreq) i i, i
For Typical Characteristic Performance Curves, refer to MC34001/34002/34004 data sheet.
NOTES: 1connuea:
3 input thag currents of JFET vanCe gy am

CIOSE 0 a1 Dier? as o LiSsie Do

Aty 1agle for every 10 C nse .~ runction temperature To mantain junclion temparatures as
Wz tAunng test
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