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'UNIQUE FREQUENCY MULf IPLIER 

Duc to the increased arailahil ty of 
5 l l c i s  frequency standard oscillators 
d i ~ r i n ~  the past few years, niany ac- 
cessoi y instrumcn ts have been desigled 
to operate Irom 5 Mcjs inputs. HOW- 
ever, the 5-hicis reference i s  still oftcll 
inconvenient to obtain, and, 100 kcis 
remains as the most commonly distrib- 
uted standard-frequency s i s a l .  Wha t  
follows is a description ut a simple 
tiansistot circuit that converts 3 100- 
kc/s standard h requenq  to 5 MEJS. The  
circuit was designed to operate 3 10- 
to 500-Mc/s frequency converter that  
required a 5 Mc/s  reference-lrequency 
input, and was used in conjunction 
rr it11 a frequency counter that pmrided 
a l00-kc/9 re[erence aiitput. 

Referring to Fig. 1, 100-kc/? inpu t  
signals are doublet1 to ?00 kc/s in the 
hrct stage {Ql) which functions as n 

'L Cln~s-C multiplier. lnput signals nrcr- 
drive rhe transistor so tlmt collector 
current florvs in brier pulses. Cnllcctclr 
voltage at PO0 kc/s is in  turn ar- 
centuated by the colIectnr lank circuit 
and  applied tn the second stage. T h e  
bnse-rrturn ~ . e s l ~ t o r  and  emitter resistol. 
provide scIf bias and l i r r ~ i t i n ~  action 
far the circr~it  so thnt it tviI1 operate 
over a wide range af i npu t  vdtn~e-0 .5  
to 2.; xolts l o r  the circuit sl~nrun. 

T h e  srcnrid stace, cnnristiny of tran- 
sirtoll: QT a n d  Q9, is a unicjt~e Ire- 
 PIICY ICY ql~intupler T ~ ~ I ~ C I I  multipl i r ~  
the Onn kc/s output of the first stag? 
tn 1 Jfc/s. 1 F a Clasq-C tnltltiplier rinli- 
1-11. rn the  f i r ~ t  stage hnc1 been u ~ c d .  
the I-.\lc/s t ank  circuit I Y O I I ~ C I  !lave hnd 
to filter a I-Mc/s l~armnnic signal from 
a h.rmon ic wries cnntnining stronK 
ad jncent lomtll and  sixth harmnnic?. 
A qunre-wave drive siqnnl avoirfs thi5 

problem since a <quare wave contains 
no r w n  h ~ r r n o n i c ~ .  i\ Few years 3 ~ 0  I 
advocated the use of a Schrnitt circuit 
Ior this purpose, but was constantly 
plag~tetl, by drift in the triggering 
point of she $&.mitt circuit. Suclt drilt 
causes a disqynlrneny in the resultant 
square wave and  negates the even. 
harmonic mnccllat ion. The c ~ r c u i t  OE 
the SCCO~C!  stage evolved From the 
Schmitt circuit. 
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Fig I-Freque~~cy niultiplirr, 

T o  mointoin the tricering point of  
the circuit nt  t hc  zern crossinqs or the 
inpn t  signal ~ n d  preserve the  square 
wave  symrnctry, thc  Ixlse resistor of QS 
i5 returned to the same h i a ~  v o l t a ~ e  as 
thc ha5e rcsistor of Q?, ant1 the col- 
Icc~nr ol Q2 is nr-cnuplrrl to the  hasc 
nf Q,S through capacitor F1. The cir- 
c u i t  rhrn I>cco~nrs, in Cart, an ernittcr- 
.cnu pIvr? free-running m~lltivil~rator. 
Frrr-running o.;cillatic~ns cause nn dim- 
culry iT t h r  GI-RI time constant i s  
lnrgc cnnrlglr to keep the free-running 
frrt l l~encv Ijelorc 200 kc/<. T h e  200- 
kc/s clrive qfynal rvnchrnni7es  he nsci1- 
l a t i o n ~  and prod~rces a 200-kc/< square  
rvxrre of collector current in Q S .  T h i s  
current i, filtered in the 1-?lc/s tank 
circuit. Tank-circuit vnltage is ~tcppcrl 
r!nrc,n hv the C2-C3 divider to provide 
n hetter rnazch to the input nl 94. 

Q1 ; ~ n d  Q'r-rcprmenting the tl~ircl 
stayP-npPratr? l ikr rhc sccnnd stace no 
nirr l t ip ly  a l-\!c/s input to  5 l lc is .  In 
this circuit. however, there is no cross- 
coupling teedback. The  second-stage 
multivilirator circuit producec a square 
ware with a rise time (and harmonic 
content) limited by the loading oE 
Qll's ba~e  on r l ~ e  collector ot Q?. Be- 
cause of the East-rise 1-hfc/s signal a t  
the base of Q4 produced by thr high- 
level output of the I-Mc/s tank circuit, 
I fount1 that  I could obtain a higher 
5-hic/s output Icve? hy a r - ~ o u n d i n g  
the base of 45 and operating the cir- 

cuit as a squaring amplifier rather than 
as a mu!tivibrator. T h e  squarewave 
current in Q C / j  is f i l te r~r l  by the 5-Mcjs 
tank circuit and stepped down to a 50- 
ohm impedance level by t he  coil sec- 
ondary winding to provide the 5-Mc/5 
output signal sllown in Fig 2. h decre- 
ment occurs in the output w a v e f r m  
because oE the low loaded-Q of the 
5-McJs t ank  circuit. If the application 
requires a cleaner waveform, a double- 
tuned filter can be used, either with 
or without a buffer amplifier stage. 

Fig 2-Prcrl~crir v rnulriplicr waveloms.  
A: 100 k c J ~  i r l~ ) r l t ,  3 v rms. B: Q1 collec- 
tor voltaqe, 9 v m s .  C: 44 basc voltage, 
1.5 v -5. Ik 5 Mr/s oatpirk voltage, 1.5 v 
rmr. In all cares sweep sprrd is 2 ~lsec/Em. 
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