
Both of the above-mentioned circuits require well 
balanced push-pall drive for proper operation. Since 
many input signals occur as sinrle-ended signah, some 
form of single-ended to push-pull converter is usually 
required. Such a converter circuit is often difficult to 
design and expensive to produce. In addition, the 
above circuits often require two balancing adjust- 
ments, a dc adjustment to equalize the g, '~ of the two 
tubes and a drivt de or phasing adjustment. 

A circuit witt e disadvantages is shown in 
Fig. 3. In this circuit a single-ended input signal is 
applied to  both the grid of one tube and the cathode 

lout thes 
- .  

of the other, and s single-ended local oseilIator simal 
is appjied to the other grid-cathode pair. The two 
plates; are connected in parallel. The circuit may be 
thought of as a pair of grounded-cathode amplifier 

fig. 4: Potenttometer in the cathode civcuit provide1 dc gm balance. 
Circuit i s  inherentlv broadband. 

stages driven in paraEIel with a pair of grounded-grid 
amplifier stages and with a common plate load. Since 
the gain of the :d-grid &ages is equal and 
opposite to that rrounded-cathode stages, the 
net gain is zerl input frequencies. In the 

ground1 
of the 

o at the .. . . appendix we show tnat the output contains only the 
beat signal. and even-order harmonics o f  the inputs. 
This analysis also applies to  the circuits of Figs. 1 
and 2. The onlv balancing adjustment necessary ipl a 
dc g, b: led in t h ~  of 
Fig. 4 b cathode 3 ~ -  
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grid stages, the clrcuit i s  inherently broadband and 
will operate over a wide range of frequencies without 
tuning. The circuit shown in Fig. 4 exhibits a con- 
version transconductance of about 1500 p h o s  with a 
local oscillator drive of 0.5 volt. 

Several  variation^ of the basic circuit are shown in 
Fig. 5. The triode circuit of Fig. 5A does not balance 
as we11 as the pentode ci rcuit bec 

,utput tI 
!awe of direct feed- 

through from input to r ironph the plate-to- 
grid capacities. FOP o p ~  lver n very narrow 
band, however, the grid-plate capacities can be nen- 
tralized by shunt indt~ctors. The transistor circuit of 
Fig. 5B is a direct counterpart of the triode circuit 
crl Fig. 5A. 
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Fig. 5: Variations of the basic circuit. 5A does not bdance as wall 
as the pentodc circuit because of direct feed-thmgh from Input 
to output tbrnugh the plate-to-grid capacities. 

Appendix 
In Fig. 3 let: 

PI = the input signal nppliod to one ~ d - c ~ t h o d e  pair 
c2 = the local oscillstor stgnal a ~ p l i e d  to the other  id- 

cathode pdr 
i,, f p  = the varintfond plste curtent of each tube 

a,t = el - ep - the pid-to-cathode voltnge of one tube 
e e  = ep - el = t.he grid-to-rathoda ~0lta@3 of the other tube 

The transfer characteristic of each tube can be 
represented by a power series as follows: 

z = a l e g + a a e b + o l l e $ + . . . =  

The total variational load current is: 

i~ = ii + & = a1 (,I + rtz enla 4- @a e 6  + . . - . 
+ a 1 P m + & 1 4 K - t - ~ t e m a + + ' ' ~  

It can be seen that i, contains only even-order terms 
indicating that  the mixer output contains only sidebands 
and even-order harmonics of the input signals. 

The above analysis was carried out with the assumption 
of zero source impedance for both the input signal and 
local oscillator signal. The results are true,  however, for 
any source impedance, the only assumption being that 
1 + E L -  P.  The degree to which this assumption i s  in 
error determines the residual unbalance of the circuit. 

GENERAL R A D I O  C O M P A N Y  
W E S T  C O N C O R D ,  M A 5 5 A C H U S E T T S  Printed In U.S.A. 



GENERAL RADIO COMPANY 
L 

REPRINT No. A87 
eng ineer ing  deportment  

1960 
- -  

Reprinted !?om fLECTRONlC INDUSTRIES October, 1960 

With Double-Balanced Design the 

Mixer Circuit Has Clean Output 
A double-balanced mixer circuit i s  dcsfrable 
Inr many c o m m ~ n i c a f i o n  nnd measrrremrni 
systems. The batnnca s y s t e m .  when p r o p ~ ~ l y  
designed, will eliminate the appparance o/ 
the I ' A ~ u E  s igndl  dnd h c d ]  osciJiaior from 
the oritpul. 

N many communication and measurement systems, I the use of balanced miner circuits is highly desir- 
able. A balanced mixer circuit is one which is so 
designed that either the input gignal frequency or the 
local oscillatar frequency does not appear in the mixer 
output. - In one form of single sideband generation, for 
exampie," balanced mixer circuit is used which 
eliminates the lccal oscillator (or carrier) frequency 
from the output, leaving the input signal and the 
two sidebands. One sideband ia then extracted from 
the mixer output by filtering. 

Occasionally, a mixer circuit is required in which 
both the local oscilEator and the input signal fre- 
quenciea are canceIled in the output, leaving only the 
beat signals or sidebands. Such a circuit is called a 
doable-balanced mixer. 

As an example of the use of a doubl+balanced 
mixer, consider the probIem of measurins the fre- 
quency of a signal of approximately 11 MC with a 
10 Mc frequency counter. One method involves mix- 
ing the I1 MC signal with a 10 MC local ogcilIator 

By HAROLD T. McACEER 
Genera! Radio Co. 
West Cevcord, Mmr. 

signal and applying the 1 MC difference frequency to  
the counter. However. since the counter may be ~ens i -  
tive to both the f l  ~c signal and the 10 MC reference. 
as well ss the 1 MC beat, a mixer is required which 
doee not pase the ~ignal  or local oscillator frequencies, 
i. e., a double-balanced mixer. 

A common double-balanced mixer circuit is shown in 
Fig. 1.2 In this circuit two tubes are used, each hav- 
ing two control grids. The local oscillator signal i u  
applied as a balanced push-pull signal tx~ one pair of 
grids and the input sigma1 is similarly applied to the 
other pair of grids, The two plate* are connected in 
parallel, Since both the input s i ~ n a l  and local oscilIa- 
t o r  signal are applied in opposite phase to  each tube, 
their effect is ~ a n ~ ~ l l e d  in the combined plate current. 
leaving only the beat signal and harmonics of the 
inputs, 

A variation of this circuit employing a double triode 
is shown in Fig. 2. In this circuit the local oscilIator 
signal is applied t o  a pair of cathodes rather than s 
pair of grids. 

- 
Fig. 1:  Common double-balanced mixer cir- Fig. 2: A variation. The focal meillator Fik. 3: Circuit has none of  the disadvantages 
cuitr Input signal and local oscillator signal signal j, applied to a pair clf cathodes rather of fig. 1 and 2. Output contains only the 
are cancelled in combined; plate current. than ta a pair af grids. beat signal and even-order harmonics of input. 
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