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The Miller Effect 

T
HE MILLER EFFECT, a frequently 
mentioned electronic phenomenon, is 
of importance in audio work, but is 

seldom discussed thoroughly. It results 
in large values of input capacitance at 
the grid of a three-element tube, or of 
a pentode with added grid-plate capaci
tance, when the tube is used in the con
ventional plate-loaded amplifier circuit. 
This capacitance is in addition to the 
grid-cathode capacita�ce caused by the 
geometry of the tubes, and frequently 
limits the high-frequency response of 
amplifiers in which such tubes are used. 

Figure 1 (A) shows the circuit of a 
triode with the interelectrode capaci
tances contributed by the tube geometry 
indicated by dotted lines. The equivalent 
circuit for this tube is shown in Fl:g. 
1 (B). If an alternating current signal 
Eo is applied at the input terminals, al
ternating currents will flow through the 
capacitors C {/P and C gk' These currents 
together will be 1 g' The amount of cur
rent 1 P that flows through these capaci
tors is determined by the voltage and 
frequency of the alternating current in
put in addition to the gain and plate re
sistance of the tube and its load imped
ance. Examining the circuit, we see that 
the output voltage of the tube is effec-
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Fig. 1 (A). Typical tube circuit with 
inter-electrode capacitances indicated. 
(B). A.c. equivalent circuit at high 

frequencies. 
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tively in series with the input voltage 
and the capacitor CPP' Therefore if we 
add the currents algebraically, the cur
rent due to the output voltage - KEg 
is seen to aid the current due to the input 
voltage Eg• 

To develop the full picture of what 
takes place it is best to use some simple 
mathematics and develop expressions for 
the gain of the amplifier stage and the 

input admittance (R: 

jX
) of the am

plifier. With these figures we can deter
mine quite closely the numerical value of 
the input capacitance of the stage. 

From the .equivalent circuit, we see 
that the output voltage is divided be
tween the load Z L and the plate resist
ance rp and we may therefore write the 
expression for the output voltage 

Z 
EC)=-p.� Eg 

Ip,L-L 

and the gain, which is the ratio of input 
to output voltage across the load, is 
therefore 

Eo ZL K=-=-I1--.-,-
Eg rp+Zr, 

If the load is not a pure resistance it is 
possible to have a complex gain; that is, 
the output voltage can have a component 
that is more or less than the expected 
180 deg. out of pha3e with the input 
voltage. When there is such a phase dif
ference it will be indicated by tit. In this 
case we shall have to express the gain 
as KltIt. Examining F;·g. 2 it can be seen 
that the output voltage will be -KEq, 
and that the current through the capaci-

tor CUP is �Eg and that due to the input 
.'1.°UP 

voltage Eg is .... 7P J where X is the re-
.'1.°UP 

actance of the capacitor and may be ex
pressed as V�1 2TrfC or jwC or wC 1900. 
We can now determine the currentsl�:. 
Iz and [s (disregarding the effect of C!JP 
011 the gain of the tube, and any effects 
due to the a.c. plate current dividing be
tween the load and C�.n' These are both 

valid assumptions for audio frequency 
work) as follows: 

Ig=ll+I, 
11=jwCgkEg 

Iz=jwCgp (Eg+KEglt/t) 
we may rewrite this last expression as 

Iz=j�Cgp [Eg+KEg (cos.;+jsin.;)] 
and get for the total current through the 
capacitive reactance 
Ig=jwCgkEg+ 

jwC gp + [1 + K (cos.; + j sin",) lEg 

8+ 

Fig. 2. Reactance control circuit based 
on the practical application of the 

Miller Effect. 

The input admittance Yp, (
R
;

jX ) 

is 

then 

Yo""; = jwCgk+ jwCgp [1 +K 
g x (cos !fr + j sin'; )J 

In those cases where the amplifier gain 
is not complex due to reactive elements 
in the load sin tit = 0 and we will have the 
equation reduced to 

Yg=jw [Cgk +Cyp (1 +K)] 
The input then appears to be loaded with 
a capacitance 

Ci=CgA,+ Cgp (1+K) 
This is the common case that exists 
when the output load resistance is large 
compared to the capacitive reactance in 
the output circuit. 

It is easily seen that at some fre
quency the input admittance will be low 
enough to by-pass sufficient input volt
age to affect the gain. Beyond this point 
the gain will drop with frequency in
orease at the rate of about 6 db per oc-
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