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11 AUDIANA 11 lEWIS S. GOODFRI END 

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-

Eg 

(Al 

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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tave. The point at which the gain is 
down 3 db is the frequency at which the 
capacitive reactance is equal to the input 
resistance (or where the admittance Is 
equal to the conductance). 

Examples 
The two examples worked out in the 

calculations of Fig. 3 show the effect 
on the high-freqllency gain caused by 
a low-mu tri0de as exemplified by the 
6J5, and by one section of the high-mu 
triode 12AX7. 

The reduction in gain at high fre
quencies because of the effective capaci
tance has been termed the ")'Iiller Ef
fect," having been described in a paper 
by J. M. Miller of the Eureau of Stand
ards in 1919. However the term should 
include all effects involving the effective 
grid-cathode capacitance such as the 
"Miller Effect" reactance control cir
cuits, one of which is discussed below, 
and the Miller integrator much used in 
radar and computer circuits. 

InterelectrQde Capacitance 
Since the effective grid-cathode ca

pacitance is a function of the grid-plate 
capacitance, the Miller Effect caused by 
pentodes is negligible, the grid-plate 
capacitance of most pentodes being of 
the order of .005 II-".f. This IQw value of 
capacitance IS due to the shielding effect 
of the screen grid. 

The grid-plate capacitance of minia
ture triodes is on the order of 1 .6 p.p! 
while that for metal and octal base tri
odes varies from 2 to 4 ".".f. 

I t must also be noted that if there 
are sufficient pha:s@ shifts due to Miller 
Effect and reactive load elements iil a 
number of audio stages aro.und which 
there is negative feedback; there may be-

6J5 
Cgp " 3.8 ""f 
Cgk" 4.2 ""f 
K ·'5 

Y g. low [4.2 -t �8( I + IS)} 10'2• j"" 65'10-12,0' 

Z • 
l' g 211'f65.jc>,2 

some frequency at which the various 
phase shifts will give an overall phase 
shift around the loop of 360 deg. (or 
zero). At this frequency, energy is being 
fed back in phase and it is possible to 
get sustained oscillations. This situation 
is like}.y to oecur if there are more than 
three high-gain stages cascaded with 
feedback around all three. 

Miller Reactance Control Circuit 
Since the effective input c-apacitance 

may lie greatly increased by chan'ging 
the gain of the stage, it is possible to 
control the capacitance by controlling 
some circuit condition \vhich in turn 
eontrols gain. Also, if the geometric tube 
capacitances do not give enough range 
of control, additiGlnal capacitance may 
be added between grid and plate, ex
ternally. This circuit has several limita
tions when used as a reactance tube, the 
principal one being that th-e signet! am
plitude in the circuit across which the 
tube is used ca�not exceed the permis
sible grid swing for the operating volt
ages used. Figure 2 shows the Mifler 
arrangement used to tune an Le circuit. 
To obtain greater range of control it is 
also possible to use pentodes or the 6L7 
mixer tube. In each case the gain may 
be controlled by varying the d.c. poten
tial on the appropriate element. This 
control voltage may be derived from a 
potentiometer or from a comparison cir
cuit in automatic tracking systems. 

The discussion of Miller Effect which 
has been presented is intended to indi
cate a simple method for determining 
the effect of the grid-plate capacitance 
on the operation of audio amplifiers, and 
a method of utilizing the large effective 
grid-cathode capacitance caused by this 
effect. 

i2AX7 
C gp' 1.7 " .. I 
Cgk' I.61'"f 
K • 73 

Vg' j .... [,.6+ 1.7(H73� 10'12. i"" 128'10"12,0. 
Z • 

1 
·g 2TI'1.28' 10 12 

ll-.Rg is 0.1 Meg ,'he 3'dbpoint is at 
ill...ooint wile,. Zg" Rg "�g 

f3<lb" 24,500 cps f'ldb" 12,400 cp. 
and the effective in""t capacitance is 65",,1 and the efleC1ive input capacihmce is 128 .... , 

Fig. 3. Method of calculation employed to determine the effective capacitance 
reflected into the grid circuit of a vacuum tube. These calculations are in

cluded to compare the Miller Effect of low- and high-mu triodes. 
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