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Cathode Followers 
With Particular Reference to Grid Bias Arrangements 

By "CATHODE RAY" 

LOOKING at the basic circuit diagram (Fig. 1) we 
might think there wasn't much that could be said about 
the cathode follower. As for its grid bias, with 
beautiful simplicity the one and only resistor in the 
circuit secs to that as well as doing its main job. 
So it appears. 

But when one thinks one knows all about cathode 
followers, some unsuspected complication comes to 
light. I hope, however, that you will not take that 
remark as the prelude to an astonishing new revelation. 
I doubt whether I am about to disclose anything new, 
but it may be new to some who have not made a special 
study of cathode followers or who have not yet had to 
adapt the theoretical circuits to practical work. There 
are one or two things about arranging their. grid bias, 
for instance, that are not always made clear in the books. 

First we had better have a quick review of cathode 
followers in general. Their chief use is to enable a 
waveform derived from a high-impedance source to be 
reproduced accurately across a comparatively low or 
variable impedance. They can do this because (1) 
their input impedance is exceptionally high; (2) their 
output impedance is exceptionally low; and (3) they 
cause exceptionally little distortion. These features are 
due largely to the 100% voltage negative feedback 
resulting from the position of R, on the cathode side 
of the valve. From the point of view of the output 
terminals, the impedance appears to be R in parallel 
with approximately 1/1-' times the valve's actual 
anode resistance, r a' This r a/ I-' is the same thing as 
l/gm. For instance, if gm (the mutual conductance of 
the valve) is 5 mAjV, that is 0.005 amps per volt, and 
1/0.005 is 200, which is the apparent number of ohms 
resistance in parallel with R*. This is far lower than a 
valve having its output taken from the anode side, 
and load impedances down to a few thousand ohms 
can be connected across it without making much 
difference to the output voltage. 

I need hardly repeat the various ways (explained in 
all the books) by which negative feedback reduces 
distortion. In the cathode follower all the output is 
fed back, so (as regards a single valve at .least) reduc
tion of distortion is a maximum. 

The high input impedance comes in two ways. The 
fact that the anode is held at a constant potenti'al cuts 
out the "Miller effect," which in an anode-loaded 
valve greatly magnifies the effective grid-to-anode 
capacitance. On the other side, the effective grid-to
cathode capacitance is only a small fraction of its 
book value, because the potential of the cathode 
follows that of the grid t, the grid-to-cathode signal 
voltage being only the differerrce between the input 
and output voltages. Thus the cathode follower has 

--- ---------------

• To be precise, one should multiply I/g .. by 1'/(1'+ I), but that makes 
little difference unless I'is exceptionally small. 

t That is why the term "anode follower" for the see-saw circuit is so silly; 
in it the anode does iust the opposite of following the grid. 
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all the benefit of high-resistance input possessed by 
any valve operated with its grid negative, but without 
most of the spoiling effect of capacitance to anode 
and cathode. 

Unless we are careful with our grid bias arrange
ments, however, we may throw away something of 
these advantages. 

As I said at the beginning, R in Fig. 1 provides grid 
bias at the same time as coupling impedance. But 
doing two things at once often means that neither ie: 
done propedy--or at best only one of them. I 
wouldn't say that the simple Fig. 1 circuit never giv",:> 
satisfaction. Lil-e some of the films reviewed in the 
cinema trade press (" Might get by with unsophis
ticated audiences") it is all right if you are easily 
satisfied. If the resistance of R is too small for grid 
bias purposes, then grid current flows at the positive 
peaks of input, and bang go the high input impedance 
and· freedom from distortio!1. If too large, negative 
peaks reach the" bottom bend" and the valve ceases 
to cathode-follow. But if R is chosen midway between 
these two calamities it will be much smaller than 
optimum as a coupling resistance. 

Adapting the Diagram 
To see this in all its naked clarity we should draw a 
characteristic-curve diagram. Fig. 2 is a sample!. 
It starts with an ordinary set of anode-current! 
anode-voltage curves, as found in valve catalogues. 
Those in Fig. 2 refer to a rather mediocre triode, 
having ra = 10k!1, I-' = 17, so gm = 1.7 mAjV. 
Let me emphasize that these figures, like all such 
published for valves, refer to only one set of working 
cO!1ditions (represe!1ted by one point on the diagram) 
and vary a good deal 'over the area of the diagram. 
If it were not so, the curves would be evenly-spaced 
straight lines. Because they never are, there is always 
distortion. Each curve, of course, represents the way 
the anode current (I,,) varies with anode voltage (Va) 
at the fixed value of grid voltage (VI]) marked beside 
the curve. Take special note of the fact that V (I is the 
voltage relative to the cathode (as, indeed, is also Va). 
In the ordinary use of a valve that is the same thing as 
the voltage relative to earth or -h.t. or the lower input 
terminal, for all these things are tied to cathode either 
directly or through a by-pass capacitor. 

It is because one gets so used to assuming this that 
the cathode follower is apt to muddle one. When the 
input voltage varies the grid potential, it varies the 
cathode potential too; so one can't use the cathode as a 
fixed-potential point from which to reckon all voltages. 
The obvious zero-potential reference point is E. And 
the valve electrode held at constant potential by it is 
not the cathode but the anode (separated only by the 

t If the principles of this kind of dia::ram are not understooj, see ne,,! 
month's article. 
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fixed voltage V HT' as shown in the inset to Fig. 2). 
So our reckoning of the valve electrode voltages 
has to be upside down as compared with ordinary 
usage. Va on the curve sheet therefore really means 
minus the cathode voltage (relative to fixed anode). 
And Vg can't be used directly at all, because it is 
between two varying-potential points. What mathe
maticians call the independent variable is not Vg 
but VIN. But this amounts to the same thing as Vag, 
tbe voltage of the grid relative to anode. Can we 
somehow get Vag or V!N curves on to the diagram? 

Well, if we look at the inset we see that Vag is the 
difference between Va and Vu, which are both on the 
diagram. So all we have to do to plot a curve of 

" Vag = x volts" is to join together all points at which 
Va - Vg = x; that is, Va = x + Vg. So where 
Vu = 0, Va must be 250 to locate a point on this 
curve. That is point a. Next, at Vg = - 2, Va must 
be 250 - 2 = 248; so we find the point on the Vg = -
2 curve at which Va = 248, namely b. And so we go 
down the Vg curves, moving a corresponding number 
of Va volts to the left every time, to give the" V a'l = 

250" curve when all the points are joined up. In 
the same way curves for V au = anything else can be 
drawn; I have done the 237.5 and 262.5 volt curves. 
The reason I 'chose 250 for a start is that we are going to 
assume for example that V HT is 250. That being so, 
VIN, which is V HT - Vag = 0 anywhere on the. Vag = 

250 curve, as marked in brackets (to show that it 
applies only on the assumption that V UT = 250). 
So our starting point, representing zero input voltage, 
must be somewhere on this curve. But where? 

If it were down near the foot, where la is small or 
even zero, there would be plenty of room for increase 
of current during the positive half-cycles of VI�' 
but the negative halves would be cut off. And if the 
starting point were placed at the top, the negative 
halves would be all right but the positive halves would 
be in the positive grid region and grid current would 
flow. So we follow the usual procedure for valve 
diagrams and put the starting point about half way 
between zero grid bias and cut-off bias. We see that 
cut-off bias at Va = 250 is about -16 volts. But half 
that, -8 volts, looks rather alarmingly low down, 
so I have put it at - 7. Then the" load line" is the 
one drawn through " Va = 250, la = 0" (point c) 

and the newly located starting point (0). It is shown 
dotted. 

What this dotted load line does is to show the drop 
in V a below 250 volts when current passes through the 
resistance (R) represented by it. At la = 0, no volts 
are dropped in R, so Va is the full 250V h.t. (point c). 
At the starting point 0, la = lOmA, and we see that 
Va = 243; a drop of 7V. The resistance that requires 
7V to pass O.OIA through it is 7/0.01 = 700 ohms. 
So the dotted line represents a load resistance R 
of 7000. 

Results 

Next, let us see what happens when an input signal 
swings the grid alternately positive and negative. 
This is where the other two VI� curves are needed. 
If the peak voltage of the input is 12t volts, the working 
point moves along the dotted line as far as the curve 
"(VI� = + 12.5) "-and where, incidentally, Vg = 

-2, which is about as far as we can go in that direc
tion and still be quite sure of grid current not starting 
-and in the other direction to "(VI� = -12.5) " 
which is about as near cut-off as it is wise to go. 

If you like you can try alternative load resistances 
and working points to see if you can get less distortion 
at this input, or more output for equal distortion, 
but I shall be surprised if you do much better working 
from "V l� = 0." How do we know how much 
output is obtained? Well, the inset shows that any 
change in VOUT must be at the expense of Va, so is 
equal and opposite to it. The movement of the workin� 
point along the dotted line takes us from 243V at the 
start to 235V at the positive peak and 249V at the 
negative, which is -8V and + 6V respectively; so 
the peak values of VOOT are +8V and -6V. Another 
and more accurate way of obtaining these values is to 
read the rise and fall in la and multiply by R; this 
gives them as +7.7V and -6.2V. 

We note from this that (1) unlike the anode-loaded 
amplifier, VOUT has the same polarity (or is in the 
same phase) as VI�; (2) the device is by no means 
distortionless, for equal + and - VI� give consider
ably unequal + and - V OUT (as a matter of interest, 
the 2nd harmonic distortion calculated in the usual 
way from the above data is 5.4%); and (3) the voltage 

)sr----,.----,-----,----,-----r----,-----r----,-----,----,----, 
t------+ 

1 
IN t 

I 
OUT 

R 

Fig. I. Basic circuit diagram 
of cathode follower. 

Fig. 2. �howing how to use 
the ordinary ImlVm valve curves 
to construct cathode-follower 
characteristic curves. 
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15r----,,----.-----.-----r----.-----r----,-----.----,-----.----, 

'0r-----r-----r-----r---��--��--�----_4----_+----�----��--� 

25r-
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Fig. 3. By using a mudl higher 
value (or R in Fig. I than the 
700n in Fig. 2, maximum out
put is greatly increased and 
distortion reduced. 

� 20r-----r-----r---�r_--�r_--�-----4----_+--��----����--�� voltage ratio V OUT / Vni is 
also better--l03/114 = 0.9, 
or only 10% ioss instead of 
44%. 

.E 

15r---�----_t----_r----�----+---���-4--��----�� By using a higher resis
tance, the maximum voltage 
output could be pushed 
considerably higher and the 
distortion still lower; but if 
only a voltage output were 
needed there would be no 
point in using a cathode 
follower at all-the input sig
nal would do. Presumably 
there is some additional 
load' in parallel with R. If 

IOr-----r----,r---�r_--���-

" amplification," VouTfVn" is. 13.9/25 (peak to peak), 
which is 0.56, or a loss of nearly half. We also note 
that the grid voltage VII swings between -2 and about 
-14, or 12V peak to peak, so the voltage amplification 
of the valve itself is 13.9/12 = 1.16. If the valve were 
used in the ordinary way, with R on the anode side, 
VII would be the same as V1N (as regards signals at 
least), and its negative peak would be the same as the 
positive (5V), so the negative V OUT would be only 
5.1V and the distortion would be greater (10.2%). 
As compared with this, the cathode-follower arrange
ment gives about half the amplification, but about half 
the distortion and a shade more output. 

But it is a pretty miserable output--less than 7V 
peak using 250V h. t. As anyone who is accustomed 
to valve load diagrams will see at once, the reason is 
that the slope of the dotted load line is too steep, 
signifying that the resistance is too low. The less 
the slope, the greater the range of voltage represented 
by it between the grid-current and cut-off boundaries. 
To get the utmost voltage output, the. resistance should 
be so large as to be represented by a nearly horizontal 
line right down near the Va scale. But then the 
current range would be almost nil, and the valve 
would be incapable of supplying appreciable signal 
power. For maximum power, a designer would 
choose a medium slope, such as that of the dotted 
line in Fig. 3, which represents a resistance of 15kn. 
VII = -7 again puts the starting point (0) about 
half way along the useful part of the line, and if we 
draw a Vall line through it we find Vall here is 190V. 
So V1N, being VHT -Vall' is +60V. If again we are 
cautious about grid current and allow a full -2V as 
the minimum grid bias, the positive limit is at point 
d, where Vau turns out to be 133V. This makes V IN 
57V more positive than at the start, so the negative 
limit is found by making V IN 57V less than at the 
start, namely +3V, and drawing the Vau= 250 -3 = 

247V curve. 
The output is now probably easier to read direct 

as change in Va than indirectly as la; it is + 52V and 
-51V. Not only is that more than seven times what 
it was with R = 700, but the distortion is far less
below a half of one per cent. Actually' we could prob
ably go up to at least ±60V peak output without much 
increase in distortion or risk of grid current. The 
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it is a d.c. path, then its effect is of course exactly the 
same as reducing R. If it is an a.c. path (such as a 
resi�tance load fed through a blocking capacitor) the 
real load line pivots on 0 instead of on the 250-volt 
point oil the Va scale, and if 0 has been placed low by 
making R very high it is so near cut-off that distortion 
sets in sharply at quite a small output. 

The fact to which everything so far has been leading 
up, however, is that when the resistance of R has been 
chosen to give reasonable operating conditions it is 
far too much for grid bias. In Fig. 3 the preferred 
starting point is "V1N = +60," a..Tld if that positive 
bias were not supplied it would mean that the grid was 
60V too negative. So now we come at last to our 
main object--to discover how best to provide this 
+ 60V or whatever it may be. There are a lot of 
different ways. Also there are some snags. 

The simplest and best, if circumstances make it 
possible, is to connect the grid straight to a source of 
signal that also provides the necessary positive bias. 
If the source is the anode of another valve, that is 
probably the answer: Fig. 4(a). If 60V is altogether too 
low for the anode of that stage, it may be practicable 
to design the cathode follower to work well with a 
more positive grid. 

. 

But perhaps there is some good reason against this 
-the cathode-follower load is low or widely variable, 
the previous anode voltage is unavoidably high, or 
maybe the signal source is not an anode at all, or the 
cathode-follower may be needed to work from different 
sources so must be self-contained as regards bias. 
In such cases it is usually necessary to admit the signal 
through a blocking capacitor to make sure that the 
bias it not short-circuited by the signal source. The 
grid must then be connected to a source of bias through 

. a high resistance " grid leak," so as not to short
circuit the signal source. An obvious method of 
getting the bias is from a potential divider across 
V HT (Fig. 4(b ». Perhaps there already is such a 
potential divider, whether called by that name or the 
more unpleasant one of" bleeder," needed for some 
other purpose, and it is only a matter of tapping it at 
a suitable point. But if not, it is easy enough to find 
suitable val�es for R2 and R3, because the grid takes 

.. no current, SOY:'>I., is to VHT as R3 is to R2 + R3. 
.. For the same reason, R2 and R3 ca.I} be quite high 
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resistances, of the megohm order, provided . they are 
reliable. If there is any question of an undesirable 
amount of hum getting at the grid from + .  ·h.t., a 
largish capacitance Cl can be added� 

But if RI and R3 are high, as suggested, why have 
RI at all? True enough; if the resistance of RI andR, 
in parallel is made equal to whatever. would be con
sidered a suitable grid-leak resistance, then RI is 
unnecessary and the circuit simplifies to Fig. 4(c). A 
suitable grid-leak resistance is the same as in a con
ventional amplifier; that is to say, the resistance 
should not be higher than the valve maker recommends 
as a top limit, nor low enough to load the sigrial source 
seriously. Something of the order of one megohm is 
usual. 

One Resistor; Two Valves 

Since one of the main .objects of a cathode .follower 
is to load the signal source as little as possible, it 
may happen that even the valve maker's top limit for 
grid resistance is lower than one wants to have across 
the signal source. My impression is that the ;valve 
makers cover themselves pretty well by fixing a low 
limit, and one can usually get away with a considerably 
higher value. But however that may be, one of the, 
special features of a cathode follower is that the 
grid leak resistance seen by the signal source can be 
far higher than it is from the valve maker's point 
of view. This remarkable ability to have the best 
of things both ways is not achieved in the circuits 
seen so far, but it is in Fig. 4(d). This, I think, 
is the commonest bias arrangement for. cathode 
followers, but I doubt whether everybody who uses 
it does so with the conscious intention of obtaining 
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the advantage just [Ilentioned. Nor, perhaps, is 
everybody:who uses it aware of a possible snag that 
we shall come to in a moment. 

The principle of Fig. 4(d), of course, is that R in 
Fig. 1 provides slightly more than the positive bias 
needed to neutralize the negative excess provided by 
it, so a point can be found on it which gives the 
right amount and to which RI can be connected. In 
our Fig. 3 example the total drop in R was 67V, 
of which 7 was needed for negative bias and therefore 
60 had to be neutralized. A simpler way of looking 
at it,perhaps, is to regard the upper portion of R, 
R. in; Fig.' 4( d), as the conventional bias resistor to 
provide the required voltage, 7 in this example. 
Either way, if R. + R� were 15kn as before, R. 
would· have to be 7/67 of this, or 1,565 n, and R� 
15k n less this. 

Suppose the valve maker's rating for maximum 
grid-ta-cathode resistance is 1 M n. Then we would 
probably make that the value of RI (R. being by com
parison negligible). It looks at first sight as if the 
impedance across the input terminals is practically 
the same (Cl having been made large enough for its 
impedance to be negligible at the signal frequency) . 
But imagine for the moment that the lower end of 
RI were taken away from R, and R� and connected 
to the grid, so that both ends of RI were at the same 
potential. Then obviously no current would flow 
through RI' The same would be true if it were 
connected to a second signal source the same as the 
first, for both ends would still be at the same signal 
potential at every instant. If it were connected to 
the cathode, tl1at end would receive (in our calculated 
example) nine tenths of the input signal, in phase. 
So only one tenth of the input signal voltage would 

+ + 

C, 
� 

( b) (c) 

+ + 

C, 
o---i 

R, 

C. 

(le' ) (t) 

F.g. 4. Various methods for enabling the higher resistance indicated ill Fig. 3 to be used in practii!e, by prOViding appropriote grid bias. 
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actually come across R., and therefore it would take 
no more current than 10Ma connected across the fJlhole 
input voltage. Connected as in Fig. 4( d) it receives 
about eight tenths of the input voltage, and so acts 

. as a load of 5MO. 
There is more juice still left in the orange, for Cl 

. does not have to be large enough to be negli�ble in 
comparison with IM 0 but with 5M O. Now' the 
voltage loss in Cl is only I % if the reactance of Cl is 
one seventh of the effective load resistance. If that 
resistance were literally R., the reactance would have 
to be one seventh of a megohm; and if. the lowest 
frequency to be handled were 20 c/s that would mean 
Cl = a little over 0.05f£F. But with RI as in Fig.4(d) 
it need be only O.OIf£F for the same results. 

. 

Now for the snag. The negative feedback in a 
cathode follower consists of the whole output voltage 
(signal voltage across R, + Rs) fed back to the 
grid, and in this version of the. circuit it can only 
reach the grid via the signal source. To simplify 
things let us for the moment imagine that the lower 
end of RI is moved up to the cathode. Then the 
impedance of the signal source and RI act as a potential 
divider across R, + Rs, and only that part of the 
fed-back voltage which is developed across RI actually 
reaches the grid. If the signal source impedance at 
any signal frequency were IMO, then, with our IMO 
Ru only half the voltage would be fed back, and. we 
would have only half a real cathode follower Things 
are not quite so bad with RI where it actually is, but 
in our example it would be nine tenths as bad .. 
Remembering again that the main point of using a 
cathode follower is usually to work from a high
impedance source, this rather subtle propensity must 
not be overlooked. The impedance of the signal 
source at any signal frequency should not be more 
than, say, one tenth of the actual value of RI' Even 
this precaution may not be strict enough if the source 
impedance is largely reactance and we want to keep 
phase shift in the cathode follower very small. 
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The signal source impedance normally consists of 
the anode resistance of the valve (after allowing for 
the effect of negative feedback, if any) in parallel with 
the load "impedance. 

. 

A variation of Fig. 4( d) that one sometimes sees is 
Fig.4(e). The only difference is the by-pass capacitor 
C3, sufficiently large to have negligible impedance 
(compared with RJ at any signal frequency. So far 
as signals are concerned, RI is connected straight 
to the cathode (which is, if anything, a slight dis
advantage), and the cathode-to-earth resistance is 
R;'. But so far as d.c. is concerned it is Rs + R,. 
So if we were doing a Fig. 3 diagram for this circuit 
we would have to draw the dotted line at a slope to 
represent R6 +R" and then draw through 0 a steeper 
line representing Rs alone, this being the line along 
which signal voltages would operate. Personally I 
consider C3 a waste of money .. 

Lastly, to overcome the loss of feedback in circuits 
(d) and Ce), type (f) has been suggested, in which 
RI is U decoupled to earth" for signal voltages, but 
receives its bias voltage from the junction Qf R, and 
Rs as before. The impedance ·of C, at the lowest 
signal frequency should be very much less than Re. 
For this to be so, RI + Re is almost sure to be appre
ciably higher than R., which means that the input 
signal load, which is R., is appreciably lower than the 
valve maker's limit which (if we follow his advice) 
is RI + Re. This arrangement seems to me to have 
no great advantage over (c), and is less simple. On 
the other hand, (c) - and (b) - have the advantage 
that the cathode potential is stabi�d (given constant 
V HT) at a few volts above a level fixed by the ratio 
of R2 to R3• 

Sununing up: (a) is much the best if it can be 
arranged; if not, (c) is most likely to perform as 
expected, whereas (d) enables one to achieve a much 
higher signal input resistance but has to be carefully 
considered for possible loss of feedback. The others 
also ran. 
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