
         GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS      AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO

May 2005                          35

         GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS      AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO

By Larry Lisle

I’ve discovered that it’s possible to 
dramatically reduce the intermodu-

lation distortion in class A filamentary 
triode tubes by reducing the filament 
voltage. If this has been noted before, 
I’m not aware of it.

Before members of the “Society for 
the Preservation of Olde Tubes” start 
putting their quills to parchment, let 
me say that this is experimental. For 
the sake of tube life, I recommend only 
a moderate reduction in filament volt-
age and the use of lower-than-normal 
signal voltage until we know more. 

THE THEORY   
I believe the most important reason for 
the drop in distortion with the lower-
ing of filament voltage is the reduc-
tion of the space charge. This makes 
the potential distribution across the 
tube more linear. The space charge is 
the cloud of electrons that usually sur-

rounds the filament (or cathode) of a 
vacuum tube. Some of these electrons 
are drawn away to the grid/plate sys-
tem, but others remain in the vicinity 
of the cathode and actually can repel 
some electrons, forcing them back to 
the filament. 

You’ll find a good explanation of 
this in Fundamentals of Radio-Valve 
Technique, by J. Deketh1. Figure 1, 
from page 18 of the text, shows how 
the potential distribution across the 
tube becomes linear without the space 
charge and how all the electrons go 
directly to the grid/plate. Reducing 
the voltage below the point where the 
space charge disappears or operating 
the tube at too high a signal level can 
damage the filament. 

                                                    
THE DATA
I first noticed this drop in distortion 
when I accidentally reduced the fila-
ment voltage while making intermod-

ulation tests on an amplifier using a 
71A. I thought perhaps there might be 
some peculiarity about the 71A, the 
battery bias I was using, or the DC 
on the filaments. So I repeated the 
test using a 2A3 with self-bias and the 

Reducing Filamentary Triode 
Amp Distortion
After all these years, can there possibly be anything new in 
vacuum tube technology? 
Maybe.

FIGURE 1: This diagram is from 
Fundamentals of Radio-Valve 
Technique, by J. Deketh. It clearly 
shows the change caused by the 
reduction of the space charge.

GA505-whole.indd   35 3/23/2005   1:34:52 PM



36                                       May 2005

         GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS      AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO         GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS      AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO

standard 750Ω resistor, and a bypass 
capacitor and AC on the filament. The 
results were similar.

I had been using the standard 
SMPTE method with frequencies of 
60Hz and 6kHz at a voltage ratio of 
4:1. I thought perhaps one frequency 
or the other was somehow being atten-
uated, so I repeated the test using the 
CCIF method. I used frequencies of 
15kHz and 16kHz and measured the 
1kHz difference, which was almost 
identical to the results obtained with 
the SMPTE method. 

To be certain, I repeated the test 
with frequencies of 5kHz and 6kHz. 
Again, there was a marked drop in 
intermodulation distortion to a mini-
mum value of about 7.8% of what it 
had been with the standard filament 
voltage of 2.5V. The SMPTE method 
produced about 12.3%. Please note: 
Results will vary, even with tubes of 
the same type, and even the same tube 
will result in different numbers as it 
ages. 

Other components in the circuit, 
such as the output transformer, also 
have an influence. The test conditions 
are important, too. Filament voltage is 
only an indicator of emission, which is 
proportional to filament temperature. 
There is a time lag between setting a 
filament voltage and stable emission at 
that temperature. Taking readings as 
the filament voltage is increased will 
be slightly different from taking read-
ings as the voltage is decreased, unless 
you allow enough 
time between 
measurements.

I proceeded to 
experiment with 
different tubes, 
and did limited 
tests on the 30, 
71A, 45, and 211 
with the same re-
duction in distor-
tion, although in 
different amounts 
and different  
percentages of the 
normal filament 
voltage. I didn’t 
measure the 211 
below the point 
where the space 

charge disappeared, nor did I test 
above a small signal level (211s are be-
coming too expensive).

I made extensive measurements 
with RCA 2A3s using two sets of pa-
rameters. In the first, the plate voltage 
and power output were held constant. 
This would represent a situation in 
which a new amplifier was designed 
for a given output and plate voltage. In 
this case the plate current dropped as 
the filament voltage went down, while 
the input signal had to be increased to 
compensate for the reduction in gain.

These changes were slight 
until the space charge was 
exhausted and then in-
creased rapidly. Seeing ei-
ther of these in practice is 
a sign to raise the filament 
voltage to a safe level.

In the second parameter, 
the input signal voltage was 
held constant and the other 
operating conditions were 
free to change. This is like 
taking an already operat-
ing amplifier and simply 
reducing the filament volt-
age. The plate current will 
drop, the plate voltage will 
rise slightly, and the output 
power will go down. Again, 
seeing a greatly increased 
rate of change in any of 
these is a signal to increase 
the filament voltage. Dis-
tortion versus filament volt-

age curves were almost identical with 
the different parameters.

To be sure the intermodulation dis-
tortion reduction was not unique to 
single-stage amplifiers, I built a two-
stage amp with a type 30 filamentary 
triode voltage amplifier. By carefully 
adjusting the filament voltages of both 
the 30 and the 71A or 2A3 output 
tube while adjusting components for 
maximum cancellation, I was able to 
achieve a very low value of IM dis-
tortion. What a fine-sounding am-
plifier it was! However, this article is 

FIGURE 5: IM distortion as a function of fila-
ment voltage for a 211.

FIGURE 4: IM distortion as a function of  
filament voltage for a 2A3.

FIGURE 3: IM distortion as a function of  
filament voltage for a 45.

FIGURE 2: Intermodulation distortion as 
a function of filament voltage for a 71A. 
These curves were made at low power out-
put but results are similar at higher power. 
See the text for cautions about tube life 
considerations.
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not about one specific amplifier but a 
general presentation of the reduction 
of intermodulation by adjusting the 
filament voltage.

An alternative explanation crossed 
my mind. Could the reduction of dis-
tortion be caused by increased resis-
tance in the cathode circuit, produc-
ing negative feedback, similar to that 
of an unbypassed cathode resistor? 
To check this I tested a 2A3 without 
a bypass capacitor and with a variety 
of resistors between the center-tap of 
the filament transformer and ground. 
Intermodulation distortion reduction 
could be achieved, but not as great 
as with the lowering of filament volt-
age. Also, the output fell considerably 
more.

In addition, I checked the 2nd and 
3rd harmonic output while lowering 
the filament voltage. The decrease in 
2nd harmonic distortion correspond-
ed to the reduction in IM distortion, 
as could be expected since the distor-
tion of triodes is primarily 2nd order. 
However, the 3rd harmonic distortion, 
although very low, increased slightly. 

If the lowering of distortion was due 
to negative feedback, both 2nd and 
3rd harmonic distortion could be ex-
pected to decrease.

DOWNSIDES
The first is signal level. To minimize 
shortening of the life of the filament, I 
don’t recommend this technique at the 

normal output level of a tube. I sug-
gest that with a 2A3, for instance, the 
music peaks probably shouldn’t exceed 
1W very often. Because of the logarith-
mic nature of the ear and the fact that 
most of the music is below that, you 
might not even notice the difference2. 
Remember, this is experimental.

The second downside is the question 

FIGURE 6: A diagram of my test setup for 2A3s. At higher power, I 
replaced the 15095A with an interstage transformer.

GA505-whole.indd   38 3/23/2005   1:35:31 PM



         GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS      AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO

May 2005                          39

         GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS      AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO    •    GLASS AUDIO

of tube life with reduced filament volt-
age regardless of signal level. Robert 
Tomer, author of Getting The Most Out 
of Vacuum Tubes3, says, “A voltage un-
der the rated value on the other hand, 
while having some disadvantages as 
far as other characteristics go, tends 
to increase heater life substantially.”  
Other authorities disagree.

I’m not sure there’s enough data 
available to make a definitive state-
ment. The days when you could take 
a hundred 2A3s off the line and mea-
sure tube life against filament voltage 
are over! Perhaps readers can report 
their results through audioXpress. I 
wouldn’t recommend trying unused 
new-old-stock (NOS) tubes, both 
from the standpoint of cost and also 
because the extra emission of new 
tubes may give misleading readings 
until they age a bit. I also wouldn’t try 
this with very expensive tubes such as 
Western Electric 300-Bs until we have 
more information.

Third, finding the best operating 
point requires some test equipment, 
at least enough to measure filament 
voltage and plate current. But anyone 
using tubes really should have a way 
of measuring these, especially filament 
voltage. Line voltage is considerably 
higher in many areas than it was dur-
ing the tube era, and you may be sur-
prised to find that your 6.3V tubes are 
being subjected to well above 7V. This 
will definitely shorten tube life! 

I suggest not going below 80% of 
the rated filament voltage without 
means of measuring either intermod-
ulation distortion (preferred) or 2nd 
harmonic distortion or THD. I think 
the best course is to reduce the fila-
ment voltage to a value above the point 
of absolute minimum distortion. This 
will give a safe margin to compensate 
for loss of emission as the tube ages, 
fluctuation in line voltage, and so on, 
but still give a significant reduction in 
IM distortion.

Finally, a separate source of filament 
voltage for only the output tube is re-
quired. However, a separate filament 
transformer for triode output tubes 
is often used anyway, because they  
often require different voltage than 
the usual 6.3V tubes used elsewhere 
in the amplifier.

Lowering the intermodulation 
distortion produced in filamentary  
triode tubes through control of the  
filament voltage may prove to be a 
very useful technique. It may be used 
for voltage amplifiers or for output 
tubes at reduced levels. I’ve never seen 
anything about it in print and would 
welcome any information to the con-
trary. While it may not be needed in 
some amplifiers, it may prove to be  
a valuable alternative to negative  
feedback or cancellation in reducing 
distortion. ■
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1-882580-29X, $14.95.
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