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For this circuit I have settled on a total 
load impedance of 10k, which suits the 
6V6GTs well. That would be 5k plate-to-
plate and 5k cathode-to-cathode. For that 
you can use a pair of Hammond 125J out-
put transformers (OPT). Fortunately, the 
125J has a primary to secondary turns 
ratio that fits this application well. 

In order to achieve a very low out-
put impedance that translates to a high 
damping factor (DF), you need to be able 
to connect the secondaries in parallel. I 
was not able to do this when using the 
Hammond 125E Universal OPTs in the 
earlier article, so another problem is 
solved! In this mode the OPTs will run 
about double the recommended imped-
ances, thus the output voltages are about 
1.4× and the currents are about 0.7× nor-
mal for a given output power.

In order for the 6V6GTs to run as true 
pentodes, the screen grids are cross cou-
pled to the opposite plate of each of the 
tubes. However, for the sake of complete-
ness, I have included data in the tables 
for both ultralinear and triode operation. 
You will see by comparison that these 
alternatives do not offer much in the way 
of advantage as they do while in an or-
dinary push-pull circuit. As connected, 
most of their gain is already applied as 
NFB through the cathodes, even while 
connected as pentodes. 

In the ultralinear connection the 
screen leads are simply taken to the DC 
HV supply, allowing you to run the plates 
at a higher voltage for more power if 
desired. That is what I did in the ampli-
fier of the previous article. For triode 
operation I simply connected the screens 
directly to their plates through the damp-
ing resistors.

The circuit used to connect the 6V6GTs 
to the OPTs in this amplifier results in 
just 1250Ω from each cathode and plate 
to earth. These low impedances reduce 
the effects of capacitive shunting and 
thereby improve the high-frequency per-
formance. Nevertheless, you will need 
to be careful with proper phasing of the 
transformer output interconnections.

THE DRIVER
I’m again using Crowhurst’s original 
circuit with minor variations, although 
you will see as we progress there will 
be some changes or enhancements to 
improve the performance. Rather than 
using a 12AX7 and 12AU7 as voltage 

amplifiers, I used a 6SL7GT and 6SN7GT. 
That was partly for cosmetic purposes, 
but I also like working with the larger 
sockets in an experimental amplifier. 
They simply made changes easier as the 
design progressed and they looked bet-
ter-fitted to my rather large experimental 
chassis. If you were to build this ampli-
fier, any of the combination of tubes I’ve 
mentioned would work well.

I believed Crowhurst’s application of 
a 1.8k tail resistor in the driver 12AU7 
while his plate resistors were 39k was 
rather on the small side. A higher value 

tail resistor results in a better balanced 
drive to the output circuit. In this part 
of the circuit you need as much voltage 
at the plates as possible in order to drive 
the output tubes to full power.

Some way must be devised so that a 
larger tail resistor could be used, without 
using up more of the plate supply, which 
is done in circuits such as the Mullard 
5-20. There are quite a few ways of devel-
oping a negative voltage with which you 
can supply a higher resistance tail resis-
tor. Here are two of them and out of that 
three possible circuit solutions.
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by the controlling voltage on an RC time 
constant. The upper limit voltage is set 
by a series of zener diodes. The physi-
cally small 1k resistor in the gate lead 
guards against the FET oscillating on 
its own.

For experimental use, having a stand-
by switch included in the circuit helps 
me a lot in making changes and adjust-
ments while I work on the circuit. You 
don’t ordinarily need this, but you might 
want to have one for your own reasons. I 
use an ordinary two-pole switch connect-
ed to the power transformer secondary 
to unhook the rectifier diodes. Although 
the DC is defeated, you should always 
keep in mind that the transformer HV 
is still in the chassis and can give you a 
nasty bite.

You may have looked at the photo of 
the rectifier sub-assembly and noticed 
four rectifier diodes. The extra diodes 
are used to wire the output stage for 
fixed bias operation. The negative supply 
provides the fixed bias potentials. 

I’ve used current limiting resistors, 
each of 2.7k in series with the diodes 
into their 10µF filter cap. At that capaci-
tor you will find a little more than –300V. 

After passing through a 10k WW resis-
tor into the zener diode circuit, I mea-
sured –185V, even though the diodes to-
taled only 170V.

A look at the diode spec sheet for the 
75V 1N5368B indicated that heating in 
the diodes causes the zener voltage to 
drift up. These zeners are rated at 5W, 
but that would be in ideal conditions. As 
used in this circuit, a little more than 1W 
is dissipated in each of the 75V  zeners. 

I had originally used spaghetti on 
the zener leads. It turns out the zeners 
depend to a large degree on cooling 
through the lead structure. Even after 
removal of the spaghetti, there was still 
quite a voltage rise. However, I later 
didn’t find this to cause any problems.

If you find that the power line in your 
area tends to run on the low side, you 
may need to use a different rectifier lim-
iting resistor set than I have shown in 
the schematics and parts list. You could 
reduce R101 and R102 to 47R in order to 
get enough voltage to properly run the 
positive side of the power supply. I don’t 
think you will need to change the values 
of R103 and R104. Be sure to leave some 
resistance in the circuit so that if a recti-

fier diode should fail there will be a mar-
gin of safety for that part of the circuit.

RESULTS DATA
I have included several tables of test re-
sults in order to better illustrate why 
I made the various modifications. For 
the total harmonic distortion (THD) and 
intermodulation distortion (IMD) tests, 
I first set the AC balance pot for a 2nd 
harmonic minimum while the output was 
1W. I left the AC balance pot in that posi-
tion for the remaining tests within each 
test group. The NFB resistors R30 and 
R31 remained the same for all measure-
ments. 

Measurement of the DF was done 
using the rated load versus the no load 
voltages at the output. From that I used 
the internal resistance at the amplifier 
load terminals to compute the DF. The 
distortion data, given in percent, was 
taken at Rload of 8Ω and 1000Hz, except 
as noted.

The test signals were provided by an 
HP 200CD wide-range oscillator and 
a GW GAG-810 sine- and square-wave 
audio generator. I took the THD measure-
ments using an HP 334A analyzer and 
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