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Cars, Planes
and Circlotrons

An ExXperiment

Many of you missthe old Tube CAD Journal, the one that was once published
aong afairly regular schedule, the one that held severa articles per issueand a
reeders |etters section. What hagppened to the old Tube CAD Journal?

In spite of over 50 articles, hundreds of schematics and well over a
thousand emails, | believe the TCJ was never given areal chance to prove
itself. It was the Cinderella that only received scraps of time and effort.

Since it drained both money and time -- lots of time -- it was resented by

family and friends. The Tube CAD Journal companion programs did not
solve the dilemma.

Thus | have devised an experiment to see if the Tube CAD Journal can
support itself, alowing me to devote the many hours it would take to
publish once again a full journa each and every month; in fact, my goa
would be to produce a better journa than the old one. My vision for this
reborn TCJ includes a strict publishing schedule, optimized PDF format,
tube-based audio projects, and the return of reader mail.

Because of the way the Yahoo! Store works, | will have to make this
experiment a “limited time offer.” So in order to make it something you
can buy for yoursdf and al your tubehead friends for Christmas,
Hanukkah, Kwanzaa, Winter Solstice, New Year's, Festivus or any other
winter celebration you desire, | will be announcing the experiment the
week of the American Thanksgiving holiday (that’ s the week of November
24th, for those of you outside the U.S.). At that time, you will have four
weeks to take advantage of the experiment. Those of you in the tcj_readers
Yahoo! Group will get an email announcing the offer, but if you are not
part of that group, be sure to come back to the website around
Thanksgiving to find out for yourself.

- John R. Broskie
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Cars, Planes, and Cirdotrons

A Letter from Arizona

First of all, a pat on the back for an impressive
website. | had heard of the Tube Cad Journal years
ago, but only recently have | ever visited your site. |
folowed a link from rec.audio.tubes (you get
mentioned there every once in a while, but you never
post there, why?) to [December 2000 fand at first |
thought you didn't know what you were talking
about...a SRPP circlotron? ... a cascaded circlotron?
...just not possible. But after searching your site and
reading every article and letter that dealt with the
Circlotron amplifier, | must conclude that either you
don’t know what you are talking about or that you are
probably the best informed and cleverest tube guru
on the net. I've got hours and hours of more reading
ahead of me, but my leaning is definitely towards the
latter (the late Dr. Gizmo had already come that
conclusion it seems.) | do however have one problem
with your take on the Circlotron amplifier: you say that
the amplifier is functionally identical with the
totempole amplifier. In your own words:

“As for the performance difference between the
circlotron bridge amplifier output stage and the totem
pole output stage, there is none, as long as the same
tubes, the same idle current, and the same drive
voltage is provided. | was distressed the first time | saw
an electronic textbook treat the two circuits identically.
"Wait a minute, these circuits are totally different?" |
thought to myself. And they are in terms of ease of
setting up bias points and living within the heater-to-
cathode voltage limits, but not in electrical terms. The
electrons do not know that they are in a long-named
circuit: they just flow and their flow is governed by the
voltage relationships and impedances in the circuit. To
the electron, the both circuits are identical. Our eyes
disagree. But then our eyes do not have to move the
loudspeaker's diaphragm back and forth.”

- August 2001

Sorry, but how can this be so? They are nothing
alike. It's like saying that an airplane is functionally
identical with a car because they both move
passengers from here to there. If you can explain this
to me, Il give you my full endorsement. Anyway,
good luck and thanks for the wealth of information on
all the other topics.

EJ
Arizona USA

John’s Response

Hra of dl, thanks for the pat on the back. No, | don' t post
to recaudiotubes as | don't read recaudiotubes And
while we ae a it, thanks for conddering me a guru,
dthough | don't think of mysdf as a guru—well a leest
not a tube guru. Why nat? Well, the tube gurus I've met
have disciples (or are ardently seeking them) , something |
nather have nor want. This quote from Nietzsche, which |
adways recollect when | read of Adolph Hitler's National
Soadids isgamane

“You would multiply yourself by ten,

by a hundred?
You seek followers?
Seek zeros.”

No zeros here. There are a thousand places on the net
where tube dircuit schematics and tube dircuit theory can
be found, but this journd's readers are not swayed by gee-
whiz enthusiaam, obvious huckgering, magic, or passng
fads. Basad on the emal | recaeive and the reader’s
websites | have been invited to vist, | am convinced that
this journd’ s reeders are the brightest, most cgpeble tube
practitionersin theworld.

Nor will gurus resrict ther terminology’s meanings to
those definitions found in a dictionary; indeed, the word
“drive’ will meen voltage or current or gain or power or
whatever they want it to mean a thetime. Of course, when
aword can mean anything, it means nothing (Something
the universal pantheist never figured out).

Furthermore, like al good magicians, gurus do not reved
trade secrets. |, on the other hand, cannot help but to spill
the beans. A bit messy at times, but no beans ae left
hidden up my deave wheress gurus will not give you any
formulas or explandtions of their desgns. And why should
they? How could we ever hope to undersand their art,
lacking as we do thar secretknowledge? Without secrets,
aguru isas ought-after asan empty ATM.

Now, | will let youin on alittle secret...
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The Family of Circlotron

Asfor the drdotron circuit, it's no secret thet it perplexes
many, if not mogt tube practitioners. How does the current
flow from tube to tube? Why ae there two power
upplies? Why is it by necessty a dassA amplifier, or
mudt it be?Isit agngle-ended or apushpull amplifier?

In view of dl these quesions and dl the mydery
surrounding the topology, | can understand the controversy
when | wrote thet the much venerated modern dirdotron
amplifier was functiondly identicd to the “normd,” one-
tube-ontop-d-the-other pughrpull amplifier. (Next I'll be
saying that Allah and God are one and the same. Hm...
When a Chrigtian living in the Middle Eat prays, does he
sy “God’ or “Allah’? Answer: “Allah,” as that is the
Arabic word for God.)

Now, let me add fud to the fire: the drdotron amplifier,
not the od dassc Wiggins desgn with output
trandormers and pentodes, but today’s smple verson
without trandformers, in dl actudity, after the advertisng
depatment’s copy has been dripped away, i.e when
examined neked, is no big ded a dl. Nether holding
megica powers nor bresking any laws of physcs it isas
boring (or as interesting, but not more so) a circuit as any
totem+-poletopalogy.

Itis infadt, the biggest diginction without a difference
in tube audio, which is saying a lat, given the sngular,
amophericdly-vertiginous, dassA nonsense this topic
engenders. This amplifier is just one vaidion in a family
of push pull amplifiers In this family there are no black
dhep or das as dl its members paform equaly wel.
While the arrangement, the layout, the scheme, the pattern,
i.e. the topology of the amplifier may confuse many of us
but it does not confuse the power supplies or the tubes or
dectrons

“Heresy! Heretic! Where s the firewood, stake, torch, and
angry crowd of audiophiles?’ cry they who have avested
interest in kegping cirdotron myserious

Heresy? Frd of dl, the drdotron amplifier in the origind
Hall/\Wiggins design, the one that used output transformers
and pentodes, was an enginearing marve wel worthy of
praise and interest.

What a beautiful design: two floating power supplies that
power the entire amplifier, input and driver dages
induded; the cross coupling of the driver sage to the
output stage; the congtant output tube screen voltages, in
soite of swinging cahodes A medepiece The only
amplifier thet should bear the name “cirdotron” isthisone.
On the other hand, the verson sold today, the derivaive
verson, the one that uses triodes or triode-connected
pentodes and forgoes the output tranformer, isn't worth

one tenth of the fuss it recaves Not that it is a bed
amplifier design; it igT't. It judt ia't in any way magicd.

Let meexplan, dbet in abackwardsway.

The boring, no-big-ded, totempale, one-tube-ontop-af--
the-ather, pushpull amplifier holdsfive main components
two large power supply caps (we assume a bipolar power
supply), two tubes, and asignd reference (Sx components,
if you wish to count the loudspeeker). These five can be
rearranged without changing the amplifier’ stota harmonic
digortion (THD), power output, dew rate, or bandwidth.

Rearanged? I've sad it before imagine thet dectronic

crcuits are intricate necklaces thet use wire to hald dl the
components together. These necklaces dlow a good ded

of play, as long as the rules of current conduction are
followed, i.e. power supplies are not shorted out, plates are
more postive than cathodes

FI-Sonik

Parallel-Feed Single-Ended Output Transformers

Nickel Core
Amorphous Iron
Cobalt Iron

.

&

[www.Fi-Sonik.com|

Fi-Sonik P O Box 1080 Pinole CA 94564-3080
Phone (510) 724-7977 Fax (510) 724-9439
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“Circlotron ' 50-watt amplifier, Model A50, with dual power supplies, split load
and special output transformer. (Courtesy of Elecirovoice, Inc.)

In the drcuit to the right, we see the dassic totem
pole configuration. Both triodes, top and bottom,
can smultaneoudy function as groundedcathode
amplifiers or as cathode followers, depending on
the driver gage's configuration in rdation to the

output stage.

In this example, we witness a cathode follower
functioning from both output tubes, hence the
larger input sgnal swing for the top triode than for
the bottom, as the top triode's cathode must
falow in phase the output Sgnd and while the
bottom triode's cathode is effectively grounded
through the large power supply cgpeditor to
ground, the driver sage will return output to the
bottom triode' s grid, so that it too will function as
acathode follower. (Whenever you are evdudting
adrcuit's AC operation, imagine thet the power
supplies and capacitors have been shorted out with
wires, as they effectively are deed shortsto AC
sgnds a leadt to high-frequency ones)

— Gnd
Reference

L
iy
0

-50V

-150V

\Y

+100V

Generic one-tube-on-top-of-the-other pushpull class-AB
amplifier
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In the next dircuit, see the same badic topology —Gnd +200V

varied dightly (or hugdly, but familiarity hes Reference

jaded us too much to see it s0). The signd | _

reference point has been shifted from the E” —_

power supply’s midpoint to the bottom triode' s
cahode. Few would regard this change as
being worthy of controversy, as the amplifier
functions identicaly to the previous verson.
(Although, there would be some controversy
surrounding the use of a coupling capacitor on
the output.)

Undeadand, however, that thee is no
controversy about how these variaions on a
the basic drauit work, no magic, no physcs
defying sunts, jugt pure vanilla drcuitry. They
are purdy push pull designs that can be biased
to work in dass-A, dassAB, or dass-B, but
are usudly biased in alean dassAB, because
of the high plate voltages. No one dams that
they are, infact, two sngle-ended amplifiersin
pardld (or Sngle-ended amplifiersin series) or
that they must be by necesty, dassA
amplifiers

Now, let's make things a bit more interesting:
let's move the ground reference once agan;
this time, to the top triode's cathode. In this
vaidion shown bdow, once agan the same
cathode follower functioning has been retained,
thus the larger input Sgnd swing for the
bottom triode then for the top triode.

Generic one-tube-on-top-of-the-other push-pull class-AB
amplifier with the signal reference shifted to the other side

Generic one-tube-on-top-of-the-other push-pull class-AB amplifier
with the signal reference shifted to the bottom triode’s cathode and
with a unipolar power supply

Wait a minute, how can this be? Since the top triode's
cathode is now quite literdly grounded, how cen it
function as a cathode follower? If the driver Sage returns
dl of the top triode s valtage gain to its grid in anti-phase,
then the triode functions as a 100% negétive degeneration
amplifier, whase most common redlization just happensto
be the dasic cahode follower topology, but not
necessarily 0. Appearances ae nat as important as
voltagesand current flow.

Once again, the tube doesn't know that it isin something
cdled a“cathode followa™ or a“cascode’ or a“SRPP” it
only “knows’ that its cathode-to-plate voltage is such and
such an amount and that its cathode-to-grid voltage is
such and such an amount. And in response to the changes
in cahode-to-grid and cahode-to-plate voltages, it
conducts ether more current or less current. This drict
determinism disheartens and frightens those who believe
in freedom of will for dectrons, but it is essatid to
understanding how dircuitswork.

Here is an andogy thet might help: when Copernicus
shifted our solar system’ s reference from Earth to the Sun,
the planets were oblivious to the hift and they blindly
continued dong ther peths as if nothing had hgppened.
Wewere not 0 lucky, as least one man was burned a the
dake asaresult.

@)

&
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So, what have we gained from moving the referenceto the
other Sde? Other than confusing many, nothing, absolutely
nothing. The gain, Zo, PSRR, digortion, and bandwidth
remain unchanged, in spite of the power supply floating up
and down equdly with the output Sgnd. (Of course, there
might be dever input and driver sage tricks that could be
implemented with this variation thet would not be possible
with the generic verson, with its fixed power supply, but
that is nat revant to how the basic output Sage topology
functions)

Now, le's move the reference point again. Continuing our
dockwise movement, this time to the center of the outpui,

viaatwo-ressor voltage divider.
——Gnd
Refe]ence v& +100V
+in
C =
output
o LN o
L

sy WV

Reordered one-tube-on-top-of-the-other push-pull
class-AB amplifier with the signal reference shifted
to the center of the output and the power supply is
left floating, i.e. it is not directly connected to
ground

This new variation above will probably cause a lot of
head scratching, as it seems only dightly different from
the origind, but very, very wrong, like atennis metch on
top of ateder-totter.

The tworesgtor voltage divider splits the output sgnd
and fixes ground a that point. The power supply is left
flogting and it moves up and down with the output
sgnd, dthough by only haf as much asin the previous
vaidion. Once again, both triodes function in the gnd
degenerdtion mode (da a cahode follower). Once
agan, thegan, PSRR, digortion, and bandwidth remain
unchanged.

(Truly observant readers will have redized that output
impedance did not make the lig of shared attributes this
time. More on thet later.)

Noatice, however, that the drive Sgnds for bottom and top
triodes are now egud in magnitude. In both previous
vaiaions, we had favored one triode over the other, but
not here, as each triode shares the same dam over the
output sage's reference. (The sad fact is that many tube
prectitioners think that this new topology and its
functioning are identicd to the origind totempole
topology. Why otherwise would they be so obliviousto the
two different Sgnd reference pointsin the origind totem:
pole amplifier, as evidencedby ther ddivering the same
grid voltage swing to the top and bottom tubes?)

Amazing what we can do with two ressors and re-
soldering one wire. Now |et’s rearrange some other dircuit
dements The triode, which is a modified diode &t heat,
can only conduct current when its cathode is less postive
than its plate Thus, we cannot invert thetriode srelation to
the power supply, (wel, we could, but the triode would
ceae to conduct) but we can swap the pogtions of the
bottom triode and bottom power supply.

Your Ad Here

Ad space is available for the

next issue of the Tube CAD Journal
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POWER
AMPLIFIER

KIT $72*
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Spilt-load phase splitter configured to
eliminate power supply noise from the
output of the vertical center-referenced
push-pull amplifier. The bottom triode’s grid
must see the same amount of noise as its
cathode to null the noise at its plate. This
configuration injects the negative rail power
supply noise into the phase splitter’s plate
circuit, but not its cathode circuit.

Long-tailed phase splitter configured
to eliminate power supply noise from
the output of the vertical center-
referenced push-pull amplifier. The
bottom triode’s grid must see the
same amount of noise as its cathode
to null the noise at its plate. This
configuration injects the negative rail
power supply noise into the phase
splitter’s first (left triode) plate circuit,
but not the second triode’s plate, as
anti-phase power supply noise is
injected there as well and cancels,
yielding no power supply noise at the
second plate.

% +340V
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Think of it as the power supply legp frogging the triode.
(Two power supplies will be needed in this example, but
as eech hold only hdf the power ddivery as the one they
replaced, no net increese or decrease in power supply
Srength resuts)

If the next drcuit does not look familiar, it should, asit is
the drdatron of highend audio fame. (Inyour mind' seye,
bend and fdd the bottom hdf of the drcuit up and the
familiar figure eight configuration will become apparent. If
you nesd hdlp, see the top of the next page.)

Note the gmilaity in drive sgnd drengths between
drdotron and the lagt dircuit, with one tube aop the other.
The reference paint fdls a the midpoint of the output
ggnd in bath cases the output triodes in both amplifiers
function with same amount of Sgna degeneration & their
cathodes (once again, much like cathode followers); and in
both drcuits the same voltage and current gain and output
impedance are redlized, as the triodes dl share the same
cathode-to-plate voltages and transconductance and see
exactly the same IV dynamics

Generic one-tube-side-
by-side-the-other push-
pull class-AB amplifier

with the signal
reference shifted to the
center of the output,
a.k.a. the Balanced
amplifier or the
Circlotron amplifier

+100V

+100V

Need an in-line stereo volume control or a high-quality “ passive preamp” ?

Click here for information about our new

| SA-1, SA-3. and SA-1X Volume Control Boxes. |

qoldpoint™

FECIE

o000 o

SA-3 Stepped attenuator and
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— Gnd -
Reference ]
‘ Reference
. |
/\\/ < O) VQL
NWT MV -50V
-50V S k| T

Generic circlotron push-pull class-AB amplifier with the signal reference at the center of the output

As far as the triodes are concerned, they are in the
exact same drcuit, as nothing has changed, the same
voltagesand thesamecurrents

For example, imagine placing a 2valt bettery across the
outputs of these two amplifier topologies. In the firs
amplifier, the top triode' s cathode will be forced pogtive
by 1 vot and the power supply’s center point will be
forced negative by 1 volt, which will in turn force the
bottom triode's cathode negetive by 1 volt. The reault is
thet snce none of the grids have shifted in voltage, the top
triode sees a 1-volt more negaive grid voltage and it
conducts less the bottom triode, a 1-volt more podtive
grid voltage and it conducts more.

This then pulls the bottom triode's plate down and top
triode' s plate up. In other words, the tubes drive to correct
the betey's votage acoss the output, ther
transconductance powering ther efforts. In the circlotron
amplifier, the same battery across the output causes the
exact same reault, as one triode conducts less while the
second conducts more, driving to nullify the battery’s

voltage.

Noatice thet in both cases that each triode only saw hdf of
the battery valtage (1 valt) and in anti-phese to each other,
which makes sense as the reference fdls exactly hdf way
between the output terminds of the amplifiers. Notice dso
that in both cases each triode saw the entire bettery voltage
(2 volty superimposed on its cathode-to-plate voltage,
negdively on the firg triode, postively on the second
triode.

In bath amplifiers, the battery experiences a current flow
when hooked up across the output terminds and the
amount of current that flows through the battery is directly
rdaed to the output impedance of the amplifiers For
example, if 1 ampere of current flowed, then the amplifier
has an output impedance of 2 ohms asl = V/R, or interms
of R, R=VII.

Let's pause and condder this as both amplifier topologies
share identicd characterigtics, has just adding two resgtors
and shifting the ground magicaly transformed the vanilla,
pushpull, vey leen runmning, dassAB, totempole
amplifier into a dngle-ended, dassA, magic-imbued
amplifier?

+100V

2-volt battery
placed across
the outputs of
the push pull

amplifiers to test
the amplifier’s
output
impedance

-50V

-150V

+100V

-50V 1k 1k
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If 50, rush to the patent office, but first come up with anew
name as everyone knows thet you can judge an amplifier
by itstitle. For example, when the phase Solitter that was
usd in countless Audio Research amplifiers was cdlled
the “crass-coupled phase splitter,” no one cared and it was
conddered somewha dead sounding, but now that it is
known as the “Van Scoyoc phase slitter” it is much more
interesting and better sounding aswell.

But which name? “Mega-path” or “Ultra Mega-Path” or
“Megadrc’ or “Ultraron,” yes tha's it: the Ultratron
amplifier; sngle-endeddassA glory by the wave of a
tongue.

Wha ajoy it isto live in an age of mirades and magic,
unburdened by logic and unfettered by common sense
Fifty years ago, people were not so lucky. Back then, mogt
people did not believe in astrology and UFOs In fact, tube
crcuitry wes dill taught in universties and libraries were
filled with solid, well ressarched pages devoted to the
vacuum tube and its functioning. In those bleek days
many of the brighte, most cgpable sdietigs and
engineers devoted themselves exclusively to
underganding how a tube worked in a circuit; and we dl
know what party poopers those kinds of people are

Imagine if atime cgpaule had a reverse gear and that we
could send the pearls of today’ s better understanding of the
vacuum tube beck to the fifties Herés the scener the
oppressively solid dectricd engineer, the one with Buddy
Hally glasses and white socks, finds what looks like a
thermos on his desk. Opening it, he finds a sngle shest of
paper upon which iswritten the following:

300B*, 2A3, 45, 76, 211, 845, carbon
resistors and oil capacitors, single-ended
and push pull transformers, circlotron with
triodes, tube rectifiers, octal tubes,
connect the power supply capacitor to the
output tube’s cathode.

* actually anything at all marked Western
Electric including lamps and doorstops

Of course, 30 dense adallop of wisdom might be too much
for any one human being to absorb without passing out (I
fdt a bit queasy jud typing the lig). It would be as if
Mozart were presented with a performance of John Cage's
famous compogtion 4'33 (of Slence). Redly, it'struly
amazing tha so much has come from <o litle Or
maybe... confudng our lig of recaved truths for
someone's old shopping lig, the enginear would hurl it in
the garbage. Alas, we will never know.

Wait one sacadic, lid-date-loving, I’ mnot-as-trendy-
asthou minute: how do we know thet these two amplifiers
do infact function identicaly?

Wi, one could derive dl the formulas for gain, Zo,
PSRR, bandwidth, and digtortion for both amplifiers and
then compare the formulas (this is my preferred path, asiit
can be done on the back of an envelope, while eding
cerea). Or one could actudly build two amplifiersand test
both for gain, Zo, PSRR, bandwidth, and digortion. Or,
lagtly, one could modd both amplifiers in SPICE and
compare results which is what we will do next, as it
requires the leest amount of work (it's hard to format the
back of an envelope for the internet).

On the next page, we see the totem-pole amplifier with the
ocenter-shifted reference point modeed in |B2 Spice A/D
This amplifier uses 6AS7 tubes and a 32-ohm load

resgance, which implies that four 6AS7 type triodes
would actudly be usad per phese leg.

The secret to using SPICE successfully is to realize
that you are not playing a game of The Sims. you
do not want as much detail and reality mapping as
you can get. Instead, you only want to get the same
results that reality would give; hence the SPICE op-
amp models that hold only a few transistors, not
the several dozen that the real op-amp holds. A
SPICE model that held a perfect 1:1 representation
of reality would as useful and cumbersome as a
map of New York City likewise rendered in a scale
of 1:1.
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VAM?2
1 50.11m -
+160.00V L +160.00V
f 6080
-70.00V vmi
+50.26mV #+1-3.23u =, v3 (X)) 160V
R_Load '
+158.64uV /\:/.3\2/\/ +161.87uV
-70vdc
R4 R5
1k — 1k
V2 230Vvdc J
-230.00V V4C4 160V
160.00V VAmL
- . 50 11m -160.00V
—

SPICE schematic of one-tube-on-top-of-the-other push-pull class-AB amplifier with the signal reference
shifted to the center of the output and the power supply is left floating

VAmM?2 VAm1
+160.00V — +160.00V
50.12m 50.12m
X1 16080 X2 t 6080
160V (T)V4 160V (V1 «
-70.00V -70.00V
R3 IVm1 R2
+]0.0 =
+48.84mV = 1 +48.84mV
-1.28mV A, -1.28mV
70vdc Q‘DV3
-70Vdc GD V2 R_Load
= 1k 1k
A% A%
R4 R5

SPICE schematic of one-tube-next-to-the-other push-pull class-AB amplifier with the signal reference shifted
to the center of the output and the power supplies are left floating, the a.k.a. circlotron
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As 32 ohms divided by 4 equas 8-ohms, rather than
burden the SPICE engine with eight 6AST7s, we Il use only
two 6AS7s but increese the load ressance by fourfold.
(The 1-ohm cathode resstors are a smdl insurance policy
agang the triodes running into excessive current
conduction and could be removed without dtering the
drauit's functioning in the leas; but 1 would not
recommended it, as these tube are notorious for burning
up—in fact, a 4 ohm resstor would be safer Hill.) This
amplifier has a gain of 0.33 and puts out 285 valts just
before the grid goes pogtive rdative the cathode, which
equds 12.7 wts into the 32-ohm load and, when the full
aray of output tubes are used, 50 watts into an 8-ohm
load. The output impedance is 30.5 ohms for one pair of
6AS/sand 7.6 ohmsfor apar of 6AS/ quatets The THD
is 3.37% and the harmonic didribution is shown below.
(Typicd pudhpull harmonic Sructure.)

And now for something completdy different, lel's see
what themodern drdotron hasto offer in oppostion to
thisdunky, push-pull, dass-AB amplifier.

Theamplifier hasagan of 0.33 and puts out 285 valtsjust
before the grid goes postive rdative the cathode, which
equas 12.7 waits into the 32-ohm load and 50 wats into
an 8-ohm load, with 8 output tubes. The output impedance
is 30.5 ohmsfor one par of 6AS7sand 7.6 ohmsfor apar
of 6AS7 quartets The THD is 3.37% and the harmonic
digribution is shown beow right. (The only difference |
can ot isa the 2nd and 4th harmonics)

Note the 100% dassic push pull Sgneture: even harmonics
are notched out and odd order harmonics predominate (lots
of odd order harmonics in this example, much like a
trangstor amplifier). Thereisn't asngle ended amplifier in
the world that has aharmonic ructure like the one shown
below (or sounds like thisamplifier). Wel, so much for the
widdy imputed snge-ended agpect of the moden
crdatron.

Or, if more proof is nesded, look at the current conduction
through each triode in the grgph on the next page Once
agan, one-hundred percent-dassic-push-pull - operation.
Noatice how the dass-A overlgp only extends to twice the
idle current, about 100 mA or about hdf a watt into 8
ohms with 8 output triodes. Well, so much for pure dass-
A operation by necessty. But couldn't the idle current be
increased to further the amount of dass-A operaion? Not
by much, as the triodes are dready disspating 8 watts
each, S0 thereign't much safety headroom Ieft to go.

What happened? One dB a —140 dB (1/20,000,000) isno
difference (probably a SPICE engine error do to 1G-ohm
node shunts), & leest no difference worth arguing over.
Where did the magic go? All we have I€ft to the amplifier
that good 0 tal is a crummy, miserable push-pull, dass-
AB amplifier that topologicdly isn't thet different from the
chegp sdlid-gate amplifiersfrom the 60s

Wait another minute how do we know tha the SPICE
engine ig't rigged to show no difference between these
two wildly differing amplifiers? That' s possbleign't it?

Totem 6080 outputstage Frequency  (H2) Circlotron 6080 Frequency (H2)
0.0 2.000k 4,000k 6.000k 8.000k 0.0 2.000k 4,000k 60(X)k 8.000k
0.0 0.0
-20.000 -20.000
-40.000 -40.000
-60.000 -60.000
-80.000 -80.000
-100.000 -100.000
120,000 120,000
-140.000 -140.000
freq -1.000 @~[Harmonics I 1000 D(freq) -1.000 freq -1.000 @—[Hamonics I -1000 D(freiq) -1.000
D(Harmonics) -1000.000m D(Harmonics) -1.000
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Circlotron Output Tubes Conduction Time (9
0.0 500.000u 1.000m 1.500m 2.000m
a A /N A

- / \ / \ / \ / \
N ;[ \ / \ / \ / \
200.000m / y y y &
0.0 t == = == -~

TIME -1.000 e—Tubel  : 1.000 > Tube 2 -1.000

D(TIME) -1.000 Drwe 1) 1.000

Circlotron output tubes conduction over two cycles.
Single ended? Push pull? Class-A? You decide.

Wl actudly, | did once read in my horoscope how this
UFO hed landed on the UC Berkdey campus and how it
hed forced afew grad sudents to rewrite the code used by
the SPICE engine o that...

New Circuit: the Clonetron

Returning to eath, a leest gx diffent amplifier
topologies can be had from two large power supply caps,
two tubes and a Sgnd reference. We have seen four o
far. The remaning two are variaions on the crdotron
dreuit.

In the firg as shown on the top of the next page, we shift
the reference to the left output termind and, in the second,
to the right termind. Once again, after the driver dircuitry
has been updated to work with the new reference pairts,
the amplifiers perform identicdly with the other variations,
offering the same gain, digortion, and bandwidth. But not
output impedance. Both the totempole configuration and
the drdotron configuration whose sgnd reference lies
midway across the output have higher output impedances
then the four other variations Why?

The reference point is used by the output tubes countering
aw gid-to-cahode voltage perturbations So when we
placed the Sgnd reference a the midpoint of the output,
we effectively haved the transconductance thet the output
tubes use to oppose perturbations a the output, as eech
orid only seeshdlf of the perturbetion voltage.

S is the output impedance exactly hdf that of the other
four varigions? It is if the triodes used have an infinitely
high mu. While the transconductance has been hdved, the
eech triode's rp remans condant and the two rp's are
effectivey in pardld with the output load impedance. Put
mathematicaly,

Zo=rpl(mu +2),
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which when contrasted with the formula
for the other four varigtions
Zo=rp/(2Zmu +1])
yiddsthefollowingratio

Ratio=(mu +2) / (2Jmu +1]).

Thus, as mu agpproaches zero, the
difference between vaiaions dimbs to
none (or rather, unity; in other words, there
is no difference); as the mu gpproaches
infinity, the difference between variaions
fdls to hdf (50%). Now, the 6ASY isan
interegting triode, in that its mu is only 2,
dmodg nothing. With amu of 2, the retio
becomes 2/3 or 66%; with a mu of 100,
the ratio becomes 102/202 or 50.5%,
which means thet the two Spilt-output-
reference variations are probably not the
best topologies to use where output
impedance is of prime importance.
(Actudly, the full cathode follower
degeneration can be restored by
intertwining the driver dage with the
output stage, but a the cogt of increased
driver gage voltage swing: nothing can be
hed for freg das)

Of course, where Zo isn't importart, the
equd drive 9gnd amplitudes are truly a
blessing, as the unbdanced drive voltages
confused the hdl of out mogt tube
prectitioners and even the mekers of
Seeophile-Class-A amplifiers and patent
examings. And both center-referenced
amplifiers teke less driver-gage voltege
swing to bring them to full output then the
four other varidions on this same theme (a
reult of pladng the reference a the
midpoint of the output Sgnd; imagine a
gan of 100% and thiswill be more reedily
apprehended).

How true are these formulas to redlity? |
don't know, as | don't have examples of
the two amplifiersto test, but | know that it
is accurate regarding my own par of
Atma-Sphere M-60s. What! He owns
those amplifierd | heard he owns an
ostlloscope and a digortion analyzer
and a FFT, which means that he can
tex them and evaluate them at his
lesurel Thehorror!)

| do know that it istrue to SPICE redlity, in thet
the two varigions produces output impedances
of 40 and 60 ohms a raio of 40060 (2/3) or
66%. (What | am not too sure of is the SPICE
modd of the 6080, as| don't beieve the tubeis
thet good in thet | don't believe the rp is as low
as the modd implies, but that little matters to
the results so far obtained, as a different tube
could be used, say a6C33 or EL509 or, even,
12B4.)

By the way, different part vaues or different
part brands or different part technologies do not
make a new topology, no more then a flar for Bold new
interior decoration makes someone an architect. topology?

At least once amonth, | receive an emall with schematic of agrounded
cathode amplifier, with a request for my viewpoint on the drcuit. The
last one | received usad two resstors in series in place of a angle
cathode resstor. My take was thet two plate resstors would be a better
ides, because of resstor voltage induced digortion.
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But the actud point of interest was the choice made to use
Radio Shack carbonfilm resgors surdy, tha was
something new and bold.

Topology can exig without parts, just as geomelry can
exig without sone or wood or sed or plagtic objects. For
example, prior to the trangdor actudly beng crested, a
schematic could have been drawvn, and mogt certainly was
drawn, thet digplayed vaid topologies that used a part thet
hadn't yet existed. If you wish for amore abdtract andogy,
think sentence sructure: “Man bitesdog” isstructurally no
different than “Man bites cat,” no matter whet the dog and
ca think. Grammar tdlsuswhat is possible; rhetoric, whet
is dedrable and effective. Badc dectronic theory tdls us
wheat can be built that will work; eectronic desgn practice,
what to expect in terms of sonics rdiability, effidency.
And while marketing can accuratdy tel us what will s,
(besicdly, whet we want to believe) only afool would try
to gleen besc dectronic theory from ads in glossy

Cars and Planes

Returning to the andogy of thearplane and acar, imagine
thet your neighbor returns from England with — ashewas
happy to tdl you in a podcad he sat aheed — “an
arplane” Soon dter he returns, he drags you over to his
house and opens his garage to reved...(a suspense
building pause here)...acar. Yes, aHondaAccord, just like
yours sameyedar, color, wheds and tires, sunroof and trim.

You're confused and ask where the plane is. He replies,
“you're looking & it; ign't she abeauty?” Heingdsit'sa
arplane and will not be persuaded otherwise. Y ou ask him
for the specs on his “arplang’: engine displacement,
number of cylinders miles per gdlon, top gpeed, Oto-60
time, braking digance and turn redius— and every answer
he gives matches exactly your car next door.

Fndly you ask him why he thinks his car is an arplane
His answer is that it sad 0 in the brochure and the
sdesman assured him it was...besdes the persondized
license platereads“Not A Car.”

When asked if he has ever flown this arplane, he smugly
replies “Sure, lots of times” But when asked wha
dtitudes he has dtaned, he says that he doesn't redly
know; and besdes his airplane cannat be tested by normd
means, as it isa very special design; 0 much o that the
norma messurement  techniques, such as hanging a
measuring tape outsde the window, just don't work; the
sdesman was quite adamant about that.

Y ou cannot gomach any more and you drag your neighbor
to your garage and show him your Honda Accord. “How
isyour arplane different from my car?’ you plead. Hethen
points out, in a tone usudly resarved for smdl children,
tha your mere car has its Searing whed on the left Sde
wheress his airplane hes its gearing whed on the right
dde While you dagger from his aswe, he sys
“Beddes, do you redly think that 1 would be supid
enough to pay $70,000 for aHonda Accord?’

Recap

We have seen that we can readily credte a least 9x
topologicd variations out five main components two large
power supply capaditors (each cgpecitor represants a
voltage source, such a single floating power supply or the
onehdf of afloating bipolar power supply), two tubes, and
a 9gnd reference. Other topologicd variaions could be
hed smply by shifting the reference to the top or bottom of
each of the drauits shown on the following page, but
something hasto be left othersto invent and patent.

Circuits with their reference at the center of the output, the
Ultratron (C) and Cirdatron (D), are the mogt confusing,

but they are not physics-defying because of it (advertisng
copy and internet buzz to the contrary). Which is better?
Better for what? The circuit with one tube atop the other,
the Ultratron (it would teach me alesson if this joke of a
name suck. So preemptively, | will chrigenit the “ verticd
ceter-referenced  pushpull  amplifier”)  offers  the
advantage of usng a sngle cente-tgpped power
trandormer (reedily available) per channd. As the power
upply the power supply must be left float, two channds
cannot share the same power trandormer, unless the
transformer were decoupled via two center-tapped chokes.

An added plus might be that this topology lendsitsdlf more
reedily to separate idle current and DC offsat contrals, as
one potentiometer would adjust the current through both
tubes by varying the bottom triode' s conduction and the
other potertiometer would adjugt the DC offsat viathe top
triode' s cathode valtage.
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+100V

output i“:
O 0—

E)

-150V

+100V

output

-50V

D)

+100V

-50V

F)

+100V

Circuits A, B, Capacitor, D, E, and F all share the
same maximum power output, given the same
number of triodes and B+ voltages and load
resistance, which can be roughly figured out with
following formulas:

Imax = B+/(rp + Rload)
Vmax = Imax x Rload
W = (Imax x Vmax)/2

The roughness enters the calculations from the
varying plate resistance of the triode, particularly a
triode like the 6AS7. (Only the mu, the amplification
factor, is fairly constant.) Thus the best plan is to
determine the triode’s rp on the 0-grid-voltage plate
line only, as the previous formulas assume a grid
voltage of zero.
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The dircuit with the two tubes horizontaly arranged, the
ardatron (I would love it if we could lose the name
“drdotron” and smply cdl it a*“pudtpull amplifier” or a
mog a“horizonta center-referenced pushpull amplifier”)
offers the advantage of eeser output tube biasing, asdl the
output tubes have their cathodes a same ground potentid,
dlowing a shared negative bias power supply (and hegter
supply). Another advantage is that the two triodes within a
6AS/7/6080 could more reedily be wired in anti-phase to
eech other. In other words, while one is turning off, the
other turns on, as was the Sandard practice not to long ago.

But which is better..you know...metaphyscally? No, |
don't know, nor does anyone dse.

Imegine two people arguing who was more powerful,
Allah or God? Or which was nedtier, the leopard or the
panther? Or whether they should plant nutmeg or mace
crops next year? In terms of performance, in the asence of
any messurable differences we would have to make
nuanced, textured and subtle diginctions, asisin thisone
has more drive, or asin thisone haslessdrive. (I anold
enough to remember when “sharé’ did not mean to burden
someone dse with our petty, privae grievances as in
“Bob, | have something to share with you;” or when
“nuanced”’ and “textured” and “subtle” might be overheard
in a musaum or a concat hdl, but did not describe

hopdedy fuzzy wishful thinking that could never gand
up to logicd scrutiny, but which is politicdly correct, so
exempt from debate and criticiam.)

From a basc dectronic theory standpoint, both amplifier
topologies are equdly vaid. From an dectronic practice
dandpoint, the two topologies are too generic, too
dementd, too bedc, and ultimatdy, too smilar to be
evduated without the res of the amplifier fleshed out.
Which is better podtive voltages or negative voltages?
Negative or podtive power supplies? | don't know, what
doesthewhale dircuit look like?

One reader explained to me that the name “circlotron”

reveded the true nature of the amplifier, asdl the key parts
defined one large arde of current flow. He wasright, they
do; however, dl sx topologies we have covered here
should then share the name “drdotron,” as al of them
equdly complete drdes of current flow: remove one part
and the current cessesto flow. (But it is hard to imegine a
Futterman amplifier being cdled a drdotron.) In other
words, this path leads draight to diginctions based on no
differences (Of course, the marketing department may
trump basic dectronic theory and dectronic practice by
dedlaing that if the public is misnformed or misguided,

gredt le's make some money: sl them whatever they
think is better and who caresiif thereis no difference?)
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In Conclusion

We have seen how the “drdatron” amplifier is only one
topologicd variaion in afamily of Smilar topologies and
thet it isfunctiondly identicd with the totem-polevarigtion
within thet family that places its sgnareference point
between the output and “ground.” Neither amplifiers are
dngle ended in desgn, nor necessaily dassA in
operation, nor do they defy the laws of phydics, they are, in
fact, merdy generic building blocks that might be usad in
the designing of abrilliant or mediocre amplifier. With any
of the topologies we have covered here, the hard work
remans figuring out how to exploit virtues and diminish
lidbilities. For each topology a different st of possible
schematics exist. Deciding which schematic should be
built requires work, weighing postives agang negatives.
Those looking for free rides will haveto look dsewhere.

Sowill thisbethe last aticdle on the “ardotron”™ amplifier?
| doubt it, as | can imagine covering the many possble
waysto configure the driver Sage. For example, on page 7,
two schemdics were presanted to illusrate how the
veticd center-referenced pushrpull amplifier could be
atached to a phase litter sage in a way that ensured a
good PSRR figure, conforming to the Tube CAD Journd’s
Audio Aikido st of techniques tha use power supply
noie to lower power supply noise a the output. Many
more arangementsare possible

(For adetalled explandtion of how the modern “circlotron”
works, dick hereto download a PDF of whet | have found
to be the best textbook explanation of the horizontd push-
pull amplifier in agroundedcathode configuration.)
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