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he operation of a singde-output
device, in particular the triode
valve, has emerged again for
scrious auciophile listening, The sec:
ondHnrmonic digortion that can bs pres
ent with single-cnded operation is cither
desired, accepted. or ignored in the
quest for high-qualicy amplifiers. Many
engincers disregard valve amplificrs,

particularly the singde-ended type.

Concept
A new technique uses two single-ended
amplifiers per channel. driven correctly
and combined in such & way that the
total power is added whike reducing the
harmonic distortion. You drive two
identical single-ended output stages
with their own output transformers in a3
ditferential manoer. The combined out:
put power Is added, in serics or paraliel,
at the secundarics of the output trans
formers. You can also use loudspeakers
10 add the power acoustically.

Each owtput stage operates in Class A
with the normal highstanding carrent
and high flux in cach transformer in

DUAL SINGLE-
ENDED AMPLIFIER

true single-cnded operarion As you
increase the flux density in one outpot
transformer, it is reduced in the other,
as are also both the second- and third
harmonic distortion products.

Push-Pull

I'he torm of operarion with valve out-
put transformer stages is well known
(Flig. 1) Less known are the several
forma of distortion that push-pull oper
ation can produce, High third order
distortion can be peesent. Symmetrical
saturation reduces second-order prod-
ucts but not necessarily third-order,
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Figure 2a shows push-pull satueation.

Any imbalance of the pushpull pri-
mary currents can cuuse high levels of
distortion. ' Typically, 10 imbalance of
DC carrent can cause several percent of
harmonic distortion duce to the change
of flux density (Hg. 3).

Lange changes of Inductance and per-
meability are present due 1o the varka-
tion of the operating flux from zero w
maximum cach half cyele (Fig. 4).2-"
Changes of up to 5 w | are typical with
a [lux-density peak followed by a
reduction at high levels. This effecr is

compounded at the speaxer resonance
frequencics.

Single-Ended

The cartiest form of operition is becom-
ing fashionable among audiophiles (Fig.
5). The singlc-cnded output stage has
some potential benefits. It must be oper-
ated in Class A mode, which, unlike Clss
AT, bas minimam distortion at kow levels,

The highstanding current requires a
karge output transformer with an air gap
(Fig. 26). This results in low trans.
former-core distortion and minimum
inductance changes with varying flux
density. The flux lines are in one direc:
tion only, as they do not go o 2610 over
any portion of the Class A operation
(Fig. 6),

Triode valves are commonly used
today In single-ended operation, and
due 1w their Jow output impedance,
there is less transformer distortion, If
you operate the triode in a lincar man-
ner with low distortion, the transformer
distortion dominates, and good design
can minimize this,

Dual Single-Ended
When you combine two independent
singlecnded output stages o give added
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power output, but drive them in oppo-
site phase, the overall hiarmondc distor-
ton s reduced, As one valve and trans-
former turns on, the other turns off,
reducing the distortion products in
both the valves and transformers. (Figs.
7 and 8. For a nonlinear valve stage, the
valve distortion dominates (Fig. 9). The
valve gain increases at high currents, so
the anodevoltage waveform peaks in i
negative direction (Fig. 10).

If your use a low-distortion valve stage,
the transformer distortion dominates
due to flux sataration at high levels, At
low frequencics, the change In induc-
tance with flux density also modifics
the effect of the above conditions.

Output Valves
When a triode valve is in use. the trans
former Is driven from a low impedance,
which produces a lincar voltage across
the transformer, with its current having
the major distortion component. In the
case of 2 pentode or tetrode valve, the
transformer is driven from a high
impedance producing a lincar current
through the transformer, and the major
distortion component is the voluge
across the transformer.

The sceeen grid of a pentode or

tetrode valve connected as i partial i
ode (sometimes referred to as witralin
car or distributed loading) s connpected
1o a tap on the transformer primary
winding. The relatively high efficiency
of these valves is retained, gaining some
of the benefits of triode valves. This con
figuration has a medium output imped
ance, and the transformer distortion is 2
combination of voltage and current,
which can result in a lower distortion
power match to the koadspeaker load.

If you desire a low or zero overall
feedback, you need 1o use trindes to
obtadn an inherently Jow output imped
ance, and hence an adequate damping
factor. For zero-feedback operation, you
need to use inherently linear ontput
stages with triode valves and wideband
lowdistortion transformers.5-¢

Curvature Distortion

With a Class A push-pull amplificr, you
may assume that the circuit topology
gives the lower distortion. The major
benefit of push-pull is 10 reduce second:
oarder distorton for a ghven power out:
put per anode dissipation, and com-
parcd to a singleended stage for the
same dissipation, this may be the case.
However. due to each half.cycle

rounding, Class A pushpull can have
considerable third.order distortion
(third and fifth harmonic, etc.) because
of either the output valve or the trans-
former. That is, each half cycie may have
severe rounding that ¢an canced for soc-
ond harmonics, yet have a severe thind
harmonic distortion component.

The single-ended topology can have
both second- and third-order compo-
nents. However, when two single-cnded
output stages arc correctly added, cach
half cycle has cancellation of both sce
ond- and third-order components; that
is, the rounding of one stage due to an
increase of both vatve and transformer
current tends to be cancelied by the
decrease of current in the other stage.
As both stages are wientical but operat-
ing in the opposite phase, it is possibie
that all forms of distortion diminish dur-
ing cach half cyde, and that the second-
harmonic distortion reduction docs not
depend on the next half cycie. The dual
single-ended concepe therefore tends ©
reduce all valve and tamsformer distor
thon components during cach half cycle.

Figures 11, 12, and 8 show trans.
former distortion due to flux changes
(B) with magnetizing current (H) for

to page 48
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push-pull, single-cnded, and dual single
ended, respectively. The pushrpull case
(Fie 11) shows a high level of third-ar-
monic distortion (2 square wanve s low
second: but high third-harmonic distor
tion). The singlcended case (Fig. 12
has a considerable level of both second
and thied harmonic distortion, but other
attributes, as well
ended concept (Flg &), using two single
ended stages driven out of phase but
added 1o give maximum power output,
ends to cancel distortion and thus

The dual single
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reduces both second- and third-harmon
ic distortion. One single-ended stage
curve is drawn upside down to show
the idea! resubane when combinecd

Demonsiration

I developed a low-distortion amplifier to
show the difference in distortion prod
ucts between push-pull, single.ended
and dwal single-ended output stages |
designed it to have 2 high output imped
ance, in contrast to the normal low out
put, in order 1o achieve a linear current
through the transformer primary wind
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PHOTO 1: Each anode pusirpul (One rveted)

ing so that the primary voltage distor
tion could be readily observed on an
oscilloscope. Fgure 13 shows the gen
cral form of the test amplifier,

The output valves had high-valuc
cathode resistors with feedback from
The
result was a lincar current drive to the
output transformer, with no feedback

their cathodes 1o the input stage

from the transformer itself

I used a Trimax TA1044 transformer
for the push-pull tests and two single
ended Trimax TARSIA transformers for
the singkended and dual single-ended
tests, 1 combined the two single-ended
transformer secondaries to give maxi
mum owput power, The amplifier was
driven in a balanced differential manner,
with both its halves being independent,
identical singleended designs

Photos -6 show the results for a
20Hz input signal | ook the caeputs 0o
an optimum resistive load impedance

PHOTO 2: Anodes combined in osciloscope

PHOTO 3: Combined secondary wave'om
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RGURE 13 Lingar ouiput curnent test cloult

The total cutput posver was SW, kess than
half the transformens’ tated power and
well inside the linear operation of the
current Class A valves, | ook the anode
voltage waveforms by inverting one
channcl of a twochanncl oscilloscope.
Photo | shows the two anode wase-
forms of the push-pull transformer con-
nection. The photo is in close agreement
with Partridge, parts 3 and 4.1 Photo 2
shows the combined anodevoltage wine
forms achieved by adding both chennels
af the oscilloscope. The charactenstic

kink in the combined waveform s pres
cnt. The combined output across the
resistive Joad shows the Kink just past the
midpoing on the wavelorm (Photo 3)
Photo 4 shows the dual singleended
anode waveforms across the two indi
vidual singlecnded transfonmen. Agin,
one oscilloscope channel is inverted
The wypical single-ended rounding
appears on cach waveform. However,
when the two anodevoltage waveforms
are added in the oscilloscope, the two
separate single-ended wavelorms com-
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PHOTO & Each anoda dusl singie-ended (one
vened)

PHOTO §: Ancdes combined in osclloscope.

bine 1o show the dual single ended
wavelorm in Mot 5, Note the alsence
of the Kink that was present in the push-
pull case. Photo 6 shows the combined
sccondary of the two singleended trans
formers. Visually, the wavefors appear
better than the push-pull case (without
the kink). Also, the waveanalyzer mea-
surements show less overll-especially
less third-harmonic~distortion

The above rests may not represent adl
cases of comparison, bat they do show
the mechanism for what might be con-
sidered high distortion in cach single
coded ouput. In Qo it as kess distor
tion than the similar-power push-pull
case, when the two independent single
ended stages are combined in the dual
singlo-cnded configuration

Acoustic Combining

You can combine the two singleended
signals acoustically by driving the dual sin
glccnded amplifier with a balainced differ

PHOTO 6: Combingd sacondary winve'om
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FIGURE 14: Acoustic combining.

ential signal and using two loudspeakers
per channel, Just duplicate this arrange-
ment for sterco operation (Mg 14).

In such acoustic combining, & problem
ey exist with combing effects at high
frequencics due o the spacing between

speaker driver units. The best option to
overcome any combing eflects may be a
dual sngleended amplifier with correct
combindng of te two output transformes
sccondanics driving the usual loudspeaker
system. The concept of acoustic combin.

ing docs have appeal, however, partcuiar
Iy if all loudspeakers are coerectly aligned
for the stereo sweet spot.

Conclusion

By using two singleended output stages
correctly combined and dreiven in a bal-
anced differential manner, you obtain
the virtues of the Class A single-ended
operation with less harmonic distortion,
The concept is not limited to valves,
since s solidstate amplificrs,
suitably combined as described, can
achicve similir performance. The dual
single-ended amplifier §s subject o
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