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Puzzled About A‘rﬁplifiers? p

NORMAN H. CROWHURST

‘e Js a triode amplifier better than a pentode amplifier, or vice versa? The author
shows you that either type of tube can be incorporated into an excellent amplifier

if the design is correct~and then he tells you about some of the design problems.

consumer testing organizations, you

may be puzzled why it is a certain
manufacturer’s produet ean be rated as
“best buy” one year, while the following
year tho same product is rejected as “un-
acceptable, not worthy of further test.”
The answer to that question does not ap-
pear to be a technical one so we won’t
attempt it here. However, there are dif-
ferences in amplifier performanee which
make a very similar guestion—that s
technical—quite pertinent. What really
is the best type of amplifier cireuit?

This question repeatedly oceurs in
varioug guises, so it is not untimely to
review it. One still hears from people
who have triode amplifiers and whe tell
us that their neighbors end friends
testify the “good old amplifier” still
gives performance comparable with the
hest modern one. :

Others who hear reports like this want
to know just what the score is. If the
“good old triode” was the best kind of
output stage for an amplifier, why is it
that manufacturers universally adopted
pentodes or tetrodes in various types of
output circuits? :

When we examine the difference be-
tween the two types of tube we find that
the pentode is more efficient and conse-
quently, for a speeific amount of dissi-
pation, or dollars’ worth of tubes, it is

Il‘ YOU FOLLOW the reports of certain

possible to deliver & larger output

power. Also, having a higher gain than
the older triode tubes, it is easier to ap-
ply a greater amount of feedback and
thereby reduce distortion to a lower
figure. Consequently n modern amplifier,
using the same dollars’ worth of com-
ponents, ean quote a higher power out-
put with tower distortion than the “good
old triode” amplifier.

One would imagine that such statistics,
which are measurable objectively, should
be more reliable than the opinion of a
number of people who listen to modern
amplifiers agninst the older triode
counterpart and who still aver that the
triode sounds as though it does a hetter
job, However, a serious investigation of
the technical performanee of amplifiers,
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beyond just the simple specifications
usually guoted, turns up a number of
reasons for this difference.

In the first place, the transfer charae-
teristic of pentodes containg much
higher ordsr harmonies than the triode
type characteristio whieh, single-ended,
produces predominantly second har-
moni¢ and, in push-pull, produees a rela-
tively small amount of third and not
much above this, A pentode-type output,
in contrast, produces third and Afth har-
monies and sometimes even seventh in
quite sizable proportion. True the feed-
back reduces these dramatically, but the
amount of feedback necessary to do a
real cleaning up job on the harmonic
and intermodulation distortion ean also
produce other troubles. These oecur
under a variety of cirenmstances,

Blocking

One of them is what happens at over-
load. Measurements merely tell how pure
an amplifier iz up to & certain point.
They do not aay wheat happens when a
sharp peak momentarily drives the am-
plifier beyond this point, as enn often
happen with program material. The
avernge “good old triode” amplifier
merely lopped off the high peak and
enrried on working. More recent work
with transistor eireuits, which achieve
the same results by somewhat different
nethods, has shown that such peak clip-
ping can become quite drastie before it
is appreciably audible.

But many awmplifiers employing a
lurge amount of feedback, particularly
those using pentode output tubes, do
more than clip off the peak. When such
a high peak comes through, it throws
the amplifier out of balance in such a
way as to block the signal that immedi-
ately follows it. This produces a notice-
sble interruption or breaking up in the
program. As the amplifier corues back
into action, after the blocking, it dis-
torts beeause the tube that was blocked
does not suddenly eome back to its cor-
rect operating condition. Thus the effect
of the sudden perk is to block the ampli-
fier and allow it to come back with &
sort of strangled effect. This is generally
given the namae “hreak up.? ’

Let’s take an example. A 25-watt am-
plifier is capable of handling a peak
power of 50 watts. The average power
in a program signal may not be more
than 2 to 5 watts, But such average
program material may well ineclude a
peak here or there that rune up to what
should be 60 waits, 10 watts beyond the
maximum handling eapaeity of the am-
plifier. This is what caunses the trouble.
Each such peak momentarily overloads
and blocks the amplifier so that, for a
fraction of a second thereafter, it will
not even handle one watt and then it
comes back info action distorting the 2-
to 5-watt level that follows the momen-
tary peak. )

Obviously suech an amplifier will not
appear to give as much good, clean out-
put as one that handles say 15 watta and
then elips for a moment. Even though
the corresponding peak may still run up
to what would be 60 watts, this just gets

“lost and the following 2- to 5-watt level

is amplified without further distortion.
Using the latter amplifier, the level
could probably be turned up so it runs
at from 6 to 15 watts instead of 2 to 5
watts, an increase in level of shout 5
db, which is quite noticeably louder,
and yet will still sound clean as com-
pared with the 25-watt amplifier work-
ing at an average ontput of 2 to 5
watts, This comparison is illustrated at
Fig. 1,

Are we to conclude then that, in apite
of the better figures & pentode will give,
it does not really produce better results
than the triode? Not at all. A pentode
properly used ean produce quite good
results and still retain the advantages,
apparent in the figures, of better effi-
eiency and improved gain which also
enable the distortion to be satisfaetory
reduced.

The twin-coupled amplifier! described
in these pages in November, 1957, is an
example of this. A great many readers
have written in saying that they have
compared this amplifier with others,
nsing much larger nominal outpnts, and

-

1 Louis Bourget, “Sterco-monaural eom-
punion amplifier for the Preamp with Pres-
anco,” Aupto, Nov,, 1857,
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that the twin-coupled gives superior
performance, both ag to apparent undis-
torted output and general cleanness.
And yet the twin-coupled cireuit nses
the output tubes strictly as pentodes
with a variety of unity coupling. This
well illustrates that pentodes can be op-
erated in such a way as to achieve the
henefita of their improved effieiency and
give performanee that is quite accept-
able to critieal listeners,

The Best Circuit .
What thep is the best of the modern
output, cirexita? This is w question quite
aften asked #nd one to which there is no
direct reply. It depends on how well
each type of output ciremit is designed

am wzand
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. For quite a while, there scemed to be
a belief among amplifier designers that
optimum performance is achieved if all
the stages reach overload point at about
the same level of amplification. Another

sehool of thought recommenda that the
earliest stages have quite a nice margin
{which is easier to do), while the drive
and output stages should run info over.

load pretty well at the same point. Often -

it has been recommended that the out-
put stage ' should overload before all
carlier stages, because this means t‘?nt
only one stage is responsible for pro-
ducing distortion instead of many stages
running into distortion eonditions at the
same time,

Each of these recommendations may
have its point, considering the amplifier
without feedbaek. But when feedback is
applied, as it is on all modern amplifiers,
the situation is eonsiderably altered.

Feedback theory is nsually eonfined
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assumed to have sll its gain, Unfortn-
nately, as goon ag clipping ocenrs the
amplifier does not have all its gain. This
does not necessarily introduee any in-
stability, hut it ean result in the sudden
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appearance of signals having exceasive
amplitnde.
For example, suppose, at maximom
output, the input is really 1 volt but is -
down at the grid of the first stage
effective 0.1 volt hecause there is
0.9 volts of feedback. Then the onset of
clipping results in a sigpal that sudden
looks like the 1 volt it really is beea
the 0.9 volts signal gets chopped off *
short. This resuolts in a high peak being
amplified by the early stages of the am-
plifier until some stage fails to handle
it. An increase of actual input from 1
voit to 1.1 volts in & waoveform at the
first grid that suddenly shoots up from
0.1 volt to 0.2 volts, and proportionately
through successive stages. (Fig. 2)
What happens due to this sudden pe
then depends on further details in the
amplifier design, If this sadden peak
produces overioad at a point where there
is direet coupling, say between an ampli-
fier and phase-splitter stage, the ampli-
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Fig. 1. Compariton of the same transient waveform amplified by (left) a 25.watt amplifier with bad overload characteristic,

and {right) o 15-watt amplifier with good overload characteristic. In each case, the solid line represenis the actual waveform,

while the doshed line shows the correct waveform where the amplifier departs from i1, The 15-wott omplifier is handling the
some waveform ot three times the power level,
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Fig. 2. What happens in any feedback amplifier when c¢lipping occurs. This shows

the waveforms associated with the input

stoge. Dashed line is the waveform at

maximum undistorted signal level. Selid line at o level 10 per cent above this.

fier will not be disturbed by it. As soon
as the peak disappears the amplifier re-
verts to its normal operating condition
and earries on amplifying norially,
But if this peak reaches its limit of
amplification at a siage thai is resisi-
ance/eapacitance coupled, a grid may
be driven a long way positive, causing
a negative charge to appear on the grid
gide of the coupling capacitor after the
‘hPﬂ]l’ digappears, This hiases that stage

momentanly back beyond cutoff and
causes blocking. As the stage drifts back
into its normal operating condition some
distortion is evident before the amplifier
resumes proper operation,

Another place where the trouble ean
oecur, if the amplifier is *held up” right
through to the grids of the output stage,
is thet the sudden removel of amplifica-
tion due to clipping resulis in an ex-
cessive postive drive ai the grids of the
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Fig. 3. One way to cbviats sulput-stage

blocking is to use direct-caupled cathode

followers between drive and output, os
shown here.
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output stage, These are almost invari-
ably resistance/capacitance coupled and
consequently, immediately following the
excessive peak, the output stage is mo-
mentarily over-biased so as to produce
crossover distortion if not complete
blocking for the moment,

The Cures

There are two ways of obviating this.
One is to use a cathode follower, direct
coupled to the output stage with ap-
propriate negative supply to enable the
cathode follower to have an even morg

negative return than the neeessury bias®

voltass for the gutnut stace fﬁ’un 3).
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Tl:\e other is much shmpler and nlmost
as effective. Jt consists of interposing
what at ope time would have been called
o grid-stopper resisfor between each
cuupling eupacitor and the output tube
grids. It does not werve the one-time
function of stopping parasitic oseilla-
tion in the grid cireunit, but does prevent
the large grid-current flow that momen-
tarily eccurs during the high peak condi-
tion and thus avoids the radieal over-
bias condition after the pesk (Fig. 4).

These are some general measures to
obviate the sudden overload troubles
that beset high-feedback pentode-type

amnlifiers, But what abont some of the

other types of ¢ircuits, Ultra-Linear,
unity-coupled, Circlotron, single-ended
push-pull, and so on? “Which of these
would you recommend as best?’ is a
not uncommon question, Here again it
is not so much u question of choosing
the best circuit as seeing that the one
you do choose is correctly used.

In the case of Ultra-Linear the choice
of the tube operation is virtua]ly one he-
tween pentode and triode. The tappings
on the transformer primary “split the
difference” hetween connecting  the
screen fo B + or directly to plates. Tho

first is pentode, the second is triode.
Conneeting them to a tapping resnlis in
UMra-Linear. This achieves ‘pmctiea].ly

tho Aﬂlmnnn}: of a rmnfnﬂn hila main.

waiw Saiauavlle T Aa AR

taining the: hneanty or lJ-omim EETS
tortion of a triode.

This would seem to be ideal. The diffi-
eulty is that, to work perfectly, the
transformer must maintain the correet
tapping, both in voltage and phase, at
all audio frequencies. This is not too
difficult for the low-frequency end but,
at the high-frequeney end, stray leak-
age inductances between different parts
of ithe winding, along with winding
intercapacitances, can reslly play havoe
with an Ultra-Linear cireuit resulting
in gome guite weird waveforms at some
specific frequencies.

The solution to thiz is to have a

vectly designed TUltra-Linear trans-
former that avoids any spurious devia-
tion from correet tapping up to a
frequency beyond the audio range and
also beyond the eutoff of the transformer
as a primary-to-secondary transformey,
This iz neot impossible, but only rela-
tively few transformers manufactured
under the name of Ultra-Linear achieve
thiz objeetive.

The McIntosh version of the unity-
coupled circuit relies on the famous
bifilar-wound output transformer.® The
fact that the high-voltage and ground-
voltage primaries are wound with the
wire actually side-bv-side achieves a verv

ire actnally side-by-side achieves a very
intimate coupling between the winding
connected to cathode and that eonneeted
{0 sereen of the same tubes. To try and
achieve this version of the unity-coupled
circuit without a bifilar-wound trans-
former would be asking for trouble.
Of course, it i also necessary to use
the various refinements developed with
that cireuit for avoiding the other kind
of blocking we dxseussed earliér In the
case of the MeIntosh eircuit the outpui
tubes are driven by cathode-follower
direct-coupled stages.
"2 Norman H. Crowhurst, “Realistie engi-
neering philosophy,” Aumo, Oct., 1969,
(Continued on page 88)
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Fig. 4. A simpler method of at [east re-
ducing the effect is the use of grid-cur-
rent-limiter resistors, shown hers in the
output-stage grids. They can alsc be used
at any stape that couses blocking.



AMPLIFIERS

{from page 26) {

An alternative approach is*the twin-
coupled amplifier referred to previously.
This uses completely separate trans-
formers but employs large eapacitance
from sereen to cathode to achieve tight
coupling at the higher frequencies. The
~ double transformer achieves suffieiently
- close coupling for the low frequencies,
which is not difficult.

The Circlotron eirenit utilizes a com-
paratively ordinary output transformer
and only needs one of them. Iis disad-
vantage is the fact that it needs two
high-voltage. suppliers. While this may
not be any more expensive (probably is
less expensive, in fact) than using two
output transformers or & more expensive
single one, it does have the disadvantage
that the high-voltage suppliers are vir-
tually attached to the plates and cath-
odes of the output stage. This means
that capacitapces in the supply cireuit
and the power . transformer are eifec-
tively in the audio cireuit of the ampli-
fier which can introduce eomplications
in that direction,

So each circuit has its eritieal factors
and it is only by taking careful account
of the various critical factors in each
eireuit, watching out for the possibilities
of blocking, or other spurious conditions

Hi-FI STERED
AMPLIFIER

STEREO AMP.

SM-88 Possible to combine with zny pick-up or taps-recorder. Most
Powser Qutput: 20 Waity Suitahle for home or business use.

{10W each channel) There are only a fow knobs, like |a an ordinary single stsreo
Fraquency Response: amplifier, enabling any member of the family to handie It eashly.

1 db 20 to 40,000 cps.
Output Impedance: 8.16 Whon two amplifiers are combined by means of an output
ond 32 ohms terminal, they become an ordinary amplifier of 20W output.
Speaker performance is possible.

Sensitivity : for 10W out-
By means of a MODE switch, It cam be operated four ways.

put each channel TAPE
2mY, MAG SmV, X-TAL  This makes it very conveniznt to use as It ellminates changing
the wire coanections each time.

100mV, AUX 0.2V

W NODE SWITCH
W MASTER VOLUME

W BASS CONTROL

m TREBLE CONTROL -*:
= BALANCE -
m SELECTOR
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—the things that can happen due to the
difference between practieal program
material and the kind of signals used
for measuring amplifier performance—
that a satisfactory amplifier can be pro-
duced. Using any basic cirenit as a
starting point it is possible to design
out the various bugs that spoil amplifier
performance,

So, rather than saying that any one
particular cireuit is basically the best
cireuit, it is better to leok & little closer
and see how well the cirenit has been
designed as regards avoiding some of the
spurious things that can happen in am-
plifiers. ¥ 4

MICROPHONE PREAMP

{from page 50)

Iy Output connector, Amphenol 91-
860

9, 2N133 transistor

Qy 2N132 transistor

R, 5600 ohms, 14 watt,

R,, B, 120k ohms, 14 watt

R, 560k ohms, 15 watt

ER,, R, 100 ohms, ¥4 watt

R,, B, 10,000 ohms, V5 watt

R, 390k ohms, Y% watt

R,;, 20,000 chms, Y5 watt
2 Penlite batteries
Miscellaneous hardware
Insulated mounting hoard, 3x5
in.

Aluminum box, 5x3x134 in.




