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decade or s0 ago, the choice of ouiput stages was simply

between triode o pentode g:ai]{'r:l'[ii i of thee cuatprat tubes,

and the guestion was hotly debared, Some contenders
wiere in favor of what might be termed Brure-force operation
using “enough triode” to get the required avallable output. They
stressed that triode output, although less efficient than the pen
pode ot stage, was inherently lower in distortion,

Thase who favored the pentode output stage pointed 1o the
higher cfficicney and showed that you could achieve the same
wattage at considerably lower cost. They also muintained that
pentode distortion was no higher, and was actually sometimes
levover, than thar of triodes
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Bl siules i the comomersy hacd their
proints, which is largely why the varicty
of cireuits discussed in this article came
imts being—endeavors to achicve the
addvantages af both, Toaday, %0 mame dif-
feremn ourput stages are available, and
e cluims sdvanced for them are so il
ficuln to recencile. that meany. even cngi-
nmeers, ane confused as (o their relative
mberins i the essenial features of ciach, A —
The best way io get 2 Clear picture is ﬁ'u*l!fﬂhp‘-l e P“'I o Bawe ian e
1o Clwsose a ke of outpuat tubes—sach
as e 5881 abour which there s plemty
of diti—andd compare their epention in on iransicnt lowd passages, conparcd
the various possible cirowits, Other ube with sustaimsd passages, ofien depends
rvpes iy slightly aber the relaive owr oo e design of e b supplies, which
s o wircuils using them, but, in gener incorporiie luge capeectons, For a short
al, different s change only the mag bust of power, the capaciters doe mot
ftitucle of cait i have timse o discharge appreciably, <o
As far a5 available power and buasic the poser they dediver as the same supe
disportion are concerned, von need doo ply vodtage B e Tromn as it dods o oy
consider only three methods of opera: power. Bl for 3 sustained passage. the
tion: tricede, teteode (or pentoded, and  increased plate curremt will cosse thae
pltralinear. You can easily derive the  plitcsupply voltage w Srop grachadly, In
other variations this aribcle deseribes 2 welldesigned amplifier. two features
from one or more of these moddes of  ane necessary for uniformly good han-
operation by using partial or full cathe  ing of peogram materil,

GRID BIAS

ade-follower actlon or some otlicr First, the clanges in supply vidtages
rearrangement of the circwit in which  at occur due i level incresse must ot
the tubse s nsed, aprpreciably affect ether the distortion

o wudn ol e aiaplifien Should they da
Powaer mm sep, tlec initial part of o koud pessage will
Anwdlier varialde 10 consider is the kind  soond  differem from fts “Follow
of poever supplics uscd, pamiculardy for  through” Second, the changes must
the b, The way the amplifier behoves oocur at a umiform eate soothar o pec.
licer aflfecs artse in
eramsition. (6 is
cssential that all

FLATE WOLTS - TUBRE ¥}

Wilnever circuit vo use, the plae
wcuarre il el dn cuiprul ARES INGreases
with sigmal evel, This means thwe supply
viltage drops, unbess vou make special
arrangements=usually expensive—for
poo] regulation. Ar b samee gime, fhe
hias voltage increascs—in the case of
atermatic as, becavse of increased
plae cureent through the bds mesistos
in e case of fxed bias, doe e grid cur
renl when cHpping occurs,

With carcful design, a circuit using
autedmatic was fulfills baoth the condi-
pons described, bt fixed Bias prosents
problems il w0 sive satsicionly
for progrim presciiegon. When olip
ping vocurs, Wi icgative Diks icrcascs
s b pridcurent pualses, Tha bas sup
ply has a relagively hong time constant b
smooth out Fipple ina “no-cwrrent”
cirewit, so when clipping ceases, the
incmsesed negative hiss stayvs loager than
e Changs in pate voltage,

Fixedd bias gencrally achieves 3 Lirper
maximem oaiput feem a glven pair of
tubes by allswing vou o wse mone o
abale operating comnditiens. This real
imensse in owpast may not always be
app@rent. To compare maximum out:
put, tuen wp e volume 1o sce “how
ructy it will give.”

Clipping occurs 0 each amplifler,
With fixed Diss, coratic changes take
ace that canse distorion e prescent
when vou ke the bevel wiakiln the limit,
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FIGUAE 2 Composite cureas fod B working concbons showm in Bg 0 FIGURE 3: Dutpun charackaatics tor push-ml noda opomion &8 Kaising

Tha sigrificamco of th viious dashed Enss = saplainad in the b 5 vangd
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FIBURE 4: Construction of a ioad lire rapr-
senting reactznce combined with the ongnal
MESSIANCa.

With awrematie bias, the change is evi-
ahei ondy for the duratdon of the cdipping,
whiclh s awdhly more acocpiable. 5o the
Tsgemwer aften concludes that the uroamat-
i-hias amplilicr gives 3 greamer autpu
tean the oae with Mxed Mas, allwough
mrasurcinenks ey e reverse,

Push-Pull Thodes

Figrore § shoows the cieciin for posh-
pudl wricsle operation with Gxed bias,
This requires a separate bias supply,
buit has the advanrage than o greater
autpu is available from the pair of
s, Figeere 2 llusteaces dhe compaos-
it tibe characieristics for a pair of

plate supply of $0Y and
=45V of lxcd bDias. The
claslied lines slwow il dnadi-

wvislual charactoristios «f cach
tube, while the solid limes
e =]
jeining the dashed cueves ,..-f,t'
imdlicane e eomposiae clae LARE
acteristics of e ubes oper

pe -t

ating in push-pull.

The central solid Ioad line
repirescils the optimum load
condition-a plaewe-plie lopd  FIGURE 5 Gl for par of S50 ubers wpecating i s
of Aki). ‘This operating conedl. P4 B8 Fiodes with sutomatic b,
fan 1|.||.'||:I:\.u|l CHILpul of 13, 5%
wchely b A% distormion, wihibch analyecs ine The wuler pair of curves in Pig. 3
alwort % b bormwnie and 156 GER. shows the sariation In distertion we

The Ak plate tooplote load line 5 maximam poser amd the maximuem
somewhat ideal, It is the condition under power before clipping ocours under a
which amplifiers ore wsually mwasered,  hyportherical ad condition made up as
Funt, wmfortunately, iy ko ot noemally  followes: a basic resdstanoe load of 4kil
work socording to this ideal, The oad  plate-to-plage, o which reactance is
resistinee may vary, vit hier ahaove or
beclima dkd2, and, wihdl is wosse, it alse
il e ConEns sonE reRclancc.

Figaere § shams twi sets ol crrves for
tricsile i:ll:ll.'l.'illiﬂl'l. O i shows the
variation in distoriion 2 naeximum
prrser gl abaor il varkuokon b e s
A T availabdy before clipping
oreurs, A& reststnnee lond value is usewd in
all cases, b it varies between 4 amd %
times thes apdimuom vabhwe of GkEE plates
to-plate. These limits are represented by
the dashed lines in Fe 2 Bur pracrical
loagks for amplificrs—which are usually
speakers, with or without cmessover nct-
wirks—ilsn incorporite resclanees thal
cause the o] Bowe fo Beoomw olliptecal,

FIGLURE &: Ceoudt lor par of 5881 hioes oparalk

ing B3 peniooes wilth foed blas,
54K s oporated o s manner, using 4 as represented an S
] k.
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FIGURE &: Circuil tor palr of 5681 lubas operating = ultalinear
FIGURE T Composin cunes for the working conditions shown Fig 6 ATEgernent.

added. In one direction, 3 shunl resc:  Series reactance increases the ol load  with the comesponding oncs for pen-
tance decreases the load fmpedance 18 Impedance up w 3 dmes s optinum . wde operation (shown in Fig, &, s
far as 0.3 of the 4kl phuedo-plaie opti valee. casy to see why the tricde type of out-

mwim, and in the other di

rectlon, a When vou compare these curves  pul was prefenred,



Fined vs, Automctic Blos

These curves have all been taken for
push-pull operation with fixed bias,
Sometimes, for economy in clroult
design, autcautic bias ds used st the
wcircuit of Fig 5. Fined bias s preferabie
Because the combined plate current
Tlucniazes with the signal. With 45% bias
and no signal, the plare cureent is G5ma,
e when the ourpun is driven o the full
lenggh of the load line, the current dses
w0 130mA

Suppose the blas had resulied from
the automatic-bias circuit of Fig. §.
Then, & the rero-signal condition. a cwr-
rent of 6%mA would need to pass
throagh a resistor of about TIHKD 1 pro-
dhuce akour 45V, al maximum-signal con-
dition, the current of 130mA would
necd 1o pass through & resistor of only
3504 1o produce a drop of approxi-
mately 45V, With a resistor of TOOC, the
hias weonald Fise b0 W nnder raxiemim.
signal condition, which would result i
distortion due w the tubes being driven
back bevond cutaff, On the other hand,
a resistor af 3500 would make the bdas
ar pero-signal condition only 2255, and
this would result in overheating the
tbes when there is no signal of during
quict passages.

A Turther complication ariscs from
the fact that in an automatic bias cirouit,
the bias volage it subtracted from the
total B+ supply. This means that if the
hias swings from 300 0 60V and the s
supply i 440V, the plae-w-cathode vol:
age will swings from 410 w0 380,

With a self-bias circuit, you must
choose an operting condition for the
tube such that the plate curremt docs
not change quite so muech from e o
maximum signal, A ivpical condition for
selfbias operation of SEH1S a5 triodes s
SO0V plate-to-cathode; 35 bias Caupply
= 433VE plate curment DA0maA; bies resis
tor 2TIKE plateto-plate boad Bkl power
outpul 82%W at 5% distertion, mosthy
lome-pder thind

So far, I've made no menton of “clhss®
of operation: Class A, Class B, Class AB,
cic. When these terms were first used,
they provided a ready means of distin-
guishing between different operating
conditbons, but soom after thelr intro-
duction, it became necessary o aod
subscripis w indicare lew Gr e ulses
were driven in e opposite direction.
For example, Class AB, indicawed the
b were g0 bissed thar for small sig.
nals, the operation was (lass A—cssen.
tially linear on both mbes—while for
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Z 1 2 7 FIGURE 19: Culput characteristics for ultralinear cperalion &% badng is
i 1 103 lE i
el )( :
4 130 3 differcnee in avalls  impedance characteristics. [n Bcr, the
\ \j 2 ahle power be-  change is often greater Thus, it is ovi-
1 s m  Uween triode and  dent that although the pentode gives
j/ pentode opera-  about twice the output available from
\ . tion. Using the triode opersion (acconding w the meth-
Y ] 4 [T i ] 100 2
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FIGURE 10: Composte characiansics dedved from the cunves published

Iy Tursg-Sal for SE81S in wirsiess cparalon,

mamual's plage-to-
phite resistance of
6.6k, the power
outpun is 20.5W,

mEximum signal, cach fube wss cut off
for pam of the cvcle, and they were ms
driven fmo the positive grid reglon o
Eot maxinmum outpul

Mot appreciated uneil later was thag
changing the operating condition per-
mitted clunges in the fundamental oon-
coepd of load matching: a windde can be
matched into a load approximately
equal -t its plate resistance, instead of
several times higher, But i closer cxami-
nation of the load line shows ithat this
change, made 1w ubes st up for Cliss A
operation, results in the same blas point
vielding Class AB operation.

S0 mow, 10 describe completely the
class of operation, we nocd (o specily
what the loading docs o owell as e el
ailve ﬂ[l'l:l'-ltill.lni. lalas. The ‘:I-ill'l.]!llil'i:d'
designation has become as complicated
&= the detndls it is intended to replace. 5o
wie helieve the best information can
mow he given in terms of operating volt-
apes, currents, andl loading values,

Tefrode or Pentode

Turming now 0 the question af tetrods
or pentode operstion, Mg 6 shows the
clreuit, and Fig. 7 the composite load
condition, wing a screen vobiage of 270
with 2 plate voliage of 360, which are
the comditions stated in the ke man-
al. You could wse a plate voltage of 400,
whdich wonld empliasize sull furtlecr e

of just doulde the
output when the fubes operite as -
cehes, Wity <00V en e plates, it showld
be possible 1o get 35W from this
micthod of eperation.,

The distortion stated i e s man-
wal s 2%, which closely agrees with tha
miessured in practice. However, there s
an important difference between this
distortion and that prosuced by the -
odes. Analysis of the 2% shows it 10 be
approximatcly 1.7% thind harmomdc and
1% seventh, The 1% seventh harmonic
can contribute mone annaying distonion
than the 1.5% fifth larmonic present in
the triode opertion, becitse the spue
oS tones it canses=hath harmonic and
M —wre much more discordiant,

Thie distorthon-power output chirse
tedistica of Fg. &, howover, show soane-
d:ing_ else ahoas r.u:nu:.dc -:l-pt'r.lt'ru-rl. It is
il oply mpone orithenl that the had resis.
tapce wsed be closely in compliance
with the aptbmum value. but distortion
amcl masximam cutput are also highly
dependent upon absence of reactance,
With a reactance shanting the resistance
divern 1o an impedance of oaly 3% of
optimnm. the pontods gives less ot
than the triode arrangement, although
umier ideal conditons the perntode Out-
put is about double that of the triode
AFFANEEmeTiL

A el change from optinnen value
is by oo mcans unusual in speaker

odls wsed for measwring outpat and dis-
trtiond, in practical working conditions
the tricde gives just a5 much usciul
power ine 2 speaker load,

Ultralinear

This ks why the ultralincar operatien
came into being. In using a tetrodke—the
S8A 1 —to make the equivalent of either a
tricle or pentode, vou can swee that o
operaic as 3 trinde, the screen, or No, 2
grid, swings with the same potential as
the plite, but to operale 48 3 pentode,
the Mo, 2 grid = kept af constand polen-
tial whibe the plate s allimaved 1o swing,
Ultralinear operation splits the differ
ence: the screen grid swings, but by a
voltage less than that of tse plae. You
achieve this by using a tappng on e
primary of the outpul translormes, 1s
sl in A 9 Figsre £0 illesinics sa-
te b characierstics for this mcthod
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FIGURE 12: Circuil fof operating push-pull re
ochies a8 catode-ialoer oupll
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FIGURE 13: Circuit for operating as pentode cathode-follower output.

o360V
BIFILAR WOUND
PRIMARY
PUSH
PULL
DRIVE

0B+

RESISTOR TO BUILD
™ OUT TRANSFORMER
PRIMARY TO 40001

FIGURE 14: Circuit for operating as ultralinear cathode-follower output,

of operation, as published by Tung-5ol.
You obtain these curves by changing
the screen voltage differently from the
plate voltage to simulate the way the
plate and screen would swing away
from the operating point of 400V,

With the ultralinear circuit, the
change of total plate current with the
amount of drive is not as great as in other
methods of operation. For this reason,
there is little advantage in fixed-bias
operation with this tube. The operating
condition for maximum drive is

—45V, and if this is obtained by automatic
bias, it drops only to —40V in the quies-
cent condition. This observation does
not apply to all tube types. For some, it is
advantageous to use a fixed bias, because
you can obtain a bigger output within
the plate-dissipation rating of the tubes.
Using a plate-to-plate load of 6.5kQ
and a plate supply of 445V, the maxi-
mum power obtainable from a pair of
5881s in ultralinear is 28W, with a dis-
tortion of about 3.3%, almost pure
third. This is a very useful compromise

between triode and pentode operation.

Pentode operation might give 35W
with 400V on the plate—it would not be
permissible to use 400V on the screen
because the tube would be overrun.
Notice the improved characteristics
shown in Fig. 1]. Although ultralinear
operation does not hold up as well as
the triode for wide deviations from opti-
mum load, for smaller deviations it is
about as good as a triode, while it always
gives better results than a pentode.

If you consider only the optimum
load condition, it would appear that the
triode gave the highest distortion with
4.4%, while the pentode gave the lowest
with 2%. But when you examine devia-
tion from optimum load, as occurs in
practice, you find that the ultralinear
consistently gives the lowest distortion,
with the triode running second and the
pentode quite a poor third. You obtain
the low figure of 2% only by the critical
operation of the pentode, and then an
analysis of the content of this 2% shows
that it is of refatively high order.

Grid Drive

So far, 1 have discussed only the power
output and distortion of these different
circuits. In designing a whole amplifier,
you must also consider the voltage drive
necessary at the grids to give this out-
put. In more complicated circuits, you
can modify the voltage drive needed by
using partial or full cathode coupling.
Grid drive is specified in a number of
different terms. In referring to a tabula-
tion of tube data, take care to ascertain
which value is listed. Some give the RMS
voltage per grid; some give it from grid
to grid (of a push-pull stage), which is
twice this value, some give the peak volt-
age on each grid, which is 1.414 times
the RMS voltage; and still others give the
peak-to-peak voltage, which is double.
This last is really the most useful figure,




because it gives the best ploture of the
drive needed, Each grid requires this
peakdo-poak voltage in opposite phasc,
Bt the mxaximum voltage between grids
{ACwise) s the same peakdopeik value,
hecauwse atr the center of both swings
they are at the same pdltentil

Im che strakght clrouits st discussed,
the tfiode operation requires MY peak-
torpreak om cach grid. the pemaode i
cudt 45V peakaopeak on each grid, and
the wiralincar condigion alsoe 0% peak-
I;-r.r-p-l;.lk on cach grid.

Etfective Pla‘e Resisiance

Closely associated with the matter of
grid drive i the effectve AL resistance

the stage presents w0 the outpul termi-
nals. The straight triode operation of the
SHEL, with a 4k} plate-to-plate load
resispance and 45% fixed bias, gives an
average AC resistance of 5.0kL) in the
plate clronit, or absout 1.4 times e osd
resistance. This means el on he sec
ondary of the outpul transformer, a 104
specaker would be feeding from an cffoc
tive source pesistance of 1402, due to the
plasc resistance of the tubes.

Somc readers may wonder why the
tricde resistance & as high as 1.4 dmes
the load resistance. The wsual valoe
given is in the region of 0.3, This is
based on the older method of operating
iricdes, in Chass A, when the AL resis-

TABLE 1

COMPARATIVE QUALITIES OF OUTPUT CIRCUITS (Based &n 5881 tuba)

Typoof Circuit  Plate® Disioriion Susceplibility to Losd Yariation
EMicloncy Ami  Dominani Fosistance Raciansn
{percent) (2=} Harmonlcs Low High Low High
S Mo 7 13 2nd far ; i) =]
Singlg-anciod heinode i3 13 3, 5, T far pad paor poar
o perfiod
Pugh-pull iroia &5 hd £ goad ey o oy
o Biaes 3 oo e
Push-pull inode. ] 5 n lap Wy bair ey
tomalic bes s good
Pishe-pull fetroc (] 2 3nd, 7H good o Fiir pocr
o penions
Sirply ultralings & 13 3 god pood g good
Triodes, push-pul 55 I an g wary oo iy
caltods illower geod pood
Tateades, push-pull &r s Wl Th pocd pode far [pocr
oo iceer
Unrakrgar, L1 05 a vy very WY vy
Uity couping 5 o3 W, Th ool o tar o
Lo (fvalinaar ] L85 3 wEEY wery wary vy
wd  ged  pod  good
Caigion [ 03 3, THh o o laie e
Typae of Circult Girid Drive EHective Special attention nssded
Psnk-to-Paak Source
[volts) Reslstanco
Seghi-ended fnode &0 0375 Clulpeut franslormad, cames de
Sangla-prded S0 W 115 Chuiput rarslormisd, Cames dc
0 panindg
Push-pad Hiods, Ll 4 ‘Wielkragpuiaiind B-Pius BUDREY
fiond Dias
Push-pall thode, M 4 Acooracy of biss s
alfomal has
Pushpull latrode 45 5 {appron ) Hene
o pemicde
Simple ulirelinear -1 135 Yoy woll-couplod Suiged IRrgaoeTre
Trockes, push-pull 114 an Hona
sathode Folowss
Tetrodns, push-pul 1] s B Ear-wirnd Oul[al TanSiT
o Iplows
Libraiinar, &0 a17 Wiy wadll-crouppred usipat
o foloee Faralome
Linify cougling s 013 Békar-wound culpul TEnsioTRal
Modkdiad uitrainedr 355 k= Pisanonably good couping in
tarsfomar
Circioron 125 013 Spacial B-phus bupphes and drive Gl
* Pials efficency = audo outpulplai dapeton

tance is wsually a fraction of the load
resistance. For example, in the automart-
b clroudt, using the valwes given for Fig
%, the source resistance is about 3 2kid
plate-to-plate, which is .4 of the load
resigtance. This means that 3 1043 kowd:
speaker maichod o this circuit would
be fed from a source resistasce of 4{E

In pemode operation, the effective
AL pesistance is between 5 and 10 times
the boad resimance, but it is aot constant
througlou the output oycke. This is an
addirional reason why feedback = fec
casary for pentode stages: o linearize
the AL pesistance of the output siage.

The wlralinear circuit, working with
a plare-o-plate koad of 6,362, gives an AC
source resistance of about 1.25 tmes
the load resistance. This mcans a rans
fermer matching a 1041 loudspeaker
would provide a source resistance of
1251, in the gbsence of [codback w
modify this.

From this comparison, the wliralines
again appears w be the boest starting
point because it has the west AC resis-
tance compased with the load resistance
{excepa for the irode auiomatic-bias cir
cuit, which gives only 8W output])

Cathode Followers

The simplest variation from stradght e
ode, pentede, or ultralineir operalion s
to use the tube as a cathode follower.
This means that the plate s effectively
grounded in place of the cathode, and
the outpur power is taken from the cathe
odle circudt instead of the plate. Actuilly,
of course, the tube still necds B 1o
opcrane it, 50 this means the platc is
retuwrmed solidly o B+ instead of through
e CALPAR CEENsfmmeT.

Figeure 12 shows the cathode-follower
circuit for 58815 operating os tricdes.
Turning back o the mbe characteristics
of Fig. 2, the plate swing is from the
operating voltage of 400 down o 238
for a 45% grad swing in cach direction.
Uinder the quisscent conditin. thene are
A00% from plate to cathode, and the
wrid is 45% megative from the cathode.
When thic grid swings 43V positive from
this—or o the same potential as the
cathode—the cathode swings 162V pos
tive from its normal potential, which
ppcans the grid drive must swing 2 woeal
of 162+ 45 = JTV positive Inom s mor-
il peodeniial,

%0 the tricde cathode-follower cir-
cuit requires a peak-to-poak swing of
414% for cach mbe, The povwer autput
is the same as in straight triede push
pull, bat consider what happens o the
distortien. Of the 207V excarsion




FIGURE 15: The unity-coupled circuil.
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FIGURE 16: A modified ultralinear circuit used by several amplifiers.

applied to the grid, the 162V compo-
nent from cathode to ground contains
4.4% distortion of the 45V component
from grid to cathode. But the total volt-
age of 207 is undistorted because it is
the input voltage applied. This means
that the 45V and 162V components
each contain a distortion element in
opposite phase.

If the 45V component possessed 4.4%
harmonic, the 162V component would
be pure, and vice versa. So the harmon-

ic components are about 3.4% of the
45V, and 1% of the 162V, each of which
amounts to 1.6V, But the 162V is the
power-output voltage, which means that
this method of operation has reduced
the distortion from the region of 4.4% to
about 1%. The source resistance provid-
ed by the cathode-follower triode opera-
tion is 1.25kQ, referred to the cathode-
to-cathode winding, for which the load
was 4k{2. This is a source resistance of
0.31 times the load resistance.

Pentode a la Cathode Follower

You may operate pentodes in a cathode-
follower arrangement by using the cir-
cuit of Fig. 13. This requires a trans-
former with an extra winding, because
the screen has to swing with potential
variations identical to the cathode. In
this case, the input swing required is
280V for the cathode to ground output
plus 22.5V for grid to cathode—a total of
302.5V. ‘

Using the same reasoning as for the tri-
ode, this reduces the distortion figure
from 2% to about 0.15%. Under this con-
dition, there is an effective source resis-
tance of 4500 cathode-to-cathode, which
is 0.068 times the nominal cathode-to-
cathode load at 6.6k€}. Thus, there is
some advantage to the pentode cathode
follower compared with the triode cath-
ode follower: first with regard to distor-
tion, and second in reduction of source
resistance. Yet this is at the expense of a
greater swing—302.5V per grid as against
207. And remember, the pentode con-
nection uses a plate voltage of only 360,
compared to 400 for the triode.

It would also be possible o operate
the ultralinear circuit as a cathode fol-
lower by coupling the screen so that its
voltage swings by 57% of the cathode
swing, while the plate voltage is con-
nected to B+, as shown in Fig. /4. This
would increase the required grid drive
to 345V peak, or 690V peak-to-peak,
which is even more drive than that
required for pentode operation. The dis-
tortion is reduced to less than 0.5%, and
the source resistance appears to be
about 1.1kQ cathode-to-cathode, or
about one-sixth of the load resistance.

Full cathode-follower operation in
any one of the three major circuits is not
generally used because it is as difficult
to obtain—without distortion—the very
large drive voltages required as it is to
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FIGURE 17: Basic Circlotron circuit. The drive arrangement is omitted
for clarity in tracing the behavior of the output circuit itself,

screens, and cath-
odes all swing by
equal amounts, but
the phasing is such
that each screen
swings in exactly
the same way as the
corresponding cath-
ode while the plate
swings in the oppo-
site direction.

For both the pen-
tode cathode follow-
er and this circuit,

design the output stage itself with low
distortion. However, there are a number
of circuits that are virtually “halfway”
toward the cathode follower, so consid-
eration of cathode coupling provides a
good basis for understanding the other
combinations.

Unity Coupling

The first of these is unity coupling, the
circuit for which is shown in Fig. 15. It
is virtually a pentode circuit, which is a
halfway cathode follower. This means

the design of the out-
put transformer is
extremely important. It is vital that you
couple the screen tightly to its corre-
sponding cathode, otherwise instability
will occur. For this reason, you wind the
screen or plate winding bifilar with the
cathode winding, which means that you
put the turns on side by side at the same
time. As the full B+ voltage thus exists
between adjacent turns, this method of
winding requires extremely good insula-
tion on the wire covering.
In this case, the grid swing needed
will be half the total output swing, or

140V, plus the 22.5V grid swing—a total
of 162.5V, or 325V peak-to-peak for
each tube. This is rather less than is
required for the cathode-follower triode
arrangement.

Note that the plate and screen must
get the same supply voltage in this case,
because they use the same winding.
This will slightly modify the given fig-
ures because these were taken for a
screen voltage of 270 with a plate volt-
age of 360, Distortion will be a little less
than 0.3%, and the source resistance
about 013 times the load resistance.

Modified Ultralinear

Another variation that you can consider
as a partial cathode-follower arrange-
ment connects the B+ directly to the
screen in what is virtually an ultralinear
circuit. This is shown in Fig. 16. Here,
to apply the ultralinear condition strict-
ly, the swing on the plate is unequal o
that on the cathode, so that the cathode-
to-screen and screen-to-plate swing volt-
ages are in the ratio of 43 to 57. In prac-
tice, yvou may use different proportions.

This circuit conveniently enables you
to operate the screens at a lower B+
point, where the tubes are better suited
for operation in that way. Assuming the
same 400V supply for both, you can
deduce the relative performance from
the ultralinear data already given.

The power output is 28W, as before.
The distortion reduces to about (0.85%,
almost pure third harmonic, and the
source resistance to about 0.32 times
the load resistance. The grid drive for
this arrangement is 45V grid-to-cathode,
plus 43% of the original ultralinear plate
swing, 300V, from cathode to ground.
This is 174V peak, or 348V peak-to-
peak. This circuit forms the basis of
many commercial amplifiers.

Circlotron

One last circuit to consider is the
Circlotron, shown in skeletal form in
Fig. 17. This requires two separate B+
supplies, which arc shown for conve-
nience as batteries.

Why would a designer go to the trou-
ble of setting up two completely sepa-
rate B+ supplies for an output circuit?
The principal reason is that this arrange-
ment avoids one of the problems pres-
ent in all the other circuits: very special
attention to the design of the output
transformer. Circlotron avoids the need
for critical coupling between sections of
the output transformer’s primary, a fea-
ture in the design of all the other special
circuits. Hence, you can use a much less




expensive outpet transformer, This oy
well offset the exira cost of providing
soparate high-voluage secondares on the
power transfermer

These mbcs act as peniodes because
the cathosde and scoeen are separated in
cach case by a constant potential. The
nehes are virmally paraliel, each cathode
cofisected o the aother plate through a
e supely, with the outpur transformer
connected across the whale combina-
toaL This is where the Clrelotron differs
from the pormal push-pull arrangement,
i which two mbes virmually feed the
imid in scrics, not in parallel. The resul
i that the plate-to-plice boad—or cath:
oolotorcathosde koad, whisthever vou pee-
for 1o call it—has a value one-quearter of
that wsed in the normal puash-padl pen
e cnstpait. As this is & peatode circuir,
wsing the same operating conditions,
the primary losding impedance would
be 165k,

The twor B+ supplics are both “floas-
ing,” one at cach end of the output-
ramsfocmer winding. The center tap of
the output transformer provides the
ground, I the ourput-tube grid drive
were petuirmed Do groudsd, the arcinge-
mecol would e somecwhat similar o a

cailiode-follinver circuil, beciuse e
swing at tho grid would have po provide
the grid swing in addition o the outpan
swing on the cothodes or plates. Ths is
partially affset in the Circlotron by
retrning the B+ for each tube of the
push-pull drive stage o the positive volt
age froam the: oppaasite outpul tule.
Swinging Peak-to-Peck

Using ground as a reference, the plate
and cathode each swing a peak of 1OV,
ax in the vnily-coupled arrangement.
The geridd meeds o follow the cathiade
swiimgg, woithe an mbilighonal 22,5Y, imaking
A ol of 1625V =il the samec as the
unity-coupled arrangement. This is
p::q.k-:{p-pr.ak of 330%, hut, with the
cross-oonnection wsed in the plage supe
ply. the wop end of the plafe coupling
resistor swings 20V while its hodiom
cnd swings 330V,

This means the dyvmumic o line for
the drive ube s multiplied by a fctor
of 7.2, For this reason, you can use 3
fabrly howvahse conpling resistor o keep
the plate voltage op, but the dmamic
line will be over 7 times this valee, This
fesiure eables you e WS o Coanpars.
tively small deive-stage tube.

The parwer awtpuat from this stage s
the samse a5 (eom push-pull pentodes
swith the same operating voltages. The
distortion is reduced by a facioe similar
o the uniry-coupled arcangement, and
the source fesistinee B also similie To
verily this, mote that, althoaugh the ubes
are connected in parallel (which
decreases thelr resultant resistance),
this reduces the stepdown available in
the capur transformer o prodesce cor
rect matching, because the tubes also
share the load in parallel, the center iap
is prowlded in this cirouit only o obgadn
a groumd eforowee for e rest of e
amplificr. %0 we ond up with the same
relationship as befone.

The principal difference between
vty conpling amd the Circldsnon is in
coampoment desizn. The unity-coupled
Arrangement requines a Bifilar-wioiind
outpul transformer, but no particular
attention to the power supply design.
The Circlotron can use 4 much less
expensive outpul transformer, but
requines a special power-supply with
pwn scparate Theating B+ supnlies.

Teafle J summarizes the propenies
ol the various circuits discussed in this
aricle. L



