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Hig/l-/ldelity unit featllres low-distortion 

preamp alld choit.:e of speaker damping 

Designing an Ultra-Linear Amplifier 
Dy EDvVARD S. MILLER* 

S
OME recent trends in high-fidelity 

amplifier design have been in the 
direction of smaller, more compact 
assemblies that can be made into 

attractive, self-cabineted units. This 
type of design can be developed with
out sacrificing performance in any 
way; in fact-with new tube designs 
and advanced circuitry-improved per
formance has often resulted. 

Our own Sherwood S-1000 (see 
photo) is an excellent example. Its 
features had to include 20-watt output 
and single cabinet design. These were 
just the two of the most important 
factors governing its deSign. Others 
were that it must have low heat dis
sipation and be small. 'Within the 
limits of these specifications it was 
possible to include a choice of speaker 
da:nping (including negative damp
ing); low-distortion tone con trois; 
rumble and scratch filters; a low-noise, 
low-distortion phono preamplifier and 
a push button-operated record equalizer 
circuit. 

The ilew·6L6�GB iubes (Fig. 1) were 
used, not only because they are smaller 
than their predecessors the 6L6-G and 
GL6-GA, but because of other construc
tional advantages such as the more re
liable button type base. To economize on 
B plus requirements, only tetrode and 
tapped screen (U1�ra-Linear) opera-

'tion of the output tubes was considered. 
Restricting the B plu§ r!,!quirements to 
conform with the 125-ma IJUlximum 
limitations of the 5Y3-GT not only 
made it 

'
possible to use the smaller 

rectifier, but also saved the 5 watts of 
additional filament drain that would 
have been required for the larger 5U4-
G frequently used in such applications 
as this. 

Output tube operation was based on 
an analysis of the typical plute char
acteristics of the 6L6 tube family. Fig. 
2 shows these characteristics for triode 
and tetrode operation. These are static 
curves, taken with a laboratory power 
supply which varies the plate and 
screen voltages independently. Also 
shown are four intermediate degrees 
of tapped-screen (Ultra-Linear) opera
tion.'·:· • 

In detel·mining tapped-screen plate 
characteristics, the screen voltage used 
in each case is a percentage of the 
difference between the plate voltage 
and the B supply or: 

E", = Eh - % (E. - Er) 

• Gene.'al mAnager and chief en8'incer, Sher
wood Electronics Labo, .. tori ••. 
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Fig. I-Some members of the 6L6 family. 

where % is the percentage of turns 
that the screen grid is tapped up from 
the transformer-primary center tap. 

Substituting % = lOO (triode opel'lt
tion), this formula becomes: 

E., = E. - Eh + Er = Ep 
And if % = o (tetrode operation), the 
formula becomes: 

E", = E. 
Values of E., are shown below the 

f;urves (Fig. 2) for each plate voltage 
value. B supply voltage of 320 was 
used in the final Sherwood design. 
However, to simplify calculations, a 
voltage of 300 was used in these tests. 

so 
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In calculating a push-pull c1ass-A 
amplifier's maximum power output and 
optimum load line, it is,. necessary to 
know the exact zero grid characteristic. 
Therefore, to eliminate confusion, only 
the general direction of the other grid 
voltage curves are shown. Note that 
the curves for different degrees' C'f 
screen tapping pass through common 
points on the constant Eh coordinate. 

Several interesting featu res of Ultra
Linear operation can be observed from 
the curves in Fig. 2. First, maximum 
push-pull class-A power output was 
calculated using each of the zero grid 

-Ni 

Z!Y -

-¥1i--
-lS:l= 
-¥1i 
l50 400 Ep 

Fig. 2-Plate charader
istics for triode, Ultra
Linear and tetrode oper-

ation. 
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X-ray yiew of the Z72!'. Shil'ld !!H'ret'n 
around .,Iate minimizell hum llnd noise_ 

characteristics shown. This power is 
approximately: 

P. =- '}. (�,. - E ... ,.) I ..... 
where E •. , .. and I n •• _ des{'ribe a point 
either at the knee of a tet rode type 
curve or at the intel'sedion of a line 
from E. which has the negative slope 
of a triode type curve. These points 
have all been indicated in Fig. 2 and 
have been connected hy a dotted line. 

Two similar lines have heen drawn 
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Lert-The Sherwoud model 
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through those points which are at 95 % 
of the calculated maximum power out
put. Note how much farther apart 
these lines are as they intersect Ultra
Linear or triode E. = 0 curves. The 
plate-to-plate load impedance line also 
passes through the maximum power 
points from the El' = E .. , I" = 0 point. 
The load line for 200/0 Ultra-Linear 
maximum power (6,500 ohms plate to 
plate) has been drawn on the diagram. 
Note how much greater variation 
(swing of the load line on the diagram 
around the point El' = E .. , I. = 0) the 
load values may have without losing 
power or causing distortion in the 
Ultra-Linear and triode cases. 

There are other important factors 
which can be observed by more detailed 
study of these curves. 

1. Ultra-Linear operation always 
results in a considerably lower plate 
resistance than that obtained with 
tetrode operation. Consequently, the 
speaker damping factor is correspond
ingly lower with Ultra-Linear opera
tion. (This point is not as important 
as it was at one time. It has been 
found that low damping factors can be 
had by proper use of current feedback 
from the speaker coil. More on this 
late!".) 

2. The distol·tion at maximum powel' 
output for 20% Ultra-Linear operation 
is approximately one-third that of a 
tetrode connection. 

:t The increase of anode current 
under sustaim'd maximum-power-out
put conditions is higher with tetrode 
connection than with Ultra-Linear or 
triode. Of greater importance, although 
not indicated in Fig. 2, is the slower 
rise in screen current at maximum out

'put with Ultra-Linear connection. With 
the Ultra-Linear circuit, the screen 
will operate at a more conservative 
dissipation than a similar tetrode oper
ation. The useful power output from 
the scn'en in the Ultra-Linear case 
further lowers its actual dissipation 
and further increases the advantage of 
Ultra-Linear operation over tetrode. 
Moreover, the B supply and bias meth
ods have less rigid regulation require
ments with the reduced current varia
tions. 

These considerations seem to sub
stantiate, in general, previous claims 
of superiority fOI' tapped-screen opera
tion. Consequently, this circuit (!<'ig. 3) 
has been used (with 22% taps) in the 
Sherwood model S-1000 amplifier. 

The schematic shows a method of 
applying current feedback, either posi
tive or negative, from the output trans
fOl'mer secondary. In the S-1000 this 
results in a damping factor choice of 
either - 2, + 2 or the + 7 normally 
obtained without current feedback. 

A 12-db-per-octave rumble filter, a 
continuously variable compensated loud
ness control and a modified Baxandall 
tone contl'Ol system' also appeal' in the 
circuit. The feedback type control sys
tem, with its inherent low-distol'tion 
characteristics, is at its best when 
driven by a cathode follower. This 
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same cathode follower (which precedes 
both the tone and loudness controls) 
then becomes an excellent Iow-imped
ance source to meet tape recording 
requirements. The recording jack, how
ever, is interrupted by an open switch 
contact when the selector switch is in 
the tape position. This prevents a feed
back circuit through the recorder. 

The input capability of the high
impedance input circuit is 10 volts for 
less than 1 % IM distortion. This data 
is not usually included in amplifier 
specifications. Poor input capability 
can lead to distortion which is fre
quently difficult to analyze (as in the 
case of an AM tuner prodUCing a 5-volt 
signal while receiving a local broad
cast) . 

Input capability is also important in 
considering phono preamplifier specifica
tions since many high-level magnetic 
cartridges are still used. The model 
S-1000 can handle 150 nw with less 
than 1 % IM distortion. 

Equally important is adequate pre
amplifier sensitivity, which should be 
5 mv or less to meet the requirements 
of the G-E Professional and the Fair
child cartridges. A Z72!)-pentode-
12AX7-triode feedback pair, with a 
mid-frequency gain of 20 db, are used 
in the Sherwood. 

Associated with high sensitivity in 
preamplifier systems are the require
ments for minimum hum, noise and 
microphonics. The British Z729' (see 
photo), together with the use of proper 
circuitry and layout, met these require
ments without resorting to the added 
complication of d.c. heater supplies. 

The most commonly used preamplifier 
circuits al'e based on feedback pairs. 
Two common types are those with the 
first tube self-biased with a large grid 
resistor and a grounded cathode (Fig. 
4) and those with feedback to an un
bypassed cathode resistor (Fig. 5). 
In either case, because both the grid 
and the cathode are not at low imped
ance to 60 cycles, it is difficult to 
eliminate hum using a.c. heater sup
plies. 

A more foolproof circuit (Fig. 6) 
is one with the grid at low impedance 
(determined by the cartridge), with a 
self-biased, bypassed cathode resistor. 
Electrostatic hum pickup by the grid 
and cathode is thus eliminated. Also, 
the high-impedance feedback resistor 
does not tend to load the second plate 
as is the case with the lower-valued 
feedback resistor requi red for cathode 
feedback. 

A 1,000-ohm potentiometer across the 

RI B+ 
R2 

+ 
2.7K 25 

Fig. 4-Input circuit is self-biased. 

heaters and returned to the positive 
\'oltage at the output tube cathode COIl!
pletes the circuit essentials. Careful 
twisting of the heater wires, which are 
dressed away from grids and plates, 
and the excellently shielded internal 
construction of the Z72!l tube, make 
possible an equivalent of 1.5 p.v of hum 
and noise at the input grid. (This is 60 
db below maximum output.) 

With this circuit it was a simple 
matter to add a four-button push type 
switch fol' record equalization, 

��---.... --� 8+ 

Fi:.:-. !i-F(,(·dhacl, prl'amplifi('r circuit 
us('s IIl1bn)ass('d cathocll' rt'sist.or. 

s+ 

Fig. li-Cathod,· resistor is hypassed. 

The four-position equnlization selec
tOl' is a four-section locking'-type circuit
transfel' push-button switch. Each but
ton locks in when depressed and remains 
latched until I'eleased by depI'essing' 
another button. The equalization com
plenlt'nts the RIAA and new AES 
recording curves when the EUI(, LO� 
and LP buttons are out (not depressed) 
so a dummy AES-HIAA button is added 
to simplify operation for thl' uninitiated. 

The LO� button is shown depressed 
on the diagTam. It shunts a 2.2-meg
ohm resi!'tor across the IO-megohm 
resistor and .0012-Jtf capacitor in the 
feedback network and alters the re
sponse on the low end. The LP switch 
does the s,\me thing' and disconnects the 
100,000-ohm shunt resistor so the re
sponse at 10 kc is . - 16 db. The Elm 
position disconnects the grounded 
.0012-Jtf capacitor from the circuit and 
provides mon' highs. The 10-111egohlll 
resistor eliminates the d.c. click as the 
circuit is opened and closed. 

.-\ !il,OOO-ohm resistor and .003!.!-Jtf 
eapacitor can be switched across the 
piek-up cartridge to form a scratch 
filter with attenuation of 12 db pet' 
octave. EI'Il 
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