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The present invention relates generally to amplifier�, 
and more particularly to amplifiers capable of wide 
band linear response, operable with substantially no 
distortion produced by harmonic response or intermodu
lation over a wide dynamic range, and with excellent 
efficiency. The amplifier of our invention finds par
ticular application to audio power amplifiers, but may 
be applied with equal effect to a wide range of uses, 
and at supersonic and radio frequencies , as well as at 
audio frequencies. 

It can be demonstrated that a wide pass band and 
low harmonic response, in an audio power amplifier, 
do not of themselves provide quality performance, when 
performance is judged by the initiated listener, because 
speech and music are not of static nature. There have, 
accordingly, been developed criteria of amplifier per
formance in terms of intermodulation distortion analysi� 
and square wave testing, both of which simulate dy
namic conditions to considerable extent. Even such 
tests are not fully determinative of amplifier perform
ance, since amplifiers which test well do not always 
sound well, although amplifiers which test poorly al
ways sound poorly. 

On the basis of listening tests, which are conceded to 
provide the ultimate criteria, there are two schools of 
thought. One adheres to the use of triode amplifiers, 
on the ground that such amplifiers produce sweet or 
smooth sound. The other adheres to the use of tetrode�, 
usually of the beam power type, as providing crisp or 
clean sound. Each tube type obviously produces its 
own character of distortion, which is pleasing to its ad
vocates, and displeasing to its opponents. It is found 
that these distortions are elusive, and unmeasurable, but 
nevertheless real to the critical listener. 

It would then appear that reconciliation of the two 
schools of thought could only be accomplished by some 
new tube type, not presently available, and which might 
provide a response acceptable to both. Such a tube 
should have certain desirable electrical characteristics, 
in addition, which are not presently all available in 
either the triode or the tetrode. These may be listed 
as follows : 

(1) Low internal impedance-now offered by the tri
ode but not the tetrode. 

(2) High power sensitivity-now offered by the 
tetrode but not the trio de. 

(3) Lower harmonic and intermodulation distortion 
than either the triode or the tetrode, at both high and 
low levels. 

(4) High efficiency, to permit adequate power out
put without undue bulk or cost. 

The basic difference between the triode and the tetrode 
is the screen grid in the latter. Its presence gives the 
tetrode high effiCiency, but its absence gives the tri
ode low plate resistance. 

When the screen grid of a tetrode is connected di
rectly to the anode of the tetrode the resulting tube is 
effectively a triode, which, however, has limited power 
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output and dissipation. We have therefore analyzed the 
effects of tetrode o?eration in intermediate conditions, 
i. e. with the screen connected to part of the load as 
an acHve tube output element. In this condition the 

1) screen is partially energized by the output Signal due 
to plate current variations, and partially by a D.-C. 
static operating potential. The distinction from full 
trio de operation of a screen grid tube is then, that the 
screen is not connected directly to the anode, but across 

10 part of the anode load only. 

Experimentation on this basis has produced remark

able and unexpected results. It is found that for specific 
ranges of percentage of screen loading taken in com

parison with anode loading, depending on tube types 
15 employed and modes of operation, very favorable op

erational characteristics result. In this connection a 
tetrode, operated in the normal manner, is taken to have 
0% screen loading. When operated as a full triode 
it is taken to have 100% screen loading. For inter-

20 mediate values the percentage of screen loading to anode 
loading is defined as the square of the voltage ratio 
between signal voltage at the screen, and signal volt
age at the plate. Percentage screen loading may thus 
be defined as the percentage of plate circuit signal pow-

25 er transferred to the screen. It should be noted that 
power is transferred to the screen only over part of 
the signal cycle, i. e. when the absolute value of plate 
potential falls below the absolute value of screen po
tential. This transfer has the effect of linearizing the 

30 plate characteristics. 
It is found, for example, that with tubes of the 6L6 

type, operating Class ABl, the internal impedance of 
the tube drops very sharply as one proceeds from zero 
screen loading, but levels off at a very low value be-

35 yond about 18% screen loading. Maximum undis

torted power output falls only slightly out to about 
18% loading, and is very high, but beyond that value 
drops fairly rapidly. Low level distortion decreases 
rapidly from 0% to 18% loading , and far less rapidly 

40 thereafter. High level distortion is Iow out to 18% 
loading, but increases rapidly as loading is further in
creased. 

It follows that with properly proportioned screen 
loading, depending on tube. type , a tetrode can provide 

4;; the high output power normally associated with tetrodes, 
but with Iow internal impedance, with very little more 
Iow level distortion than is produced by a triode, but 
with much less high level distortion. 

In effect, then, we have provided a new tube type, 

5;) which is neither triode nor tetrode, but which possesses 
advantages of each, and which is of increased linearity. 
The latter effect can perhaps be simply explained as a 
straightening of the plate transfer characteristics of a 

triode, which are concave upward, by virtue of the plate 
[G transfer characteristics of the tetrode, which are con

cave downward. 'Whatever the true explanation, the 
plate transfer characteristic of the tetrode arranged in 
accordance with our invention is remarkablY linear. 

It may be stressed that an approximately 18% load-
60 ing figure for optimum performance applies to several 

tube types, including the 6L6, the 5881, the 807 or 
KT-66. These latter enable 24 watts output to be ob
tained for .75 volt input, when provided with a phase 
inverter and driver stage . For tubes of the 6V6 type 

65 a screen loading value of about 5% is preferred, and 
for still other tube types still a different value may be 
optimum. 

It is known that a limi ting factor in operating screen 
grid tubes in the normal operation, i. e. with zero screen 

70 loading, is screen dissipation. Tube manufacturers gen
erally list static operating potentials and currents for 
maximum allowable screen dissipation . Under dynamic 
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