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Stability of "Ultra Linear" Push-Pull Output Stages at High Frequencies 

T HE advantages afforded by the "ultra-linear" 
circuit for push-pull output stages have now been 
well established, but the necessary conditions to 
be met when designing the associated output trans
former have not always been given the attention 
they deserve. This is especially true of the high
frequency performance, where one of the main 
troubles is the appearance of peaks in the frequency 
response, which in extreme cases lead to continuous 
oscillation. In this article it is hoped to explain 
the two main modes of possible oscillation and to 
show how, by suitable transformer design, and in 
extreme cases, with external components, these 
troubles can be minimized. Due to the distributed 
nature of the relevant components in a transformer 
(e.g., stray capacitance) any "lumped constant" 
explanation can at the best be only approximate, 
and the following arguments should not be taken 
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Fig. I. Basic circuit of a push-pull UL output stage. 

as rigorous proofs, but only as simplified indications 
of the factors involved. 

To conclude the article a transformer suitable 
for an N709 "ultra-linear" push-pull output stage, 
such as in the Osram "912" amplifier, is described. 

The two main modes of oscillation in a push-pull 
UL stage can be classified as: -

Ci) Oscillation involving cross-coupling between 
the valves in the output circuit. 

Cii) Oscillation of one or both of the output stages, 
more or less independently. 

Fig. 1 shows a typical basic circuit of a push
pull UL output stage. Unfortunately an equivalent 
circuit at high frequencies consisting of an array 
of leakage inductances cannot be drawn for such 
a circuit. Hence, to show the causes of the above 
modes of oscillation it is necessary to simplify the 
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circuit. The maximum number of windings which 
can be dealt with if an equivalent high-frequency 
circuit is drawn is three, whereas in the above 
circuit there are effectively five windings. For a 
three-winding transformer the equivalent leakage 
inductance circuit can be drawn as three star-con
nected leakage inductances as illustrated in Fig. 2. 

To consider the first cause of oscillation the 
original transformer winding arrangement must 
therefore be simplified as shown in Fig. 3. 

Now, assuming this simplification is valid, it can 
be seen that if LAl > > LA2 then at high frequencies 
the screen of VI becomes effectively coupled to A2 
and not to AI. If, at the same time the screen of 
V2 becomes effectively coupled to AI, then a cross
coupled system similar to a multivibrator results. 
Besides this mode of cross-coupling it is also pos
sible for one to be formed by stray capacitances. 
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Fig. 2. Three-Winding transformer and its equivalent 
circuit at high frequencies. Lp � and L3 are leakage induc
tance components associated with each winding. An 
.. ideal" transformer should b� inserted in two of the 
limbs to allow for differences in impedance level, but these 
will be omitted. 
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Fig. 3. Illustrating the origin of cross-coupling between 
opposite halves of a push-pull stage. 
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