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I T is relatively easy to design a feedback amplifier 
with a flat response and good inherent stability 
to cover a range of 9 octaves. It becomes increasingly 
difficult, however, as the range is extended another 
one or two octaves, largely owing to instability troubles 
caused by the output transformer. 

The basic requirements for ai. transformers for use 
with negative feedback amplifiers, providing low
distortion power outputs, are well known but may 
be briefly recapitulated as follows:-

High primary inductance. 
Low primary/secondary leakage inductance. 
High-frequency resonance at a frequency where 
the loop gain of the feedback section of amplifier is 
less than unity. 

Some additional considerations of practical importance 
are:

Economical design. 
Adequate electrical insulation. 
Suitable choice of core material. 
Moderate 12R losses. 
Consideration of these requirements will show that 

the design features must effect as good a compromise as 
possible between several conflicting requirements, 
e.g., high primary inductance means a large number 
of primary turns which necessitates a large PR loss 
or a large winding space. A large winding space 
requires a highly sectionalized winding to keep down 
leakage inductance. This precludes economical design 
and increases the difficulty of maintaining adequate 
electrical insulation. 

One way of reducing primary turns is to use a high 
permeability core material, but this solution is often 
ruled out on the score of cost. 
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The ordinary grades of silicon iron have a relatively 
low distortion coefficient but suffer from the dis
advantage of very low permeability at low flux densities. 
This has a serious disadvantage when considered in 
relation to feedback amplifiers. Briefly, the very low 
primary inductance at zero signal level necessitates 
the amplifier designer using otherwise unnecessarily 
long time constants in his 1£. couplings to keep away 
from the 1800 phase shift associated with a 12-db 
slope which would result in low-frequency instability. 
No doubt many readers will have had painful experience 
of this trouble. 

Instability 

One major cause of h.f. instability is resonance 
" inside" the range of significant loop gain, resulting 
in a reversal of feedback polarity within the pass band 
of the amplifier. This is usually produced by the 
increased leakage "inductance associated with a large 
number of turns in conjunction with high inter
winding capacitances. 

The foregoing remarks may appear to give a some
what gloomy picture of the performance of an output 
transformer in a high-quality feedback amplifier. 
Fortunately, it is possible, by careful and adequate 
design, to obtain a performance which, in fact, leaves 
little to be desired, arid some of the basic require
ments of such a design will now be discussed. 
1. Core material: There appears to be no better material 
at present available than silicon steel. There are, 
however, several varieties of this material the relative 
merits of which will be discussed later. 
2. Winding space to core cross-section ratio: without 
going into the mathematics of this problem it may 
be stated that economic considerations inevitably lead 
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