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Output Transformer Design 
For Amplifiers Employing Negative Feedback 

By R. F. GIBSON* 

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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to the choice of a small window to core ratio; this 
choice also helps considerably in easing the problem 
of optaiIling a high resonant frequency andJow leakage 
inductance. 
3. Efficiency: Once a small windQw ,space, has been 
decided �pon it will' be foun.d that the weight of copper 
which can ,be fitted into it is small and therefore it 
becomes fairly safe to assume t,hat .the PR -losses will 
not be unreasonable, providing the primary wire 
gauge is large enough to handle the r.m.s. value of 
standing d.c. plus audio-frequency current without 
overheating and the PR loss ratio between primary 
and secondary is reasonably near 1 : 1. 
4. Primary Inductance: An empirical formula which 
has been found useful in determining the primary 
inductance is-

Rz x Vf3 
L = 

2 X 103•••••••••••••••••••••••• (1) 

where L is in henries, Rz = anode-to-anode load 
(ohms) and Vf3 is the feedback voltage ratio. In 
the case of push-pull EL84's with 26 db feedback, 

. 8000 x 20 
thIS works out at 

2 X 103 

5. Flux density: Again a simplified equation-

103yWRz 
N= 

KfA 
(2) 

where N = number of primary turns, W = V.A 
input to primary, Rz = anode-to-anode load in ohms, 
f = frequency of bottom distortion limit, A = cross 
sectional area of core (sq. in.) and 

K = l.6 for intermediate grade ) 
1.7 for high grade laminations 
3.3 for " Unidi " material t 
3.5 for " C " cores 

This formula gives a practical answer for ratings up to 

5W'f h 
. .  

h 
. 

f 
.. /W x 30. 

2 1 t e core area IS m t e regIon 0 
f (0.5 + K) x 

Empirical data plus a consideration of general 
requirements will then enable a suitable core to be 
selected. 

Going back to a' choice of a suitable core material, 
we have available, intermediate grade silicon steel, 
high-grade silicon steel and oriented-grain silicon 
steel, the last mentioned being available in the form 
of either laminations or "C" cores. " C" cores 
are expensive and show only a small advantage over 
" Unidi " laminations both as regards the coefficient 
in equation (2) and the primary inductance to AN2 
ratio. Oriented grain material does however show a 
very marked advantage over the other grades of silicon 
steel' and in the case of laminations, is reasonably 
economical provided that it is obtained in the form of 
" no waste" E and I laminations. 

It now remains to select a core size which can 
be made to satisfy the requirements of equations (1) 
and (2) and the clause concerning temperature rise. 
In the case of a 12-watt transformer using push-pull 
EL84's, the" no waste" size 4, having a 1in. wide core 
and a Hin. x tin. window, fits the requirements when 
built into a square stack. 

The simplest winding arrangement which will 
provide a level response up to 30 kc/s is as shown in 
Fig. l. and this provides a d.c. resistance balanced 
with respect to Al to h.t. and A2 to h.t. The inter-: 

t Geo, L, Se ott and Co" Ltd, 
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Fig. I. Simple method 
of sectionalizing which A I 
gives adequate coupling 

winding capacities are unbalanced but the overall 
coupling factor is good enough to take care of this. 
It should be noted that the winding layout shown is 
not suitable for a transformer having primary taps 
for the so-called "ultra-linear" circuit. One way 
of providing correct screen couplings is to transpose 
the primary and secondary windings. 

Tests carried out on a transformer designed accord
ing to the foregoing data show that the expected results 
are well maintained in practice. The actual readings 
obtained were:-
Primary d.e. resistance 340 Q; secondary 0.98 Q; 
leakage inductance 24mH; initial inductance of 
primary, better than 130 H. 

The measured performance is as follows:-
± 1 db from 25 c/s to 42 kc/s and the distortion limit 
on a sine wave trace is 28 c/s to 35 kc/s at 12 watts 
output from secondary, these figures being slightly 
over 1 octave better than can be obtained on the same 
size of core with intermediate grade laminations. 
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