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Fidelity in Sound and Vision

WHEN the Hotel Russell in London open its doors for the annual International Audio
Festival and Fair on March 30th a flood of enthusiasts will be let in to see and to
hear what is the latest in the field of sound reproduction. This mecca of the audiophile
highlights the interest in quality reproduction shown by the ever increasing number
of visitors. What is it that makes people spend large sums of money on audio
equipment? It is certainly not a case of keeping up with the Joneses as it may well be
with the acquisition of a colour television receiver. It would appear to be a sincere
desire to get the best from discs, tape or radio. But, as with so many of our likes
and dislikes, “best” is largely a matter of taste. Isn’t this why owners of expensive
amplifiers (with almost flat response curves) still like to play with the tone controls?
The designers go to great lengths to obtain an even response but one wonders if much
of it is wasted effort.

In this issue among several articles covering audio topics there is one dealing with
the acoustics of the recently opened Queen Elizabeth Hall in London. Tremendous
research and effort has gone into the design of this concert hall, but when a
performance is broadcast from there it may be reproduced in a heavily furnished room
which is acoustically almost as dead as an anechoic chamber or in a sparsely furnished
room which introduces its own acoustic colouring. Neither is giving true fidelity of
the original performance. '

However, such facts must not be taken as giving license to manufacturers to produce
second rate equipment. There is, as has been shown by recent correspondence, an
appreciable market among discerning listeners, and viewers for that matter, for
good sound reproduction from domestic equipment. 5

While the auditory perception of the average listener is very accommodating and
will make allowances for imperfections in reproduction, the eye is not so helpful,
especially where colour is concerned. As reported in this issue there was consider-
able discussion at the recent colour camera symposium at the LLE.E. on refinements
in the design of cameras to get the best colour rendition. Much of this came from
research and development engineers, but it needed an American with field experience
of colour camera operation to point the moral that it is consistent performance and
reliability that are essential. More to the point so far as fidelity of colour in the
home is concerned will be the use or misuse of the colour saturation control on the
domestic receiver. This, of course, is the only additional control to those on a
monochrome receiver. With it the flesh tones of bathing beauties can be changed
from pallid through pink to puce. Is this colour intensity control going to be the
rock on which the matrimonial bliss of some homes will be wrecked?

Perhaps engineering people tend to forget that communications channels end not
at the loudspeaker or cathode-ray tube but in the brain of the listener or viewer. The
design of these channels—particularly where fidelity of reproduction is concerned—
must therefore take into account the psychology of perception. ‘We must not be so
naive as to think that accurate reproduction can be achieved by straightforward
objective means, that reality can be conveyed with the precision of a mathematical
formula. Ten years ago Professor Colin Cherry wrote in these pages that the purpose
of a communication system is “to transmit those data or ‘clues’ sufficient to set up
in the mind of the recipient those illusions which are desired by the sender, under

iven environmental conditions.”
JOL &l L@ B Illusion” is the operative word. It is through illusion that we attempt to convey
APRIL 1967 reality.
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Efficiency Considerations in a

Class D Amplifier

5W DESIGN GIVING IMPROVED PERFORMANCE

BY G. F. TURNBULL, M.Sc.,

AND J. M. TOWNSEND, M.Sc.

Considerable interest and discussion was stimulated by the authors’
article describing a class D, or modulated pulse, audio amplifier

design in the April 1965 issue.

Because the authors feel that such

amplifiers are in danger of being treated as mere novelties they have
developed a higher-power design with improved efficiency and dis-
tortion figures. This article deals mainly with distortion and efficiency
of twe 5 W designs and comparisons are made with a class B amplifier

of camparable complexity.

ESPITE the not insignificant
amount of material that has
appeared in the past on modulated

pulse audio amplifiers, there seems to
be no degree of agreement as to
whether or not this type of amplifier
should be considered as a serious com-
petitor to more conventional designs.
Some sort of comparison would there-
fore seem desirable, which requires
that the various aspects of importance
should be treated in some detail.
The major attribute of the modulated

SYMBOLS
Wy Angular frequency of a.f.
w,.,  Angular frequency of h.f.
height of output square wave
xh Mean value of output square
wave
<h Max. value of x4 when x is
sinusoidally varied at w,y
£,s  Largest expected value of x
P Bottoming voltage of diode
or transistor
R, Incremental resistance of

transistor or diode in bot-
tomed state

I+ Current flowing in output
stage of amplifier when out-
put voltage is positive

8 Peak value of fluctuations in
output current at w,,. caused
by inductive component of
the load

P Average power dissipated in
a component over one cycle
of Wy

Blm Fraction of cycle of w,,, for

which output squarc wave is
positive.
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pulse amplifier has always been
assumed to be that of efficiency and
therefore it would seem desirable to
examine this aspect first, recognising
that it obviously cannot be treated in
isolation. Possibly the first question
which an attempt should be made to
answer is whether significant im-
provement in efficiency over a class
B amplifier be obtained in a class D
amplifier of comparable complexity
(the two amplifiers having comparable
distortion figures and frequency res-
ponse). In attempting to answer
this question it is hoped to contribute
toward deciding whether this type

of amplifier has more than just
novelty value.

DEFINITIONS
Correspondence in the past has

stressed the desirability of avoiding
any sort of confusion over definitions
and therefore a first step is to define
the various quantities and types of
operation of concern.

Efficiency. Two efficiencies are of
interest and will be considered in
detail, namely overall efficiency (3)
and output stage efficiency (”Oz))
according to the following defini-
tions :—

__ power output

power input

power output
output + losses

B power output
ov output -+ output stage lossesT

f Transistors and diodes only.

Initially a resistive load R, will be
considered and, in line with common
practice, application of a sinusoidal
input of frequencyw;, (the range
of w;, being approximately 10 ¢ s-
20 kes) will be considered and the
average power dissipation over a full
cycle ecvaluated. The method of
analysis is shown in Appendix 1.
Briefly, the method of approach for
class D is to obtain an expression
showing how the power dissipated in
any component during one cycle of
the high frequency oscillation varies
with the mean level of the output
square wave kx. This level is then
allowed to  vary sinusoidally,
x = Xsinw;,t, and the average power
dissipated in the component over one
cycle of w,, evaluated. For the class
B output stage the instantaneous
power is evaluated as a function of x
and this is then averaged over one
cycle of w;,. Expressions for two
efficiencies can then be obtained
using the definitions already given.
These will be functions of powers of x
and for the configurations considered
in this article the two efficiencies
may be expressed in the form of
equations 1 and 2.
/{-2

az¥? + ay%® + a X + a,
22

Nop :BKE:—b;"EJm) . 2

where 2h%/2R, (see Fig. 1) is the
power output and the range of £
is thus from 0 to -+ 1. Coefficients
for the configurations are listed in
Table 1.

Class B operation. Comparisons
will be made with true class B oper-
ation where the standing current at
& = 0 is zero and for which the
efficiency coefficients are as listed.
In practice a small standing current
is necessary to reduce ‘‘ cross-over ”’
distortion to an acceptable level and
the efficiency 7,, will then be slightly
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Fig. 1.

Output stage configuration 1.

reduced. The value of 7 will be
further reduced by losses in the rest
of the circuit.

Class D operation. A reasonable
definition of class D working might
be as follows. A class D output
stage is one in which the output
voltage has essentially only two levels
and changes between these levels
take place in a very short time (the
changeover period is normally less
than 1 us). Control of the output
power is achieved by varying the
proportion of time spent at the two
levels and switching normally occurs
at frequencies well above w;, (e.g.
> 50 ke/s). In true class D operation
transistors only conduct when they
are bottomed and diodes only in the
forward direction except during the
change-over periods. In practice
deviation from true class D operation
may be tolerated on extremc swings.

In deriving simplified expressions
for efficiency in various class D
configurations it will be assumed that
the voltage across a transistor which
is bottomed can be represented
approximately as V = V p+4 R,I and
that all transistors and diodes are
identical. The curves of Fig. 5 are
obtained by substituting typical values
Vy = » R, = 1 Q) into these
expressions. In practice, values could
be rather different from these, which
will significantly affect 7,, but only
slightly affect 7. The curves are how-
ever useful in comparing various
configurations and in roughly assess-
ingwhatsort of efficienciesare possible.

CONFIGURATION |

A simple output stage is shown in
Fig. 1, being the one employed in a
previous design! (and also in Fig.
6). R,; is to ensure true class D
operation and its value is largely
determined by the size of L. (In
considering the effect the impedance
of the speaker at o, ,, this must be
included in the series LCR combi-
nation.) In the discussion below it is
intended to show how, from efficiency
considerations, L should be made as
large as frequency response will allow
and to consider the optimum values for
R;; and C,.

Consider first the case where R,; is
very large, and w,,.L <R,. Current
and voltage waveforms will be identi-
cal (Fig. 2) and the coefficients a, and
b, (equations 1 and 2) as listed in Table
1. Fig. 5 (b) shows that this amplifier
has poor efficiency (maximum value
T mar <50%) and only slight improve-

Fig. 2. Voltage and current waveform at

output when R, 5 s large and w, L <R;.

Fig. 3. Voltage and current waveforms at
load when w, LR, . Note that in cases (a)
and (c) the current is unidirectional and only
one transistor conducts.

ment in 7,, over class B operation
providing very good transistors are
used. If, however, w,,.L>R; then
the current waveform corresponding
to the conditions of Fig. 2 is as shown
in Fig. 3. It is now possible to pro-

TABLE | THEORETICAL EFFICIENCY COEFFICIENTS
| |
Operation and ‘ | ‘ I ‘
Configuration a. a, a, b, b, b, b,
|
(@) Class B | 0 0 4 0 0 0 4 | 0
l T i 1 w J
(b) Class D, conf‘guratnon 1 | V/. R/ Vh RI
wosel €R, R I o 0 [ 0 2[' i g ! : 0 1 [ ]
i
(© incorrect operation. | g 4| vs, R | e 2 4 o 1 R v R fvs o2 4]
wmcL>gR Rys=00 Rl, 37 2h 2Ry, h ala ' , Ri 3= ' 2h 2Ry, h o T |
(d) Class D, configuration | l I
wopel >R, 0 [ Vp+ 3Ry 0 24 2Vlr 2R 0 1a —V—"b 3R 0 \Z] +7£1
VwinCs <€R 3, “hTRL “h TRy h ' Ri h TRy
Ris=RL i
(e) Class D, configuration | . { ! " a . v 0 -
wogel >R, Vh 3R 0 B 1 B Rr 0 B R
_ — -+ — —_— —_— [
VwinCy Ry, 2t T ks o Tar, 3 tars, hotarg
Ris=2RL
() Class D, configuration | l
w/a.chC R<R 0 2,2vs +8Rl ‘ 0 2+2Vr +2R1 0 I+2V" 8R/ 0 2Vg | 2Rs )
Ve, 37 35 3h SR ; .
R"':3h (vahd to x=0.5) 3 3hn 9RL i 3 3h 9R. 3h 9. | 3n 9RL }‘
7' |
(g) Class D, configuration 2 [ I4»RI 4Vp 0 ‘ o] 1a Ry 4Va 0
wosel 3> R ‘\ Ri 7h | I 7h
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Fig. 4.
>R,. (a) currents making up | -. It can be
seen that the current through R, causes the

Transistor current |+ when w, L

total transistor current to go negative
restoring class D operation. (b) I+ when
l{wi CyRy 5 () I+ when e Cy>R 5.

duce a situation where the load current
in R, is always in the same direction
as shown in a and ¢ in Fig. 3. One
transistor must thus carry current in a
direction opposite to the normal con-
duction direction. As M.D. Samain
pointed out* if it is not possible for a
transistor to conduct in the reverse
direction then the opposite transistor
of the output pair will be forced to
continue conduction during the time
when it has the full voltage across it,
e.g. in condition (a) in Fig 3 Trl
will conduct all the time. If this
condition exists cfficiency coefficients
are as listed and the curves of Fig. 5
(c) obtained. As V,— 0 and R,-- 0,
= Xnd ..

then:—
7=, 3)
which is identical with class B.

The presence of R;; can cnsure
correct operation since by choice of a
suitable value the combined load to the
output stage can be made such that
the total current into this load never
flows in the ““wrong” direction as
discussed previously the current in
the resistor R,; then always exceeds
the magnitude of the current in R,.
Assuming initially that 1, w,;,C, < R,
then a value of R;; < R, ensures class
D operation at all times, i.¢. during the
time when the output voltage level is
positive (or negative) the combined
current I~ (or I-) into R;; and R,
is positive (or ncgative) and flows
entirely in Trl (or Tr2). The current
It during a full cycle of the input

156

waveform is shown in Fig. 4. Again
efficiency coefficients are listed and
curves of n and 7,, plotted in Fig.
5 (d). These show very poor overall
efficiency (4,, .. <33%) and that sig-
nificant improvement over equation
3 for 5, will be very difficult to achieve
(remembering that the effect of finite
rise times has so far been ignored).
However better results can be obtained
if 1/w,,Cy »R,; (providing 1w, ,.Cy
< R,;) since it is then possible to en-
sure correct operation without wasting
so much power. This can be seen if an
expression for I~ is obtained:—

hx  h(l—x) (Zw,,gct
It = —+-"- 3l -, "F——1]4

R,_Jr R, (1l + x) )
whercx:-?'g —1 o0 00 5

h 77(1 — x'-’)

6 = — - . .o

and R, 2aw,.T .
(I' = L'R))

Now this current (/') must never have
a negative value if correct class D
operation is to be maintained. The
first two terms of equation 4 have their
minimum value when x = —3%, i.e.
on the maximum negative excursion
of [

The minimum value of the third
term of equation 4 (the inductance

100/[

AMPLIFIER 2

‘ g

/» a

@

> e
S 50

= | b

d

0 05 & 10
1001

Nop (%e)

0 05 % 0

Fig. 5. Theoretical curves for overall and
output stage efficiency. The curves corres-
pond to the entries in Table .

current component) is — 8, being the
value just after the output has
changed from —4 to +A. The con-
dition that I+ is never negative may be
expressed as:—

_5_ !7,\" .
R,

The choice of R, will thus be governed

by the largest value £, ., expected for
X5

m (li)A

X 3R,
R
Thus if v, L> R, & will be negli-
gible and the condition becomes:—
R, (1 + %,,,.)

Xoa &

R, (1 -3¢
1e. R, < % -

R, < e .. A

If 1 wCyx <R,; then the expression
for the current in R,; is independent of
x and the condition that I is never
negative becomes:—

R,

X max

The difference between the two
conditions is clearly shown in Fig. 4.
A light coupling for R,; enables a
larger value resistor to be employed
for R,; whilst still maintaining
correct operation. Assuming modula-
tion to full depth (x = 1) then R,
<2R, (condition A) and cfficiency
coefficients are as listed. Examination
of Fig. 5¢ indicates significant im-
provement over previous configur-
ations (b) and (d) in both 4 and »,,.
In the original design R,; = 3R, was
employed ensuring correct operation
at low frequencies to x = }. The
value of x,,, was approximately %
so that reverse current was in fact
demanded on peak swings as ex-
plained and illustrated®. Curves for
this condition (Fig. 5f) lead to the
general conclusion that a lightly
coupled R,; whose value js around
R,; = 3R, should give high values of
n,, (especially at low levels) and a
curve of 5 vs x which is not much
worsc than that for class B operation,
at least at high levels.

R <

TESTS ON AMPLIFIER |

Fig. 6 shows an amplifier designed
to deliver 5 W comfortably into a 15 Q
load (here # = 17 V so that 5 W
corresponds to x,,., = 150/17 =
0.72). The principles of design are
almost exactly as before' (except for
the double driver stage Tr3, Tr4) only
in most cases transistors of increased
speed and ratings have been used.
The- ZS72 diode in series with the
C426 gives an output stage which is

WIRELESS WORLD, APRIL 1967
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Fig. 6

almost symmetrical (i.e. this combi-
nation and the BFY64 both have
approximate values of V, = 1 V,
R, = 1 Q). This simplifies calculation
and also gives slight improvement in
distortion figures.

The choice of inductance L is
extremely important and previously a
value of 0.5 mH was used for high
output stage efficiency and for other
reasons outlined by Johnson*. How-
ever, it may be argued that, in attempt-
ing comparisons a value of L giving a
3 dB poiut at 20 kc/s would be more
appropriate, i.e. L = 100 pH. This
low value necessitates an oscillation
frequency at x = 0 in excess of
100 kc/s and in fact a value of approxi-

mately 125 kc/s was employed.
Substitution into equation 6 gives
SR, 3 .

“h ST

for an open loop amplifier in which
the frequency w,,. is constant and

By, ~ 3 7
3 10 o ac .

for this closed loop amplifier for which

@Wpge N Wose (max) - x2) T 8

The effects of finite edge times at
this frequency are certainly significant
(see below), these being approxi-
mately 0.48 and 0.08 ps on positive
and negative going edges respectively.
A more accurate expression than
was used to compute Table 1 for

average power loss (P;) in each

transistor is
- _ h® | Vg (R, %2 R,
”"‘zRL[h (RTJ?(‘ R

WIRELESS WORLD, APRIL 1967
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Circuit of 5 W class D amplifier using configuration 1.

providing correct operation of the
output stage is ensured by correct
choice of R,; according to condition A.
The value of 8§ is given in equation 7
and P, denotes the extra power
dissipated due to the finite edges
(approximate expressions are readily
obtainable in the manner of the
original paper! but exact calculation
is made difficult by ringing effects,
mainly in the current waveform).
Other losses in the circuit at low
frequencies are:—

(1) in the resistor R,;’,

- h? X
PRls'—*Rl‘a,(l - 5

where R,;’ is R,; in parallel with R,.
(2) in the resistor R,,,
_ h? ( 2
Pow= 1+ )
TR T 2
(3) h.f. heating in the load, P,, =
82R, /3.
(4) power losses in the rest of the
circuit which are substantially inde-
pendent of %.

It was decided first to choose a
value of R,; to ensure correct opera-
tion at all times in order to compare
practical and theoretical efficiencies.
Avalue of R,; = 1.64R, gives correct
operation t0 x,,, = 0.8 so that
R,; = 24.6 Q@ was the value used.
The value of Cy was chosen such that
wCgR;; ~ 1 at a frequency of 5 kc/s

R, [8R,\?
TR (7) ]

= x| ) 3 0 (R

TABLE 2. DISTRIBUTION OF POWER IN
AMPLIFIER |

Component Power |

Qutput stage 1.0124 0.510 X2+ Px ’

|
Ris Rus l
|

9.5 (1—X%2) l
Ris 0.083 (1 +X2/2)
‘ Ris R 0.148
| Ry (h.{. heating) i 0.356
; Remainder } 0.060

in order to compromise between
the conditions 1/w,,Cy > Ry,
1w, .Cy > Ry;(similarly for C,).

In attempting to tie up theory and
practice it is first necessary to make
allowance for the fact that the output
square wave has levels more nearly
+15 V due to the heavy currents
flowing in R;; at x = 0 and R,
at high values of x. Hence the value
of & used in computing theoretical

values of Py, Py,; and Py, was in
fact 15 V. This gives a value & ~ 4.5V
compared with a measured value of
4 V (accountable by the degree of
approximation). The practical values
of input power were computed from
the input voltage (all tests were
performed with a stabilized power
supply) and the average value of
input current. A wave analyser
was used to measure the power into
a 15 Q resistor. The power in the

+ Py ..




(%)

nop (O/O)

Fig. 7.

Curves of overall and output stage
efficiency for amplifier | (Fig. 6) with Ry
as parameter.

output stage was computed from can
temperatures, having first of all taken
a calibration curve of temperature
rise vs power dissipation for each
trausistor.

Table 2 shows the distribution of
power in the amplifier and Table 3
compares theoretical and practical
values of input power and power loss
in the output stage at values of
£ =0and # = 0.5 < 17/15 = 0.565.
Examination of Table 3 for x 0
indicates first of all that P, must be
of the order of 1 W.. Approximate
calculations indicate this to be easily
possible and proof was obtained by
simply reducing f,,. to 14Kkc/s
(while increasing L in proportion
to keep 3 R, constant) when the
power dissipated in the output stage
feil to 1.27 W. Allowing for the fact
that the 24:6 Q resistor had an induc-
tance of 2 uH so that the power
disstpated in it will be slightly less
than calculated, theoretical and prac-
tical results are within the accuracies
imposed by measurement and approxi-
mation errors at £ — 0. Comparison
ar ¢ = 0.565 indicates that P,
must fall as depth of modulation
increases and a significant factor
here is the rather drastic fall in the
average value of o, ., (Fig. 8).

Practical curves of 7 and 7#,, vs
fractions of the theoretical maximum
power P, ., = 17 X 17/30 = 9.63 W
arc shown in Fig. 7 (also in brackets
arc values of x based on a value of
h 15 V, to allow comparison with
Fig. 5). They confirm carlicr pre-
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TABLE 3. COMPARISON OF THEORETICAL AND PRACTICAL VALUES
OF POWER DISSIPATION FOR AMPLIFIER |
Power Theoretical Practical
Input (P) Py 112 B 4
R
Output stage (F.) Lol YT
£ 0
Input P 105 P, “F o093
¥ 0555
Outpur stage e P 0tey P 004
£ 0565
dictions of poor ovcrall efficiency oscillation frequency now falls less

but an output stage efliciency at
high levels which is better than that
obtainable by a class B amplifier
operating from the same supply
lines. Fig. 8 shows that the distortion
figurcs are quite acceptable.

Also shown in Fig. 7 and 8 are
results of tests with R;= oo (R'y;
45R,), when the output stage is
working incorrectly all the time. The
curves of Fig. 7 confirm the improve-
ment in 7 at the expense of 7,,.
The shift in levels of the output
squarc wave associated with tran-
sistors conducting at the wrong
times can be seen to have consider-
ably worscned the distortion figures
(Fig. 8) although the average valuc of

|'0[‘
I

& @
z iy
£ 0sF
(=]
o T
=y L_ ~/-\ RIS; P
i R|5= 59-400
Ris=246Q2
T
(b)
Ris=
Ris=59-4Q2
Ris=246Q2
26k o 04 b b
0 05 3 10

Fig. 8. Distortion and oscillation frequency
for amplifier | with R, ; as’ parameter.

drastically—approximately according
to the law

'1-——2,?2)

ose (max) \ 3

(This indicates that the instantancous
value does not exactly obey equation
8 for an jdeal single time-constant
system.)

The best compromise design scems
to be with a value of R4 4R,
(shightly larger than before). This
gives an overall efficiency curve only
slightly worse than for Ry o
and better output stage efficiency than
either R,, - »or Rj;= 1.64 R, at all
levels. Distortion figures and fre-
quency response are acceptable (Fig.
8 and 14) and the fall in frequency is
almost identical to Ry;= oo.

Methods of improving overall
cfficiency. At least two methods
arc available In order to improve
overall efficiency. One is to modify
the output stage so that significant
reverse current can flow. This,
however, is difficult with asym-
metrical transistors, such as planar
cpitaxial types, whose current gain
is much smaller in the reverse direc-
tion.

The other method, suggested by
Johnson®, is to use parallel diodes to
carry the reverse current. Th:s
arrangement, to be known as config-
uration 2, will be discussed in detail
in part 2 of the article, to be published
ncxt month.
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Quick-Acting Audio A.G.C.

. USE OF FIELD EFFECT TRANSISTOR REDUCES ATTACK TIME

UTOMATIC gain control is not usually found in
domestic audio equipment, but in dictating machines,
where non-technical operators are required to make

consistent recordings, some form of a.g.c. is essential. In
this type of application a relatively wide-range control
system is highly desirable, and such extensive control
action can constitute the greatest problem in the design
of a system.

Ideally the recorded material when played back should
sound as if there had been no interference to the original
signal. This, unfortunately, is an impossible require-
ment, as the presence of a.g.c. means that the system has
been removed from its natural state and the signals are
being integrated as a relatively constant level. With
music, extensive compression of the signal is noticeable,
but when a similar range of compression is applied to
speech signals the ear is unable to make such a wide
distinction and apparently hears sounds not far removed

+20
+10 I \
T 0 l
=
=
—= =10
2
o
-20
-30t

TIME

Fig. I. Showing how the output of a system with a.g.c. is initially de-
pendent on the control voltage rise time.

CONTROLLED
e e
4 0 < 0
y Y\
- +
CONTROL CONTROL

crona VOLTAGE sionat VOLTAGE
{GN 7
INPUT (a) INPUT b

Fig. 2. Simple a.g.c. circuits: (a) based on reduction of collector
current; (b) based on reduction of collector-emitter voltage. :
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By ROBERT HIRST

from the original, especially if the upper frequency res-
ponse of the system is curtailed to some degree.

The side effects of automatic gain control that appear
to be more objectionable tend tc be a function of noise
level changes. During various listening tests it was
established that if the signal-to-noise ratio remains rela-
tively constant then it becomes progressively more diffi-
cult to identify a system that incorporates automatic gain
control. It is obviously impossible to maintain a con-
stant source signal to noise ratio when the variable input
signal is made to give a constant output signal by the
action of a.g.c. It is possible, however, to maintain a
constant system signal to noise ratio, and should this s/n
ratio be compatible with the source conditions then the
detection of an a.g.c. system by an unskilled ear becomes
less likely. In fact, the majority of listeners taking part
in this test found that a system incorporating automatic
gain control became markedly more intelligible and less
fatiguing to listen to over a period of time.

A further undesirable feature of a.g.c. is the time it
takes for the controlling action to have effect, and in
the tests any period in excess of 50 milliseconds was
noticeable. It is to the shortening of this attack time
that the majority of investigations have been directed in
the past.

Rise of control voltage

If we plot the rise of control voltage against time in a
system then compute the signal output from the system
we obtain a graph of the kind shown in Fig. 1. In this
the output level of the amplifier, for a period of time, is
dictated by the rise time of the control voltage, and in
the simpler types of system as shown in Figs. 2(a)
and (b) this rise time may well be of the order of 500
milliseconds. In Fig 2(a) the base voltage of the transistor
becomes more ncgative as the input signal increases, thus
reducing the collector current, and automatic gain control
is obtained by the resulting reduction in h:. However,

Robert Hirst, who is 33, has
for the past 18 months or so
been with Dictaphone Ltd. in
North London, working with
the research anddevelopment
team engaged on closed-
circuit communication
systems and educational
recording equipment. Prior
to joining Dictaphone he was
a senior engineer with New-
market Transistors where he
was concerned with special
packaged circuit applications.
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Fig. 3. Circuit to show how
attack time is determined by
heavy control current de-
manded by transistor.
o—{[— Tri
oO— € l — O -
C T X0
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R, D;

in Fig. 2(b) the control voltage is reversed in polarity,
and as the collector current increases, the resultant de-
crease in collector-to-emitter voltage produces a fall in
the beta characteristic of the transistor. Both these sys-
tems have the common disadvantage of a lengthy delay
time, plus the fact that the ever decreasing collector
swing is unable to cope with the input signal.

The problem of attack time may be best illustrated by
the circuitry of Fig. 3, where D, and D, are the rectifying
diodes, C, is the reservoir capacitor and R, etc. is the
discharge path. The value of C, relates directly to the
frequency range that the system is required to handle and
the current required to give the necessary control action.
As a bi-polar transistor under the Fig. 3 conditions re-
quires a relatively heavy control current, being a low
resistance device, the value of R, is low and the value of
C, reasonably large. In a case where the control signal
is about 10V peak-to-peak then R, and C, may quite
well be of the order of 10¢) and 100 :F respectively
to produce the desired control action down to 50 c/s.
The attack time of thc circuit has been virtually pre-

determined as this time is a function of R, and C,. In
the case of the bi-polar transistor a combination of these
conditions tends to give rise to a vicious-circle situation
and the attack time of such a system can be, as pre-
viously indicated, as much as half a second. If the
frequency requirements of the circuit were to remain
constant and the source resistance be an unalterable
factor, then in order to shorten the attack time it becomes
necessary to reduce the current demand on the d.c.
control supply so that R, will be increased in value and
the subsequent reduction in the value of C, will shorten
the attack time.

By using a field effcct transistor for control in the form
of a variable resistor, the simple circuit of Fig.4 provides
a configuration that, because of its high impedance para-
meters, realises the low operating current requirements.
The attack time of the system may now be of the order
of 10 ms, or in fact may be adjusted over a wide range
by varying the combination R, C,, VR,. The-control-
ling element is placed in the front end of the amplifier,
thus maintaining a constant system signal-to-noise ratio
in the first instance. The control VR, is inserted to
obtain the overall gain required just prior to the start of -
a.g.c. action, and VR, is included to set the requi;red level
of output. The f.e.t. is used as a series element of a vari-
able attenuator because in the “off” condition this
device is at its minimum resistance; therefore the attenu-
ator is at its most inoperative point.

Non-linearity in characteristic

In order to preserve economy and at the same time
reduce phase shift, the Fig. 4 amplifier is entirely
directly coupled, the d.c. biasing point being established
by R,, R, and R;. The d.c. and a.c. design is standard,
and while gain figures are shown in Fig. 5, it is the
response time, controlling action and distortion content
that are the most important features. Owing to the
symmetrical quality of a field effect transistor it is pos-
sible to use the reversed drain voltage characteristic,
whereby an a.c. signal is applied across the device with-
out the normal biasing voltage.
The graph in Fig. 6 shows the

FOR VALUE SEE Fig.5

variation in linearity in the
reverse condition, but as we are
o+ioV not considering large signal

voltages across the device any
correcting action has been
omitted. Application lof feed-
back does tend to “iron out”
the non-lincarity of the reverse
condition but this can never be

INPUT R3 % BCI108
k

Trs
NKT261

Cs a complete solution asl there is

3204 always an optimum point at
6-4Vwke which this feedback performs
correctly. Thus in a|variable
system there will always be
discrepancies with respect to
the linearity. There is also the
problem of attenuation of the
control signal due to the appli-
cation of feedback making the

o
o2
S5

390k

N ooV controlling action even more

difficult, so being able to dis-
pense with the correcting action
1s, on the whole, desirable.

D
vATRE
VR,Z 1M ’

Fig. 4. Amplifier using an f.e.t. (Texas Instruments 2N3819, n-channel type) as the controlling

element in the a.g.c. system.
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From the curve in Fig. 7 we
can see the change in drain-to-
source resistance against gate
voltage, and it is on this para-
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Fig. 5. Gain of Fig. 4 amplifier with variation of VR,.
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Fig. 7. Drain-to-source resistance of f.e.t. with variation of gate
voltage.

meter that the controlling action relies. As the gate
voltage becomes more negative the internal resistance
of the f.e.t. increases and, in conjunction with the low
input impedance of the amplifier, forms a variable
attenuator. The advantage of using an f.e.t. in this
method of control lies in the fact that the f.e.t. does
not form part of the dynamic circuitry but acts as a
passive element. The first stage of the amplifier proper
maintains a set d.c. condition, and as the input signal
seen by the amplifier does not vary very much, owing
to the increasing resistance of the f.e.t., the distortion
content of the output signal remains relatively constant
over a considerable change in input signal. The increase
in distortion for set values of input signal may be seen
in Fig. 8.

Guarding against instability

The attack time of the control system can now be
substantially reduced because of the high input resistance
of the f.e.t,, and the values of R, and C, can be altered
as indicated earlier. The attack time was found upon
measurement to be as little as 15ms, well within the
limits imposed by the ear, and the resulting sound was
free from the characteristic thumping that can be noticed
in the majority of simple systems. It is highly desirable
that the fed back controllimg signal, although d.c., should
be out of phase with the input signal, so that the possi-
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Fig. 6. Drain current vs. drain-source voltage characteristic of the
f.e.t. showing non-linearity in reverse condition.
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Fig. 8. Distortion in output signal of Fig. 4 amplifier with different
input signal levels.
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Fig. 9. Output level of Fig. 4 amplifier with different levels of input.

bility of instability resulting from positive feedback in
the system is minimised. An in-phase control signal may
be used if considered vitally necessary to obtain high
input sensitivity, but it will be necessary to ensure that
the control voltage is adequately decoupled. In this latter
instance it may bec advantageous to reduce the loop
gain of the amplifier at the lower end of the frequency
scale by reducing the value of input and output capaci-
tors to give a compound low frequency attenuation.

Setting up.—After disconnecting R,, from the emitter
of Tr5, VR, is adjusted so that for an output of 10V
peak-to-peak the input required is 1mV peak-to-peak.
Having established this setting, which under nor-

161




6
) [
z* ———
& L
23
2 |
Y
/ =
L4
0 . -2 -3 -4 -5 -6 -1 -8
Vpg (VOLTS)

Fig. 10. Output characteristic of the field effect transistor.

mal production techniques would have been pre-deter-
mined and set with a fixed resistor, the emitter of Tr5
is re-connected and the value of VR, is reduced until

OUR COVER

the output falls to 9V peak-to-peak. The graph in Fig.
9 shows the’ output level of the circuit as a whole with
different levels of input. This output characteristic is
very linear for an increase in input signal of as much
as 50dB, and it isn’t until the input signal is advanced
by a further 6dB that any overloading of the circuit
becomes apparent. This overloading takes the shape
of the output characteristic of the field effect transistor
where the f.e.t. runs into its normal operating point.
At this stage very little change in resistance takes place
for considerable changes in gate voltage; this can be
seen from Fig. 10 which is the output characteristic of
the field effect transistor. It is therefore apparent that
the range of control that may be effected by any indivi-
dual device is directly related to the pinch-off voltage of
the f.e.t. in question.

In operation the circuit is very effective, and leaves
little to be desired even when compared with the more
complicated circuitry used professionally. The most
promising advantages are the comparative simplicity of
the setting up procedure and the economy effected over
more complex configurations. Because of this simplicity
the technique may well prove useful in the domestic
equipment field for reducing the hazards that beset the
non-technical operator.

Anechoic Chamber at Northern Polytechnic

YE measurement of the performance of microphones,

loudspeakers, and of sound insulation materials

forms part of the training of every engineer, and to
those specializing in audio and acoustical subjects the
access to an anechoic chamber is of paramount import-
ance. When the London County Council agreed to extend
the laboratory facilities by building a thirteen-floor
tower block at the Northern Polytechnic, Holloway, Lon-
don, the Department of Electronics and Communication
Engineering, of which John C. Gilbert is the head, re-
quested that a large anechoic chamber should be in-
cluded in the design. For many years several of the
lecturing staff had specialized in high quality sound
reproduction apparatus but the lack of an anechoic
chamber limited the scope of the work. The design of
the building did not permit the chamber being made as
large as necessary to cover the whole of the audio spec-
wrum under “ free-field ” conditions. However, the archi-
tects consulted the Research Department of the B.B.C,,
the Building Research Board, and several other authori-
ties and decided that measurements below 85 ¢/s should
be made in a separate acoustical tunnel.

The bare chamber measures 27 by 16 by 16ft with
solid concrete walls 12in- thick, partially floating from
the main structure. The acoustic wedges are constructed
from polyurethane ether as this material offered con-
siderable advantages over glass-fibre or mineral wool.
Each wedge has a square section base of 8inX8in which
fits into a honeycomb wooden lattice and is spaced 2in
away from the wall. The length of each wedge is three
feet. Access to the chamber is through a heavy solid
wood door behind which is a movable wedge section
suspended on an overhead runway. The floor consists
of removable heavy steel wire panels.

All of the measuring apparatus is housed outside the
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anechoic chamber, the necessary leads being fed to the
equipment under measurement through a sealed tube
through one of the walls. The apparatus is manufac-
tured by Briiel and Kjaer and consists of an automatic
frequency response recorder, spectrum recorder with
one-third octave filters, polar diagram synchronized
turntable, sine-random generators, microphone ampli-
fiers and a range of one, half and quarter-inch capacitor
microphones. To supplement microphone measure-
ments a precision sound source in the form of a Piston-
phone is available.

To measure the performance of the anechoic cham-
ber the method recommended by the B.S.I. specification
2498 : 1954 was used. A Goodmans Maxim loudspeaker
was mounted in a skeleton framework with a B. & K.
condenser microphone exactly one metre from the face
of the loudspeaker diaphragm. Response curves were
recorded in various positions in the chamber and above
100 ¢/s the plotted curves were within +1.5dB, At low
frequencies errors can occur when the wavelength of
sound is approximately equal to or greater than the dist-
ance between the parallel surfaces of the wedges.

The acoustic tunnel is 26 feet long with a cross-section
of 2ftX 2ft and at one end is a polyurethane ether wedge
7ft 6in long. The walls of the tunnel are highly damped
and are 6in thick, finished externally as a wooden labora-
tory bench. A microphone can be mounted on a travel-
ling platform, remotely positioned, and the loudspeaker
under test is mounted on a one inch thick baffle board.

Whereas in the past the plotting of response curves of
electro-acoustic transducers has been a long, laborious
procedure, curves can now be run in a few minutes with
repeatable accuracy, and the Department has been pleased
to make these facilities available to Government and
industrial organizations.
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Acoustics of
the Queen
Elizaheth Hall

HE recently opened Queen
Elizabeth Hall (situated next to
the Royal Festival Hall), Lon-

don, is by no means a new con-
cept. A need has existed for some
time now for a medium-size concert
hall and in fact the hall was plauned
at the same time as the R.F.H. was
conceived in 1948, but for various
reasons work on it had been delayed.

The acoustical design of the con-
cert hall, which is medium-sized with
about 1,100 seats, and of its smaller
neighbour (Purcell Room) with about
370 seats, was thus settled some con-
siderable time ago. The acoustical
consultants for the hall were P. H.
Parkin, of the Building Research
Station, and Hugh Creighton. (Mr.
Parkin is well known for his work in
connection with the Royal Festival
Hall acoustics and assisted resonance.)

One of the main problems in the
design of concert halls is the exclusion
of external noise carried by both air
and structure. The present hall is
on a site with a relatively high
ambient ncise level—due to the
proximity of road, rail, river and air
traffic (a helicopter route is close by)
and the air conditioning plant.

The required noise level reduction
(to conform to criterion A*) was met
in the case of the Q.E.H. by 15in of
surrounding concrete, care in the air-
conditioner installations and by
acoustically treating the -airways or
ducts for lengths of 70-80ft. Noise
absorbed into the air stream was
reduced with honeycomb absorbers
installed in the main supply. (In-
cidentally, air is extracted from under
the seats and discharged at roof Jevel
by air outlets, which also serve to
break up ceiling reflections.)

The elimination of noise from the

* *¢ Acousics, Noise and Buildingi“‘ P. H.
Parkin and H. R. Humphreys, p. 296 (Faber).
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smaller Purcell Room was a special
problem since the air-conditioning
plant was immediately above the
auditorium ceiling. To give the re-
quired sound attenuation the sup-
porting structure for the plant room
straddles and is separate from the
Purcell Room and a sealed air gap of
3in is allowed between the two
rooms.

As is well known the reverberation
time (r.t.) of a hall depends on its
volume and on the absorption by the
surfaces and audience. The audience
size for the Q.E.H. was, relatively, a
fixed quantity and the reverberation
time was required to be 2sec at
500c¢/s. These two factors meant a
large volume and in fact although the
hall seating capacity is only one-third
that of the R.F.H., its volume (about
350,000 ft*) is approximately a half.
Absorption at the high fre-
quencies is minimized by lack of soft
furnishings. In order to control the
low frequency r.t. large wood panels
with air spaces behind are an obvious
choice but in the Q.E.H. (and the
Purcell Room) use is made of
Helmholtz resonators as absorbers.
The resonators can be seen in Fig. 2

and consist of an enclosed box of
2 in-thick block-board coupled to the

auditorium by a vertical slot. There
are four slot sizes corresponding to
fundamental absorbing frequencies of
50, 70, 90, and 140c/s, these being
chosen after studies made at the
N.P.L.. The undamped Q of the
resonators was around 30-40 giving
too sharp a response and necessitating
damping. Q was reduced to 10 by
placing polyurethane at the rear of
the cavity throat. The number of
resonators required has been deliber-
ately over-estimated by 25%, making
the low-frequency absorption greater,
but this can be decreased in order to
increase the reverberation time,
should this be found necessary. In
the case of the Purcell Room, half of
the 70 and 90 c¢/s resonators on two
sides have been found to require
scaling because of an unexpected dip
in r.t. The great advantage of using
Helmholtz resonators as absorbers is
the ease with which modifications can
be made—the larger slots can be
readily partly or wholly blocked if
less absorption is required. (Less
conveniently, perhaps, the slot sizes
could also be increased.) Thus the
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Fig. 1. Reverberation time of Q.E.H. measured by the Building Research Station at |/3

octave intervals using recorded pistol shots.

Design reverberation time was 2sec. If

necessary, the Lf. reverberation time can be increased by blocking up o number of

Helmbholtz resonators.

163




Fig. 2. Wall of Q.E.H. showing the four slot
sizes of Helmholtz resonators. Absorption
can be varied by partly or whooly blocking a
number of cavities. Polyurethane damping
material at back of slots reduces Q to /0.

curve of Fig. 1 can to some extent be
tailored at the lower end of the spec-
trum.

Apart from giving some absorption
at low frequencies the surfaces *(the
ceiling also gives some l.f. absorption
by virtue of the fibrous plaster panels
between the concrete beams) should
also give some degree of diffusion
toward the rear and this is achieved
by the cast-aluminium air-condition-
ing outlets on the ceiling and also by
the stepped surface (Fig. 2) along both
sides. In the Purcell Room some dif-
fusion is given by large corrugations
on the rear wall.

Consideration of the task of ensur-

ing good sound at the rear of the hall
. led to the use of a three-tier reflector

above the stage area. The reflectors
may be moved (electrically) into an
inoperative position. An advantage
of this arrangement is that the
reflected sound can be optimized by
altering the reflector angle for per-
forming groups of differing size and
arrangement. Additionally, the re-
flectors can also be moved vertically,
within certain limits. The stage,
incidentally, comprises 13 sections
each of which can be adjusted up to
a height of 6ft above floor level.
(Two of these can be lowered to pro-
vide an orchestra pit and one can be

lowered below the stage to carry
heavy instruments on and off the
stage.) The surfaces around the stage
are concrete and this allows some
acoustical re-inforcement for the
players.

Seating is, of course, raked in order
that direct sound can reach the hall
rear without passing directly over the
audience. This is arranged because
of the phenomenon in which sound
travelling directly over a horizontally
seated audience suffers a frequency
selective  absorption, particularly
around 200c¢/s or so.

The results of a test concert held
in January showed that no obvious
faults existed, such as echoes. The
reverberation time was measured
(Fig. 1) and the effect of varying the
reflectors positions investigated. With
the reflector up, results were said to
be good by 80% of those questioned
—-however, one test concert is felt to
provide insufficient evidence. Experi-
ence gained at future concerts will
reveal whether some blocking of the
Helmholtz absorbers is necessary—it
has been stated that Lf. reverberation
time should be about 1.2 times the
mid-frequency value.
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(Inst. P. & Phys. Soc., 47 Belgrave Sq., London, S.W.1)

Royal Radar Establishment
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(Inst. P. & Phys. Soc., 47 Belgrave Sq., London, S.W.1)

ABROAD

Apr. 2-5
N.A.B. Conference & Exhibition
(National Assoc. of Broadcasters, 171 N. St. N.W., Washing-
ton, D.C) :

Chicago

Apr. 5-7 Washington
International Magnetics Conference
(L.LE.E.E., 345 E. 47th St, New York, N.Y. 10017)

Apr. 5-10 Paris
Electronic Components & Audio Euipment Shows
(F.N.L.LE., 16 rue de Presles, Paris 15¢)

Apr. 10-15 Paris
Electronics and Space Conference
(F.N.L.LE., 16 rue de Presles, Paris 15¢)

Apr. 14-21 Paris

Mesucora—Measurement & Automation Exhibition
(Mesucora, 40 rue du Colisée, Paris 8)

Apr. 17-19
Semiconductors, Metals & Magnetics
(Deutsche Physikalische Gesell.,, Abbestrasse 2-12, 1 Berlin)

Apr. 19-22 Bad Nauheim
Semiconductor Device Research Conference
Dr.-Ing H. H. Burghoff, Stresemann Allee 21, 6 Frankfurt)

Bad Nauheim

WIRELESS WORLD, APRIL 1967




Colour Receiver Techniques —4

Using a Three-Coloured Pencil of Light

SOME OF THE PROBLEMS OF DEFLECTION AND CONVERGENCE OF THE
ELECTRON BEAMS IN THE PICTURE TUBE OF A COLOUR RECEIVER

HE modern 25kV, 90°, rectangular, flat, large-screen,
shadow-mask, three-gun, colour picture tube has all
the beam deflection problems of its single-gun black-

and-white counterpart, only in a more magnified form.
Besides this, the colour version calls for special “con-
vergence ”. circuits to keep the three electron beams in
step over the screen face.

Looked at from the circuit end, colour deflection and
convergence problems fall naturally into five main areas,
each of which can conveniently be dealt with on its own :
(1) line (horizontal) deflection; (2) field (vertical) deflec-
tion; (3) pincushion (raster) correction; (4) line con-
vergence; and (5) field convergence.

How these five circuit sections broadly control the
picture tube is illuscrated in Fig. 1.

The line deflection section first drives the line coils
in the deflection yoke, A. Besides this it also controls
the line convergence section, which provides correcting
currents to line coils in both the radial convergence
assembly, B, and the blue-lateral assembly, D.

The field deflection section’s main purpose is to drive
the field coils in the deflection yoke. It also drives the
radial convergence assembly, B.

(In passing it should be noted that the convergence
signals to assemblies B and D are supplemented by six
variable-position magnets; two in the “purity ” magnet
assembly, C; three in radial convergence, B; and one in
lateral convergence, D. These magnets are designed to
ensure that the three electron beams pass through the
correct holes in the shadow mask at the centre of the
screen and can be regarded in a way as d.c. preset bias
to the dynamic convergence—to be described later.)

The remaining section outlined in Fig. 1 is for pin-
cushion correction of the raster, and is shown connectad
between the output of the line deflection and field
deflection sections.

Fig. 2 shows the appearance of typical colour-tube
commercial deflection, radial convergence, and lateral
convergence coil assemblies, denoted A, B and D respec-
tively in Fig. 1.

Each of the five deflection and convergence circuit
sections above is dealt with separately below. Discussion
will be restricted to 625-line operation, so as to be able
to omit the complex switching in of different component
values for 405-line operation.

GENERAL CONSIDERATIONS OF DEFLECTION

Deflection circuit sweep currents in the deflection yoke
act on the three clectron beams as a whole after they

*Newmarket Transistors Ltd.
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leave the guns. (Convergence circuits on the other hand
are pre-deflection; i.e. they work on each of the three
beams separately within its own gun.) The deflection
sections are designed to provide synchronized horizontal
and vertical sweeps of satisfactory amplitude, linearity
and centring without raster (pincushion) distortion.

For a discussion of the general problems of complete
timebase sweep circuits leading up to deflection the
reader is referred to the author's “ Transistor Television
Receivers ”, 1liffe Books, 1963. In the separate dis-
cussions of line deflection, field deflection and pincushion
correction below, attention is directed mainly to the
output stages of the timebases, because this is where
colour brings in special problems.

LINE DEFLECTION

In a colour receiver the line deflection section is
basically the same as in a black-and-white set, as illus-

LINE FIELD
DEFLECTION DEFLECTION
SECTION SECTION

LINE
CONVERGENCE
SECTION

J

PINCUSHION
t—— CORRECTON
SECTION

FIELD
CONVERGENCE
SECTION

MAGNETS

DEFLECTION COIL
ASSEMBLY YOKE

BLUE LATERAL COIL
& MAGNET ASSEMBLY

RADIAL CONVERGENCE COIL
& MAGNET ASSEMBLY
Fig. 1. Block diagram of deflection and convergence arrangements in
colour television receiver,
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trated in simplified form in Fig. 3(a). The valve V1
receives drive pulses at its grid from the line oscillator
and drives the line output transformer. Conventionally,
a voltage-dependent resistor VDR in the anode-grid
feedback stabilizes the valve gain, and an efficiency diode
V2 provides a boost h.t. voltage. The output transformer
primarily provides sweep current to the line deflection
coils, L, and L,. However, it also has windings to pro-
vide sources for 25kV e.h.t., 5kV tube focus, eh.t.
rectifier heater, focus rectifier heater, flywheel sync, and
chrominance burst blanking, none of which are really
relevant to operation as a deflection circuit.

In Fig. 3(a) the linearity and width control by variable
inductors L, and L, in series with the line coils follows
black-and-white practice, but a new feature is the arrange-
ment of splitting the transformer drive winding, g-h, to
return one side direct to earth and the other through low

(¢)

Fig. 2. Examples of modern colour tube deflection and convergence
drive oils: (a) deflection yoke (Mullard AT/1022); (b) radial con-
vergence assembly (AT/1023); and (c) lateral (blue) convergence
assembly (AT/4040/04).

.

166

impedance radial and lateral convergence networks to
earth. Also new is the provision of a d.c. shift current
in the line coils from the cathode of V1 via an isolating
choke, L,. The line coils themselves have typically an
inductance of 3mH and a resistance of 3(} and require
a peak-to-peak scan current of 2.75A.

Fig. 3(b) shows the full circuit of a Mullard-designed
line deflection stage, of which Fig. 3(a) was the skeleton
diagram. The output transformer, T), is largely an auto-
transformer. A number of refinements appear in the
fuller diagram. The a.c. drive to the efficiency diode
comes via a 2 p#F capacitor from transformer tap 8, the
choke L, providing a d.c. return path. The preset
variable inductance L, provides for setting of the third-
harmonic tuning for most efficient drive conditions of the
PL505 output valve. The inductance L.-L; is used
to preset the symmetry of the line coil pair, mainly to
simplify line convergence adjustments as described later.
The preset RV, is used to adjust the anode-grid feedback
stabilization network, and RV, sets the direct current
through the line coils for picture horizontal shift setting.
Connections are taken from across the line deflection
coils at points (A) and (B) to the pincushion correction
network to be described later.

The PL505 line output pentode in Fig 3(b) is an im-
pressive “bottle” capable of dissipating 32W (25W
anode, 7 W screen), of giving peak currents up to 1.4 A,
and of withstanding anode flyback voltages of ‘7 kV. Some
designs use two more normal pentodes in parallel instead.
The operational conditions are so severe that it has not
been possible so far to produce a semiconductor device
to replace the line output thermionic valve.

FIELD DEFLECTION

Field deflection circuits in a colour television receiver
bear superficially a marked resemblance to standard
black-and-white practice, but significant differences do
exist. Fig. 4 shows a recent circuit by Mullard for a 25 in,
90°, rectangular tube which can be used to illustrate
some of the design features. In the figure, the drive
valve AECCS82) is included because the picture height
adjustment, RV, is in its anode circuit. The two valves
form a multivibrator with the line output valve PL508
anode feeding back through 0.1 1 F and 56 k() to the grid
of the 1ECC82. The field hold frequency is preset by
RV, in the grid circuit of the YECC82, and synchronized
by drive from the sync separator to the control grid of the
P1.508.

The PL.508 pentode drives the 25 mH, 14 (2 field deflec-
tion coils (combined with the line deflection coils in a
single deflection yoke) through the field output trans-
former, T,. The deflection coils require about 0.9 A
peak-to-peak current and are connected in parallel. They
are combined with a thermistor, VA1033, which counter-
acts the increase of coil resistance with temperature, and
stabilizes the vertical sweep ampl.tude or picture height.

Vertical linearity is controlled by two preset pots, RV,
(top) and RV, (overall) in a feedback loop from anode to
grid of the P1508 and from the anode to earth.

The field deflection coils in Fig. 4 have two special
features. A preset 5() potentiometer across the ends of
the coils is used to adjust the symmetry of the assembly
as an aid to easy field convergence adjustment. Also,
adjustable d.c. shift current though the field coils for
vertical positioning of the picture is obtained from the
decoupled RV, in the h.t. anode lead of the PL508.

Field convergence correction currents are fed off both
from the PL508 cathode (via a 400 uF capacitor and point
(X) to a separate low-impedance circuit discussed later)
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fields of these magnets ~

slightly  deflect  the
beams outwards at the Fig. 3. Line deflection in colour receiver: (a) skeleton circuit showing all functions of line timebase
side centres and in- output stage; (b) line deflection pbartion of practical (Mullardy circuit.
wards radially at the
corners to produc: an
undis}orted raster. 3rd HARMONIC LINEARITY wor SYMMETR)
Neither d.c. magnets T 068 ==
nor deflection coil 265-285V]
modifications can be
used for pincushion
distortion correction
with threc-beam
shadow-mask tubes,
however, as the different
beams would be atfected (b)
ditferently and  this
would lead to scvere
impurity in the three
colour  ficlds. With
colour tubes, the ap-
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and vice versa. Many
circuits  using  valves
have been cmployed in
the past to produce the
required pincushion
correction signals, but
recent practice seems to
be tending towards the
use of saturable rcactor
coupling between the
time bases. Fig. 5 illus- 0% 3 0004
trates one elegant cx- “1 T
ample of this, derived

from a Mullard design. T s
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