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Wireless World, November 1972

An 1.C. Peak Programme Meter

by L. Nelson-Jones; F.IE.R.E.

A design usmg standard i.c. operational ampllﬁers to achieve-a transformerless design to the
specification of the British Broadcasting Corporation, who pioneered this type of level indicator.

Mono or stereo applications are catered for in the design, with separate or common meter
indication. The circuit is stable against temperature and supp!y voltage variations, and is designed
for use with a nominal 24V supply (16-30V). The main design aims were to obtain accuracy,
stability, ease of iaw adjustment, and repeatability from one unit to another.

The peak programme meter dates back
some 36 years when it was developed to
provide a better means of measuring line
levels in sound broadcasting than that pro-
vided by normal rectifier instruments such
as the VU meter. In particular the instru-
ment was given a slow decay and fast attack
time to ease reading and lessen eye strain.
Early designs were characterized by a very
rapid response to transient peaks, but this
was later modified since it was found that
in practice the ear cannot easily. detect the
distortion produced by the clipping of very
short duration peaks. The final attack time
figure decided upon, and which is still
standard, was 2.4 milliseconds. Such a
response corresponds to a meter reading
reaching 80%; of peak using a square wave
transient lasting 4 milliseconds. The decay
time constant used is 1 second, which is a
compromise between ease of reading and a
response quick enough to record following
peaks.

The graduations on the indicating meter
were kept small in nuriber and a black scale
with white markings used to make for ease
of reading. The basic scale division was
chosen as 4dB, this being two steps of the
standard B.B.C. fader controls. On a stan-
dard meter there are basically 7 divisions,
with division 4 corresponding to 0dBm on
a 600Q line (0.775V r.m.s. sine wave, 1.095V
peak). _

The response of the peak programme
meter (PPM) is approximately logarithmic
and the divisions on the meter are approxi-
mately evenly spaced. The extreme divisions
(1 to 2, and 6 to 7) represent a greater change
than 4dB, namely 6dB. (Earlier meters
differed in having all divisions except 1 to 2
equal to 4dB.) The present standard calibra-
tion together with the corresponding current
in the meter are shown in Table 1.

The meter figures given are for B.B.C.
Meter Specification ED1477, the one chosen
for the design to be described.

In order to make good use of a fast charge
time, the dynamic qualities of the moving-
coil meter movement itself must be tightly
controlled and considerably faster than that

of normal movements. The meter must also
be correctly damped to avoid large over-
shoots—two rather conflicting require-
ments. Whilst PPM circuits will work with
standard meter movements the accuracy
will be somewhat impaired unless the
correct movement is used. In particular a
circuit using a normal meter movement
will, when set up on a standard tone level,
tend to seriously underestimate short peaks
on actual programme material.

Peak detection

In most previous PPMs a normal full-wave
rectifier has. been used, (Fig. 1), with a
centre tapped signal transformer; the charge
and. discharge time constants being con-
trolled by the two resistors r and R.

With the advent of integrated circuit
operational amplifiers, however, one can
now make an accurate peak rectifier without
the need to use large voltage swings in order
to overcome the forward drop of the recti-
fier, and the consequent non-linearity at low

“levels.

The basic circuit of such a peak detector
is shown in Fig. 2. On a rising positive
input, the output of the op-amp rises
positively until the signal fed back to the
inverting input of the op-amp via the diode
D _cquals the level at the non-inverting
input of the op-amp. When the input level
falls, the diode D ceases to conduct as it
becomes reverse biased, and the previous
peak is stored on the capacitor C until such
time as the input rises above the voltage to
which the capacitor is charged when the
voltage on the capacitor again follows the
inpiit,

In practice the author has modified the
basic circuit of Fig. 2 to that of Fig. 3.
Apart from the two resistors r and R, to
control the charge and discharge time con-
stants, a transistor has been added to ensure
adequate charging current availability. The
practlcal values of the componeyts are

= 33uF,r = 75Q, R = 30kQ. With such
a large capacitance the peak charging
current through the diode reaches approxi-
mately 100mA, which is well above the

Tabie 1.
. Input Meter
PPM Level voltage current
reading dBm (peak) (mA).
[o] — 0 0
1 -14 0.220 0.10
2 -8 0.436 0.22
3 -4 0.690 0.35
4 0 1.095 0.61
5 +4 - 1.74 0.67
6 +8 2.75 0.80
7 +14 5.50 0.93
f.s.d. —undefined 1.00

Fig. 1. Conventional PPM using centre-
tapped transformer and full-wave rectifier.
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. Fig. 2. Peak detecting circuit.

Fig. 3. Peak deiecting éircuit with time

constants added.
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capability of a normal i.c. op-amp, hence
the additional transistor. (In practice r will
be less than 75Q due to the necessity of
allowing for the forward impedance of the
diode, and other components in the ‘charg-
ing’ path.) - :

The peak detector described operates only
on positive peaks, whereas in a practical
PPM it is necessary to measure positive and
negative peaks equally, and to this end it is
necessary to either (a) have a similar peak
detector of reversed polarity to detect the
negative peaks or (b) to have a second
similar peak detector and precede it with a
unity gain phase inverter.

It was decided to take the second course
since it allowed the two positive peak detec-
tors to be combined, sharing a common
capacitor, charge and discharge resistors.
In this way the highest peak from either
detector will automatically be selected.

The unity gain inverter can of course be a
centre tapped transformer as in previous
PPMs, or else another op-amp connected

as a unity gain inverter, as shown in Fig. 4. -
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Fig. 4. Unity gain inverting circuit.

Provided that the lfoading on the. two
outputs is small, both the a.c. and d.c.
levels will be equal except for the phasing,
Since the input to the two peak detectors is
the non-inverting input of two op-amps the
loading is in fact quite low. The difference
of d.c. level due to the unequal base supply
resistances of the two peak detectors is
approximately equal to the typical offsets
of the i.cs, and is therefore fairly negligible
when compared to the signal levels, i.e. they
are less than 109/ of the lowest division (1 on
the PPM == 0.22V pk). In addition there is
a zero set control on the output amplifier
which can largely remove the effect from the
meter deflection. '

Gain adjustment is achieved by the single
control Ry for both peak detectors. What-
ever the value of Ry, V,, and V,, (Fig. 4)
will remain equal and opposite to one
another so far as signal excursions are
concerned, although at the same d.c. level.

Law corrected output amplifier
The voltage across the peak storage capaci-
tor is applied to a law corrected summing
amplifier, whose input resistance (and hence
the discharge time constant) will be set by
an input resistor R, to the summing point.
The basic principle of this amplifier is
illustrated in simplified form in Fig. 3.
The initial gain for voltages close to the
bias voltage line (¥},,,) that is from 0-3 on
. the PPM scale, is linear, and is set by the
ratio R,/R, since for small output levels
the transistor Tr, is reverse biased. When
the emitter potential of 7r; falls below its
bias voltage ¥V, the additional feedback

~Vout

v,
1S Ve
-—‘V3
.

Fig. 5. Use of a transistor in the feedback
Dpath to provide law correction of transfer
characteristic.

resistor R, is brought into operation in
paraliel with R, so that the gain is reduced to

R, Ry
R.(R,+R;y)

Further feedback resistors R ;,-R 4 together
with transistors Tr,-Tr, each controlled by
bias voltages ¥,-¥, respectively, are simi-
larly connected to the amplifier to succes-
sively reduce the gain with increasing

negative output level. The law. corrected -

amplifier therefore approximates the de-
sired curve of input versus output with a
five section linear gain curve as shown in
Fig. 6. The choice of feedback resistors and
bias voltages is made to get the best match to
the actual smooth curve. In practice this was
done by graphical methods together with
calculation. The values were finally adjusted
by trial and error to get the best result,
together with the use of standard E24
values. The choice of values possible is
almost infinite depending on the choice of
break points.
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Complete practical circuit

Fig. 7 shows the complete circuit of the peak
programme meter based on the circuits
described above. It is designed to work with
a ImA meter movement to B.B.C. Specifica-
tion ED1477.

There are a few items in this circuit not
covered in the above circuit descriptions.
First, in the feedback network of the law
corrected amplifier a diode has been added
to prevent any appreciable positive excur-
sion of the amplifier’s output on switching
on or off. Secondly, a zero set potentio-
meter is added to this amplifier to take out
the combined zero errors of the four op-
amps which although small enough to
hardly affect the working accuracy is never-
theless rather annoying visually .in the
absence of an input level.

The zero set potentiometer is the usual
value for the type 741 op-amp but is con-
nected in a somewhat different manner.
Instead of being connected between the
two offsét points of the 741 and the negative
supply line, a resistor is connected to the
slider of the potentiometer and returned
instead to the 9.1V bias line: This arrange-
ment allows a much wider range of adjust-
ment than the usual connection, which al-
though adequate to cope with the offset of
one 741 op-amp is not sufficient to cope
with the combined offset of four op-amps if
these should unfortunately be additive.

The d.c. operating level of all stages is
determined by the bias supply of +9.1V
stabilized by the zener diode D, which also
supplies the bias chain for the output ampli-
fier’s feedback network. This bias chain has
an overall adjustment in order that the exact
law correction of the completed instrument
may be set up, and the tolerances of the
various elements allowed for—in particular
that of the zener diode stabilized voltage.

The 1mA meter to B.B.C. Specification
ED1477, has a resistance of 600Q +5% so
that with its series resistor of 4.7kQ (R, ),
full-scale deflection corresponds to —5.3V
with respect to the +9.1-volt bias line.
Maximum overdrive of the meter is limited
therefore to a little less than the bias line

dBm 14
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1
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Fig. 6. Low corrected transfer curve approximated by a five section linear characteristic.
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Fig. 7. Complete practical circuit of PPM.

voltage, or approximately some 8V, corres-
ponding to roughly 1509 overdrive—a
reasonable value for meter protection. The
general action of the circuit normally pre-
vents reverse deflection, but in any case the
diode in the feedback circuit prevents more
than 0.6V being applied to the meter,
corresponding to —11% deflection.

Due to the very high peak currents
occurring in the peak rectifier circuit, par-
ticularly in the collector currents of 7r, and
Tr,, some measure of isolation from other
equipment sharing the same supply line is
necessary. To this end decoupling by R,,
and C, is provided.

A resistor (R,) of 620Q is included so that
it can be linked into circuit to give a line
terminating impedance of 600Q instead of
the normal line bridging input impedance
of around 16kQ.

Setting-up and performance

The procedure for setting-up the PPM is a
simple one. First, with zero input voltage,
the zero is set (‘Set 0’ control) RV,,. Next
a level corresponding to —4dBm (reading
3 on the PPM scale) or 490mV r.m.s. sine
wave, 690mV peak, is applied and the
‘Set 3’ control (RV,,) is adjusted to bring
the meter pointer to 3 on the scale. Finally
a level of +8dBm, (réading 6 on the PPM
scale) or 1.94V r.m.s. sine wave (2.75V
peak), is applied to the input and the ‘Set 6’
control RV, is adjusted to bring the meter
pointer to 6 on the scale. The meter is then
checked at 0, 1, 2, 3, 4, 5, 6, 7, and f.s.d.
points as listed in Table 1, and any small
.adjustment made to the ‘Set’ 0, 3, and 6

controls to minimize the spread of eriors.
Having completed the sequence of adjust-
ments the meter should read within 0.5dB
at 1kHz at all scale marks, although f.s.d.
is as stated in Table | undefined (it will
usually correspond to around 5.3V r.m.s.
sine wave).

Performance versus temperature. The PPM
has very little variation with temperature.

A 30°C rise in temperature (from 17°C)
gave only about 10uA change in meter
current at any point of the scale, i.e. about
19 of f.s.d.

Performance versus frequency. As shown in
Fig. 8 there is a slight droop in the upper
frequency range, and this is due to the
limited slew rate capability of the 741 op-
amp in the peak detectors. Amplifiers
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Fig. 8. Frequency response of prototype PPM.

Fig. 9. Configuration of circuit using
alternative 748C op-amps.
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Fig. 10. Outline of printed circuit panel for mono or stereo.
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having a higher slew rate have been tested

"and do remove this limitation in the audio

range. The 748 op-amp has a higher speed
performance than the 741 but uses external
compensation; this allows the response to
be tailored to suit any particular need.
Fig. 9 shows how two 748 op-amps may be
used for IC, and ICj;, together with appro-
priate extra components to obtain a flat
frequency response over the whole audio
band. There is still a slight fall off at 20kHz
but this is greatly reduced as compared to
the 741 op-amp. ' :

In practice does this h.f. droop matter?
The author would argue that for the
monitoring of practical speech and music
levels it does not matter to any noticeable
extent. This is because of two factors.
First, there is the attack response time of
2.5ms used in the circuit, meaning that a
level must last for several milliseconds to
register near to its true peak level, and
secondly, in general, frequencies above

about SkHz do not exist at as high a level as -

the lower frequencies, and these lower
frequencies therefore largely determine the
peak amplitude at any time.

Performance versus supply voltage. Over
the range of 16 to 30V there is little visible
change of reading at any level of input. The
circuit is designed for operation from a
nominal 24-volt supply. Supply current is
somewhat dependent on input level, and is
typically 14mA at zero input, rises fairly
rapidly as ‘input is applied, and reaches
20mA at full scale. There will be some
variation from unit to unit but at 24V the
current should remain in the limits 13-
22mA. The current demand is also depen-
dent on supply voltage being lowest at 16V
and highest at 30V. An absolute maximum
supply voltage of 36V should -never. be
exceeded.

Connections for stereo use with a
single common meter

For economiic or space reasons, it may be
desired to use two PPM circuits with a
common meter, and the printed circuits
were designed with -this in mind as an
option. The method of interconnection is
shown in Fig. 10 where two input circuits
up to point B are used, with only one
output circuit from point A onwards. The
bias supply is made common to both boards
by linking points C together.

“To set up the meters in this method of ‘

connection the zero is first set at nil input
level (to both inputs), ‘Set 0’ control (RV).

Next, inputs of —4dBm are connected to
each input in turn and the appropriate
‘Set 3’ control (RV,,) for that channel is
set to give a reading of 3 on the PPM. Finally
the ‘Set 6’ control is set to give a reading of
6 from either input at a level of +8dBm.

For the setting of the ‘Set 3’ and ‘Set 6
conirols both inputs may be connected in
parallel and the switches shown in Fig. 10
operated to select the channel to be set up.

The dotted lines in Fig. 7 show the section
of circuit omitted on one board and corres-
pond to the dotted lines in Fig. 10.
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Constructional appendix

The circuit is built on a printed circuit
board 34 x 34 inches in size with mounting
centres of 3.1 x 2.1 inches (6BA). The board,
which is suitable for either the circuit with

741s in all stages or the higher speed circuit

with 748s in the peak rectification stages, is
shown in prototype form in the photograph.
Layout of production boards will differ
slightly but all component positions are
silk screened onto the component side of
the board.

It is essential that the charge storage
capacitor C, be a low leakage type, hence
the specification of a solid dielectric tan-
talum type. An alternative is the solid di-
electric aluminium capacitor such as Mul-
lard type 121 15339 (33uF 16V) or 121 16339
(33uF 25V). However, it should be remem-
bered that these are of 209, selection toler-
ance, and it may be necessary to select one to
the necessary tolerance of 10%,. In general
normal aluminium electrolytics are not
suitable, due to their high leakage (especially
at elevated temperature) and very wide
tolerance, even of the higher quality type
(e.g. Mullard C428 is —10 +50%).

No special techniques are used in the con-
struction and the only precautions needed
are to ensure correct insertion of the 8-pin
dual-in-line op-amp packages, and to avoid
shorts on the board due to careless soldering
(a miniature soldering iron is, these days,
essential for printed circuit work). Mounting
pads are used under the 6 transistors but
are not absolutely essential. Connections
are by 14-0076 p.v.c. covered leads as
shown in the photograph.

All component parts in kit form together
with Ernest Turner PPM meters type 642
are available from Key Electronics, P.O.
Box No. 7, Bournemouth, BH7 7BS, Hants.

Components list

Resistors

R, 620 R;; 56k
R, 2.2k R,, 15k
R;, R, 10k R,s 4.7k
R 68 Ry 1.2k
Ry 30k Ris 620
R,y 160k R, 560
Ry, 220k R,o 270
Ry, 120k R, *

21

All the above are 2%/ metal oxide or metal film
(e.g. Welwyn MRS or Electrosil TRS).

*Resistor R;; will normally be a wire link.
(For use only where a higher reference line
voltage than 9.1V is to be used.)
Rq, R, 22k Ry 22k
R 220k R,, 47
All the above are §W 5% carbon film (e.g.
Iskra UPMO033 or Mullard CR25).

Capacitors

C, 1uF, 100V poly (15mm mounting
centres)

C, 33uF, +10%, 20V solid dielectric
tantalum

Cs 220uF, 35V, aluminium electro-
lytic.

Cy, Cs 10pF, ceramic tube, disc or poly.

Transistors

Try, Tr, BFY52 or 2N2219.

Tryto Trg BCI105.

D,, D, 0A200, 18920.
D, 1844, IN914, IN916.
Dy BZY88-C9V1

9.1V, £5%, 400mW).
IC, 741C (8 pin d.i.1.).
IC,,ICy 741C (8 pind.il)or

748C for high-speed version.
IC, 741C (8 pin d.i.l.).
N.B. The TO-99 versions (multi-lead TO-5),
of the 741 and 748 may also be used since
they have the same lead layout and are easily
arranged in d.il. lead configuration. Jermyn
Industries Ltd., type MON-8L mounting pad
may be used to achieve this end.
Preset potentiometers
RV,3, RV, 10k £20%; RV,s 5k +£20%
Open cermet potentiometers (R.S. Components
or A.B. Electronic Components).
Semi-sealed type Morganite 81E may also be
fitted (also from R.S. Components).

Announcements

Information Retrieval is the title of a course of six
lectures to be held at Twickenham College of
Technology on Monday evenings at 19.00
commencing 6th November. Details from The
Principal, Twickenham College of Technology,
Egerton Road, Twickenham, Middlesex TW2 7SJ.
Fee £3.75.

Pickup arm and turntable parts. Longdendale
Technological Products, suppliers of parts for the
pickup arm and turntable designs published in the
October and November 1971 issues, have moved to
Wood End Industrial Estate, Manchester Road.
Mossley, Manchester.

Arrow Electronics Ltd, 7 Coptfold Road,
Brentwood, Essex, has been formed to provide a
retail mail order distribution service for a range of
components from opto-electronics to W carbon
resistors; temperature controlled soldering irons to
aluminium boxes; test instruments to the latest
double-wound toroid chokes.

Television Systems and Research Ltd, 63 Woodside
Road, Amersham, Bucks, formed to acquire the
business and assets of the Top Rank Television
Division of Rank Audio Visual Ltd. have been
appointed by TeleMation Ltd to be exclusive
distributors in the U.K. and Ireland of the
TeleMation range of closed circuit TV equipment.

Marconi Space and Defence Systems Ltd is to supply
a cockpit procedures trainer to Flight Safety Inc., the
professional pilot training organization in America,
acting on behalf of Aeroformation. The trainer, to be
completed by late 1973, will be installed in a new
multi-million dollar Aeroformation Training Centre
in Toulouse, Blagnac, France.

Marconi Communications Systems Ltd and
Amalgamated Wireless (Australasia) Ltd are jointly
to supply equipment for the Australian Broadcasting
Commission’s new colour television service.
Scheduled to be operational by March 1975,
Marconi are supplying four of their Mark VIII
automatic colour csmeras and ancillary equipment
with an outside broadcast vehicle.

Consolidated Fisheries Lid., Grimsby, are to fit their
entire fleet of 15 distant-water trawlers with the new,
world wide, Redifon Omega Navigator.



