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Introduction

The quarterly periodical Electronic
Measuring and Microwave Notes, provides
information about the application and
design of Philips electronic measuring and
microwave instruments and also surveys
the new instruments which are regularly
added to the Philips programme.

The information is intended to assist users
in getting the maximum benefit out of
instruments which they already possess
and to help them in choosing new
instruments which will best meet their
particular measuring or microwave
problems.
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A new wide band DC up to
15 MHz double-beam oscilloscope
with delay line

Rapid increase in the application of digital
techniques has created a demand for eco-
nomical and simply operated double-beam
oscilloscopes permitting accurate measure-
ment and comparison of the shape, ampli-
tude, rise time, repetition frequency, etc.
of pulses. This new double-beam oscillo-
scope will assist in meeting this demand.
Block diagram is shown in fig. 1. The main
features of the PM 3231 oscilloscope are:
1. Two identical vertical channels
2. Fully transistorized
3. Bandwidth: DC up to 15 MHz at a maxi-
mum sensitivity of 10 mV/div
DC up to 5 MHz at a maximum sensi-
tivity of 1 mV/div
4. Field-effect transistor (FET) input both
for the two vertical amplifiers and the
external trigger input
5. Drift-compensation in the vertical am-
plitiers
6. Trigger mode:
Triggering with continuous variable
level
Automatic triggering (in absence of a
trigger signal the time base starts
“free running” and a bright trace is dis-
played)
7. Delay-line, providing an effective delay
on the screen of at least 50 nanosec
8. DC-coupled external trigger input
9. Max sweep speed: 200 nanosec/div
10. Horizontal magnification up to a maxi-
mum of 5x, the highest sweep speed
thus becoming 40 nanosec/div
11. Fully stabilised power supply

FET input with overload safeguard
Use is made in the input circuit of the
vertical amplifiers of N-channel field-effect
transistors circuited as source-followers,
see fig. 2. To safeguard these against over
loads, the gate is earthed with two series-
connected diodes. The diodes become
conductive at a negative voltage of —1.4 V.
R acts as “gate current” limiter in the
event of positive overloads. To eliminate
the harmful capacitance Cq of the diodes,
the signal voltage from the FET source is
fedback via Ci to the anode side of diode
D1, no signal current then passing through
"522";‘"1:[*_'55'_1 _______________________________________________ = diode Da.

1. Block diagram of the PM 3231 double-beam oscilloscope
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2. The FET input safeguard

In virtue of these safeguards, voltage of
up to 500 Vpp can be fed to the input
without resultant risk to the oscilloscope.

Drift-compensation (“zero-line locking”)
A new system of drift-compensation allows
the “zero line” of the oscilloscope to be
locked. Since the output level of the pre-
amplifier can be further drift-free amplified
without special measures thereby being
required, the zero-line locking acts only on
the preamplifier (see fig. 3).
If, after the normal high-ohmic attenuation
of the Ya signal, the amplifier receives E;
volts, the output voltage E, amounts to
—A E; in the normal state. If drift now
gives rise to Ae in the preamplifier, the
voltage at point X becomes Ex = /2 (Ei+
E,/A). The attenuator RiR: attenuates the
signal A times, equal to the amplification
of the preamplifier. The drift is corrected
by returning the voltage at point X, ampli-
fied and in counter-phase, to the preampli-
fier. The voltage at point Il is the Ejj =
— /2 B (Ei+Eo/A). At point | Ef = Ei+ Ae.
The difference between the voltages Er
and Ejr is amplified —A times, so that
Eo=—A [(Ei+ Ae) — {—‘/z B (Ei+E(,/A)}]
E,=—A E; — AAe — A /2B E; —A'/2B E(/A
E, + /2 A BEoJ/JA = —A E; (1+/2B)—A e
Ale Ae
Ge - T AET 1m)
It follows from this that the drift reduction
amounts to 1 + '/2B. B is approximately
60, so the drift is reduced by a factor of
approximately 30.

Eo=—-A Ei —

Triggering

A choice can be made from two methods
of triggering, namely, internally from
amplifier A or B, or externally. The ex-
ternal trigger input is DC-coupled to the
trigger amplifier. The trigger signal passes
via the selector switch (Ya, Yg or EXT) to
the gate of an N-channel field-effect
transistor connected as source-follower.
This provides a high input impedance, for
external triggering namely 1 MQ; the input
capacitance is 10 pF.

Also, by reason of this FET, the feedback
of the trigger circuit on the signal to be
triggered becomes nil. Choice can also be
made between triggering on the positive
or on the negative slope of the signal.
The level of the start-point is continuously
adjustable on the screen with the aid of
the levelling potentiometer. In the auto-
matic triggering position (“AUT”), the
start-point is at the zero level of the trigger
signal.

In the position external triggering the
signal can be levelled over 12 V,p, a fa-
cility which experience has shown to be
especially important in computer applica-
tion.

Automatic time base trigger system

A new, automatic system ensures that the
time base trace remains visible on the
screen even when no trigger signal is
present.

As soon as sufficient signal is present, the
time base is switched to the triggered
state (see fig. 4).

Contact SK is open in the “AUT” position.
If no trigger signal is present, the level of
point A is determined by the stabilising
potentiometer (“STAB”), since in this case
TS:1 receives no negative base voltage.
This level at A causes the time base to

run free. If the trigger multivibrator comes
into operation, the base of TS: becomes
negative through the action of the circuit
D1, D2, C2 and R. The level of point A thus
becomes less negative and the time base
multivibrator will switch over only by
reason of the trigger pulses fed via Ci.
The lowest frequency at which the auto-
matic time base trigger system still
functions satisfactorily is governed by the
time constant RCz. In the PM 3231, the
automatic system operates for sinusoidal
voltages of 10 Hz up to 15 MHz.

The automatic time base trigger system is
switched off when the levelling potentio-
meter is at the “level” position. Contact SK
is then closed. The level at point A is then
such that the time base multivibrator will
switch over only by reason of the trigger
pulses fed via Ci.
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5. Beam blanking

Beam blanking

The time base multivibrator controls the
opening and closing of transistor TSi. An
emitter follower TS2 ensures that the
screen is rapidly made bright despite the
capacitive load of the beam blanking
plates, see fig. 5. With this circuit, the
period between the starting of the time
base and the appearance of the bright
image is only 50 nanosec.

Time base accuracy

A bootstrap integrator ensures a very

linear time base. The time/div is adjustable
20 set steps, the tolerance being within

plus or minus 5%. Continuous adjustment

between the steps is possible.

Stabilized power supply

The power supply unit is so regulated as
to equalise mains voltage functuations of
plus or minus 15%, see fig. 6. The appa-
ratus can be set by switch for the follow-
ing mains voltages:

110 V, for voltages between 93 and 127 V,
mains frequency 50 to 400 Hz

220 V, for voltages between 187 and 253V,
mains frequency 50 to 400 Hz

The output voltage of the converter is
stabilized by comparing the secondary
voltage E: with the reference voltage Zp
in a differential amplifier. This amplifier
consisting of the transistors TSz, TSs and
TS4 drives the series transistor TS, whilst
the voltage E: is set to the correct value

yith Rz2. The ripple voltage is set to a

minimum with Ri. The converter is an
inductive multivibrator which supplies all
the voltages, including the high-voltage,
for the apparatus. In the event of one of
the voltages being short circuited, the con-
verter generator switches off, the supply
unit thus being safeguarded against short
circuiting.

The E10-130GP cathode-ray tube employed
is of the metal-backed phosphor type. This
provides a brighter display, in conse-
quence of which pulse shapes of low
repetition frequency are still perceptible
at high sweep speeds. The screen display
may also be photographed with the aid of
a camera (PM 9300) and adaptor. Accurate
mounting together of the two electron guns
ensures a registration error for both de-
flection systems of less than 0.6 degree
in the centre of the screen.

100 MHz pulse generator PM 5770

Trends in two important categories of
pulse generator can be summarised as
an overall improvement in general purpose
instruments, referring to basic character-
istics such as frequency rise/fall time,
pulse delay/width, etc; and, advancing
specific areas of performance in special
pulse generators. In the latter, exceptional
characteristics such as 100 MHz prf (pulse
repetition frequency), or sub-nano second
rise time are obtained at the expense of
limited lower frequency range, maximum

up to 100 MHz
down to < 4 ns

Repetition frequency
Rise/fall time

Delay/width down to 5 ns
Amplitude up to 10V
Polarity positive/negative

Basic features

Performance and design : most complete

external triggering
single shot operation -
synchronising output -

pulse-width/delay in the order of a few
hundred nano seconds and low duty cycle.

The specific target for the Philips PM 5770
was to achieve a practical combination,
between the two categories. This meant
extending the overall performance of a
“general purpose” generator into areas
previously obtainable only with “special
purpose” models.

The result is a unique instrument as
revealed by the following survey:

but also down to 1 Hz
,  upto 100 us
i up to 100 ms
” down to 30 mV
» normal/inverted
i synchronised gating
double pulse operation
DC-offset
" most compact weight only 7 kg



The above performance was accurately
defined by a customer who discribed it as:
“All the spec’s | have seen somewhere but
never realised in one box!”

Lay-out of the instrument

Fig. 1 shows the block diagram of the
PM 5770 together with its functional con-
trols and specification ranges. The block
diagram is straight forward and complete
in the sense that the operator is given the
opportunity to vary all the basic pulse
parameters.

Functional control arrangement
Fig. 2 shows the high standard achieved
by ergonomic arrangement of the controls.
Every item is logically placed relative to its
purpose and sequence of use.
The upper part shows the details of an
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1. Functional block diagram with abreviated
specifications of the PM 5770

individual pulse. The lower part defines
the relationship between sequential pulses
(drawn in the double pulse mode).

All the parameters shown can be varied
individually by means of the front panel
controls.

Applications

The PM 5770 can be used for all kinds of
work with digital circuits. It is well suited
for testing integrated circuits (IC) and
systems built from IC’s. The speed is
sufficient for DTL and TTL circuits (and in
many cases also E?CL and ECL).

E2CL - counter

The photo fig. 3 was taken at an exhi-
bition of integrated circuits. It shows a
demonstration system made by Mullard,
consisting of E?CL circuits connected as

Rise time

DC-offset
\

various types of counters. In the situation
shown, they were wired to form a divide-
by-eight circuit, which performed well up
to 40 MHz clock frequency. The PM 5770
was used as a clock generator and de-
livered a negative pulse with 0.7 V ampli-
tude to the input of the circuit. Both the
input and the output waveforms were
monitored on a Philips’ sampling oscillo-
scope PM 3419.

Testing TTL-gate

The photo, page 3, shows an investigation
of a TTL-gate (Philips FJH IlIl or Texas
SN 7420). The measurements were made in
accordance with a test circuit that is
prescribed by the manufacturer of the
integrated circuits. The pulse generator
was set to 3V amplitude, repetition time
1000 ns, pulse width 500 ns. Rise- and
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fall time has to be less than 15 ns. The test
circuit prescribes that the gate being
tested has to be driven by a similar IC
gate. The particular item, chosen for the
dsmonstration was a “Dual 4-input positive
NAND gate” which contains two identical
gates. It was therefore possible to use one
gate to drive the other and the only thing
which had to be assembled was the load-
circuit which simulates a fan-out of 10.
The propagation delays could be measured
by means of a sampling oscilloscope
(PM 3419) for the two transitions, namely
from 0 to 1 and from 1 to 0.

Dual channel test arrangement

Many logic applications such as tests on
AND gates and shift registers require a
dual channel test set, see fig. 4.

Both pulses on channel A and B should
be independently adjustable in delay and
pulsewidth.

Although the PM 5770 is in principle a
L compact one channel generator, it can
3. Testing of E?CL circuits with PM 5770 very easily be connected to a second
PM 5770 to achieve a dual channel test set,
the second PM 5770 is set to the position
EXT and triggered by the sync output of

4. Dual channel test pattern 6. Double pulse on two channels 7. Mixed pulses with different e f!rSt PM 5770. .
6. Guled pulses, s auts pulse baing SupplsH amplitudes or complex The instruments can also be mechanically

by one of the generators. Gating, is synchronised waveforms combined.

Mounted together, they form a complete
19” wide instrument which can be easily
rack mounted if required, see fig. 5.
Using the “gate” and “double” pulse faci-
lities, the above dual channel set is also
very useful for many other pulse sequen-
5. Two PM 5770 pulse generators coupled as dual channel test set ces e.g., see figs. 6, 7, 8 and 9.

s e The above facilities contribute a degree of
general purpose usefulness that makes the
PM 5770 welcome in any place where the
word “pulse” is employed.

9. Gated double pulses




Built-in probes for sampling oscilloscope

How tc do it yourself:

An earlier article has discussed the use
of cathode-follower probes and passive
probes, see the photo above. It was also
pointed out that it often is advantageous to
build the test-circuit in such a way that a
50 2 cable directly can be connected be-
tween the circuit and the sampling oscillo-
scope. This article will give practical direc-
tions for the design of two types of probes,
namely resistive and inductive probes.

Restitive probe

This type is used for measuring the voltage
at a certain point in a circuit, for instance
the collector of a transistor. The principal
is then, first to transform the voltage into
a current proportional to the voltage by
the use of a series resistance. The current
is fed into a 50 2 cable which is terminated
at both ends. One of the terminations
consists of the input of a sampling oscillo-
scope. Assume for instance that the col-

1. Fast pulses have to be transported by transmission-lines. 502 coaxial cable are simple and in-
expensive. Pulses are fed into the cable via a series resistance, the value of which is chosen to
give a 1:100 voltage division. In this way one can make a passive probe with 100 times attenuation.

+Vee

Re

To the sampling

) oscilloscope (50 11)
Philips PM 3419

lector resistance is 120 Q. Let us also
assume that we shall make a probe 1 : 100.
In this case the series resistance shall be
2475 Q, with 50Q terminations at beg*-
ends of the cable, making an effectihs
load of 25Q. The probe is loading the
circuit by less than 5°%. The circuit will
then look as in fig. 1.

A problem associated with the 2475 Q re-
sistor is that the shunt capacitance which
is approx 0.3 pF would give rise to a seri-
ous peak in the 50 2 load. One way to de-
crease this is to use two resistors in series.
Use 1 k2+1.5 kQ resistor and select one or
both values so that the 1:100 division is
reasonable correct. In order to further de-
crease the capacitive feed through it is
good to connect a grounded screen with a
hole for the first resistor.

The cable should be terminated at both
ends. The 50 © termination at the beginning
of the cable is best made by using two
100 @ resistors in parallel. The mechanical
lay-out can be made as in the photo fig. 2.
Resistors are Philips /s W. This type of

probe is good enough for 1 ns rise tlm»v

Inductive probe

The second possibility to measure the
behaviour of the same circuit is by
measuring the collector current. As we are
only interested in the transient behaviour
it is feasible to measure the pulse current
by means of a transformer. A good method

2. The photo shows a practical circuit of the
type which is described in fig. 1. The transis-
tor operates in the avalanche mode. The
collector voltage is shown in fig. 5
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3. Current transformers can be applied for nanosecond phenomena. The figure shows the schematic
diagram for an inductive probe and how it can be connected in the same electronic circuit, as in

fig. 1

4. The photo is a close-up of the winding of a
toroidal transformer

of making such a transformer is to use a
ferroxcube toroid (Philips 2 P 65331). The
collector current is fed through the hole
of the toroid forming a one turn primary
winding. The secondary winding can be
made in the following way. Use a standard
teflon 50 2 coaxial cable (as RG 188). Strip
off the screening and the outer cover but
leave approx 5 cm of the inner conductor.
This wire is wound 5 turns around the
toroid and soldered to the cable screen.
Fig. 3 shows how the transformer is added

5. The oscillogram shows the waveform at the
collector of the avalanche transistor. The
upper trace originates from a resistive probe
while the lower trace comes from an induc-
tive probe. The oscilloscope is set to 1 ns/cm.

to the same circuit, as was used for the
resistive probe.

In this way the transformer adds only 12
in series with the collector resistor. The
current conversion ratio of the probe be-
comes 1:10 by the addition of the 50 @ —
termination of the cable in the sending
end. Again, the termination is best done
with two 100 Q resistors in parallel (Philips
/s W).

Fig. 4 is a photo showing how the winding
of the toroid is done in practice.

The last photo, fig. 5, gives a comparison
between the waveforms measured with
resistive and inductive method. The extra
peak from the inductive probe is due to
capacitive coupling.



The PM 3200

a new concept in oscilloscopy

A full performance oscilloscope which is truly
portable

The PM 3200 a new wide application light-
weight instrument that offers simplicity of
operation, high sensitivity and rugged con-
struction at low cost.

The main characteristics of this instrument
are:

Sensitivity: 2 mV/div

Bandwidth: DC up to 10 MHz

Automatic DC balancing and drift control
Trace drift: less than /s div/hour

Sweep rates: 100 nsec/div up to '/2 sec/div
Fully automatic triggering of the entire
frequency range ensures an extremely
stable display of any input signal and a
bright trace even at the highest sweep
speeds

In this article the different circuits and the
working principles of this instrument will
be described.

Vertical amplifier

The vertical deflection system consists of
an input attenuator, a preamplifier with
automatic drift and balance control and an
output stage. See fig. 1. The deflection
coefficients are partly obtained by the
input attenuator which attenuates by
factors 1:1, 1:10, 1:100 and 1 :1000,
while the factors between are obtained by
switching the amplification factor of the
preamplifier. The advantages of this system
of sensitivity setting are: a simple high
impedance attenuator which needs few
corrections while the noise figure of the
preamplifier is reduced in the less sensitive
positions. The Y-amplifier is transistorised
to a large extent, and only in the input
stage is a valve used. The first stage of
the Y-amplifier is a push-pull unit; the
second input being used to supply the
drift compensation voltage from the
compensation circuitry.

The input signals are applied to a cathode
follower followed by an emitter follower,
thus ensuring a high input impedance. The
next stage consists of the transistors TSq,
TS4 and TSs, the gain of this stage mainly
being determined by the ratio of the
emitter feedback resistors (Rs) to the
parallel feedback resistor of transistor TSs
(Rp), thus resulting in a very stable gain.
The output stage consists of two balanced
transistors TSz and TSs with a series feed-
back, followed by two single ended push-
pull sections with a shunt feedback, driving
the vertical deflection plates of the cathode
ray tube. The deflection signal, derived
from the collector of TSs of the pre-
amplifier, is applied to the base of TSs,
the shift voltage from the vertical shift
control being applied to the base of TSs.
The trigger signal is picked-off from the
output signal of the output stage via the
emitter follower TSs.

Drift compensation

The PM 3200 oscilloscope has a DC
coupled vertical deflection system which
has a sensitivity of 2 mV/div. Every DC
amplifier shows some output voltage fluc-
tuations which may not be pronortional

to the input voltage applied. In an
oscilloscope amplifier these fluctuations
cause zero-line shifting. These fluctuations
may be caused by temperature variations
or statistical variations in the amplifier
parameters. There are several well-known
systems to reduce drift figures, a combi-
nation of which has been applied in the
vertical preamplifier stage of the PM 3200
oscilloscope. To reduce drift error, the
whole preamplifier stage is a pushpull
circuit. In this description, every voltage
variation in the preamplifier, which may
cause drift, has been referred to one input
of the preamplifier, as V4. See fig. 2. The
input voltage V; is applied to input. The
control voltage is applied to input Il. Thus
the signal at terminal | is the sum of the
input voltage V; and the drift voltage V.
Now the gain of the preamplifier is A and
the phase shift is 180° while its output
voltage is V,. This output voltage is in-
serted into the output stage of the Y-
channel and also fed into an attenuator
(attenuator 1), by means of which the
voltage is divided by a factor A thus beb
V,/A. Every time when the gain of the pre-
amplifier is changed, to obtain another de-
flection factor, the attenuation factor is
changed also, so that the signal behind this
attenuator is always V./A. This signal is
mixed with the input signal V; by means of
the two 1 MQ resistors. At the centre of
the potentiometer the signal then is
/2Vi+1/2Vo/A. This signal is applied to the
input of a DC amplifier of which the gain
is: —B. The regulation voltage thus ob-
tained is V; = Vit = — /2 B (Vi + V/A).
The total signal between the inputs | and Il
of the preamplifier, then is equal to
Vi— Viir=V; + Vqg—(=/2B (VH—VO/A))
Since the gain of this amplifier is —A, the
output signal is equal to:
Vo, = —A (Vi+Vq — (="/2B (Vi+V,/A))), or
A
Vo= —AVi=7 3 v Ve
So the factor by which the drift is reducel
is: 1 + /2B, resulting in a drift of max-
imum /4 div/hour. Furthermore is it pos-
sible, because of the “zero-line locking”,
to obtain a system of sensitivity setting as
described above without jumping of the
trace.

X-deflection

The X-deflection is obtained by means of
a balanced cascode amplifier which drives
the X-deflection plates of the cathode-ray
tube. To this amplifier both the X-de-
flection signal and the X-shift voltage
from the X-shift control are applied. By
means of a switch (internal — external X-
deflection) a choice can be made between
a signal derived from the X-deflection in-
put via an emitter follower, or a signal
generated by the sawtooth generator. A
block diagram of the total X-deflection
channel is given in figure 3.

To obtain an accurate time axis and make
time and frequency measurements possi-
ble, a voltage, increasing lineary pro-



portional to time has to be applied to the
X-deflection plates (the i.e. X output ampli-
fier). Such a signal is generated in the
sawtooth generator, the working principle
of which can be seen in figure 4. The
sawtooth generator consists of a capacitor
(C1) which is charged by a constant current
source: the collector of TSs. The charging
current is determined and kept constant
by means of the series feedback resistor
in the emitter lead of TSs. The different
time per division setting are obtained by
switching both the load capacitor (Cr,) and
the load resistor (RL). The like this
generated linear increasing voltage on
Cy, is then applied to two cascaded
emitter followers, from the latter of
which the deflection signal is fed into the
X output amplifier. When this voltage has
reached a certain level, the base of TS:

becomes more positive than its emitter
through diode and resistor Ri so that
the Schmitt trigger (TS: and TS2) will
switch. TS: then becomes conductive
while the TSz becomes non-conductive. As
a result of this, TSs will becomes conduc-
tive short circuiting the load capacitor Cj,
and the output voltage of the sawtooth
generator will become zero again.

To get the Schmitt trigger TS1—TS2 switch-
ed again, the base of TS: must become
more negative than its emitter. This is not
possible, until the voltage on capacitor Cy,
which has been charged to the maximum
value of the sawtooth signal, by means of
diode 1, decreases to a preset value (Ra:
stability). During this time (the hold-off
time), the capacitor Cy, will be completely
discharged, so that the next sawtooth will

1. Vertical deflection system showing preamplifier, drift compensation

circuit, output stage and trigger pick-off
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2. Simplified block diagram of drift compensation circuit

3. Block diagram of the X deflection system
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start at the very same value. The stability
control Rz is so adjusted, that the Schmitt
trigger TS1—TS2 will switch. As a result
of this, a new sawtooth will be gene-
rated. The sawtooth generator is thus
free running. However, to get a stable
display of an input signal, every sweep of
the sawtooth generator has to start at the
same level of the input signal. The saw-
tooth generator is then triggered.

As may be seen in figure 3 the trigger
signal is derived either from the vertical
channel, the external input, or the line
frequency. After amplification and level
setting, this trigger signal is applied to a
pulse shaper, i.e. a Schmitt trigger. The
output signals of this Schmitt trigger are
constant in amplitude and rise time. When
this output signal is applied to the base of

4. Time base generator with hold-off circuit and
auto-circuit

TS7, after differentiation, the one-shot
multivibrator consisting of TSz and TSs will
switch. TS7 becomes non-conductive, while
TSs becomes conductive (see figure 4). As
a result of this the capacitor C, in the
emitter lead of TSs will be charged. As
may be seen in figure 4, the tension on
the base of TS will raise. This implies that
after the hold-off time the sweep gating
multivibrator (TS1 and TS2) cannot switch
again, unless a trigger pulse after differ-
entiation is applied to the base of TS

This trigger pulse is also derived from the
trigger pulse shaper. When there are no
pulses from the pulse shaper, the time
base will not be triggered, and the one
shot multivibrator will switch back into its
rest position. As a result of this, the capa-
citor C; will be discharged down to the
level, which has been preset by Rz, so that
the time base again becomes free-running.

Conclusion: As the auto circuit consists of
a one shot multivibrator, even signals with
pulse widths of 100 nanoseconds will stop
the time base from free-running and trigger
the time base generator. It is due to this
fact that even signals with duty cycles of
1:2 x 107 will be within the trigger possi-
bilities, automatically without stability or
level controls.



Hysteresis

5. Indicates the levels of the input signal at the point where the pulse shaper switches on and
off, due to the “hysteresis gap’ at the input of the pulse shaper.
The figure shows how triggering occurs when the trigger level selector is in position “MEAN’";
the mean value of the input signal is near by or with in the hysteresis gap

Hysteresis
gap

Input signal a

6a. Input signal with large duty cycle while trigger level selector is still in position “MEAN"’; the
input signal does not pass both sides of the “hysteresis gap’’. The pulse shaper cannot switch
on and off: the time base cannot be triggered. Now the trigger level selector must be set in
position “TOP"

Hysteresis

Input signal

Output of I | I |

pulse shaper

6b. Trigger level selector in position “TOP”. Due to top detection and DC restoring the “hysteresis

gap"” is shifted towards the top value of the input signal. The pulse shaper can now be
switched; and the time base can be triggered nearby the top value of the input signal
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The pictures on this page and the next
illustrate fully the versatility and flexibility
of the PM 3200, in the field of research
and development, for education, industrial
maintenance and product line testing.



Level control
The pulse shaper, which is a normal
Schmitt trigger, switches on and off at
aHifferent values of its input level. This is
own in figure 5. The difference is the
so-called hysteresis gap. As may be de-
cided from figure 5 the input signal has to
pass both sides of the hysteresis gap to
obtain triggering. The relationship between
the level of the input signal and the level
of this hysteresis gap depends on the
position of the level control switch:

a. MEAN. The trigger circuitis AC coupled.
In position Mean and HF reject of the
level selector switch, the position of the
hysteresis gap of the pulse-shaper is near
zero. This results in the pulse-shaper
switching on and off due to the AC
coupling, near by the mean value of the
AC input signal.

When this signal has such a large duty
cycle that the mean value is in the hys-
teresis gap, and only one side of this gap
is passed (see fig. 6a), the trigger selector
aswitch must be set in position “TOP”.

J. TOP. In position TOP of the trigger
level selector, the trigger level is auto-
matically derived from the input signal
applied. By means of top detection and a
DC restorer, the hysteresis gap shifts to-
wards the top value of the input signal. In
position “—", the level is set at positive
tops. In position “+”, the level is set at
the negative tops. So changing the polarity
means, changing level! (see fig. 6b). It has
then the added advantage, that in both
positions of the trigger slope selector, the
largest possible part of the leading edge
is displayed.

c. HF reject. In position HF reject, the
trigger signal first passes a demodulator
and low-pass filter, thus triggering on
modulated amplitude signals.

Power supply

The power supply of the PM 3200 consists
of a mains transformer with rectifier, a
voltage stabiliser, and a DC-DC converter.
All voltages which are used in the PM 3200
are derived from this DC-DC converter.
The DC input voltages of this converter

are very constant too. This system has
two big advantages: All performances of
the instrument are independent of power
line voltage variations as the input voltage
of the stabiliser may be 22...30V, also
DC powered operation is possible. For this
type of operation a battery pack with
rechargeable batteries is available.

Conclusion
As may be concluded from the description

above, the PM 3200 represents a new class
of oscilloscopes. It combines a large band-
width with a high sensitivity, while the
drift figure due to the drift compensation
circuit is barely negligible. The new trigger
circuitry, the PM 3200 combines simplicity
of operation with stable triggering over the
entire frequency range. The PM 3200 can
be powered from several sources: mains,
DC (24V), or additional battery pack
(PM 9391).
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IF distribution Of teleViSiOn signals Distribution of TV signals

It is often necessary to distribute high
quality television information over longer
distances and to larger numbers of tele-
vision receivers. This problem is typical
for the setmaker industry, where the
various signals have to be distributed in
the factory and laboratory etc. Also in the
more professional fields the same problem
arises, for instance in TV broadcasting
centres.

Requirements

The demands to a high quality distribution
system are very heavy. The signals are
generally used as measuring signals,
among others for colour TV, and therefore
only negligible deterioration can be toler-
ated. The primary requirements are small
linear as well as non-linear distortion. Also
freedom from reflection distortion is im-
L . L % portant.

. s " 1| e The system should be able to supply as
” <l g well VHF as UHF signals and with equallv
good quality. Also distribution of broe
casted TV signals may be important.

n . - e
e . oo

5 % : . B i
WEME LEVEL o b i . S mesroy e v

Video distribution and RF distribution
The traditional distribution system consists
of three basic elements:
a. the modulator
b. the distribution network
c. the receiver terminal
Sometimes the sequence of the first two
Base unit PM 5596 with four converters elements are reversed, and it then be-
[ " 7 ] comes:
o ] a. the distribution network

f b. the modulator
e ot et e s o pane o | c. the receiver terminal

In case the distribution takes place before

IF modulator PM 5590

WIUBS . pa sioe BASE Un FOR B CONVERTERS

|

> = - sy % the modulation we will call the system a

ooy waeen & ou o5 sy . 1 video distribution system. The video signal
;x i is distributed to a number of modulators,

L@ O & @

we | which will then be placed close to the

v receiver terminals.

The figure 1 shows in schematic form th&g

set-up used.

Distribution on video basis is quite flexible

because the video signal can be looped-

Video through all modulators. The cable losses

signal i 7 1 j 4 f * are small, and it is therefore possible to

use relatively cheap cables. The losses are

Modulator Modulator Modulator Modulator unfortunately frequency dependent. They

‘ ¢ l l increase with the frequency and it is there-
To receivers To receivers i Eesiers fore often necessary to use amplifiers with
frequency compensation.

1. Video distribution The number of modulators used will be
large, and it is therefore for practical and
economical reasons necessary to use

2. RF distribution simple types of modulators. Features as

vestigial sideband characteristic and
phase equalization cannot generally be
considered. Distribution of aerial signals is
not directly possible.

The other possibility, which was mentioned,

o use at first modulation and then afterwards

e distribution of the signal. In this case the

signal is distributed as RF signal and then
we speak about RF distribution.

The fig. 2 shows in schematic form a
typical set-up.

Video Power
signal T amplifier
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In this case we use only one modulator,
and this one can therefore be fitted with
all features as for instance VSB (vestigial
sideband) filter, phase correction network
etc. The distribution network will attenuate
the signal noticeably, and therefore the
power, which has to be delivered by the
modulator, is relatively large. The modu-
lator is often followed by a power ampli-
fier, which then delivers the RF signal at
the wanted channel to the network. Instead
of the combination modulator (on RF) —+
RF amplifier one will often choose modu-
lation on IF + RF power converter.

The distribution system consists basically
of a number of nodes. In each node the
incoming signal is divided between several
outgoing cables. The division has usually
to take place by means of resistive net-
works, and the insertion loss in each node

3. Responce due to reflection from approx 50 m
cable, VSWR = 1.2

is therefore considerable. The network
will often be quite large and complicated,
and it is not flexible as regards to changes
and extensions. In large systems one has
also to be extremely careful with the set-
up in order to avoid distortion due to
reflections.

Fig. 3 shows an example of the distorted
response due to reflections on only 50 m
of cable.

At the higher frequencies in question the

. Cable losses play an important role. Fig. 4

shows how the losses especially at UHF
very soon increase to intolerable values.
Colour TV is often transmitted at UHF,
and we see that even 200 m of quite a
good cable as RG 213U give an attenua-
tion of 40 — 50 dB at these frequencies.

4. llustration of the losses by cable RG 213U

Cable

attenuation 960MHz /470MH

This means that distribution of UHF signals
is in practice limited to only short
distances, say 10 — 20 meters.

The properties of video and RF distribution
When we compare the properties of the
two different distribution systems describ-
ed above viz. the video distribution and
the RF distribution we see that both
principles have their advantages and dis-
advantages. A comparison can best be
made if we describe in schematic form the
main features for the two systems.

Video distribution

1. The distribution is of the string type.
It is flexible and it can be easily ex-
tended.

2. The signal is looped-through.
There is no or little distribution losses.

3. The cable losses are small.

4. The cable losses are frequency depen-
dent within the video spectrum.

5. There is only little risk of reflections.

6. Large number of modulators necessary.
Only simple types of modulators are
used in practice.

7. Aerial signals cannot be distributed.

RF distribution
1. The distribution is of the star or nodal

type.
The system is less flexible.

2. The signal is divided in resistive net-
works.
There are large distribution losses.

3. The cable losses are large.

4. The cable losses are constant within
each channel.

5. The cable reflections present big pro-
blems.

6. Only one modulator needed.
All features as vestigial sideband filter,
phase equalizer etc. can be realized.

7. Aerial signals may be distributed.

In the scheme above the points 1, 2, 3 and
5 are in favour of the video distribution
and the points 4, 6 and 7 in favour of the
RF distribution. The various points are not
of equal importance. Point 6 for instance
dealing with the properties of the modu-
lator is a very important one.

The IF distribution system

The ideal system should as far as possible
combine the advantages of both the above
described principles. This seems at the
first moment impossible but it is never-
theless realized in a new principle of
signal distribution. We will call this system
the IF distribution system.

The figs. 5 and 6 show how the system is
built-up.

There is only one modulator, which oper-
ates on IF. The signal from this modulator

" WV IF 50 0
Yldeo L mlguljz:\'t:or FF _______ termination
signal PM5590 ; T =
1 L 1
!
Converter Converter Converter Converter
PM 5591 PM5593 PM5534 PM5535
o

To one or more receivers

To one or more receivers

200mV RF across 500 =800mV EMF in3000

5. The principle of the IF distribution system

IS—

TV IFmodulator
PM55390

il

Base unit PM55396
with converters

Base unit PM5596
with converters

L L»
VHF /UHF VHF/UHF

—

illl

i

Base unit PM5596

with converters

Base unitPM5596

with converters

Base unit PM5536
with converters

—

L
VHF/UHF

e IS

6. A practical set-up of the IF distribution system

| L
VHF/UHF VHF/UHF
- —
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Is distributed in a similar way as a video

signal by looping it through a number of

RF converters. After each converter a

small short secondary RF distribution

system can be placed.

If we compare this new system with the

two old systems described above we find

the following basic properties.

a. The distribution is of the string type
just like the video distribution. There-
fore the new system has the same
flexibility, and it can be easily extended
like the video system.

b. The signal is looped-through all con-
verters. The insertion loss is negligible
(< 0.02 dB).

c. At the IF of 35 — 40 MHz the cable
losses are still small. A length of 300 m
RG 213U cable will give an attenua-
tion of 10 dB only. This loss can be
compensated for in the RF converters.

d. The frequency is, however, still so high
that one can consider the cable losses
as being constant over the 5 MHz video
band. Therefore frequency dependent
cable compensation is not necessary.

e. The system has a very high immunity
against cable reflections. This feature
is due to the use of a high precision
directional coupler at the IF input of

f. Like it was the case with the RF distri-
bution only one modulator is needed.
Therefore it is possible to use a modu-
lator of high quality and to incorporate
VSB filter, phase equalizers, elaborate
clamp circuits, meter indication of
modulation etc.

g. Aerial signals can be distributed with-
out demodulation. It is only necessary
in a simple converter (TV tuner) to
convert the antenna signal to the IF
range which is being used in the distri-
bution system.

From the above survey we can see that it

is really possible to combine the features

and flexibility of the video distribution
system with the advantages of the RF
system.

The IF modulator PM 5590

The basic component in the system is the
IF modulator (see fig. 7). The type number
of this apparatus is PM5590. This is a
combined vision and sound modulator
operating at the IF of 389/334 MHz
(Versions for the American, British and
OIRT TV system are also available, the
latter two with differing IF's at 39.5/33.5
MHz and 38/31.5 MHz respectively). The
PM 5590 is fully transistorized and it is

each converter. This feature will be housed in a small 19” cabinet, only 13 cm
described more in detail lateron. in height. The video modulator is a
Video meter
MODULATION
DEPTH
Video
input x
o] Video L o] Clamp Balanced || VSB % Phaser -
amplifier modulator filter EQUALIZER
IF
38. z output
AFC crystal Output
circuit oscillator amplifier
\
AF ;
inpu
o AF 5-5MHz [ IBalanced | | 33.4MHz |, fanoiifier
amplifier modulator mixer filter
AF meter
FREQUENCY
SWEEP
7. Block diagram of IF modulator
8. Block diagram of converter units PM 5591
Modulator unit Oscillator unit
IT_ """"" I [ de i
| I S
e rystal | |
IFoutput rModutater [F=1 1 foscitiator | I
|
1 ! ! {
T
1 | ! :
Directional| . |VisionIF | | LP ! Bandpass | : Doubler | |
coupler amplifier filter : filter : | stage |
|
| |
EEE ! | |
R | i |
IF input | Outptft. : PA |
| | amplifier 2f 1 stage |
i kerystal |
output
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balanced diode modulator placed in a
temperature controlled oven. The modu-
lator is driven from a balanced amplifier
incorporating an elaborate clamp circuit.
The video signal is clamped at the back-
porch, but without any influence on
or from the colour subcarrier signal.
To achieve this the signal is split up
into a low-frequency and a high-fre-
quency branch, and only in the low-
frequency part the DC component is re-
stored; the high-frequency part, however,
passes on practically all video information
including the colour subcarrier. The video
modulation meter measures the peak white
level at the input to the balanced modu-
lator. The reading of the peak voltmeter
is not influenced by the presence of the
colour subcarrier. The modulator is follow-
ed by a sideband filter and a phase
correction circuit for this filter. Phase
correction directly at the modulated IF
frequency is far more effective than phase
correction of the video signal.

Another phase correction circuit is ip
cluded for possible phase pre-distorti
according to a standard receiver distortion.
The phase correction circuits used are of
an active type. By isolating the stages in
the phase correction network from each
other by means of transistors, one obtains
the big advantage that each stage can be
aligned without mutually influencing the
other. It is therefore possible to modify
or change the phase correction applied
within wide limits.

In the sound channel the 5.5 MHz (or 6 or
6.5 MHz depending on system) the sound
oscillator is frequency modulated by means
of a switching diode. This gives a very
stable and linear frequency modulation. In
order to reach a high frequency stability
of the sound - vision frequency difference,
this sound oscillator is controlled in
frequency by means of an AFC loop re-
ferring to a crystal oscillator. The differ-

ence frequency between the two oscilla-/

tors is measured in a 70 kHz counter type
discriminator.

The output sound carrier of 334 MHz
(33.5 MHz or 31.5 MHz) is obtained by
mixing the vision carrier from the crystal
oscillator with the FM modulated 5.5 MHz
(or 6 or 6.5 MHz) in a balanced modulator.
The lower sideband is filtered out and
added to the video modulated vision
carrier in the output amplifier. The sound
carrier level is adjustable within wide limits
from the front panel of the apparatus.

The RF converters PM 5591-93-94-95

The RF converters are small, fully transis-
torized plug-in units designed for mounting
in the 19” cabinet with the power supply
PM 5596 (see fig. 8). The type numbers of
the plug-in units are PM 5591, PM 5593,
PM 5594 and PM 5595 for the television
bands 1, 3, 4 and 5 respectively.

The input circuitry of each converter is a
precision directional coupler made in
stripline technique. The insertion loss is
negligible (< 0.02 dB) and the number of



converters which can be fed by one modu-
lator is therefore practically unlimited.
The converters are combined in groups
placed in one or more base units PM 5596
and placed in or close to those places
where the TV signals are needed. From the
same IF signal any combination of VHF-UHF
channels can be obtained by choosing the
appropriate converters. The gain control
in each converter can if wanted be set to
compensate for up to 10 dB of the cable
losses. This corresponds to a length of
about 300 meters of the RG 213U cable.
Up to this distance from the modulator the
full RF output voltage of 200 mV across
50 2 can be obtained (== 800 mV in 300 ).
The last converter in the chain has to be
terminated by 50 2. When more VHF and
UHF signals are needed additional con-
verters are simply added at the appropriate
place in the chain. The system is therefore
extremely flexible; it can easily be
changed or extended according to the
momentary need for signals.

™he most important property of this distri-
wution system is its immunity against cable
reflections. The requirements to the trans-
mission of measuring signals for colour
TV are so strong that only a few percen-
tage of reflection can be tolerated. This
corresponds to standing wave ratios being
very close to 1 and this will be very diffi-
cult to realize in a practical set-up. The
solution to these problems is found in the
use of a directional coupler in the input
circuit of each converter. The directional
coupler being used is made in a high pre-
cision stripline technique and it has a
typical directivity of 40 dB.

The directional coupler consists of two
short pieces of transmission lines placed
close together in a homogeneous dielec-
tric.

Between these two lines there will be as
well an inductive as a capacitive coupling,
nd a certain amount of the signal on the
one line is coupled into the other line.
Figure 9 shows in schematic form the
circuitry. A signal transmitted on the one
line from | to Il will because of the com-
bined magnetic and electrical coupling be
passed on to the terminal Il with a certain
attenuation “A¢”. In case the signal instead
of passing from | to Il passes in the
direction Il to | as indicated as “reflection”
in the figure the capacitive coupling will
be of the same value as before; the induc-
tive coupling, however, will be reversed in
polarity and the two components of the
coupling will compensate each other at
terminal Ill. The signal coupled into the
second line is in this case transferred to
terminal 1V, where it is absorbed in the
resistor R.

If the design is carefully made and the
mechanical and electrical tolerances are
kept within narrow limits the compensation
can be very accurate. The directional
coupler in PM 5591 - 93 - 94 - 95 gives a
relative attenuation, called directivity, of
typically 40 dB.

9. Directional coupler

10. Cross section of directional coupler

In order to obtain the necessary accuracy
and stability the circuitry is built in strip-
line technique on a special high quality
dielectric. Figure 10 shows a cross section
through the coupler. The two transmission
lines are made in etching technique on a
double sided printed wiring plate. The
opposite sides of the two printed wiring
boards form two ground planes which per-
form a screening of the transmission lines.
Figure 11 illustraties the effect of this
directional coupler. A, B and C are the
directional couplers in 3 converters.

The IF signal V is coming from the left
and passed each converter in the forward
direction. About —40 dB i.e. 10 mV is
picked up by the converter, amplified and
converted to VHF or UHF. At the point 1
we assume that a certain mismatch gives
rise to a strong reflection of 10%. This
reflected signal passes the directional
couplers A and B in the reverse direction,
and it is therefore passed on to the con-

11. The effect of directional coupler

verter circuits with a further attenuation of
typically 40 dB. This means that the re-
flected signal gives rise to a disturbance
not of 10°% but of 10%: 100 = 0.1%
only. In case another discontinuity exists
at point 2, also with a reflection factor of
10 %o, this second discontinuity will give
rise to a second reflection of the primary
reflection coming from point 1. The wave,
which is reflected twice now, passes again
in the direction from left to right, which is
the forward direction of the directional
couplers. The disturbance caused, how-
ever, is attenuated by two reflections and
is therefore as small as 0.1 times 0.1 =
0.01 or 1%.

We see that even by assuming two large
discontinuities and their following reflec-
tions we get a converted RF signal which
is free from noticeable distortion. Dis-
continuities as large as assumed here will
not occur in a well designed cable net-
work. Therefore the installation has a
large safety margin against reflections.
The terminating resistor supplied with the
apparatus has a reflection coefficient of
max. 0.5% and each converter has a
reflection of max. 5 %o.

Before the IF signal, which is picked up
by the directional coupler, is applied to
the mixer itself it is amplified in a wide-
band IF amplifier. The gain of this amplifier
is adjustable to compensate for an even-
tual decreased IF level on the input cable.
The mixer is a balanced diode mixer which
is connected as a switching type of ring
modulator. This way of operation makes
the extremely low distortion possible.
After the mixer stage a passband filter and
an output stage deliver the RF signal to
the output socket. The oscillator voltage
for the mixer is obtained from a crystal-
controlled oscillator and a number of
frequency multiplier stages.

A frequency change is easily carried out
by inserting a new crystal and adjusting
two or three multigang condensers for
maximum output voltage. In order to facili-
tate this procedure a small RF meter
circuit is built into the cabinet together
with the power supply.
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Pulse shapers for TV pulses

In larger TV installations the various appa-
ratus, pattern generators, cameras, colour
encoders etc. are all controlled by one
common TV pulse generator. This pulse
generator delivers the synchronization
signal and the blanking signal necessary
for making a composite TV signal. Also
other auxiliary signals may be distributed,
e.g. separate line and frame drive pulszs,
burst keying pulses etc.

Pulse distortion

The TV pulses are distributed on 75Q
cables with a nominal pulse amplitude of
4 Vpp. The pulses delivered by the pulse
generator are quite accurately specified
with regard to pulse amplitude and pulse
shape but they may often be considerably
distorted by the cable distribution network
due to reflections, wrong terminations,
cable losses etc. In fig. 1 some examples
are given showing typical kinds of dis-
tortion.

Another disturbance which may often
occur is superimposed hum voltage. Fig. 2
shows schematically how this may appear.
These disturbances on the TV pulses,
must all be eliminated if correct operation
of the various apparatus in the installation
is to be assured. If we look at fig. 1 we
can see that the correct information in all
cases shown can be found at the middle
of the pulse. The hatched area between
the dotted lines at the middle of the pulse
gives a good representation of the original
pulse information. The circuitry for re-
shaping the pulses therefore has to be
able to select a thin slice at the middle
of the pulse and use this for recovering
the pulse information. The pulse shaper
circuitry has to be designed to separate
the middle of the pulse independent of the
pulse amplitude and possible reflections.
Variations in amplitude of £ 6 dB (2 Vjp
to 8 Vpp) have to be reckoned with. In
case the pulse signal also suffers from
hum the pulse shaping becomes more
difficult. For optimum functioning of the
pulse shaper at the middle of the pulses
it is necessary to remove the superimposed
hum. This presents difficulties because
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most TV pulses contain information at the
same frequency as the hum, i.e. 50 or
60 Hz.

Pulse shaper for line pulses
Line pulses, having a repetition frequency
of about 16 kHz, are relatively easy to re-
shape because they do not contain any
low frequency information. Therefore it is
simple to separate possible superimposed
hum from the pulses.
The basic circuitry, for the pulse shaper is
shown in fig. 3. The input pulses are nega-
tive-going as shown in fig. 4. The pulses
switch the transistor on — off from satur-
ation to cut-off condition. The transition
period between these two states has to
be placed at the middle of the pulse. By
correct design of the circuitry at the
base of the transistor this condition can be
fulfilled independent of pulse amplitude.
Let the pulse amplitude be V volt. Only
half of the amplitude has to drive the
transistor into saturation, therefore the
capacitor C1 must have an opposing volt-
age of V/2 volt.
During the negative pulse the transistor is
conducting and the capacitor Ci is dis-
charged by the base current ij:
= Y=V _ 1V

R: 2 R2
In between the negative pulses the tran-
sistor is cut-off and Ci is charged via
R: + Rz. The charging current i is:
. \L/2 1 L\
" Ri+R2 2 Ri+R
This condition will be static when there is
balance between charging and discharging
of Ci. This means that it = i. (T—1)
iy _ Ri+R: _ T—t _ 64-7 57

ic R1 = 7 7
The choice of the value of Ri is de-
termined partly by the base current nec-
essary and partly by the input impedance.
The input impedance has to be sufficiently
high for allowing looping-through of the
signal. For a maximum reflection of —36 dB
the minimum input impedance is 2.3 kQ.
In the bottomed condition the transistor
will draw a current of 6 mA using a value
of Rs = 1 kQ. With a minimum current

_Yzzzg -

Examples of TV pulses distorted by the\a’
cable distribution network due to reflec-
tions, wrong terminations, cable losses
etc.

2. This is another disturbance; superimposed
hum voltage

3. Basic circuit arrangement of a pulse

shaper for line pulses
le— T=64psec—w| | t=7p sec
4. Input pulses to pulse shaper are negative-

0 —H H
going such as illustrated in this figure

5. Complete diagram of the pulse shaper is
shown here

8a. Same circuit given in fig. 3 is not advis-
able to be used for frame pulse because
of the difficulty to separate this frame
pulse from superimposed hum

8b. If the two time constants were made
identical the situation would be more
favourable



gain of 20 the base current is 0.3 mA,
which for a minimum input voltage of
2 Vypp corresponds to a value of
R =483 K2:

57 -7

7

The capacitor Ci should be large enough
to keep the voltage constant during one
line period. A value of 33000 pF will give
a time constant of 33000 pF x 22 kQ =
700 usec. This value is sufficiently low for
suppressing the 50 Hz hum.
The complete diagram is shown in fig. 5.
A speed-up capacitor and a compensating
diode have been added. If the output
impedance is too high an emitter follower
can also be added as shown.

The resistor Rz = R = 22 kQ

Pulse shaper for frame pulses
The frame pulse is a short pulse having
a repetition frequency of 50 Hz (60 Hz).
It is difficult to separate this frame pulse
from superimposed hum. The circuitry of
fig. 3 is not able to do this; Fig. 6a illus-
trates why. The charging time constant
M - R2) Ci has to be small enough to
remove the hum, but then the discharging
constant RiCi becomes too small for
driving the transistor into saturation during
the whole frame pulse.
If the two time constants were made
identical the situation would be more
favourable. See fig. 6b. It is then possible
to suppress the hum considerably without
distorting the frame pulse too much. This
can be realized if we place an extra C
filter in front of our pulse shaper. The RC
filter and the pulse shapar have to be
separated by means of an emitter follower.
The circuitry then looks like fig. 7. The
base circuitry of the pulse shaper is
designed in the same way as the one for
the line pulses. The RC filter at the input
is designed for best compromise between
hum suppression and pulse distortion.

~»Pulse shaper for composite sync signal
he composite sync signal is a mixture of
line pulses having a repetition frequency
of 15625 Hz and frame sync information
with 50 Hz repetition frequency.

The re-shaping of this signal in case of
heavy distortion or disturbances asks for
a more elaborate circuitry. Again super-
imposed hum presents the biggest diffi-
culties. In many TV circuits a so-called
keyed clamp circuit is often used in order
to restore the DC and LF components of
the signal and at the same time remove
hum. It is also logical to try to use a clamp
circuit in this case for separating the sync
signal from hum voltages.

A clamp circuit can schematically be
represented by a switch which is closed
for instance by the sync pulses. Fig. 8
shows in principle how the function may
be. We recognize our basic circuitry from
fig. 3. The polarity of the transistor has
only been changed from pnp to npn. Ci is
discharged, via Ri, by base current which
flows during the period between pulses.
During the sync pulses the transistor is
cut-off and the switch S closed. With the

switch closed Ci is charged to the voltage
V/2 which is assumed to be availabe from
a battery B. As the switch is closed during
the sync pulses we have, in this way,
stabilized the negative peak of all the
pulses at V/2 volt.

This means that possible hum is removed
and the transistor is switched on-off at the
middle of the pulse as desired.

How can we now realize a battery with
voltage V/2 and the switch S?

In fig. 9 a simple solution is shown. The
battery is replaced by an RC circuit and
the switch is a transistor being switched
on-off by the output signal of the pulse
shaper. The RC circuit R:C2 has a large
time constant, which means that the volt-
age is held constant similar to a battery.
The voltage adjusts itself automatically
until balance between the charging and

7. To realize the waveform shown in fig. 6b an
extra RC filter is placed in front of already
introduced pulse shaper

9. Simple solution of fig. 8

discharging of Ci is obtained. The dis-
charging base current i;, flows for each TV
line in (64—5) usec = 59 wusec through
R1. The corresponding discharge of Ci is
ib x 59 nC. During the sync pulses the
transistor switch is closed and the same
charge is transferred from C2 to Ci. The
charge on C: is recovered through R: by
means of a current ig flowing during
64 usec, Therefore i, x 59 = ir x 64 nC.
If we further fix the voltage across C: at
V/2 volt we have

in Z"1 = and ir :i .4

2 R1 2 R
The values of Ri and Rz can now be de-
termined. We see that R2 ~ Ri.
The current ic which also has to flow
through the transistor will be
ey = h)"5597 = 42 Iy
This collector current fixes the maximum
value of Ra.

i, maximum=1.2 mA; i; maximum=14 mA

R = 1%/‘2%10%2(,8225)

The output pulse is positive and the clamp
transistor therefore has to be an npn tran-
sistor. At first sight from fig. 9 the tran-
sistor seems to be reverse connected.
This is not the case, the current I, does
flow in the correct direction from the
collector to the emitter. When the negative
input pulse has finished, however, the
positive step at capacitor Ci tries to re-
verse the current in the clamp transistor.
Because of the very low reverse current
gain in the transistor used (BSY 39) the
impedance in the emitter is very high
(several k) for the reverse current, and
the positive step is, without noticable
attenuation, passed on to the pulse shaper,
which is then being saturated. Therefore
it is very essential for the function of the
circuitry to use a clamp transistor with a
low reverse current gain.

8 Schematically representation of a clamp
circuit

10. Final configuration of the pulse shaper for
composite sync signal

Fig. 10 shows the final diagram. The
circuitry is completed with an emitter
follower at the output and a compensating
diode in series with the clamp transistor.
The time constant CiR: is 330 usec; this
is sufficiently long compared to the dura-
tion of one TV line, and the value of C:
is still small enough to allow the clamp
circuitry to remove 50 Hz hum completely.
A pnp emitter follower at the input is nec-
essary for supplying the relatively large
current pulses to Ci during the charging
periods.

Pulse shaper for composite blanking

The pulse shaper circuitry for the sync
signal can be used, in principle also for
the blanking signal. Smaller modifications
may be introduced due to the somewhat
higher duty cycle of the blanking signal.

Application

The circuits described were developed for
use in various TV measuring equipments
of the Philips EMA range.
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An accurate triangular- wave

generator with

large frequency sweep*
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Summary

A triangular-wave generator is described
which combines a wide frequency sweep
(=10% with a very accurate symmetrical
waveform. The amplitude response and the
symmetry exhibit variations of less than
0.1 per cent, while the frequency stability
is better than 1 :10% The circuit can serve
as the basis for a single-sweep sine-wave
oscillator or an FM modulator and voltage
(current)-frequency converter.

Introduction

Many applications require a generator of
symmetrical triangular voltages, the fre-
quency of which can be varied over a wide

1. Basic circuit for triangular-wave generator

range by an external voltage or current.
The stringency of the requirements made
on the accuracy of the amplitude and the
symmetry of the triangular waveform de-
pend on the use. For most FM appli-
cations, these requirements are not parti-
cularly rigid. If, on the other hand, a
single-sweep sine wave oscillator is to be
designed by combining such a triangular-
wave generator with an instantaneous
triangle-sine converter, the distortion in
the sine-wave voltage will be determined
by the symmetry and amplitude stability
of the triangle. In order to be most uni-
versally applicable a generator was there-
fore designed to a very stringent specifica-
tion.

Principle

The starting point for such a generator
was a circuit that has been in use for a
considerable time as an FM-modulator and
already satisfies rigid requirements in
many respects. Its principle is given in
fig. 1. The Schmitt-trigger is used to make
the difference between the base-voltages
of TS1 and TS: alternately positive and
negative by a few volts so that TS: carries
either a current |1 or no current. By this
means the capacitor C is alternately
charged with a current I2 and discharged
with a current I1 — |2, provided that 11 > 2.

+30v

+18V/+6V

+2V/-8V

-BV/-12v

(ﬁ -30V

Bkt VH (+2V)
v
P VL BV)
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The amplitude constancy of the triangular
waveform is determined by the difference
between the changeover levels Vg and Vi,
of the Schmitt-trigger (about+2V and —6V
in the example) which is, in turn, pri-
marily determined by the resistance values
and the supply voltages in the Schmitt-
trigger, thus allowing considerable accu-
racy to be attained. The frequency can be
varied over a wide range by changing I
but the triangular waveform is not sym-
metrical because |2 is maintained constant.
For the system to work properly, I would
have to vary simultaneously and satisfy the

requirement I1 = 2 Iz, a condition which
would be hard to be maintained for large
variations of .. Fig. 2 gives a possible

improvement which has been in use for
some years. Transistor of the balanced

pair carries the current |1 in one position

of the Schmitt-trigger. Since TS: then

carries no current, the base voltage of TSs

will be equal to the positive supply volt-
age, so that |2 is then zero. Therefore, in

this position, C is discharged by the cu~

rent . In the other position of tho
Schmitt-trigger TS1 carries the current h

and the base voltage of TSs will be about
1R volts negative with respect to the posi-

tive supply voltage. If the emitter re-
sistance of TSs is correctly chosen, |2 can

be made equal to 1. The symmetry of the
triangular wave which can be made per-

fect at a given value of I, is difficult to

maintain if |1 is varied over more than one

decade because the base-emitter voltage
of TSs will not remain equal.

In the proposal put forward here, care is
taken to keep the current |2 accurately
equal to I, even when the latter varies

greatly. Fig. 3 shows how this can be
done by making use of a second capacitor
C2. Here, switching transistors TS1 and TS2
are symbolically represented by switches
S1 and S2. These switches, together with

S3 and Ss are controlled by the Schmitt-
trigger as before in such a way that Sv
and Ss are closed when S2 and Ss are
open, and vice versa.

The basis principle of the circuit is the
use of the voltage on capacitor C2 to con-
trol the current |2 in such a way that the
average voltage C: is kept constant.

2. Possible regulation of symmetry
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If T and Tq are the times during which
Si and Ss (S2, Ss) are closed (open) and
open (closed) respectively, the following
equalities should apply:

for Ci: hTq = 2T, and

for C2: hTe = laTq

Hence:

l2. and T, = Tq as required.

The extent to which these equalities will
apply in practice depends on the accuracy
with which the currents fed to C: and C:
are equal and this determined by the leak-
age currents of the switching transistors
and the base currents of the input stages
of the Schmitt-trigger and the control
amplifier. The inequatily between the
currents can be kept down to about 10—°A
in a transistorized circuit. This means that,
if the currents |1 and |2 are no smaller than
a few microamperes, the currents satisfy

5 =

3. Proposed regulation of symmetry

the above equations to within about 0.1
per cent. On the other hand, the currents
should not be made greater than about
10 mA. This means that where suitable
current sources are used, a frequency
sweep of 10 can be obtained. Further-
more, less than 0.1 per cent asymmetry
can be guaranteed. With a reduced fre-
quency sweep, higher minimum values of

«. and |2 may be used and the symmetry

will be even better.

The principle as given in fig. 3 has only
one disadvantage: Since I is controlled
by the ripple voltage on C: as it charges
C1, the rising ramp of the triangular volt-
age on Ci will exhibit a slight deviation
from linearity. This effect is reduced by

4. Improved regulating circuit

i

increasing C2 and/or decreasing the loop
gain. This means, however, that the speed
with which I2 follows a change in I is
reduced. A simple calculation shows that
for this the following relation applies:

v = T/80 where T = period of the triangu-
lar voltage v = time-constant of the con-
trol system of Iz, 6 = maximum relative
deviation from linearity in the rising flank
of the triangular voltage.

Thus, to limit § to 0.1 per cent, the control
would require more than 100 periods.

In the case of an external variation of I,
the other current may be varied simultane-
ously by approximately the same amount.
The control system would then only have
to correct a possible deviation, and this
could normally be allowed to take some
time.

A better solution is given in fig. 4. The

racy will be introduced by the finite swit-
ching time and by parasitic effects of the
switching circuit. With the available HF
transistors very good symmetry is still
possible for frequencies up to some hun-
dreds of kilohertz.

The frequency stability is determined by
the constancy of the current source |1 and
the switching level of the Schmitt-trigger.
At normal ambient temperatures a frequen-
cy stability better than 10—* was easily
obtained for linearly variable current sour-
ces. Using sources with exponentially var-
ying currents; the stability is generally less
by one order of magnitude. The influence
of temperature changes can be kept below
0.01 per cent/°C without difficulty. The
amplitude is also determined by the con-
stancy of the switching levels of the
Schmitt-trigger.
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5. Practical circuit

ripple in the control voltage can be made
zero by making C2 equal to Ci and by
connecting one side of C2 to a point that
follows the voltage on Ci. In theory, the
non-linearity and the control speed are
now no longer related. If the adjustment
is perfect, the ripple is zero and no dis-
tortion occurs. In practice, however, this
perfect adjustment cannot be relied upon
as deviations in the values of the capa-
citors will occur. The ripple voltage can,
however, easily be compensated to within

1 per cent. Hence, the denominator in
equation (r = T/89) is multiplied by 100
and this is adequate for all practical
purposes.

Practical circuit

Fig. 5 gives a simplified diagram of a
triangular wave-generator incorporating
the principles given above. Where nec-
essary, the transistors were arranged as
Darlington pairs. Since only currents are
switched, the transistors may be replaced,
with advantage, by field-effect transistors.
Various current sources may be used for
I1, thus providing, for instance, linear or
exponential relationships between the fre-
qguency and a voltage which may be con-
trolled externally. 11 may also be supplied
by two or more current sources connected
in parallel. Where the switching circuit is
designed with Darlington pairs the a-
symmetry proved to be much smaller than
0.1 %o for frequencies below some tens of
kilohertz. At higher frequencies an inaccu-

The amplitude constancy with changing
frequency is perfect as long as the transit
times of the switching circuit are negligi-
ble. Due to this effect some increase in
amplitude will occur at higher frequencies.
It is obvious that the application of high-
frequency field effect devices for the
switches will give still better results.

The instrument shown in the photograph
is the first commercially available gene-
rator in which the described circuits have
been applied. The main characteristics of
this function generator — the Philips type
PM 5162 — are:

Frequency range: 0.1 Hz to 100 kHz, di-
vided in two;

Ranges: 0.1 to 10° and 10 to 10° Hz;
Waveforms: sine, triangular, square;
Output voltage: 3V peak-to-peak into 600L2.
Sweep mode: internal and external with a
maximum sweep ratio of 1 :10000.

* By kind permission of the editor Mr L. G. Poole
this is a reprint of an article recently published
in Electronic Communication.
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Accurate instantaneous triangle-sine converter

by G. Klein

Introduction

Until now, a few informations on the low
frequency measuring instruments are given
through the different media.

Here again you will find a reprint of an
article published in Electronic Communi-
cation, November 1967. A circuit described
in this article is applied in our generators
PM 5162 and PM 5168.

Describtion

In instrumental electronics, there are many
applications for an instantaneous triangle-
sine converter. The main reason being that
the generation of triangles is much more
flexible than that of sine waves. It is, for
example, feasible to make a triangular-
wave generator with a frequency sweep of
more than four decades while maintaining
a perfect symmetry and amplitude con-
stancy. If such a circuit is combined with
an accurate triangle-sine converter, a sinu-
soidal signal of good amplitude stability
and low distortion is obtained; the frequen-
cy of which can be controlled externally
over the same wide range of more than
four decades.

The known methods for the instantaneous
conversion of triangles into sine wave all
have some disadvantages. The method
employing the inverse-function generator
is very accurate but only applicable up to
some tens of kiloherz, as it uses a
sampling technique. Of the methods which
utilize the non-linear characteristics of
passive or active elements the one employ-
ing a field-effect transistor seems to give
the best results: a distortion as low as
approximately 1% can be obtained. For
this, however, some critical adjustments
are necessary and furthermore the tem-
perature-sensitivity is considerable. The
third and most common method makes
use of resistor-diode networks with which
a well defined non-linear resistance is
made. In most published circuits employ-
ing this method, separate networks are
required for the positive and negative
halves of the cycle. This implies that if
one wants to keep the distortion low, the
tolerances in the corresponding resistor
values of the two networks should be made
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Basic circuit of triangle - sine converter

very small. Because of the stringent re-
quirements thus imposed on the com-
ponents the approximation of the sine
wave is then usually done in no more than
six steps and this means that the sine
wave looks more like a broken than a
smooth curve. One of the great disad-
vantages of this is that such a signal
cannot be differentiated properly.

The circuit described here also uses a
resistor-diode network. One feature is that
the same network is used for the positive
and the negative half cycle so that, even
if a distortion of the order of one tenth of
a percent is required, large tolerances
(5-10°%0) in the resistor values are allow-
ed as long as a sufficient number of steps
are taken in the approximation. This
makes the circuit particularly suitable for
integration. Other advantages are that no
critical adjustments have to be made and
that the sine wave has not only a low
distortion but is also very smooth.

The principle of the circuit is given in
figure. If the height V, of the two equal,
but phase-opposite triangles is made some
volts, only one of the transistors TS: and
TS:2 will be conducting during each half
period and will then act as an emitter fol-
lower. Supposing for the moment that the
common emitter follows the bases per-
fectly and that the conductance Y in the
emitter lead varies proportional to cos x,
. ﬁand Ve is the
Vp
voltage of the common emitter, then the
current through TS: or TSz will be pro-
portional to sin x. On the collectors of TS:
and TSz there will thus appear half-sine
waves, half a period out of phase with each
other, so that between the collectors a full
sine wave is obtained. The differential wave
is obtained. The differential conductance
Y (x) = Y, cos x can be made in the way
shown. The resistor-diode branches are
connected to the DC voltages Vi...Vy,

where x is equal to g =




which are all derived from one DC voltage
Vp corresponding to the height of the
triangles. The internal resistance of these
/ints is low compared with the value of
branch resistors. At zero-signal all
diodes are conducting but as Ve gets more
positive the diodes stop conducting one
after the other and when V; is equal to Vp
the differential conductance through the
resistor-diode network has become zero.
By selecting the proper values for the
conductances Yi...Yyn in the branches
the cosine function can thus be obtained.
The current source TSz is used for com-
pensating the current through the network
at zero signal.
One can easily calculate what accuracies
are required for the resistors and diodes
in the branches and for the voltages V1. ..
Vy,. From these calculations it follows that
in order to keep the deviation from a pure
sine wave at every point smaller than a
few tenths of a percent the approximation
should be made in about 20 steps: 15 x 5°,
x 3% 2 x 2° and 2 x 1°. In the resistor
tlues tolerances of 10% are then allowed
while the deviations in the voltages Vi...
Vy, should be less than 0.02 Vy. This means
that even without taking special measures
the basic circuit should give good results
and that the hatched part of figure lends
itself excellently to integration: only a
moderate accuracy is required as long as
enough components are used.
The integrated network consists of 43 thin-
film nickel-chromium resistors and 21
monolithic diodes. The optimum values of
the resistors were determined experi-
mentally, taking into account the loading
of the voltage divider and the switching
properties of the diodes. In order to make
Y, equal to (1k2)—' the resistors in the
branches were given values between 12
and 100 kQ. For the resistors in the voltage
divider a value of 11 Q per degree was
taken, thus making the total emitter re-
sistance 1kQ. The actual size was 2 x
2cm,
A practical circuit, basically the same as
that of figure, gave a distortion which
varied from 0.2% for low frequencies to
0.8°% for some hundreds of kiloherz.

Furthermore the distortion can be made
completely insensitive to changes in the
height of the triangles. The influence of
changes in the ambient temperature was
very small indeed: a change from 20°C to
50°C increased the distortion by no more
than 0.1%. Apart from the frequency-limi-
tation there is indeed only one short-
coming in the simple circuit: the take-over
of the current by TS: and TS: at zero
signal.

Depending on whether lcomp is too large
or to small a jump or a flat part occurs.
The best result is obtained by making
lcomp SO much larger than the current
through the network at zero signal that the
slope of the take-over is equal to Y.
However, as the crossover in a difference
amplifier is not compietely linear, there
still remains a small deviation. A possible
improviment is obtained by applying feed-

back in such a way that the common
emitter is forced to follow the positive-
going triangle more accurately. In this way
a completely smooth curve with a distor-
tion well below 0.1 %0 was obtained.

The integration of the circuit brings the
total parasitic capacitance Cpyr of the
common emitter down to some picofarads.
Above the frequency for which the ad-
mittance of this capacitance becomes, say,
1% of the total conductance Y,, the dis-
tortion will increase rapidly. Thus the
maximum frequency for which the circuit
can be used without any special measures
is given by

Omax Cpar == 10-2Y,

With the chosen values this given an upper
frequency of approximately 1 MHz.

A detailed description of the circuit will
appear in the British journal “Electronic
Engineering”.
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PM 5564 PAL
colour decoder

pal colour decoder s
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The actual programme of professional tele-
vision measuring equipment consists of
instruments supplying video signals for
monochrome- and colour television as well
as instruments for modulation of the video
signals on the various RF channel frequen-
cies.

Several times the need was felt to extend
our programme with a device to check or
monitor the generated PAL coded video
signals either visually on a colour monitor
or via vector- or line display on an oscillo-
scope.

The instrument meeting these requirements
is the new PAL colour decoder PM 5564,
which has the following features:

« Decoding with or without delay line

« Output signals:
2 set of RGB outputs
1 set of colour difference outputs R-Y,
B-Y and G-Y and the Iluminance out-
put Y
1 set of special outputs for measuring
differential phase and gain

. Calibration facility (5° and 5%o) for de-
termining differential distortion

Application field

The PAL decoder is a valuable instrument
for a number of applications as found in:
CTV research labs — checking properties
of PAL system

CTV development labs — design of colour
TV circuitry

CTV production — checking of distributed
signals

Measuring vans — checking transmission
characteristics

CTV studios and O.B. vans — monitoring
of pictures
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PM 6509 fully protects

A self-contained semiconductor test instru-
ment which fully protects devices while
measuring two of the most common para-
meters, leakage current and breakdown
voltage, has been introduced by Philips of
Eindhoven. Called the PM 6509, it employs
a constant current/constant voltage mode
of operation which ensures complete pro-
tection for the semiconductor under test.
In addition, it can carry out measurements
under “in circuit” conditions.

The PM 6509 can be used with two, three
or four electrode devices, including PNP
and NPN transistors. It can measure leak-
age currents of from 3 pA to 100 mA at
test voltages between 100 mV and 1000V,
and breakdown voltages up to 1000 V.
Measurements can also be made of re-
sistance in ranges up to 100 T2 and, when
a special adapter is used, of semiconduc-
tor amplification factors at low currents.

For both r.&d. and production applications
The instrument can be used equally well
in r.&d. laboratories and in test and pro-
duction departments. In the former it finds
ready application in optimizing worst-case
designs and selecting devices for particu-
lar applications and functions. In the latter
it can be employed to check semicon-
ductor reliability and determine tolerance
spreads. For batch testing, the test voltage
can be switched on and off through an
external contact.

With three or four electrode devices,
leakage ccurrent and breakdown voltage
can be measured with the third and/or
fourth terminal open circuit, with one or
both these terminals connected to the
reference electrode via a resistor, or with
one or both connected to a voltage. Two

semiconductor under test

additional voltage supplies are provided
for this last purpose, and their outputs can
be adjusted between —10 and + 10V, with
or without a series resistor in the line ==

required. V

Semiconductor fully protected under all
test conditions

In measuring leakage current and break-
down voltage, the applied voltage and
current are limited so that the semicon-
ductor is always fully protected. For leak-
age current measurements, for example,
the maximum current can be limited to a
value between 10 and 110% of the full
scale reading (lowest value 10 pA), on any
of the instrument’s ten ranges. A selector
switch permits the test voltage to be
applied between any two electrodes, and
therefore permits les, lee,leh, len, les or lps
(where s = screen) to be measured. For
each switch position, an indication is pro-
vided of how the third and fourth elec-
trodes should be connected.

For breakdown voltage measurements, thgy
PM 6509's design allows the maximum
current setting to be independent of the
test voltage. This permits the current to be
set to limit at a value slightly higher than
the leakage current before breakdown
and the voltage can then be adjusted until
the breakdown value, is reached. Under
these conditions the semiconductor is fully
protected at all times.

Front panel design makes operation simple
The PM6509's front panel has been de-
signed to make operation of the instrument
as simple as possible. As well as the con-
trols for setting the leakage current and
breakdown voltage ranges, there is a
‘regulation mode’ indicator which shows
whether the instrument is operating in the
constant current or constant voltage mode.
Press-button switches are provided so that
the voltages applied to the third and fourth
electrodes can be checked at all times,
and recorder output is available to drive
such an instrument if a permanent record
of measurements is needed.



DC microvolt &
picoampmeter

A new DC microvolt and picoampmeter
with high sensitivity and input facilities
which make it suitable for practically all
DC measurements.

Philips introduce an all solid state DC
microvolt and picoampmeter with auto-
matic polarity indication and separate
floating inputs for voltages and currents
~uhich enable measuring leads to be con-
.cted to both inputs at the same time.
Suppression of hum signals is > 100 dB,
accuracy better than 1.5%. Designated
the PM 2436, this new instrument lends
itself for accurately measuring quantities
which can be converted into DC values,
in addition to direct DC measurements.
It may be used as a high-gain preamplifier
for low DC signal levels (maximum gain
500.000 in 10 «V position) by linking up
the recorder output. Other measuring
facilities are made available by the fol-
lowing accessories: high tension probe
GM 6071; VHF probe PM9200; and T-
piece for VHF probe PM 9250.
An interesting feature of the instrument is
the inverted guard system for the power
supply unit. This completely isolates the
mains earth from the instrument elimina-
ting any errors which may arise from un-
wanted earth currents.
Operating in the DC voltage range 1 uV -
1.000 V and the DC current range 1 pA -
1A, this new DC microvolt and picoamp-
meter offers versatility matched by a high
degree of sensitivity.

Philips mobile instrumentation
show on European tour

The Electronic Measuring Instruments Di-
vision of Philips uses a bus, that has been
especially designed as a mobile exhibition.
Unlike normal tradeshows, which unvaria-
bly give a complete product survey, this
exhibition focusses exclusively on new
equipment.

Equipment like the compact LF generator
PM 5125, 150 MHz counter timer PM 6630,
or the pulse generator PM 5770.

The advantages of such a bus are ob-
vious:

maximum information in a minimum amount
of time, the show comes to you, just a
walk away from your office. Timely know-
ledge on the newest products available
can be a great asset when making up your
instrument requirements for the next bud-
get!

The bus left Holland at the end of August
and will cover the whole of Western
Europe from Madrid up to Stockholm.
Several weeks are being spent in each
country and a great many towns will be
visited before it returns to the Nether-
lands.

The display will be kept up-to-date and
alive with new products throughout the
tour.

We shall be happy to welcome you, the
readers of this journal, whenever we are
in your area.

If you require further details of our visit to
your country, please write or ring the
national Philips organisation, the address
is on the back cover.

We are sure you will find the visit worth
while.
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Some other Philips publications

Philips Technical Review: A monthly publication dealing with
technical problems relating to the products, processes, and
investigations of Philips Industries (Subscription: Dfl 24 per
annum)

Philips Research Reports: A bimonthly publication containing
papers on the research work carried out in various Philips
Laboratories (Subscription: Dfl 30 per annum)

Electronic Applications: A quarterly publication containing
articles on electronics (Subscription: Dfl 15 per annum)

New literature

New catalogue with full details of Philips electronic measuring
and microwave instruments edition 1969, is available now.
This 150-page-book contains extensive data on the range of
electronic voltmeters, oscilloscopes, recorders, LF measuring
system, television test equipment, pulse and square-wave
generators, transistor measuring equipment, bridges, sound
measuring equipment and microwave measuring instruments.
It is illustrated with a multitude of photographs and is avail-
able in English, French and German. Ask for your free copy
with the Philips organization in your country (see adress on
back cover of this magazine).
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Philips Telecommunication Review: A quarterly publication
containing articles on all subjects in the field of telecommuni-
cations (Subscription: Dfl 16 per annum)

All above mentioned publications can be ordered from n.v.
Centrex, Eindhoven, postbus 76, the Netherlands.

Philips in Science and Industry: A quarterly publication con-
taining articles on new developments and applications of
products and systems for industry and research. Available
free of charge, via local Philips organizations only.
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That’s how simple it is with Philips new PM 6507 Transistor Curve
Tracer. Programme it and it's a semi-automatic “‘go/no-go’" batch tester of
FETs, MOSTs or any other four terminal semiconductor. For accurate
measurements of individual parameters, it traces single curves or families
of up to eight. It shows the behaviour of transistors in the breakdown
region, without damaging the devices under test — and of course you can

 photograph the results. The use of pulse techniques enables you to test

high power devices without employing elaborate cooling systems.
You’ll find the PM 6507 in semiconductor and equipment plants, develop-
ment laboratories, universities and technical colleges.
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Look at these features:

Traces dynamic characteristics

of FETs, MOSTs.

10 nA sensitivity and

3 kV supply for diode testing.
Collector current range up to 5A[cm.
Polarity reversible

in both display axes.

Overall accuracy + 3%.

Built-in “‘fourth connection” supply.
10 x 12 cm flat screen display.
Variable duty cycle to test with
minimum dissipation.

N.V. Philips
PIT-EMA Department
Eindhoven, The Netherlands



sales and
service

all over the
world

Algérie S.A. Philips Nord-Africaine, 7, Rue Doc-
teur Trabut, Alger;

tel. 647 200/1/2

Argentinia Philips Argentinia S.A., Casillo Correo
3479, Buenos Aires; tel. T.E. 70, 7741 al 7749
Australia Philips Electrical Ind (Pty) Ltd., Philips
House, 69—79 Clarence Street, Box 2703 G.P.O.
Sydney; tel.: 20—223

Belgié-Belgique M.B.L.E., Philips’ Bedrijfsappara-
tuur 80, Rue des deux Gares, Brussel, tel. 230000
Bolivia Philips Sudamericana, Casilla 1609, La Paz;
tel.: 5270—5664

Brasil Inbelsa, Industria Brasileira de Electricidade
S.A. Rua Amador Bueno 474 Sao Paulo; tel.: 93—
9191 Caixa Postal 3159

Burma U. Thoung Tin, 36, Barr Street, Rangoon
Canada Philips Electronic Ind. Ltd. Electronic
Equipment Division, Philips House, 116 Vander-
hoof Avenue, Toronto 17, Ontario; tel.: 425—5161
Chiilie Philips Chiléna S.A., Casilla 2687, Santiago
de Chile; tel.: 35081

Colombia Philips Colombiana S.A., Communica-
tions Department, Apartado Nacional 1505, Bogota;
tel.: 473—640

Costa Rica Philips de Costa Rica Ltd., Apartado
Postal 4325, San José; tel.: 5670

Curagao Philips Antillana N.V., Postbus 523,
Willemstad; tel.: Curagao 36222—35464

Danmark Philips A.S., Prags Boulevard 80, Copen-
hagen; tel.: Asta 2222

Deutschland (Bunderrepublik) Philips Industrie
Elektronik G.m.b.H., Rontgenstrasse 22, Postfach
111, 2 Hamburg 63; tel.: 501031

Ecuador Philips Ecuador S.A., Casilla 343, Quito;
tel.: 30064

Egypt Resident delegate office; P.O. Box 1687
43, Kasr Nil Street Cairo; tel.: 74933
Eire Philips Electrical (lreland) Ltd.,
Clonskeagh, Dublin 14; tel.: 976611

El Salvador Philips de EIl Salvador,
Postal 865, San Salvador; tel.: 7441
Espafia Philips Ibérica S.A.E., Avenida de Ame-
rica Apartado 2065 Madrid, tel.: 2462200

Ethiopia Philips Ethiopia Ltd. (Private Ltd. Co.)
Cun‘ingham street, P.O.B. 659, Addis Abeba; tel.:
13440

Newstead,

Apartado
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France Philips Industrie S.A., 105 Rue de Paris.
93 Bobigny (Seine); tel.: 845 28—55 845 27—09
Ghana Philips Ghana Ltd P.O. Box M14, Accra
Great-Britain The M.E.L. Equipment Company Ltd.,
Manor Royal, Crawley (Sussex) tel. 28787
Guatemala Philips de Guatemala S.A., Apartado
Postal 238, Guatemala City; tel.: 20607—08—09
Hellas Phlllps S.A. Hellénique, B.P. 153, Athenes;
tel.: 230 476

Hong Kong Philips Hong Kong Ltd., P.O.B. 2108,
Rooms 1006/1008 Prince’s Building Hong Kong,
tel.: 33728 23548

India Philips India Ltd., PIT/S.E. Dept. 254, Dr
Annie Besant Boad, P.O. Box 6598, Worli, Bombay
18, tel. 246—231; 245144

Iran Philips Iran Ltd.: P.O. Box 1297, Teheran,
tel.: 48344—68344

Iraqg Philips (Iraq) W.L.L., P.O. Box 5749, South
Qate Post Office, Baghdad, tel.: 98844

Island Mr. Snorri P.B. Arnar, P.O. Box 354, Reykja-
vik; tel.: 13369

Israel Israelecta Ltd. 12, Allenby Road, Haifa,
P.O. Box 1608, Phone 526231

Italia Philips S.p.A., Casella Postale 3992, Milano;

tel.: 69.94
Liban Philips Liban S.A., P.O.B. 670, Beyrouth;
tel.: 232303—232458/59

Malaya Philips Singapore Ltd., P.O. Box 1358 8th
Floor, International BLDG. 360, Orchard Road,
Singapore; tel.: 9414

Maroc Société Anonyme Marocaine de Telecom-

munication 2, Rue Bapaume Casablanca; tel.:
439—92
Mexico Philips S.E.T., Apartado Postal 24420,

Mexico 7 D.F.; tel.: 25-15-40

Nederland Phl|IpS Bedrufsapparatuur Nederland
N.V. Boschdijk VB. Eindhoven; tel.: 3 33

New Zealand Philips Electronical lndustnes Ltd.
Professional and Industrial Division P.O. Box
2097, 18-20 Lorne Street Wellington

Nigeria Philips (Nigeria) Ltd., Philips House, No 6
ljora causeway, P.O. Box 1921 Lagos, Nigeria;
tel.: 56051 & 56052

Nippon Philips Products Sales Corporation of
Japan Kokusai building, 7th floor Marunouchi,
Chiyoda-ku, Tokyo, tel. (216) 2441

Norge Norks S.A., Philips, Postboks 5040, Oslo;
tel.: 463890

Oesterreich Philips G.m.b.H., Abt. Industrie Tries
terstr. 64, 1101 Wien X; 64 55 11

Pakistan Philips Electrical Co. of Pakistan Ltd
Bunder Road, P.O.B. 7101, Karachi; tel.: 70071
Paraguay thps del Paraguay SA Casilla de
Correo 605, Asuncion; tel.: 8045—5536—6666

Peru Ph:hps Peruana SA Apartado Postal 1841.
Lima; tel.: 34620—40265

Phlllppmes Electronic Development and Applica-
tion Centre, Room 715, Don Santiago Building
1344 Taft Avenue Manila

Portugal Philips PortuguesaSARL Rua Joaquim
Antonio d’Aguiar 66, Lisboa; tel.: 683121/9
Rhodesia Philips Rhodesian (Private) Ltd., P.O.
Box 994, Gordon Avenue, Salisbury; tel.: 29081
Schweiz-Suisse-Svizzera Philips A.G., Blnzstrasse
18, 8027 Zirich 3, tel.: 051 44 22 11

South Africa South African Philips Pty) Ltd.,
P.O.B. 7703, 2, Herbstreet, New Doornfontein
Johannesburg tel.: 24—0531

SL;omi Oy Philips Ab., Postbox 10255, Helsinki 10
te

Sudan Geltatly Hankey & Co. (Englneermg) Ltd.,
P.O. Box 150, Khartoum; tel.:

Sverige Svenska A.B. Phlllps Fack Stockholm 27;
tel.: 08/635000

Syrlé Philips Moyen Orient S.A. P.O. Box 2442,
Damas; tel.: 18605—21650

Taiwan Yung Kang Trading Co, Ltd., 6 Nan Klng
Esast Road, 1 Section, P.O. Box 1467 Taipel; tel.:
43540

Thailand Philips Thailand Ltd., 283 Silom Road,
Bangkok; tel.: 36985—8

Tunisie: Société Tunisienne d'Industrie Electro-
nique et de Télévision, 32 bis, Rue Ben Ghedha-
hem, Tunis

Tiirkiye Turk Philips Ticaret S.A., Posta Kutusu 504
Istanbul; tel.: 447486

Uruguay Philips del Uruguay, Avda Uruguay 1287
Montevideo; tel.: 956 41-2-3-4

U.S.A., Philips Electronic Instruments, EMA
Sales Department, 750 South Fulton Avenue,
Mount Vernon, New York 10550, tel.: (914) 664-1500
Venezuela C.A. Philips Venezolana, Apartado
Postal 1167, Caracas, tel.: 72 01 51
Zambia Philips Electrical Ltd.,
Kitwe

P.O. Box 553



