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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
instrument which they already posses

and to help them in choosing new
instruments which will best meet their
particular measuring or microwave
problems
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Every new instrument introduced should make a tangible
contribution to efficiency in this technological age.

This ultimate goal of all development, production and
marketing teams has certainly been reached with the

PM 3250 double-trace oscilloscope, to which this issue of
Electronic Measuring and Microwave Notes is devoted.
The “extras” to be found in this instrument, such as the
differential measuring circuit, the drift correction circuit,
the large part of the front panel taken up by the CRT
screen and the high sensitivity — make the PM 3250 a
high-class tool with a wide range of applications.

The simplified operation (resulting from a human-
engineering approach), the good serviceability and the
well chosen accessories reflect the awareness of the
team that modern instrumentation requires more than just
a single piece of equipment — a whole spectrum of
measuring capability has to be provided.

Our readers will be well aware that modern instrument
design is such a complex business that individual activity
— no matter how talented — must give way to team-
work here. In order to drive this point home a little
further, we give on the next page a photo of the

PM 3250 surrounded by the development team, the inter-
play of whose varied skills gave built to this versatile
instrument.

We hope that the detailed information given in this issue
will bring our readers round to our point of view — that
the PM 3250 is an oscilloscope after the heart of every
discriminating user.



The PM 3250 with the team engaged in the development
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Summary of the PM 3250
oscilloscope specifications

Y-Axis

2 identical amplifiers (channel A and B).
Modes of operation:

Channel A only

+ channel B only

A and + B chopped at 600 kHz

A and * B alternate

(A—B) only

(A—B) and + B chopped*

(A—B) and + B alternate*

* in these positions both (A—B) and

B are displayed, so it is possible to display
simultaneously the differential signal (A—B) and
the signal on channel B

Amplitiers:

Drift compensated, DC coupled type amplifiers
Bandwidth:

DC : 0 to 50 MHz

AC : 3 Hz to 50 Mz

Rise time:

7ns

Deflection coefficient:

13 calibrated positions from 2 mV/div to 20 V/div
Tolerance + 3%

Continuous control: 1:2.5 (not calibrated)
Magnification:

x10 magnification of gain (result 200 uV/div at
reduced bandwidth of 0—5 MHz)

Overshoot:

Less than 2 % at maximum sensitivity

Input:

Asymmetrical, choice of AC/O/DC. In position O
the amplifier is decoupled from the input and
connected to earth

Connectors BNC

Input impedance 1 MQ//20 pF

Maximum input voltage: 400 V (DC + AC peak)
Input RC time 50 ms

Positioning range:

3 x useful screen height (24 divisions)

At x 10 gain it increases to 160 divisions
Visible signal delay:

20 ns, total line delay 65 ns

Calibration

Calibration voltage 600 mV + 1%
Frequency 2 kHz + 1%

Calibration current 6 mA (short circuit),
tolerance + 2%

Beam finder

The deflection sensitivity can be reduced by

means of a push button switch

X-Axis

One DC coupled amplifier
Deflection by:

Main time base

Delayed time base

External voltage via channel Yg, with a band-
width of 0 to 5 MHz and maximum sensitivity

2mV/div

Main time base

Sweep speeds:

1 /div up to 50 ne/div in 23 calibration steps
Tolerance *+ 3 %.

Continuous control 2:2.5 (not calibrated).

Magnitication:
5x (so max. sweep speed is 10 ns/div)
Tolerance * 5%
Positioning range:
With x5 magnification the complete trace can be
brought on the screen
Mode:
Auto, Triggered, Single shot
Triggering:
Source: Internal channel A
Internal channel B or external
Slope: “+" or “—"
Coupling: LF: 3 Hz to 1 MHz
HF: 2 kHz to 50 MHz
DC: 0 to 50 MHz
Minimum trigger signal up to 50 MHz:
Internal 1 div
External 1 V
External input: BNC connector

Input impedance: 1 MQ//20 pF (same as for ver-

tical inputs)
Maximum input voltage: 300 V (DC+AC peak)
Level:
Potentiometer control. x5 range increase with the
aid of a pull switch
Internal: in position x5 continuously adjustable
over 40 divisions: in position x1 continuously
adjustable over 8 divisions
External: in position x5 continuously adjustable
over 35 V; in position x1 continuously adjustable
over 7V
Time base signal output:
BNC connector on rear side
Open circuit 0—8 V
Short circuit 0—1.7 mA

Delayed time base

Sweep speeds:

0.5 s/div up to 50 ne/div (22 calibrated steps)
Tolerance: + 3 %

Continuous control 1 :2.5 (not calibrated)

In position “off’’ the time base is swiched off
Magnitication:

5x (so max. sweep speed is 10 ns/div)
Tolerance: = 5 %

Mode:

Triggered immediately after delay interval by
main sweep

Triggered after delay interval by measuring signal
(for jitter-free measurements)

Triggering:

See main time base

Delayed gate output:

BNC connector on rear side
Open circuit 0—2 V

Short circuit 0—3 mA

CRT

Type:

D14—160 GH/09 with internal graticule
Useful screen area 8 x 10 cm

Phosphor GH (P 31)

Total acc. voltage 10 kV

Continuous control of graticule illumination

Z modulation

Source:

Internal. External

Internal:

Brigthness control by main time base
Brightness control by main time base intensified
by the delayed time base

Brightness control by delayed time base

in position “shopped’ suppression of the beam
during switching

External:

DC coupled

Required voltage 1 V (for visible marking)
Input impedance: 1 MQ//20 pF

Bandwidth DC...5 MHz

AC coupled

Required voltage 1 V (for visible marking)
Input impedance: 502

Bandwidth 3 kHz up to 50 MHz

Supply voltage
By means of voltage selector adjustable to mains
voltages of 110 — 125 — 145 — 220 — 245 V

Voltage variations:
+ 10 % variations can be tolerated with
negligible effect

Temperature range

Operating within specification: 0 to + 45°C
Operating: — 10 to + 55°C

Storage: — 40 to + 70°C

These temperature ranges are in conformity with
IEC standard 68

Dimensions overall and weight
Height: 24.4 cm  (9.61”)
Width: 34.06 cm (13.41”)
Depth: 53.4 cm  (21.02”)
Weight: 18.8 kg (41.4 Ibs)
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2. Block diagram of the oscilloscope PM 3250



The dual-trace 50-MHz oscilloscope

PM 3250 st e orn MAIN TIME BASE

b abire a
'y

SINGLE

AEE READY

®

% POsiTiON
X MAGN.

siam _ Lo
sminee , Siini o

rroe ;
ROwER

¥

TIME “giv,
5

BIRL PR 38

TRIBG

DELAY TIME 3 e~
mMuttbie o X BB un zeve

MAIN 1B

sy on @ ot 1B

TIME S div.
EXTERM vis Yy

TRIGG

DELAYED TIME BASE

* BRI

POSITION

Ergonomic arrangement of the controls. Every item is logically placed relative to its purpose and sequence of use



General description

The Philips PM 3250 cathode-ray oscillo-
scope is a dual-trace instrument with a
delayed time base. The bandwidth is
50 MHz. It has a very wide range of appli-
cations, in particular thanks to the ex-
tended range of the two vertical channels.
The sensitivity at full bandwidth is 2 mV/div;
the sensitivity can be increased by a
factor of 10 by means of a switch. Both
vertical channels can then be used up to
5 MHz with a sensitivity of 200 «V/div.
Like many modern Philips oscilloscopes,
this instrument incorporates a drift-correc-
tion circuit. A MOST (metal-oxide-semicon-
ductor transistor) chopper ensures very
stable operation, even at this extreme
sensitivity.

When the vertical gain selector is set to
“x10”, the vertical positioning range is
also magnified by the same factor. This
makes it possible to observe small signals
superimposed on large ones, as if through
a magnifying glass. The enormous scan-
ning range (160 div) of the amplifiers also
helps to make this possible.

Small difference voltages from two signals
can also be made visible with the channel-
selector switch in its differential position.
An extra feature with this oscilloscope is
that when it is used in its differential
setting, the difference between the two
signals in question can be displayed to-
gether with one of the original signals.
In XY measurements, the Y channel is
used for the horizontal deflection. Here
again, the oscilloscope can be used in its
differential setting, which makes it possible
to display the difference between two
signals (vertically) as a function of one of
the signals (horizontally); for applications,
see page 36.

Operation

As may be seen from the photo (see fig. 1)
the control panel of the PM 3250 has
been designed for ease of operation.
The controls are functionally arranged in
groups, while controls with a correspond-
ing function are placed in the same rela-
tive position in each group-

It will be noticed that the vertical channel
does not have the channel-selector switch
(A, B, ALTERNATE, CHOPPED, ADDED)
which is normal in dual-trace oscillo-
scopes. This switch has been replaced by
an on-off switch for each channel, and a
third switch (centrally placed because it
affects both channels) which gives the
choice between alternate and chopped.
This manner of switching, also in the
circuits, which differs from that so far
normal in dual-trace oscilloscopes, offers
the user of the PM 3250 the unique possi-
bility of displaying the signals (A—B) and
B (or —B) simultaneously (CHOPP. or
ALT.)

A lot of trouble has been taken to make
the delayed time base as easy to operate

as possible. On the basis of ergonomic
considerations, a two-knob system has
been chosen; this makes it possible to
read the setting with very little risk of
error.

The system is designed so that the user
no longer has any intractable switching
problems when changing from the main
time base to the delayed time base.
The tumbler switches on the control panel
have been designed so that when they are
all in their uppermost position, an image
will generally be produced on the screen.

Block diagram

(see fold-out page fig. 2)

VERTICAL

The signals for the two vertical channels
are fed in via a BNC input connector, and
pass via the “AC-O-DC” switch to the
input attenuator. When this switch is in its
“O” position, the signal is cut off and the
attenuator input is earthed. The input
attenuator is followed by the pre-amplifier,
which is provided with drift correction.
After the pre-amplifier, the signal level is
so high that drift has hardly any effect any
more. After the pre-amplifier, the two
vertical channels are different.

The Ya signal is applied to one of the
inputs of a differential amplifier. The other
input can be either earthed or connected
to the output of pre-amplifier Yp with the
aid of a selector switch (A, OFF, A—B).
After this differential amplifier, the signa!
passes to the electronic switch.

The Yp signal is fed to the input of a
second differential amplifier, where the
polarity of the signal can be reversed
(180° phase shift) with the aid of a selec-
tor switch (B, OFF, —B). This signal is
then also passed to the electronic switch.
For XY measurements, the signal for the
horizontal deflection is taken from channel
B (after the differential amplifier).

The electronic switch is controlled by the
switching multivibrator, which switches
with a fixed frequency in position CHOPP.
and in position ALT. is driven by the
sweep gating multivibrator of the main
time base. This switching multivibrator is
brought to the propriate fixed position when
only one channel is in use, with the aid
of the channel-selector switches and the
X DEFL. switch (in the position EXTERN
via Yg).

After the electronic switch, the signal
arrives at the input of the delay line driver;
the x1—x10 GAIN switch is included in
this amplifier. This switch thus serves both
channels at the same time; the positioning
range is also affected by the GAIN switch
since the POSITION controls (one for each
channel) are included in the circuit before
this point. The BEAM FINDER push button
is also included in this section; this switch
can be used to bring the image within the
range of the graticule, no matter what the
magnitude of the input signal.

The delay line, with a delay time of 65
nsec ,is printed -on epoxy-glass fibre, and
sealed in plastic.

The signal finally reaches the vertical de-
flection system of the CRT via the output
amplifier, a class-AB single-ended push-
pull amplifier with complementary transis-
tors.

The signals for the internal triggering of
both time bases are taken from channels
YA and Yp after the pre-amplifier.

MAIN TIME BASE

After trigger amplifier A and trigger ampli-
fier B, the trigger signals for the two time
bases arrive at the source switch; it is
also possible to trigger on external signals
via a BNC connector on the front panel,
when the source switch is set to EXT.

It may be mentioned here that trigger
amplifier A also has a differential input,
which is used in position “A—B"’ to trigger
on the difference signal.

After the source switch come the coupling
and slope switches. A differential amplifier
in which the trigger signal is compared
with a continuously variable DC voltage
(LEVEL) feeds a signal to the trigger
multivibrator, which in its turn delivers a
signal of standard form, independent of
the form of the input trigger signal. This
LEVEL knob can be pulled out to gives x5
range magnification, so that triggering can
be carried out at any desired level, even
with very large external trigger signals.
The standardized signals from the trigger
multivibrator are fed to the input of the
sweep gating multivibrator, via a differ-
entiator which in its turn starts and stops
the integrator (the saw-tooth generator
proper). Various other control signals are
also fed to the input of the sweep gating
multivibrator, of which the main one is the
voltage level delivered by the hold-off
circuit; this signal determines whether the
sweep gating multivibrator may react to
new trigger pulses, to cause the integrator
to produce a new saw-tooth. This may not
happen until the previous saw-tooth has
been completed, nor if the mode switch
(which selects the mode of triggering) is at
SINGLE and the SET READY button has
not yet been depressed.

The sweep gating multivibrator can also
receive a control signal from the automatic
free-run circuit, which operates when the
mode switch is set to AUTO (this switch
also has a third position, TRIGG). The
free-run circuit works as follows: when
trigger pulses are received, operation is
normal, as described above, but if these
pulses are not received for 0.5 sec, the
free-run circuit reacts to produce a voltage
at the input of the sweep gating multi-
vibrator, after which the time base is free-
running.

If a trigger pulse is now received again,
the voltage from the free-run circuit is no
longer operative, and the time base is
again triggered by the trigger pulse.



DELAYED TIME BASE

When the selector switch marked “AFTER
DELAY TIME:” is in its STARTS position,
the delayed time base starts at the
moment when the instantaneous value of
the output voltage of the main time-base
generator is equal to a DC voltage whose
level can be regulated by the DELAY TIME
MULTIPLIER.

When the “AFTER DELAY TIME:” switch
is set to TRIGG., the delayed time base
starts when the first trigger pulse arrives
at the input of the sweep gating multi-
vibrator after the end of the pre-set delay
time. This is known as the “jitter-free”
position. The trigger channel of the de-
layed time base is identical with that of
the main time base.

Horizontal amplifier

The input of the horizontal amplifier is
connected, via the X DEFL. selector switch,
with the integrator output of the main time
base, the integrator output of the delayed
time base or the output of the differential
amplifier in the Yp channel. The BEAM
FINDER switch also forms part of the hori-
zontal amplifier.

Z amplifier

The Z amplifier can be controlled by inter-
nal signals from the main time base, the
delayed time base and the switching multi-
vibrator in the position CHOPP; also ex-
ternal control signals (fed to an input at
the back of the instrument) can be passed
to the control grid (Wehnelt cylinder) of
the CRT.



Pre-amplifier
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age, and is practically eliminated by thza
drift system, see page 9.

In position “O”, the amplifier is dis-
connected from the BNC connector, and is
earthed; capacitors Ci and C: are short-
circuited. In position “DC”, the input is
connected directly to the amplifier (via the
attenuator 1), and capacitors C: and C:
remain short-circuited. Apart from the
coupling this short-circuiting of Ci is also
necessary so that it can be discharged if
required, Ci1 can be charged while the
switch is at AC, and but for this short-
circuiting this charge could be retained
for a long time, and could damage the
circuit under investigation when the ampli-
fier is switched back to AC. The discharge
passes via Rs, to cut dewn sparking in the
switch.

The AC-O-DC switch is followed by the
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a disadvantage is that attenuator Ill is
needed in connection with the control
system used. Since the amplification de-
creases, the attenuation must also de-
crease if distortion is to be avoided (see
page 9)

In the other positions, from 50 mV/div the
attenuation is provided by a high-ohmic
attenuator in front of the amplifier.

The pre-amplifier proper now follows. This
has a differential input, one input being
connected to the attenuator and the other
to the output of the control amplifier. The
first receives the signal under investiga-
tion, and the other the correction signal.
The first stage consists of two field-effect
transistors TS: and TS: connected as
source-followers. These ensure a high in-
put impedance. The Zener diode D2 in
series with the source of TS: serves to
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3. The circuit diagram of the pre-amplifier

The circuit diagram of the complete pre-
amplifier for the YA channel is shown in
fig. 8. The arrangement of the circuit for
the Yp channel is exactly identical, so this
will not be described separately. This
amplifier is stabilized by a control ampli-
fier, is completely transistorized and has
an input impedance of 1 MQ with an input
capacitance of < 20 pF.

Entering the circuit at the BNC connector,
we arrive first at the AC-O-DC switch.
When this switch is at “AC”, the capaci-
tors Ci and C: are included in the circuit.
Capacitor C: is included in order to stop
any DC voltage from being applied directly
to the input of the control amplifier owing
to leakage Ci. This DC voltage then enters
the pre-amplifier as an interference volt-

I

attenuator, which as may be seen from the
figure consists of three parts, |, Il and Il
This attenuator has 13 positions, namely:
2, 5, 10, 20, and 50 mV;

1,.2,.5, 1,2 5 10 and 20 V.

In the first four positions, attenuator | is
not used as an attenuator. Here, a filter
consisting of a 100 kohm resistor in
parallel with an 82 pF capacitor is con-
nected in series with the input. This filter,
in combination with the filter consisting of
a 220 kohm resistor in parallel with a
100 k capacitor and a diode D1, protects
the input against overloading. The attenua-
tion in these four positions is obtained by
reducing the amplification of the amplifier.
This has the advantage that the noise is
also reduced at the same time. However,

match the output level of the control
amplifier to the input of the amplifier
proper. The next amplifier stage consists
of two parts: TSs and TS: with current
feedback and TSs and TSs with voltage
feedback. The amplification of this stage is
principally determined by the ratio of the
voltage-feedback resistance to the current-
feedback resistance. The current-feedback
resistance consists partly of the potentio-
meter Rs, so that the amplification can be
adjusted. The trimmer capacitor Cs can be
used to get the most out of the high fre-
quencies.

The second stage resembles the first, ex-
cept that one side of the voltage-feedback
part is omitted. The control system only
compensates for the negative output drift.



Attenuator |l (already mentioned above) is
connected between the emitters of TS
and TSs. In the most sensitive setting, the
current-feedback resistance is again partly
made up of a potentiometer Rs so that
the amplification can be varied. Since the
amplifier must amplify as much as attenua-
tor Il attenuates, the system can be
trimmed in the 20 mV and 2 mV positions,
while the intermediate positions are pro-
vided with metal-film resistors with an
accuracy of 0.25%.

The R and C in serie shunted across the
56-ohm emitter resistance of TSz, and the
C in parallel with the 56-ohm emitter re-
sistance of TSs, serve to get the most out
of the highest frequencies in the 2 mV
setting. In the 5 mV setting, this is done
with an R and C in serie shunted across

the attenuator resistor in question, and in
the 10 mV setting by a C in parallel with
a resistor.

The transistor TS ensures that TSy has
a low emitter impedance. The shunt feed-
back resistance of TSy is in two parts, with
three RC combinations connected between
the midpoint of these resistors and earth,
to compensate for temperature effects
occurring in the amplifier. Capacitor Cs
can also be shunted across this feedback
resistance by means of a reed relay, to
reduce the noise when the amplification
elsewhere in the vertical channel is in-
creased by a factor of 10. This reduces
the bandwidth to 5 MHz.

This stage is followed by an emitter-follow-
er (TSn) to give an extra low output re-
sistance. Attenuator Il and a voltage

divider consisting of two potentiometers
and a resistor are connected in the emitter
lead of TSun. The first potentiometer R:
provides gain control, and is accessible on
the front panel for screwdriver adjustment.
(GAIN ADJ.) The signal is taken from the
sliding contact of the second potentio-
meter Ru.

The latter serves as continuous attenuation
control and can be operated together with
the attenuator step selector by means of
a double knob. The signal for the trigger
amplifier is also taken from the emitter of
TSn. With the gain adjustment Rz in its
middle position and with the continuous
control in position “CAL”, the output
sensitivity is 60 mV/div in setting x1, and
6 mV/div in setting x10.



Drift correction

The drift occurring in the vertical amplifier
is corrected with the aid of an indirect
DC amplifier, consisting of a chopper
which converts the DC voltage applied to
its input into a square-wave voitage, an
AC amplifier and finally a demodulator
which turns the amplified AC voltage back
into DC.

We shall now calculate the effect of the
above-mentioned amplifier (which we shail
simply call the control amplifier from now
on) with reference to fig. 4. We regard the
drift voltages from the vertical and control
amplifiers as being due to DC voltage
sources at the input (Vdi: and Vd2). We
then find:

'

Vi + AT
Vi =
2

from output

preamplifier "1

=

V2

— B (Vi + Vd2) (2)
= A (V2—V; — Vd)

0o —

It follows from (1) and (3) that:

Wy = V2 —2 Vdi
(2) now becomes:
V2 — Vds
V:=—B + Vda |
B B
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0 1 2
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A ., B 2

1=~F== 1 =&
2 B
The last two terms are drift voltages,
which are equivalent to a drift voltage
Vg = 1 B Vdi + — 2 Vd:2
1k 5 1+ B
at the input.

We see that the drift of the pre-amplifier
is reduced by a factor (1+B/2); with B =
4000 as in the PM 3250, this is thus a
factor 2000. However, we now have an
extra drift due to the control amplifier,

2

given by ° Vd2 =~ 2 Vda.
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An indirect DC amplifier is used to keep
this drift voltage as low as possible, since
the drift of such an amplifier is determined
only by the chopper, see fig. 5.

This chopper consists of two depletion-
type MOSFET’s (TS1, TS2), which are made
conducting in turn. The resistance of a
MOST in the conducting state is less than
150 ohm, while in the cut-off state it
exceeds 10 Gohm, so that we may state
with negligible error that the common
point A is switched to and fro between the
input voltage (fig. 6a) and earth (fig. 6b).
The switching signal applied to the gates
will pass via parasitic capacitances to
point A and the input of the control ampli-
fier. This switching signal thus makes its
presence felt right at the input of the pre-
amplifier, and is compensated by means
of a square-wave voltage of opposite

Vd1
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4. The drift correction circuit

to input
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6. Waveforms associated with fig. 5. The ratio
between the frequencies of square wave and
envelope is chosen much too low in these
figures

7. Distortion of a square-wave voltage due to
(a) positive deviation from the nominal ampli-
fication (A A>O) and
(b) negative deviation (/\A<O)

LY\
(A+AAVj( | AVi

AA is negative

AA is positive

phase, produced by means of the network
(C4, Cs, Ce).

The square-wave voltage at point A gives
rise to a DC voltage at the output and is
thus seen as DC offset. This source of
error is also eliminated with the aid of a
trimmer (Ca).

The AC amplifier consists of three stages
and a final emitter-follower. The first stage
is a FET (TSs), since a high input im-
pedance is required in connection with the
high resistance at the input of the chopper.
The AC amplifier has an amplification
factor of about 4000. Its output voltage has
the form shown in fig. 6¢c. Because the
DC component of the signal of fig. 6b is
not amplified the output voltage shows a
symmetrical form.

The demodulator consists of the MOSFET’s
TS7 and TSs, with Ciz and Cis. These
transistors are made conducting in turn in
the same frequency as TS2 and TS:1 re-
spectively. When TS7 is conducting, the
voltage at point B is 4 V. If TS7 is cut off,
the whole voltage jump at the emitter of
TSe¢ is passed to point B via Cis (fig. 6d).
TSs is conducting at this moment, so that
point C has the same voltage as point B.
TS7 now becomes conducting and TSs cuts
off, so that the voltage across Ci4+ cannot
change. The voltage at point C thus
follows the envelope of the amplifier out-
put voltage (fig. 6e).

In order to adjust the output voltage of the
pre-amplifier to exactly O V, the voltage
of 4 V at point D is made variable with the
aid of R (“DC BAL” potentiometer).
The 2 kHz interference at Cis is removed
by a low-pass filter till 10 Hz; the oper-
ating frequency range of the control ampli-
fier is thus DC — 10 Hz. The filtered out-
put voltage is fed to the pre-amplifier (gata
TS2, see fig. 3 page 7). The MOSFET's
are controlled by an astable multivibrator
with a frequency of 2 kHz. The diodes Ds¢
and Dr are included in the circuit to
decouple the collectors from the capa-
citors when the transistors are cut off, so

that the top of the switching signal re-
mains flat.

Another effect of the above described
correction systems is that the influences
of variations in the pre-amplifier gain are
also reduced.

If the amplification of the pre-amplifier
varies by an amount AA, then in the
absence of the control amplifier the output
voltage would vary by —/AA V;. However,
the presence of the control amplifier re-
duces this output variation. If we call the
real output variation AV,

then AV2 = oA AVU
and AV, = AAV2 + AA (AVz2 — V)
so
AVe (1 + % +2—B AA) = — AAV;
or: AV, = B_—AB - Vi =
i+t DA
— AA
- = Vi
B AA
1+- = =
7 1+ )

For small AA, therefore, the variation of
the output voltage is reduced by a factor
(1 + B/2) by the control amplifier, and
will thus be negligible.

The above argument holds for low frequen-
cies. Since the control amplifier only re-
sponds (relatively) slowly to abrupt
changes, a step function applied to the
input of the pre-amplifier will initially be
amplified by (A + AA), and ultimately by
A. A LF square-wave voltage will thus
appear at the output as shown in figure 7
if A is incorrectly set.

This error can be got rid of by adjusting
the amplification of the pre-amplifier to the
proper value by means of R4+ and Rs (see
fig. 3 page 7).
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8. The circuit diagram of the trigger amplifier

The circuit diagram of the trigger amplifier
is shown in fig. 8. This circuit consists of
two amplifiers, one of which is connected
to the pre-amplifier output of channel A
and the other with that of channel B. When
the channel selector switch A-OFF- (A—B)
is set to A—B, the input of the channel A
trigger amplifier which is otherwise earth-
ed is connected to channel B. The
channel A trigger amplifier then works as
a differential amplifier. In order to improve
the differential action, a current source is
connected with the emitter circuit of this
stage by means of transistor TSs.

Since the two amplifiers are otherwise
identical, we shall only describe the oper-

+ to source
selector
switch

ation cof channel A trigger amplifier here.
It should be remarked that the same
circuit follows after points b, ¢ and d as
is shown after point a

The first stage consists of two emitter-
followers, to provide good decoupling from
the pre-amplifier. The second stage con-
sists of one part with current feedback
and one with voltage feedback. Since only
one, asymmetrical signal is required for
triggering, only one side of the voltage-
feedback part is realized. The trigger
signal must be fed to both the main base
and the delayed time base. In order to
ensure good transmission of these signals,
they are conveyed terminated by 50-ohm

cables. This can be done without special
measures by connecting the current-feed-
back and voltage-feedback parts by a
similar cable, and by increasing the input
impedance of the voltage-feedback part to
50 ohm by means of Rs. In fact, one
voltage-feedback part is provided for the
main time base, and another for the de-
layed time base, both of which are fed by
the transistor TSs with current feedback.
The 470-ohm collector resistance of TSs
ensures uniform current distribution.

From the collector of TSs, the signal
passes to the source selector switch (with
position Y4, Yg, EXT.). The DC output level
can be adjusted by means of the potentio-
meter Rz. Transistor TS; gives TSs a low
emitter impedance.

When the gain selector switch of the
amplifier is in position x10, the output
signal of the pre-amplifier is only 6 mV/div
instead of 60 mV/div. In order to maintain
the same trigger sensitivity, the trigger
amplifier must amplify 10x more. This is
realized by reducing the feedback in the
emitter leads of TSs and TSs, by means of
a resistor shunted across the feedback
resistors of these transistors. The emitter
voltages of TSs and TS« can be equalized
by means of the potentiometer Ri, so that
the DC collector voltage of TS¢ does not
alter when we switch from one gain range
to another.

Since the bandwidth of the vertical ampli-
fier is reduced to 5 MHz with the gain
selector at x10, a self-inductance of 4.7 uH
is included in series with the above-men-
tioned series resistor. This reduces the
bandwidth of the trigger amplifier so that
trouble due to noise and interference
signals for triggering is minimized.

11




Switching amplifier

from preamplifier A TSy3
| o to delay line driver
TS15
- D2
H———l
»'_—'-I-P<TS15
+——= to delay line driver
TS14
»i X deflection
i * — switch
Ll:}—k TS D19
from preamplifier B 7 Dg — r<r517
L, S|
| Brz B
S
00 o | = I
1
—>—D—i-—‘- D18 D22
R L—:H<L ! i '.’\/Tsua
4 TSg Do
T T —
ny Tt X geflection
Dr:; switch

v

9. The circuit diagram of the switching amplifier

This comprises the circuits (fig. 9) between
the pre-amplifiers and the delay-line driver,
namely the Ya and Yp amplifiers, the elec-
tronic switch and the horizontal pre-ampli-
fier.

Channel A

This contains a push-pull amplifier. When
the channel selector switch (A-OFF-(A—B))
is set to A, one of the inputs of this ampli-
fier is connected to the A pre-amplifier,
while the other is earthed via a reed relay.
When the channel selector switch B-OFF-

12

(—B) is at OFF the base voltage of tran-
sistor TSs (point P) is such that the diodes
D: and D2 are cut off, while diodes Ds and

D4+ are conducting. The channel A amplifier
now contains transistors TS1 and TSz with
current feedback and TSis and TS with
voltage feedback.

A small part of the current for the voltage-
feedback section is provided by transistors
TS+ and TSs. This current can be varied
by means of the potentiometer R1, in such
a way that when the current in one arm
increases, that in the other arm decreases.

D23

The emitter voltages of TSz and TS+ vary
correspondingly; this thus gives us a way
of adjusting the vertical position of the
image. The potentiometer R2 can be ad-
justed so that when Ri is in its middle
setting, the image is in the middle of the
screen.

The capacitor Ci is connected between the
collectors of TS: and TS: in order to make
this channel identical with channel B for
high frequencies. The capacitance here
corresponds to the capacitance formed by
the diodes Ds—D12 between the collectors



of TS7 and TSs in channel B.

When the switch A-OFF-(A—B) is at OFF,
the base voltage of TSs (point P) is such
that the diodes D1 and D2 are conducting,
while Ds and D« are cut off. The signal is
now blocked.

In position “A—B", the input of the ampli-
fier which was earthed is connected to the
output of the pre-amplifier of channel B
instead. This makes channel A differential.
The differential action is improved by
feeding the emitter resistors of TS:1 and
TS2 via the transistor TSs. The base voltage
of TS¢ (point P) is again such that diodes
D1 and D2 are cut off, while Ds and D4 are
conducting. For the case when the switch
B-OFF- (—B) is not off, see the section on
the electronic switch.

Channel B

When the switch B-OFF-(—B) is at B, the
voltage at the point T is such that diodes
Ds, Dy, Ds and Di2 are conducting. The
voltage at point S is such that diodes Ds,
D1, D7 and D1 are cut off. Further, if the
switch A-OFF-(A—B) is at OFF under
these conditions, then the base voltages
of TS and TS (the voltage at the point
Q) is such that diodes Dis and D4 are cut
off, while Dis and Dis are conducting.
The amplifier now consists of transistors
TS7 and TSs with current feedback and
TS5 and TSis with voltage feedback.
When the switch B-OFF-(—B) is at OFF,
the bases of TS and TSi2 (point Q) re-
ceive such a voltage that diodes D3 and
D14 are conducting, while D1s and Dis are
cut off. The signal is now blocked.
When the switch is set to “—B”, then
diodes Ds, D10, D7 and D1 are conducting,
while Ds, Ds, Ds and D12 are cut off. This
has the effect of reversing the signal leads,
as it were. Potentiometer R4 is adjusted so
that no DC voltage shift occurs on switch-
ing from “B” to “—B". The position con-
trol is the same as for channel A, except
that potentiometer Rz is missing here; its
role is taken over adequately by Ra.

The signal for the delay-line driver is
taken off via the emitter-followers TSz and
TS, which al!so deliver the current for the
feedback resistances of TSis and TSus.
This has the advantage that the collector
resistances of TSis and TS can be much
larger, so that the transistor properties are
not so critical for the amplification.

Electronic switch

If both the channel switches are on, the
electronic switch comes into operation,
and channe!s A and B are connected in
turn. This can be done in two different
ways, depending on the setting of the
ALT.-CHOPP. switch.

In the chopped position, the change from
channel to channel is independent of the
time base; while in the alternate position
channel A is connected during one saw-
tooth, and channel B during the next. For
details of the control of the electronic
switch, see page 14.

If either channel A or channel B is con-
nected to the voltage-feedback section.
the emitter voltage of TSis and TS lies
below the Zener voltage of D2, so that
this diode does not come into operation.
If both channels are switched off, then D2+
limits the rise of the base voltage of TSis
and TSi, and the diodes Ds, D4, Dis and
D16 remain cut off. The two voltages to the
delay-line driver are practically equal, so
that a line is produced more or less in the
middle of the screen.

Horizontal pre-amplifier

When the X-deflection switch (MAIN TB,
DEL'D TB, EXTERN) is set at EXTERN
channel B is connected to the horizontal
amplifier. The base voltage of TSn and
TSz (point Q) and the voltage of Do2s
(point W) are then such that the diodes
D13, D14, Dy and D20 are conducting. The
amplifier now consists of transistors TS-
and TSs with current-feedback which are
connected via TSn and TSi2 to the tran-
sistors TSz and TSis with voltage feed-

back. The amplification can be adjusted
by means of a trimming resistor Rs, which
joins the half-way points of the two feed-
back resistors (each of which in fact con-
sists of two separate resistors).

The signal passes from the collectors of
TS17 and TSis via the X-deflection switch
to the horizontal amplifier. The B-channel
position and polarity controls remain
active, but the horizontal position control
is put out of action by the X-deflection
switch.

When the B-OFF-(—B) switch is at OFF,
the voltage at point V is such that diodes
D21 and D22 become conducting while D19
and D20 are cut off; the signal is thus
blocked.
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10. Diagram of the bistable multivibrator for the

The electronic switch of the amplifier is
controlled by a bistable multivibrator, the
circuit diagram of which is shown in fig.
10. One output of the multivibrator is
connected to point P of the electronic
switch (in channel A), while the other
output is connected to point Q (in channel
B).

The multivibrator is controlled in its turn
by the blocking oscillator of fig. 11. Wit
the ALT.-CHOPP. switch at CHOPPED, this
oscillator oscillates without triggering, at a
frequency determined by the combination
of R1 and C1 in the base lead of transistor
TS1. The collector of TS produces a steep
negative pulse which is fed to the multi-
vibrator at point K; each time the multi-
vibrator receives such a pulse, it switches
over.

With the selector switch at ALT., the base
of TS1 is connected to the +6 V supply by
a reed relay, and the oscillator is locked.
A current produced by a negative pulse

14

K
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1

from

gating swe
multi\E/Jibratoerp

blocking oscillator

from the time base is now fed to the
transistor TSz, which has voltage feedback.
This current gives rise to a negative pulse
at the collector of TSz which is applied via
the emitter-follower TSs and C: (68 pF) to
the base of TSi. Differentiation of this
gives rise to a positive pulse during the
fiypback of the saw-tooth, thus producing
a negative switching pulse at the collector
of TS: for the control of the multivibrator.
The negative pulses from the collector of
TS are also fed to the base of TSa.

The current through R: which originally
flowed through D1 will now pass through
D2 and TS to the Z modulator, via a delay
line which gives the same delay as that
in the vertical channel. This suppresses
the signal produced during the switching
between A and B, especially when the
selector switch is at CHOPP.

If the switches A-OFF-(A—B) and B-OFF-
(—B) are both on, and the X DEFL. switch
is not at EXT., then the blocking oscillator

2V +12V

to multivibrator

K

11. The circuit diagram of the blocking oscillator

is not locked, and the electronic switch
passes channel A and channel B alter-
nately.

When the B-OFF-(—B) switch is off, the
reed relay is actuated via point L, and the
blocking oscillator is locked. At the same
time, TS: receives via point F a base
voltage such that this transistor is cut off.
TS now draws current, and the collector
veltage of this transistor is such that
channel B is blocked.

When the A-OFF-(A—B) switch is off, the
relay is actuated via point M, and TSs is
cut off at the same time via point G. Now
channel A is blocked.

If both switches are off, both transistors
cf the multivibrator are cut off, so that
both amplifier channels are blocked.
When the X DEFL switch is at EXT., the
blocking oscillator is locked via point N,
channel A is open because TS: is cut off
via point H. Channel B is connected to the
horizontal amplifier, via point V, see fig. 9
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12. The circuit diagram of the delay line driver delay line and terminating amplifier

The circuit diagram is shown in fig. 12.
The first stage is a normal push-pull ampli-
fier, whose function is to increase the
sensitivity of the whole section by a factor
of 10 when the gain switch is in its x10
position.

With the gain switch at x1, the diodes D1
and D2 connect resistors in the emitter
leads of TS: and TS: such that the over-
all amplification factor of the section is 1.
Diodes D3 and Ds are cut off. The RiCs
time constant of the emitter leads ensures
optimum transmission of the highest fre-
quencies.

With the gain switch at x10, diodes D1 and
D2 are cut off, and Ds and D4 are con-
ducting. The emitter resistances are now
such that the section gives an amplifica-
tion of 10x. The trimming resistor Rz can
be used to give the final adjustment to the
amplification.

The current for this stage is taken from
the -+-24V supply, via a resistor (6k2)
which is short-circuited in the normal oper-

ating position. This short-circuit is realized
with the beam-finder push-button in its
quiescent position. When this button is de-
pressed, the 6k2 resistance is inserted into
the circuit, and the current in the stage
is drastically reduced. The deflection is
then very slight, and the image will remain
on the screen, even when the position con-
trols are operated.

Output .
amplifier

Output
amplifier
]

+
Terminating

Delay line amplifier

The second stage is also built as a push-
pull amplifier, and consists of two parts.
The first part has current feedback and the
second has voltage feedback; the delay
line is connected between these two parts.
This delay line is terminated at both ends
by its characteristic impedance (50 ohm).
Two RC combinations are shunted across
the emitter resistor between TSs and TSy,
to compensate for the losses in the delay
line.

The signal for the final amplifier is taken
from the collectors of TS; and TSs via
emitter-followers TSs and TSe¢, which also
provide the current through the voltage-
feedback resistors.




Construction of delay line

The delay line of the PM 3250 consists of
a double-clad print on an epoxy base (see
fig. 13). Its characteristic impedance is
50 ohm and the total delay time 65 nano-
sec. After the 50-ohm leads have been
connected, the delay line is encapsulated
in plastic (fig. 14). This delay line is only
suitable for 2 input signals which are in
anti-phase.

The conducting tracks are designed so
that current loops are produced (see fig.
15). As may be seen from the figure,
current loop 1 is coupled with loop 2,
13. Printed circuit forms the hart of the delay line  14. The complete delay line against loop 3, etc. This gives a very high
self-inductance. The self-inductance of the
current loops themselves is largely de-
termined by the coupling between the two
trace patterns i.e. by the thickness of the
epoxy resin.

The capacitance is formed by the inter-
action of the two trace patterns, and is
/ N NS b \ inversely proportional to the thickness of
the epoxy resin. Since both the self-induc-
tance and the capacitance depend on the
3 thickness of the epoxy base, variations in
this thickness will have hardly any effect
f ! on Z,. The delay time, on the other hand,
_ T N will change.

1 N P & The rise time of the delay line with correc-
= 4 tion networks is about 1 ns.

Anti-phase SO M3y T The advantages of this printed delay line
sgnal compared with the conventional cable type
are the very good reprcducibility of Z,, the
high delay time per unit volume and the
ease of mounting.

040104010t
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I
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15. The formations of current loops in the delay line
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16. The circuit diagram of the output
amplifier

The output stage of the PM3250 is a
complementary single-ended  push-pull
class AB amplifier, driven by a current
source. This current source consists of a
stage with current feedback, which has the
function of driving the output stage as well
as limiting the voltage swing of the vertical
amplifier, see iig. 16. This voltage swing is
20—30%0 greater than that required for full
screen deflection. In order to avoid current
and voltage distortion, this limitation is

realized at the emitters of the driving
stage.

When the vertical amplifier is in the middle
of its range, TSs and TSs draw the same
current .

As the modulation of the amplifier is in-
creased, a moment will be reached where
e.g. TSs ceases to pass current, while TSe¢
will pass the full 2I. The side of the output
amplifier driven by TSs no longer amplifies,
while the side driven by TSe¢ continues to
amplify. This undesirable state of affairs
must be remedied, which is done with the
aid of Ri7. At the moment when TSs ceases
to pass current, Ri7 will be included in the
path followed by the signal. The current
feedback will now be increased, with the
result that the amplification of the output
stage is reduced by a factor of 10.

The quiescent current of TSs and TSs is
delivered via the resistors Ris and Ris. The
output stage is based on the principle that
a transistor with voltage feedback has a
very low input resistance (of the order of
r. of the transistor) as a result of this
feedback. A complementary transistor is
used as collector resistance; this is also
driven by the driver stage. This comple-
mentary transistor is ccnnected in such a
way that it can in its turn be regarded as
a transistor with voltage feedback, with the
other transistor as its collector impedance.
The collectors of the transistors are thus
connected, and this common point is also
the output of the amplifier. The result of
this is that both transistors have the same
feedback resistor; as a result of the oppo-
site polarity, the quiescent current of the
feedback resistor is thus zero. Now since
the transistors of the output stage do not
have to supply any quiescent current at all
to the circuit, the quiescent current of the
output stage itself can be kept very low.
This quiescent current can be adjusted by
means of the variable resistor Rz in the
emitter lead of TS: and Rs in the
emitter lead of TSs. The feedback gives
the bases and hence also the emitters

of the output transistors a fixed poten-
tial. The voltage across Ri + R: (and
across Rs + R4) is thus also constant, so
that the quiescent current of the output
stage can be adjusted by varying the total
value of these two resistor pairs.

Ci1 and C: serve to eliminate the current
feedback at high frequencies.

This current setting means that these tran-
sistors are not driven by low-frequency
signals and DC shifts. The quiescent
current of the output stage must now be
adjusted so that it exceeds the maximum
driving current |, to avoid current dis-
tortion. The maximum driving current and
the feedback resistor determine the maxi-
mum voltage modulation. This maximum
voltage modulation, together with the knee
voltages of the two transistors, represents
the minimum voltage gap between the twc
bases, which is determined by four Zener
diodes between the bases. These Zener
diodes help to determine the minimum
voltage modulation, and also connect the
bases to the feedback resistors. In order
to keep the resistance of the Zener diodes
low, the resistors Rmn (12, Rz¢s and
Rs (100 are used to define the current
through the Zener diodes so that its mini-
mum value is equal to the maximum base
current. Rs (10) is made variable, so that
the deviations from the nominal quiescent
current due to the tolerances in the Zener
diodes can be compensated for. The volt-
age across the total resistance Rz (s) and
Rs (10, is also constant, and the current
through these resistor pairs can be ad-
justed by means of Rs (10).

A self-inductance is included in series with
the feedback resistor to increase the
bandwidth of the output amplifier. The HF
boosting cannot be realized in the driver
stage, as this would then be dependent on
the emitter resistance values of TSs and
TSs and hence on the vertical position of
the image on the screen.
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Functional description of the
horizontal deflection system

complete signal

time-base signal 1

When this signal is used for the horizontal de-
tlection, that part of the complete signal between
times t and t. is shown on the screen

time-base signal 2

detail of the complete signal of duration \\t sec,
which is shown on the screen if time-base signal
2 is used for the horizontal deflection, and some
additional vertical magnification is applied.

17. Relationship of an unmagnified signal, a magnified detail and the relevant time-base signals

Introduction

The PM 3250 is equipped with a double
time-base system in order to permit any
desired magnification of a detail along the
time axis. This possibility is illustrated in
fig. 17, which shows an unmagnified signal
and the detail magnification together with
the relevant time-base signals.

Time-base signal 1 is produced by the
“main time-base generator”, and time-base
signal 2 by the “delayed time-base gene-
rator’. We shall start our description of
the double time-base system with the main
time-base generator.

Band-
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signals Coupling |
228 |
r-Source !
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18. Block diagram of trigger system

" Slope
P~ o~ Differential
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The main time-base generator

The saw-tooth signal (time-base signal 1,
fig. 17) is triggered by the signal under
observation itself (taken from one of the
vertical pre-amplifiers), or by another
signal applied to the external trigger input.
The production of a saw-tooth voltage
from this trigger signal occurs in 2 phases.
First of all a trigger pulse of standardized
height and width is produced from the
trigger signal (see the block diagram of
fig. 18). This pulse now triggers the saw-
tooth generator, thus determining the ori-
gin of the time axis. In order to enable
this origin to coincide with any desired
point of the trigger signal, the oscillo-
scope is provided with a trigger-level con-
trol (LEVEL) and a slope selector switch

trigger pulse for sawtooth generator
trigger pulse for automatic free-run circuit

Trigger o1

amplifier multivibrator [~{Differentiator

which allows triggering on both the posi-
tive-going and negative-going edges of the
trigger signal.

After selection of the desired trigger signal
by means of the selector switch source
(see fig. 18), the transfer characteristic of
the system can be reduced to remove
interfering frequency components, such as
hum or noise, from the trigger signal. The
frequency range employed can be chosen
by means of the switch coupling: in the
position LF, the range from 3 Hz to 1 MHz
is selected, and in position HF the range
from 2 kHz to well above 50 MHz. In the
position DC (0 to well above 50 MHz), the
trigger signal is passed unchanged.

The difference amplifier now amplifies the
difference between the trigger signal and
the DC voltage from the potentiometer
LEVEL, and the output signal of this
amplifier is fed to the trigger multivibrator.
The sign of the amplification is selected
with the aid of the switch slope. The oper-
ation of the whole system is illustrated in
fig. 19.

AV1 represents the dynamic range of the
difference amplifier. Input signals falling
within this range produce amplified output
signals. When these output signals overlap
the hysteresis gap /AV: of the trigger
multivibrator, square-wave signals are pro-
duced at the output of the latter; after
differentiation, these square-wave signals
give short positive and negative pulses.
In the PM3250 the negative pulses pro-
duced at the output of the differentiating
circuit are used for the triggering of the
saw-tooth generator; the positive pulses
are used for the control of an automatic
free-run circuit, as described further on in
this article.

As may be seen from fig. 19, when the
slope switch is in its "+ position the
saw-tooth generator is triggered by the
positive-going edge of the original trigger
signal, and when the slope switch is in its
"—" position by the negative-going edge.
The precise point on the edge in question
which triggers the time base can be
selected with the LEVEL control. The
LEVEL potentiometer is fitted with a puli-
push switch which allows a 5 fold range
increase to be used for large trigger
signals.

As may be seen from fig. 20, the saw-tooth
generator proper consists of a Schmitt
trigger (from now on referred to as the
SGM - sweep gating multivibrator), an in-
tegrator and a hold-off circuit.

The input signal of the SGM is made up of
three separate signals, of which we shall
ignore that from the automatic free-run
circuit for the moment. If the SGM is
triggered by the trigger pulse, a voltage
step is applied to the input of the
integrator, with the result that a voltage
increasing linearly with time is produced
at the output of the integrator. As soon as



this voltage reaches a level determined by
the hold-off circuit, the latter is triggered,
producing a pulse whose width is corre-
lated with the rate of increase of the inte-
grator output signal. The hold-off circuit
can thus be regarded as a monostable
multivibrator, one of whose time-determin-
ing elements is adjustable and coupled
with the integrator. The hold-off pulse,
produced by the hold-off circuit, switches
the SGM back to its original state, as a
result of which the output voltage of the
integrator — which is the time-base signal
— falls relatively quickly to its original
value. This process is illustrated in fig. 21.

The quiescent level of the SGM input
signal is within the hysteresis gap; the
starting pulse takes the input level below
the lower limit of this gap, and the hold-off

19. Waveforms associated with fig. 18

Signal from
automatic

free-run circuit

pulse above the upper limit. The height of
the hold-off pulse is chosen so that if it
should coincide with a trigger pulse the
latter wil have no effect; this prevents a
new saw-tooth signal from being initiated
before the integrator has been fully dis-
charged. For this reason also, the duration
of the hold-off pulse (ts—tz2) should be
appreciably greater than the discharge
time of the integrator (ts—t2).

The slope of the saw-tooth voltage and
hence the horizontal scanning speed can
be varied stepwise and continuously by
changing the magnitude of the time-deter-
mining elements in the integrator.

In order to prevent the presence of a
stationary spot on the left of the screen
in the absence of a saw-tooth signal,
which could damage the phosphor and to
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20. Block diagram of the saw-tooth generator
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21. Waveforms formed at various points in the block diagram of fig. 20

prevent the flyback from producing a
visible trace on the screen (between times
t2 and ts, see fig. 21), the control grid
(Wehnelt cylinder) of the cathode ray tube
is controlled by a positive pulse (the “un-
blanking” pulse) superimposed on a DC
voltage which alone would suppress or
blank the electron beam. The pulse in
question should be present between the
times t1 and t2, and is thus derived from
the SGM output.

The mode of operation described above is
produced when the trigger mode selector
is set to TRIGG. This selector also has two
other positions — SINGLE, for single-sweep
operation and AUTO, in the case of which
the automatic free-run circuit is operative.
When events which occur once only have
to be observed (and generally photo-
graphed), it is often desirable to ensure
that only one saw-tooth is generated, even
though several trigger pulses might be
produced after the phenomenon of inter-
est. Of course, the single saw-tooth in
question must be triggered by a trigger
pulse.

In order to realize this, the hold-off circuit
is changed from a monostable multivi-
brator to a bistable, so that when the peak
value of the saw-tooth voltage is reached
the hold-off circuit produces not a pulse
but a voltage step, thus switching the SGM
back to its quiescent state and blocking it
for further trigger pulses. The hold-off
circuit can be switched back by the SET
READY push-button, after which the next
trigger pulse received will again lead to
the production of one single saw-tooth.
If the trigger mode selector is set to
AUTO, the saw-tooth generator again
works as illustrated in fig. 21 and as de-
scribed above for TRIGG, except that now
the automatic free-run circuit is switched
on. As already indicated in fig. 18 and 20
the automatic free-run circuit, generally
named AUTO circuit, is controlled by trigger
pulses, and it in its turn controls the SGM.
The function of this circuit is to ensure
that the saw-tooth generator is free-run-
ning in absence of trigger pulses. This
means that, as soon as one saw-tooth is
completed (at time ts, fig. 21) a new one
is generated.

In this way an image, though not a statio-
nary one, is always produced on the
screen, even though the trigger controls
(source, level, slope, coupling) may not
be correctly adjusted. This facilitates the
search for the correct adjustment of the
oscilloscope.

The AUTO circuit contains a capacitor
which is connected to the SGM via a
diode. This capacitor is discharged to a
certain voltage each time a trigger pulse
is detected.

The polarity of this voltage is chosen so
that when it is present, i.e. when a trigger
pulse has been received, the diode is cut
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22. Waveforms formed when time-base signal 2 is started (STARTS) after delay time
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23. Waveforms formed when time-base signal 2 is triggered (TRIGG.) after delay time

off and the process sketched in fig. 21
continues unchanged. However, in the
absence of trigger pulses the voltage
across the capacitor will rise until, in
about 0.5 sec, the diode will start con-
ducting.

The input level of the SGM now comes
to lie below the hysteresis gap. As a
result, about 0.5 sec after the last trigger
pulse the SGM will automatically switch
over. It will be switched back by the next
hold-off pulse, (which still comes above
the hysteresis gap), and once again auto-
matically switches over when the hold-off
pulse is completed. This process is then
repeated continuously till a new trigger
pulse is received.

The delayed time-base generator
Time-base signal 2 (see fig. 17) is pro-
duced by the delayed timebase generator.
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24. Unblanking signals
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The starting moment of this signal is con-
trolled by time-base signal 1 together with
a variable DC voltage "V, adjusted with
the aid of a multiturn potentiometer, the
DELAY-TIME MULTIPLIER. There are two
modes of operation, illustrated in fig. 22
and 23, and corresponding to positions
STARTS and TRIGG respectively of the
selector switch marked AFTER DELAY
TIME.

The trigger circuits which come into oper-
ation when the AFTER DELAY TIME switch
is at TRIGG are identical with those of the
main time-base generator. The hold-off
circuit of the saw-tooth generator works
as described above for the main time-base
generator in the SINGLE position. How-
ever, the hold-off circuit is no longer set
by the SET READY push-button, but by tha
comparator mentioned in fig. 22 and fig.

X DEFL. set to MAIN TB, TIMEI/div (delayed
time base) at OFF

X DEFL. set to DEL'D TB, TIME/div (delayed
time base) not at OFF

X DEFL. set to MAIN TB, TIME/div (delayed
time base) not at OFF

The starting signal for the delayed saw-
tooth generator is derived from the time-
base signal 1 and the DC voltage "V’ with
the aid of a difference amplifier, the com-
parator. By suitable adjustment of 'V”, any
desired point on time-base signal 1 can be
taken as the start of time-base signal 2.
Since both the main scale of the multiturn
potentiometer and the horizontal deflection
scale on the CRT screen are divided into
10, the delay time to—t1 can be found by
multiplying the reading of the multiturn
potentiometer by the setting of the TIME/div
control of the main time base.

While in the previous case (fig. 22) ths
delayed time-base generator started direct-
ly at time t2, now it awaits receipt of the
next trigger pulse. This method is made
use of if time jitter would give a blurred
picture of the detail in question (see fig.
17). This time jitter could be present in the
original signal under investigation itself or
— at extreme magnifications — be due to
the time-base circuits in question. It goes
without saying that the value of ts—t1 can
no longer be read off from the helipot
scale, and the delay time is no longer con-
tinuously variable. The delayed time-base
unit has separate trigger circuits, so that if
desired it can use another trigger signal
and/or trigger control settings (level, slope,
coupling) than the main time base.

23. (In this article, we neglect the fact that
the hold-off circuit is also controlled by
the SGM signal from the main time-base
generator, together with the comparator
signal via the reset multivibrator. This is
dealt with in more detail on page 24)

The hold-off circuit returns to its original
state at time t. (see fig. 22 and 23). With
the AFTER DELAY TIME switch at STARTS
(fig. 22), the input voltage of the SGM
falls to below the hysteresis gap, so that
the SGM is triggered immediately, and the
time-base signal 2 starts at time t.. In the
other mode of operation (TRIGG, fig. 23),
the input voltage of the SGM is also re-
duced at time t2 but not so much: it now
lies within the hysteresis gap. The next
trigger pulse which is received will thus
trigger the SGM. Here again, when time-
base signal 2 reaches its peak value the
hold-off circuit is switched to the state
where the input voltage of the SGM lies
above the hysteresis gap. This also hap-
pens when the comparator signal ends
(ta in fig. 22 or ts in fig. 23) or at the start
of the flyback of time-base signal 1, even
if time-base signal 2 has not yet reached
its peak value.

Selection of X-deflection and brightness
control

The results of two different selections of
the X-deflection have already been sketch-
ed in fig. 17:

A. with time-base signal 1 for the horizon-



tal deflection and the SGM signal from
the main time-base generator as unblank-
ing pulse; and

B. with the corresponding signals from
the delayed time-base generator.
However, the correct adjustment of the
DELAY TIME MULTIPLIER and TIME/div
controls of the delayed time-base gene-
rator in order to observe the time interval

At is greatly facilitated by a third
possibility:

C. in which the time-base signal 1 pro-
vides the horizontal deflection (so that
the complete signal is displayed on the
screen), while the signal intensity is

increased during the presence of the de-
layed saw-tooth. The unblanking signal is
here a combination of the pulses from the
two sweep gating multivibrators, as shown
in fig. 24. The positions of the X DEFL.
and TIME/div controls (delayed time base)
corresponding to these three possibilities
are also given in fig. 24.

With the X DEFL selector switch in its
third position, EXTERN via Y, the horizon-
tal deflection amplifier is not connected to
one of the time-base generators, but to the
vertical B channel (for XY measurements).
In these measurements, the same ex-
tensive control possibilities exist for both
deflection directions, except that the x10
magnification is only operative for the
vertical deflection.

The horizontal deflection amplifier

The horizontal deflection amplifier is
equipped with a potentiometer (X PO-
SITION) with the aid of which the image
on the screen can be displaced horizon-
tally. This potentiometer has a pull-push
switch (X MAGN.) which can be used to
increase the amplification by a factor of 5
(so that the values on the TIME/div scale
are reduced by a factor of 5). This facility
can be used instead of the delayed time
base for detail studies of signals — al-
though of course its scope is more limited
(see page 38).

The X-magnification and positioning con-
trols are switched off for XY measure-
ments, as these facilities are already pre-
sent in the Yp channel.

Ergonomy and design

We have now dealt (explicitly or implicitly)
with all the controls used for adjustment
of the horizontal deflection. This informa-
tion is summarized in the following table.
It will be clear from the number of these
controls (20 in all), if from nothing else,
that a complete double time-base system
makes the operation of the oscilloscope
as a whole appreciably more complicated.
The best solution of this problem of con-
trol complexity is to arrange the controls
logically, in straight lines, and as con-
veniently positioned as possible. For these
reasons, the PM 3250 is e.g. not equipped
with multiple function time-base sweep-

No. Name of control *) Positions or range Function
1. Mode AUTO, TRIGG. selection of mode of main time-base
SINGLE generator
2. Source YA, YB, EXT selection of triggering source for
main time-base generator
3. Coupling LF, HF, DC selection of trigger-signal coupling
for main time-base generator
4. TIME/div or 1 s to 0.05 us step control of time scale of main
DELAY TIME time-base generator
5: ditto CAL continuous control of time scale of
main time-base generator
6. Slope o+ - slope selection of trigger signal for
main time-base generator
7. LEVEL selection of triggering level of trigger
signal for main time-base generator
8. ditto PULL FOR X5 increases range of level control (7)
9. DELAY TIME vernier 0—10 determines delay time, in combina-
MULTIPLIER tion with (4) and (5)
10. AFTER DELAY STARTS, TRIGG. selection of mode of delayed time-
TIME: base generator
115 Source YA, YB, 'EXT. selection of triggering source for
delayed time-base generator
32 Coupling LF, HF, DC selection of trigger-signal coupling
for delayed time-base generator
13: TIME/div 0.5 s to 0.05 us step control of time scale of delayed
OFF time-base generator, and OFF switch
14. ditto ———— CAL continuous control of time scale of
delayed time-base generator
15: Slope el — slope selection of trigger signal for
delayed time-base generator
16. LEVEL selection of triggering level of trigger
signal for delayed time-base gene-
rator
17; ditto PULL FOR X5 increases range of level control (16)
18. X:DEEL. MAIN T B selection of source for X deflection
DEL'D T B, EXT
19. X POSITION horizontal position control
20. X MAGN. PULL FOR X5 horizontal amplification control

*) These are the names used in the text; those in capitals are also used on the control panel of the
oscilloscope; see photo, fig. 25
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rators although this and other possible
combinations do save space. Another
consequence of the above is the consistent
positioning of the tumbler switches; as a
by-product of this and of the choice of the
top settings of all selector switches, when
all switches are set in their top-most po-
sitions we have the best chance of getting
an image on the screen if we know nothing
at all about the signal under investigation.

25. Part of the control panel, containing all horizontal
deflection controls
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The automatic free-run circuit
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26. The circuit diagram of the automatic free-run circuit

If the controls of the oscilloscope are not
properly adjusted it is desirable to have
an image on the screen whether there is
a vertical signal or not in order to facilitate
the correct adjustment.

This can be realized by putting the moda
switch in position AUTO. This connects
the automatic free-run circuit to the time-
base to run free in the absence of trigger
pulses. When trigger pulses with a repeti-
tion frequency of more than 2 Hz are
present, the time base is automatically set
for triggered operation.

Circuit is triggered

2av-tl _____. | PSR St
Conduction ' I
range of Dp 4 2%out o
\ 12 sec q
I
27. Waveform associated with fig. 26. The voltage

at the point between R: and R:
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The free-run circuit consists of a mono-
stable PNP-NPN multivibrator. In the
absence of trigger pulses at the base of
TS (see fig. 26), TSy, D1 and TS2 are cut
off. The current through R: is taken via D-
and Rs from the voltage divider which de-
termines the input voitage of the sweep
gating multivibrator (SGM); see page 18.
When trigger pulses are passed via ampli-
fier TSs to the base of TS, the latter will
conduct. The current produced in this way
will give rise to a voltage drop across Rs
which will make TS2 conducting.

The cumulative effect causes TS: and TS:
to bottom rapidly; diode D: will then con-
duct. The current now flows through TS;,
D:, TS2 and Rze; it is derived from the tank
capacitor Ci. The current is limited by Re.
As Ci is discharged, the voltage at the
point between R: and Rz will rise to about
12V (see fig. 27). Diode D2 will now be
cut off, which will cause the input voltage
of the SGM to return to the level required
for triggering. After being bottomed, both

transistors will be cut off again. If trigger
pulses remain absent, the voltage between
R1 and D2 will again reach such a level as
to cause diode D2 to conduct after about
'/2 sec, and the time base will again run
free. If on the other hand the automatic
free-run circuit receives a trigger pulse
again within this '/2 sec, the tank capacitor
will discharge without making D2 conduc-
ting.




The integrator

A voltage increasing linearly with time
(saw-tooth voltage) can be made by
passing a constant current through a
capacitor. Well known systems working in
this way are the bootstrap and the Miller
integrator. However, the PM 3250 makes
use of a third method, which is simpler in
principle, giving an improved operation at
fast sweep speeds. The operation of the
integrator is described below, with refer-
ence to fig. 28.

The constant current required for the saw-
tooth voltage is obtained by feeding tran-
sistor TSz from a point of constant voltage
(emitter of TS1) via a selectable resistor
R2. The collector current of TSz will now
be independent of the collector voltage,
and be determined by Vge/Re.

The collector current of TSz can be varied
by changing Vg2 (by means of the continu-
ous TIME/div control) or by changing Re;
the latter can be used to realize part of the
step control of the TIME/div value.

In order to keep the current through TS:2
within limits throughout the whole range
from 1 s/div to 50 ns/div, the capacitance
C must also be varied in steps.

These limits (from about 15 n«A to about
5 mA) are determined on the low side by
the leakage currents through the charger,
discharger, output amplifier and capacitor,
which is appreciable at higher tempera-
tures, and on the high side by the maxi-
mum permissible power dissipated by TSo.
The output amplifier consists of a Darling-
ton pair (TS4, TSs), whose current is kept
constant during the sweep by the tran-
" sistor TSe, connected as a current source.
In order to keep the input resistance as
high as possible, the current through TS:
is made low. However, this low current
means that TS4 is not so suitable for high
frequencies. This difficulty is got round by
shunting TS« for high frequency so that
high frequencies pass directly to the base
of TSs.

The emitter of TS5 delivers the voltage for
both the Hold-off circuit and (at least with

+36V

R TIME/div.
1 Continuous
+90V
TIME/iv. ° § °
Rt S
: Charger -
+
1152 +16V "
| +12V
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' LTS, Com|
parator
| B
3 S5
Sweep oo Take
gating TSq off []
multivibrator
01 I ¢
. 'Y D2
Discharger Hold -off Horizontal
circuit ° sl amplifier
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28. Simplified circuit diagram of the integrator

the main time base) for the comparator.
The DC component is brought to a suit-
able value by means of the Zener diode
D2, and is fed to the horizontal amplifier.
When the saw-tooth voltage reaches a
certain value (see page 26), the sweep
gating multivibrator is switched over by
means of the hold-off circuit. The sweep
gating multivibrator controls the transister
TSs, which is used as a switch, so that the
capacitor C is discharged to the right level
at the right time.




The hold-off circuits

In order to prevent jitter, both the output
voltage of the integrator and the voltage
of the deflection plates must be allowed
to come completely to rest after the fly-
back of the time base before the next
sweep of the time base starts (see page 18)
This is achieved by “holding the sweep
gating multivibrator off” for a short time
after the completion of the time-base
sweep. For the main time base, this hold
off time is realized by charging the hold-
off capacitor and allowing it to discharge
relatively slowly. This manner of holding
off is unnecessary with the delayed time
base, as the main time base already
ensures that there is sufficient delay.
The main and delayed hold-off circuits
operate in practically the same way (see
fig. 29 and 30).

Main time base set to TRIGG.

When the output voltage of the integrator
reaches a certain value, determined by the
resistances Ri, Rz and Rs, D1 will start to
conduct. The voltage at the point joining
R1 and Rz, and hence the emitter voltage
of TS7, will rise. The hold-off capacitor C»
is charged, and the holf-off multivibrator
(TS2, TSs) switches over. The collector of
TS2 becomes more positive, as a result of
which the SGM is switched over via the
emitter-follower TS:1 (see page 25). The
SGM will bottom the discharger, so that
the time-base capacitor is discharged. The
voltage across D1 falls, and D1 will cut off.
The base voltage of TS; again assumes
the level determined bv Ri, Rz and Rs. TSz
becomes cut off, because the hold-off
capacitor must first be discharged via Rs.
As soon as the voltage across Ci will have
fallen so far that the hold-off multivibrator
switches over again, the hold-off time is
finished. This causes the input voltage of
the SGM to assume such a level that the
next trigger pulse to arrive will start the
time base.

Main time base set to AUTO
This circuit works as described above for
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the TRIGG setting, except that the auto-
matic free-run circuit ensures that the time
base will start “free-running” if no trigger
pulses are received for /2 sec or more.
(see page 22).

Main time base set to SINGLE

With the mode switch at SINGLE, the base
voltage of TS7 is set at such a value (by
removing Rs from the circuit) that TSy
starts conducting before the voltage across
C1 reaches the lower switch-over point of
the hold-off multivibrator, so that this
multivibrator will not be able to switch
over. In order to set the hold-off multi-
vibrator for single-sweep operation, the
SET READY button is pushed in. This
causes the base voltage of TS to fall so
far that the current which originally flowed
through TSs now passes through D2. The
hold-off multivibrator is thus deprived of
current. When the SET READY button is
released, TSs starts conducting again, so
that TS: starts conducting (since VpRTS:2
> VpTSs). The hold-off multivibrator is now
set so that it is ready to trigger the SGM.
The READY indicator indicates the position
of the hold-off multivibrator, and hence
whether the time base is ready to start or
running.

With very low-frequency phenomena,
where use is made of the lowest time-base
settings (e.g. 1 to 0.1 s/div), it is often
desirable to end the sweep prematurely.
This can be done at any position of the
mode switch by pushing in the SET READY
button.

Delayed time base

The delayed time base is built as a single-
sweep circuit with the reset circuit oper-
ated by the main time base (see fig. 30).
The saw-tooth voltage produced by the
main time base is compared in a com-
parator circuit with a DC voltage regulated
by the DELAY TIME MULTIPLIER potentio-
meter. When the instantaneous value of
the saw-tooth voltage at TS0 exceeds the
DC voltage at TSs the current through TS

will be cut off as a result of which a posi-
tive voltage jump will be produced at the
base of TSs, via TSs (see fig. 30 and 31).
TS4 will now become conducting, and the
reset multivibrator (TSs, TSs4) will switch
over. The current through TS4 is fed to the
hold-off multivibrator. Since the base volt-
age of TSz is higher than that of TSs, TS:
will conduct. Depending on the setting of
the AFTER DELAY TIME switch, the de-
layed time base will either start immediate-
ly, or is ready to be triggered.

When the saw-tooth voltage from the inte-
grator reaches its maximum value, D1 will
start conducting. The base voltage of TSs3
will rise, and the hold-off multivibrator will
switch over. As a result of this, the SGM
will also switch over and the time-base
capacitor will be discharged. Diode D1 will
be cut off, and the base voltage of TSs
will assume the value determined by R
and Rz. This level is too high to allow
TSs to be cut off. The hold-off multivibrator
will thus have to be switched off and on
again by the reset multivibrator before the
time base can be started or made ready
for starting again.

The main time base can also reach the
tinal voltage value before the delayed time
base. In this case, the hold-off multivibra-
tor will be deprived of current by the reset
multivibrator, and the delayed time-base
sweep will be prematurely stopped.

If the delay is set to a very low value with
the DELAY TIME MULTIPLIER, so that e.g.
the base voltage of TSs is roughly equal
to the quiescent voltage at the base of
TS, or slightly less than this, right at the
start of the main time-base sweep, the
amplitude of the current pulse delivered by
TSy will be less than normal (see fig. 32).
In this case, the main gate pulse applied
to the base of TSs is of importance. This
pulse, together with the comparator pulse,
now takes care of setting and resetting the
circuit. This makes it possible for the
DELAY TIME MULTIPLIER to be used over
the full range from 0 to 10.
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29. The simplified circuit diagram of the main hold-off circuit
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30. The simplified circuit diagram of the delayed hold-off crcuit
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31. Waveforms related to figs 29 and 30
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is set at zero



The horizontal amplifier

33. The principle of the horizontal amplifier

The horizontal amplifier must be able to
amplify not only saw-tooth voltages pro-
duced in the PM 3250 but also external
voltages fed in via channel Yg. In order to
meet the exacting requirements made on
linearity, accuracy and power consumpt-
tion, the circuit is designed so that the
currents through all transistors which
might have an adverse effect on the pro-
perties in question are increasing during
the linear part of the sweep voltage.

This has led to a rather unusual circuit:
see fig. 33 and 34.

The X DEFL selector switch selects the
signal and feeds it to a long-tailed pair,
which is set so that the maximum output
voltage of the output stage is not exceed-
ed, even with the X MAGN control at x5.
The output stage consists of two shunt-
feedback double cascodes (see fig. 33,
which shows the principle for AC). The
current feedback ensures that both the
input and the output impedance is low.
When the amplifier is driven by saw-tooth
voltages TSs, TSs, TS7 and TSs are made
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34. The simplified circuit diagram of the horizontal amplifier

more conducting during the sweep, so that
the current, which has to charge the de-
flection plates in a short time, can far
exceed the quiescent current. During the
flypack, TSs and TSs are conducting, so
that TSs and TSs will pass less current.
In order to prevent TSs¢ and TS; from
being cut off under these conditions, these
transistors receive extra current via Rz and
Rs, see fig. 34.

At very low frequencies both the sweep
and the flyback are provided by the lower
cascodes TSe, TSs and TSz, TSs alone, and
transistors TS« and TSy are used as
current sources. The voltages indicated by
+ and — are not stabilized.

The current through the circuit is determi-
nated to a first approximation by Vpi/Rs
and Vp2/Re. The current is not affected
by mains fluctuations, so that both the DC
setting and the amplification are kept con-
stant once more.

In the mid-screen position, (with the trace
in the middle of the screen), the collector
voltages of the transistors TSs and TSs are

about + 90V, while those of TSs and TSe
are about —90V. These voltages are
brought to 0V with the aid of Ds and Ds;
this corresponds to the mean deflection
potential of the vertical amplifier.

The amplification, largely determined by
the resistance R: (Rs4), and the resistance
between the emitters of TS: and TSs is
changed when the X MAGN. control is in
its x5 setting by connecting an extra re-
sistance between these emitters.

When the amplifier is driven by e.g. sinus-
oidal signals via channel Yg, the dynamic
range is limited at high frequencies by the
constant supply current (Vpi/Rs), whose
magnitude is determined by the maximum
allowable dissipation (transistors TSs, TSs,
TSs, TS9¢), the maximum mains voltage
(nominal + 10%) and the maximum am-
bient temperature (45° at max. mains volt-
age). At 5 MHz, however, a deflection of
as much as 6 div is still possible.



Z amplifier
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35. Block diagram of the Z amplifier

The Z amplifier ensures that the luminance

signals are applied to the control grid of

the CRT with the right amplitude and po-

tential, see fig. 35.

This stage can receive the following input

signals:

— an unblanking pulse from the main time
base, when the X DEFL switch is in
position MAIN TB

— a combined unblanking pulse from the
main and delayed time bases, if the
delayed time base is switched on (see
fig. 24).

—- an unblanking pulse from the delayed
time base, with the X DEFL switch at
DEL'D TB (see fig. 23).

— an unblanking pulse during the switch-
ing edge of the pulse from the elec-
tronis switch, with the latter set to
CHOPP.

— external luminance-modulation signals,
which are supplied to the DC coupled
Z input.

The various signals, in the form of current

pulses, must be led from the time base

and the amplifier units to the Z amplifier
with as little loss as possible. This is rea-
lized with the aid of cables which are
terminated with their characteristic impe-
dance at the input side of the Z amplifier.
Fig. 36 shows the circuit diagram of the
Z amplifier proper. This stage consists of
the transistors TS: and TS:2 in cascode,
followed by TSs connected as an emitter-
follower. Shunt feedback is applied across
the whole stage, thus making the input
impedance very low. This is necessary in
order to ensure that the various input
signals cannot interfere with one another.
The feedback is realized with a bridged
T-filter, which gives optimum step res-
ponse.

The output of the amplifier stage is at a
low potential. The control grid of the CRT,
on the other hand, is at a high negative
potential, namely —1500 V. An HT coupling
capacitor must therefore be placed in the
lead carrying the output signal of the
amplifier to the CRT.

The high-frequency components of the

Z INPUT  ICoupling
DC COUPLED

Unblanking from
time base

Blanking from
electronic
switch

-12v

36. The amplification stage of the Z amplifier
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37. The circuit diagram of the modulator
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-390V

38. Waveforms produced at the collector of TS

+80V nnn

+40V

i JUUL

39. Waveforms of input voltage of diode D2

signal can be transmitted without loss in
this way; however, the low-frequency and
DC components must be transmitted in a
different way. A floating voltage supply is
often used to bridge this big voltage gap.
However, the PM 3250 makes use of a
modern solution, as shown in the block
diagram of fig. 25. The low-frequency and
DC components are fed as modulation
signal to a modulator, which receives its
switching frequency from the EHT con-
verter. This gives a modulated carrier
wave, which is given the required ampli-
tude by an amplifier. The modulated
carrier wave is fed via a second HT capa-
citor to a detector which is at the same
HT potential as the CRT. After detection,
the carrier wave is eliminated by a cross-
over filter. The modulation is suitable
mixed with the HF components from the
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Z amplifier, and the resulting signal
applied to the control grid of the CRT.

The modulator

The circuit diagram of the modulator is
shown in fig. 37. The switching signal is
applied to point A. This signal makes
diode D1 periodically cut-off and conduc-
ting. When D: is cut off, the transistor TS:
conducts and conversely, when the diode
is conducting the transistor is cut off. The
signal applied to A thus controls the pas-
sage of the signal current from the Z
amplifier through TSi. A square-wave volt-
age, whose amplitude depends on the
signal current, is thus produced at the
collector of TS (see fig. 38).

In order to prevent the signal current from
interfering with the switching voltage, a
low-pass filter is placed between the Z

amplifier and the modulator.

The modulated voltage at the collector of
TS: is fed to an emitter-follower TS2. This
signal is then passed via the coupling
capacitor C to the detector diode Dq,

which reproduces the DC component (see
fig. 39).

The detected signal is fed to a cross-over
filter, where the carrier wave is suppress-
ed, and the high-frequency and low-fre-
quency components are mixed and applied
to the control grid of the CRT.




Cathode-ray tube

40. The cathode-ray tube used in the PM 3250 oscilloscope

The type used is the Philips D14 - 160 GH/
09, see figs 40 and 41 a 14-cm (diagonal)
rectangular flat-faced oscilloscope tube
with mesh and a metal-backed screen.
The tube is provided with an internal
graticule with an area of 100 x 80 mm?
the illumination of which is continuously
variable. In order to facilitate rise-time
measurements, broken lines are provided
10% below the top and 10% above the
bottom of the graticule.

The tube is used with a total accelerator
voltage of 10kV. With the other tube
voltages at their optimum value, the trace
width is only 0.35 mm at a beam current
of 10 uA.

In order to align the X deflection with the
horizontal axis of the internal graticule,
the whole picture can be rotated by means
of a rotation coil inside the mu-metal
screen surrounding the tube.

The angle between the two deflection di-
rections in the tube can be adjusted to
90° exactly with the aid of a second cor-
rection-coil system.

41. The graticule of CRT
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Calibration generator

30

- 24V -24V

The calibration voltage of the PM 3250 is
produced by an emitter-coupled multivi-
brator (transistors TS: and TS:) see the
figure 42.

The emitter resistors of TS and TS:2 are
formed by the transistors TSs and TS,
connected as current sources and adjust-
ed to give equal currents. As a result, the
output voltage is symmetrical, and the
repetition frequency of the square-wave
voltage is independent of the current
setting. The output voltage is determined
by the product of Rs and the sum of the
currents through TSs and TS..

The repetition frequency of the square-
wave voltage is determined by the coup-
ling capacitor Ci and the total collector
impedance R of TSi. This can be shown
as follows:
If e.g. TS is conducting then TS2 is cut
off, and the current through TS: is equal
to the sum of the currents through TSs
and TSa.
E. = R¢ (Is + l4). When TSz becomes con-
ducting, this voltage is applied across Ci,
so we have now:
CV =1t
R:C (la+14)
_

The same relation is found when TS: be-
comes conducting. Now if Is = |4, then t =
2 RC; T = 2t, because of the symmetry of
the square-wave voltage, so
PR . i

T 4R.C
The frequency and the output voltage can
be adjusted by means of R and R: re-
spectively.
In order to stabilize the frequency of the
circuit against temperature fluctuations, a
copper resistor is taken for Rs. The posi-
tive temperature coefficient of resistor Rs
then balances the negative temperature
coefficient of the other frequency-deter-
mining components.
In order to keep the output voltage con-
stant, R4 (an NTC resistor) is used to com-
pensate the variation of Vi of TSs and
TS4, and the temperature coefficient of
the components of the current sources.
Thanks to these measures, both the output
voltage and the frequency of the calibra-
tion generator are accurate to within 1%.

CR¢ (Is + ls) = lst where t =




Mechanical construction

43. The instrument without covers

44, The frame

45. The power supply unit

Construction of the instrument

The housing of the PM 3250 is chosen so
as to ensure optimum strength and
serviceability (see fig. 43 and 44).

The frame of the apparatus consists of a
front and rear wall of diecast aluminium,
cennected by partitions and straight pro-
files.

The front wall has a number of supporting
points for the various sub-units into which
the apparatus is divided. The text plate is
also fixed on to the front wall.

The rear wall serves as a heat sink.
Thanks to this, use of a cooling fan has
proved unnecessary. The rear wall is also
provided with two ridges on which the
apparatus can rest if it is placed on the
back side.

The above-mentioned combination of walls,
partitions and profiles forms a very stable
and rigid structure in itself; this is the
backbone of the oscilloscope. The various
electrical units are mounted in this frame;
each unit is designed as a self-contained
whole, as far as possible, and the various
units are connected by cables with plugs.
This layout improves the serviceability
censiderably.

The use of printed-circuit boards with
printed edge connectors represents an-
other step in the same direction. The hull
of the apparatus consists of two separate
hoods; both being fixed in place with snap
fastenings, so that they can be removed
quickly.

Perforations are avoided in the cap, to
stop dust and dirt from getting into the
instrument. The perforations as there are
in the cabinet are fully in accordance with
the safety regulations of the IEC.

Structure of the subunits
POWER-SUPPLY (see fig. 45)

The power supply is constructed as a
rigid self-contained unit, which can be re-
moved as a whole from the apparatus.
Two profiled steel carriers form the back-
bone of this subunit. A printed matrix and
a number of connector blocks are fixed on
these carriers. The printed boards (with
plug-and-socket connections) of which the
power-supply unit is built up are slid into
these connector blocks. The last are pro-
vided with nylon keys so that only the right
printed board can be inserted into a given
connector block. This greatly improves the
serviceability of the unit.

TIME BASE (see fig. 46)

The time base has been constructed on
the same basic principle. This whole sub-
unit, with its 2 printed boards, can also be
completely removed from the instrument.
All connections with other subunits are
realized by cables with plugs, which can
easily be removed. The time-base unit
derives its mechanical rigidity from a die-
cast aluminium frame, on which the
printed boards and rotary switches are
mounted. The front of this frame bears a
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plate on which all the time-base controls
are mounted. Measurements can be carried
out even when this unit is removed from
the oscilloscope.

THE VERTICAL ATTENUATOR AND
PRE-AMPLIFIER UNIT

This unit contains the high ohmic input
attenuator, and the pre-amplifier, fig. 47.
The sensitivity control (from 2 mV/div to
20 V/div in steps of 1—2—5) is rea-
lized with the aid of a rotor. This rotor
carries nine RC networks which give atte-
nuations of 1000—500—250 times etc.
corresponding to the various settings from
20 V/div to 50 mV/div.

For the more sensitive settings there is no
input attenuation, see page 7.

The compact construction means that the
signal path can be kept short. The system

is screened, so that the high sensitivity
cannot be disturbed by externall effects.
Both the rotor and the circuit boards with
components mounted on it can be chang-
ed, independently of one another.

This unit forms a functional whole, with
the AC-O-DC switch, continuous vertical
sensitivity control, gain and DC-balance
controls; it can simply be removed from
the apparatus as a whole, and replaced.
The other part of the vertical amplifier is
situated near the two attenuator units, so
that the signal leads can be kept as short
as possible, thus reducing interference,
fig. 48. The circuit board of this amplifier
is fixed underneath the horizontal middle
partition.

SUSPENSION OF THE CRT
The CRT is provided with an elastic sus-

46. The time base unit

47. The attenuator and pre-amplifier
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48. The vertical amplifier

pension. The front of the CRT is enclosed
in horizontal direction between two sheets
of plastic material and in the vertical di-
rection between two adjustable springs.
The plastic sheets have a double function:
to assist in the illumination of the internal
graticule and to act as shock-absorbers
for lateral forces. The rear end of the CRT
is mounted in a holder with a rubber collar.
The CRT is screened by means of a mu-
metal tube which is in contact with the
cast-aluminium front wall, and at the back
rests on an insulated support on the tube
holder, which is fixed to the rear wall by
means of two screws.



The PM 9350 probe
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49. The attenuator circuit of the PM9350 probe
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50. Basic circuit of the correction network
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51. Actual circuit of the correction network

The PM 9350 is a new passive attenuating
probe, developed for oscilloscopes with a
bandwidth of up to about 50 MHz (eg. the
PM 3250) and an input capacitance of be-
tween 14 and 21 pF in parallel with
1 Mohm.

Three parts may be distinguished in the
electrical circuit of the probe:

1. The attenuation network

In order to make the capacitive load on
the circuit under measurement as low as
possible, voltage division in the ratio of
10 : 1 is used. The tota! capacitance of the
oscilloscope input, correction network and
cable is about 80 pF.

With a capacitance nine times less than
this in the tip of the probe, attenuated
signal transmission which is frequency-in-
dependent at low frequencies is possible,
fig. 49.

2. The cable

Ohmic losses in the cable, together with
the capacitances present, form a low-pass
filter, which is appearently undesirable. In
practice, however, it is found that these
losses are beneficial to damp the reflec-
tions in the — not properly matched —
cable, thus reducing unacceptable tran-
sient effects with pulses of rise times less
than 15 ns.

If the inner conductor of the cable is given
an ohmic resistance of about 250 ohm/m,
a good compromise is obtained between
the rise time of the pulse and the transient
effects.

3. The correction network

At frequencies above 25 MHz, the cable
begins to behave as a long line. It will
therefore be necessary to provide the
cable with a matched load, as nearly as
possible, in order to prevent reflections.
As a result of the ohmic losses in the
cable, the matching is not so critical. The
matched load is only of importance at high
frequencies; the load resistance can thus
be earthed via a small capacitance.

The low-frequency voltage division is ad-
justed with Cs. The potentiometer Rz and

the resistor Rs together form the matched
load for the cable. The high-frequency
voltage division is made equal to the low-
frequency division with the aid of Rz In
principle, this gives the following probe
circuit, see fig. 50.

For practical reasons, the coil L1 and the
potentiometer R4 also have to be included
in the circuit, see fig. 51.

L1 improves the step response for very
short rise times, while sagging of the pulse
top can be corrected with the aid of Ra.
The intrinsic rise time of the PM 9350
probe is better than 2.4 ns, and the de-
viations in the amplitude transfer amount
to less than 3%.

4. The mechanical construction

In the mechanical design, care has been
taken to ensure that the probe is handy
and easily accessible into compact circuits
The nose of the probe is slim. The middle
part can be rotated about the long axis,
so that the probe can be handled without
exerting torsion on the cable. The form
of the probe has been chosen so that it
can be used, both with and without the
measuring hook.

The probe consists of the measuring pin

with cable and correction network, and the

following auxiliary parts, see fig. 52.

A. one measuring hook; this can be fitted
over the measuring pin, and hooked on
to the circuit at the point of interest.

B. one earthing lead with alligator clip.

C. one springy earthing pin, for tests with
a short earthing path.

D. two insulating caps.

E. one BNC probe adaptor.

F. two miniature connectors (these are
particularly recommended for HF mea-
surements and routine measurements
at fixed points.

Specifications

Attenuation: 10 : 1

Input resistance: 10 Mohm
Input capacitance: 9.1 pF

Rise time (of probe only): 2.4 ns
Max. input voltage: 500 V

52. The probe with the auxiliary parts
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The measurement of
relatively small signals with the aid

of the PM 3250
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54. The block diagram of the vertical input system

In most cases, the smallest signal which
can be measured with an oscilloscope de-
pends on the maximum sensitivity of the
instrument. For the PM 3250, this means
that signals up to 50 MHz can be measur-
ed with a sensitivity of 2 mV/div while up
to 5 MHz the extreme sensitivity of 200 «V/
div can be used.

Sometimes, however, measurements must
be carried out on a small signal which
forms part of a total signal of much
greater amplitude; this often given rise to
special problems. If we have e.g. a signal

53. Waveform of signal small detail which is to be
examined

of the form shown in fig. 53, the oscillo-
scope could be set to a higher sensitivity
for observation of the small signal super-
imposed on the big one. However, a point
would soon be reached where the dy-
namic range of the amplifier was ex-
ceeded. Depending on the quality of the
amplifier, the signal on the screen will
be more or less distorted in this case.

Moreover, it may often happen that the
position control can no longer bring the
required detail on to the screen at ex-
treme amplifications. There are two differ-

55. Waveform of detail of fig. 53 at max sensitivity
(without x10 gain)

ent ways in which the PM 3250 can be
used to make signals of this type visible,
namely:

I) by making use of the extended (x10)
range of the amplifier, and the coupled
extended range of the position control;

I) by means of the differential measuring
method (with selector switch set to A—B).*

* In this setting, a differential triggering signal
(i.,e. A—B) can be used by setting the trigger
mode switch at Y,. This can be very useful if
the detail we are interested in has a different
frequency from the total signal.

£6. Waveform of detail of fig. 53 at max sensitivity
with x10 gain
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1) In most oscilloscopes, the position con-
trol makes it possible to display on the
screen any desired detail of a signal of
amplitude equal to three times the screen
height. The PM 3250 has a screen height
of 8 divisions; this means that it must be
possible to shift the signal 8 divisions up-
wards or downwards, so that both the top
and bottom of the larger signal can be
shown on the screen. The positioning
signal thus corresponds to more than 16
divisions.

This positioning signal is applied to point
I and Il (see fig. 54).

Now since the x1—x10 switch which con-
trols the amplification factor is placed
after the position controls (at point Ill),
the positioning signal for both channels is
also multiplied by a factor of 10, to more
than 160 divisions. This means that any
desired detail of a signal with an amplitude
exceeding 160 divisions can be brought on
to the screen. In fig. 53, the total signal
amplitude is 0.8V, while the detail signal
is only 15 mV (0.15 div; sensitivity 0.1 V/div.)
In the x1 setting, the sensitivity can be
increased to 50 mV/div, which will cause
the detail signal to extend over 0.3 div
(fig. 55). The amplification cannot be in-
creased further, because at 20 mV/div the
total signal amplitude would be 40 divi-
sions, so that the detail signal could not
be brought on to the screen.

If now the x1—x10 switch is set at x10
with the sensitivity control at 50 mV/div,
the actual sensitivity will be 5 mV/div. The
amplitude of the total signal now becomes
160 divisions, and that of the detail signal
3 divisions (see fig. 56).

The extended positioning range (>160 div)
now allows the detail signal (or any other
point of the total signal) to be brought
within the graticule.

1) If it is desired to make differentia!
measurements, the detail signal V2 of in-
terest must be present as a voltage
difference between two points, while the
signal on which V2 is superimposed is

present at both points. The signal present
at both points (V1) is called the common-
mode signal V2 is called the differential
mode (DM) signal. The object of differen-
tial measurement is to amplify the DM
signal and suppress the CM signal.

The principle of operation of a differential
amplifier can be described as follows (see
fig. 57).

In the circuit of fig. 57, Rcx and Rce are
equal; R is the common emitter resistor.
Vo1 and V2 are the output voltages.

The DM signal is present between inputs
| and I, while the CM signal is applied
between both these inputs and earth.

We shall now consider the effects of the
CM and DM signals on the amplifier sepa-
rately:

If the amplitude of the CM signal increases
at a given moment, the current through R,
and through both transistors, will increase:
Ve will follow the CM signal. In other
words, R provides negative feedback for
the CM signal.

When the DM signal causes the base
voltages of TS: to increase compared with
the base voltage of TSz, the current through
TSy will increase, leading to an increase
in the voltage across R; the current
through TSz will now decrease, however.
The result will be that V1 is made more
negative by as much as V2 is made more
positive. The amplification of the DM
signal is not reduced by the presence of
R as is that of the CM signal. The differ-
ence in amplifications is thus determined
by the value of R: the larger this re-
sistance, the greater the difference in
amplification.

In order to make the value of R large
while retaining the optimum operating
current, this resistance is realized in prac-
tice by a transistor connected as a con-
stant current source.

No differential amplifier will be able to
suppress the CM signal completely; and,
moreover it wil produce a unwanted DM
signal from this because the two halves
of the circuit are never completely identi-
cal. The output signal of the amplifier and
the image on the screen will thus always
contain a component due to the CM signal,
since after all the CRT is not an ideal
differential amplifier either.

The frequency will also play an important
role. At high frequencies, the suppression
of the CM signal also depends on all the
parasitic effects influencing the circuit.
The quality of a differential amplifier de-
pends on the extent to which it suppres-
ses the CM signal. The common-mode re-
jection ratio (CMR ratio) is therefore used
as a figure of merit; this is defined as the
ratio of the CM signal and the DM signal
which must be applied to the input to give
the same deflection on the screen. The
CMR ratio of the PM 3250 at various fre-
quencies is as follows:

Frequency CMR ratio
50 Hz > 400
100 kHz 400

1 MHz 200

20 MHz 20

For the PM 3250 this value is 40 divisions
in x 1 setting of GAIN switch. This value
is independent of POSITION controls set-
tings.

Thanks to its unique method of switching
(fig. 54), the PM 3250 can display on its
screen the A—B signal and the = B signal
simultaneously. This can be particularly
useful for measurements on digital
systems. This method of switching also
makes it possible to carry out XY measu-
rements with A—B displayed vertically and
B or —B displayed horizontally. Some
applications of this facility are described
on page 36.

57. The simplified circuit diagram of a differ-
ential amplifier
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The display of A-B and B

61. A—B signal changed due to change in B
signal

Thanks to the way in which it carries out
differential measurements, the PM 3250 can
display the B or —B signal on its screen
at the same time as the A—B signal (see
fig. 54).

In other types of oscilloscopes, the differ-
ential signal is realized by adding the
signal from channel A on to the inverted
signal from channel B by opening both
gates of the electronic switch. With such
a system, the total amplitude range which
can be dealt with will be smaller; this
range will also depend on the setting of
the position controls, since the positioning
signal is applied to the signal line before
the electronic switch. This means that if
maximum positioning signals of opposite
signs are applied to the two channels, the
trace will be in the middle of the screen
— but the range within which linear re-
sponse is obtained is now severely limited
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or —-B

59. The difference signal A—B

changed due to change in A

52. A—B signal
signal
Forming the differential signal before the
position control, and hence before the
electronic switch. has the following ad-
vantages:
1. Deflection range and
pendent of position;
2. Larger deflection range for CM signals;
3. Possibility of simultaneous display of
A—B and B or —B;
4. Possibility of displaying A—B vertically
and B or —B horizontally.
The possibility of displaying A—B and B
or —B simultaneously simplifies measure-
ments of signals in the A—B mode, since
the input signals can now be checked with-
out switching over to ALT or CHOPPED.
The signal which is to be checked for
possible changes is now fed to the B
channel; it is hence always possible to
know whether changes in A—B are due to
channges in A or in B. (see figures 58 up

linearity inde-

A B
4 4
R
R
DEVICE
Va V8 under test

63. Principal of set-up for display of characteristic
of active device
to 62).
As may be seen from fig. 2, the
above-mentioned facility can also be used
for X-Y measurements, so that A—B can
be displayed vertically and B horizontally.
In view of the placing of the x1—x10
switch in the circuit, the maximum vertical
sensitivity is 200 «V/div, while the maxi-
mum horizontal sensitivity is 2 mV/div.
This unique XY facility can be used to
measure the current-voltage characteristic
of active components or circuits as shown
in fig. 63. See also figs. 64 to 67.
The display of Vp horizontally represents
the voltage across the device in question,
while Va—Vp represents the current
through the device. (multiplied by a con-
stant factor R).
If an AC voltage is taken for Vja, the
current-voltage characteristic of the device
under test will be displayed on the screen
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64. Set up for determination of the characteristic
of a zener diode

D
-0

Ry R:

66. Set up for determination of the Ic = f (Vl,'l;>
characteristic of a transistor

65. Oscillogram of zener characteristic

67. Multi exposure oscillogram of transistor char-
acteristic

1. Determination of the characteristic of a

Zener diode

In this circuit,
R = 100 ohm
V4 = = 10V half sine wave
D = BZY 67 Zener diode

The oscillogram (fig. 65) shows that

VB = Zener voltage = 7 V;

Zener current = 25 mA;

Vertical: 1 VIdiv = 10 mAldiv

Horizontal: 1 V/div = 10 mAldiv

2. Determination of a transistor

characteristic
In this circuit
Ri = 1 kohm
R: = 100 kohm
M = uA-meter for base current
TS = BSX 21
V4 = £ 10 V half sine wave
Vv

; = adjustable DC voltage for setting I

The oscillogram of fig. 67 shows |. = (V) with
Iy as parameter.

éurve I is the characteristic for Ip = 25 uA
Curve 2 for I = 50 nA

Curve 3 for Iy = 75 pA

Curve 4 for I = 100 nA

Curve 5 for Iy = 125 nA

Horizontal 1 VIdiv

Vertical 1 Vidiv = 1 mAldiv
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Accurate time measurements has an adverse effect on the optimum

- a results which can be obtained.

W|th an OSCllloscope It will be obvious that a small angle be-

tween the trace on the CRT screen and
the horizontal line of the measuring grati-
cule will reduce the accuracy of the
reading; see fig. 68.
It is therefore advisable to work with the
biggest possible display and if possible to
take the reading at the steepest part of
the trace.

If a CRT with an external graticule is used,
this gives rise to an extra reading error
due to parallax, see fig. 69.

The parallax error is due to the fact that
the graticule and the screen are not
coplanar; this error is avoided by use of a
CRT with an internal graticule.

We shall now consider a number of ex-

Signal on CRT with
internal graticule

68. When angle between signal and horizontal
graticule line is high (upper trace) more ac-
curate measurements can be made than when
this angle is low (lower trace)

L
Oscilloscopes are often used at present L\ \ \ \

Same signal displayed
on phosphor

X
. v

for accurate time measurements. The error

of such measurements is usually taken as

the tolerance of the time base, the reading

error generally being neglected. However,

this latter error can have a very great

influence on the accuracy of the measure-

ment.

To gain an insight into the accuracy of

time measurements, we must consider the

following factors.

A. The inaccuracy of the time base.

B. The reading error, which can be sub-
divided into the effects of:

1. the line thickness,

2. the angle between the signal and
the horizontal graticule line at the
point where the reading is made,

3. parallax.

A. THE INACCURACY OF THE TIME BASE
This is generally specified for the middle
8 divisions of the deflection. A tolerance
of about 3% is common for professional
equipment.

S— | |
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Signal seen by
observer on CRT with
external graticule
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B. THE READING ERROR

This is determined by the quality of the
CRT spot, which depends in its turn on
whether focussing is optimum, and on the
astigmatism, at a given intensity. 69. Parallax
For a good line thickness, the intensity

should not be too high, as a high intensity
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72. Display of detail of fig. 70 with the delayed
time base method 2 a
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73. Display of detail of fig. 70 with the delayed
time base, method 2b
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74. Relation between total measuring error and the difference between the measuring points

on the main time base for the various methods
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amples, to clarify the influence of the
above-mentioned factors on the result of
the measurements. We will also indicate
which measuring method can be used to
obtain the most accurate results.

For the purposes of our considerations
we assume that the maximum inaccu-
racy of the time base is 3%, and that the
CRT has an internal graticule, so that
parallax is avoided. We shall take the
reading error to be = 1/20 division.

We assume further that the measurements
are made with the signal of fig. 70.

The time-base speed is 20 us/div.

The distance between the two large pulses
is 7.6 div.

Period = 7.6 x 20 us = 252 us.
Relative error

2 x reading error
measured value

x 100% = 4.3%

= TB inaccuracy + x100%o

2 x0.05
= 3% + ——

° 76
The distance between the two small pulses
is 1.2 div.
The error of this value is thus
3% + 2"‘1—02‘(Bx 100% = 11.3%

It will be clear that as the distance be-

tween the two points in question is re-

duced, the relative influence of the reading

error will increase, this can lead to very

large errors in the measured result.

We must thus reduce the effect of the

reading error by making the distance be-

tween the two points in question a large

as possible.

One solution which is sometimes appli-

cable is to trigger on the first small pulse

and to increase the time-base speed, but

this cannot be done generally with signals

like the one of our example.

There are two methods which can lead to

better results, viz:

1. The use of a horizontal magnifier

2. The use of a second time base

1. The distance between the two points
can be increased by a calibrated mag-
nifier.



In this case, however, it should be realized
that the time-base inaccuracy is higher
when a magnifier is used. We may take a
value of 5% for this; see fig. 71.

The distance now becomes 6.0 divisions.

The relative error will hence be

5% + 2%005, 100% = 5+1.67 = 6.67%

2. The most accurate results can be ob-
tained with the aid of a second time
base. There are two possible methods of
measuring accurately a time interval like
that shown in fig. 70 in this way:

a. With the aid of the main time base, the
delayed time base is started shortly before
the appearance of the first pulse. The
speed of the second time base can now be
chosen such that the distance between the
two small pulses is as large a possible
(see fig. 72).

The distance between the points in
question = 6.15 divisions.

Inaccuracy of delayed time base = 3%
Totaal relative error =

3% + 2X905 , 100% = 4.63%

6.15

b. The delayed time base can be triggered
near the first pulse in the same way as in
method 2a; but the speed of the delayed
time base is now chosen so that the di-
stance between the two points in question
is e.g. 120 divisions.

The reference point on the first pulse is
now brought on a vertical graticule line by
means of the delay-time multiplier, and
the reading of the latter is noted. Now the
corresponding point of the second pulse
is brought on the same line by means of
the delay-time multiplier, and the reading
noted again, see fig. 73.

If the two readings of the delay-time multi-
plier were e.g. 6.75 and 5.52, the time
interval to be measured is given by (6.75—
5.52) x speed of main time base.

The total relative error is now given by:
inaccuracy of main time base + relative
reading error + inaccuracy of delay-time
multiplier + interpolation error of delay-
time multiplier.

Inaccuracy of main time base = 3%
Relative reading error on screen

~2x0.05 T =y "
123 % 100%0 = 0.08%

Inaccuracy of delay-time multiplier is 0.02%
Reading error of delay-time multiplier is =
0.5 division, which corresponds to a rela-

2x0.05 B o
123 x 100% = 0.81%

Total relative error =

3 + 0.08 + 0.2 + 0.81 = 4.09%.

It will be seen from the above that method
2b can give the best results.

In fig. 74, the measuring error is plotted
against the difference (in divisions) be-
tween the points in question on the main
time base, for the various methods.

It will be seen that a 5x magnifier can give
quite a considerable improvement at short
distances, but that the results are still not
very accurate.

tive error of —

With method 2a changing over to higher
sweep speeds the error can be kept very
low, down to very small distances on the
main time base.

Method 2b gives the most accurate results,
but at very small distances the error be-
comes very large again, because of the
reading error of the delay-time multiplier.
It will be clear from the above that very
large errors can be made in time measure-
ments, and that careful consideration
should be given to the choice of the opti-
mum method if accurate results are to be
obtained.




Some other Philips publications

Philips Technical Review

A monthly publication dealing with techni-
cal problems, processes and investigations
on lighting, electronics, X-rays and other
technical subjects, published in 3 langu-
ages viz. English, German and Dutch (sub-
scription rate per volume Dfl. 24,—)

Contents vol 30, 1969, no. 2

Automatci drawing of masks for integrated cir-
cuits

The polytypism of silicon carbide

Monitoring for the control-rod operation of the
nuclear reactor at Dodewaard

A two-stage compressor with rolling diaphragm
seals

Contents vol 30, 1969, no 3

A step-and-repeat camera for making photomasks
for integrated circuits

The use of digital circuits in data transmission
Stoichiometry, |. Existence region

Contents vol 30, 1969, no 4

Crystal growth and chemical synthesis under
hydrothermal conditions

Prospecting with neutrons

Stoichiometry, II. Point defects and the control
of their concentrations

Philips Research Reports

A bimonthly publication in the English lan-
guage containing physical, chemical and
technical papers relating to the theoretical
and experimental research work carried
out in the various Philips laboratories
(subscription rate per volume Dfl. 45,—)

Contents vol 24, no 1

Semiconducting properties of lanthanum-cobalt
oxide

Preparation and stability of enhancement n-chan-
nel MOS transistors with high electron mobility
Approximate calculations on the spreading re-
sistance in multi-emitter structures

On the behavious of the base-collector junction
of a transistor at high collector current densities
Two new methods for determining the collector
series resistance in bipolar transistors with light-
ly doped collectors

Contents vol 24, no 2

Automated crystal-structure determination by
Patterson search using a known part of the
molecule

Optical lattice vibrations and dielectric constant
of tetragonal lead monoxide

Energy transfer in oxidic phosphors

A polynomial approach to linear codes

42

Philips Telecommunication Review

A quarterly journal in English dedicated to
broadcasting, radio communication, radio
relay, television, radar, switching and trans-
mission in telephony and telegraphy, data
processing and convergence.

Contents; vol 28, no 2, May 1969

300 kW short wave transmitter type FB 010
Automatic transmission measuring equipment for
international telephone lines

Attenuation peaks on open wire lines and the
advantages of using phantom circuit

Electronic Applications

A quarterly publication in English contains
articles of interest to industry about recent
developments in electronic circuits and
techniques, components, materials and
their applications (subscription rate per
volume Dfl. 15,—)

Contents, vol 29, no 1, 1969

Recent developments in circuit and transistors for
television receivers, IX E.H.T. generation from
the line flyback pulse

An operational amplifier with differential FET
input

Improved speed control for a permanent magnet
motor

All enquires regarding subscription and
correspondance should be addressed to
your bookseller or to N.V. Uitgeversmaat-
schappij CENTREX (Centrex Publishing
Co.), Nieuwe Emmasingel 9, P.O. Box 76,
Eindhoven (the Netherlands).

Philips in Science and Industry

A quarterly publication in English and
German containing articles on new deve-
lopments and applications of products and
systems for industry and research.

Contents, vol 15, no. 3

New design concepts simplify oscilloscope oper-
ation

Analog recorders

The oscilloscript high-speed recorder

Light-beam oscilloscope (Ultraviolet recorders)
Measuring chains for non-electrical parameters
Operating principle and properties of potentio-
metric recorders

Display and measurement with oscilloscopes
Permisible source resistance in use of self-
balancing compensators

Displaying and measuring signals with maximum
time resolution

Philips Welding Reporter

A quarterly publication in English and
French gives technical information of
general interest about welding technology
and its application in the metalworking
industry.

Contents, 1969/3

The welding of clad steel

Determination of the pitting susceptibility of
stainless steels

From milk to milk-powder

Exhausting of welding fumes

Sound and image

A bimonthly publication in English, French,
Spanish and Dutch devoted to the uses
and applications of Philips industrial and
professional projection, sound and tele-
vision equipment.

Contents, no. 27

Three young ladies

Television keeps the ships moving

Traffic problems on both sides of the Atlantic
Ocean ... and Amsterdam, too, has its traffic
defile

Advanced television system enhances teaching
effectiveness
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