Practical Oscilloscopes at

Workaday Prices

15-MHz bandwidth, 2mV sensitivity, 3% accuracy, Sweeps
usable to 20ns/div and an 8 x 10 cm CRT with internal
graticule would normally class these oscilloscopes as
laboratory instruments but they will find wide use in the

service shop, technical school, and industry.

by Hans-Giinter Hohmann

DVANCES IN INSTRUMENTATION nowadays
do not always involve the bettering of previous
performance specifications but rather the bettering
of performance/price ratios. Several new instru-
ments recently described here—a counter?, a digital
voltmeter?, and a function generator®*—are of interest
because their design made high-quality performance
attainable for the technical school, service shop, and
other low-budget operations, as well as for the well-
equipped electronics laboratory.

Now joining the family of instruments available
for restricted budgets are two new oscilloscopes.
With a frequency range of dc to 15 MHz, these belong
among the basic tools for everyday work in the lab,
service shop and production area. Advances in tech-
nology made it possible to design these instruments
with a better performance/price ratio than would
have been possible 5 or 6 years ago.

One of the new oscilloscopes, Model 1220A (Fig.
1), is a dual-channel instrument and the other, Model
1221A (Fig. 2), is a lower-cost, single channel ver-
sion. These instruments have the performance
needed for meeting a wide variety of applications (15
MHz bandwidth, 2 mV sensitivity, 3% accuracy, and
calibrated sweep times from 0.5 s/div to 100
ns/div—even faster with the magnifier) and they
have the most useful oscilloscope features (<10
sweep magnifier, beam finder, X-Y display capabi-
lity, internal CRT graticule, TV sync separator).
Above all, they have traditional HP reliability, and
they have an affordable price.

Easy Operation

Despite the minimal cost, the new oscilloscopes
have a number of operating conveniences that make
them easy instruments to use. Considerable thought
was devoted to achieving an uncluttered front-panel
layout with controls placed so operation is easily un-
derstood. Automatic triggering assures that a base-
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line is present even in the absence of a signal or if the
trigger level control is set beyond the range of the sig-
nal. Although the dual-channel Model 1220A oscil-
loscope operates in either a chopped or an alternate
sweep mode when displaying two signals, the opera-
tor need not concern himself with making the
choice. The choice is made by the TIMEDIV switch,
which selects the alternate-sweep mode (display
channel A on one sweep then channel B on the next)
when the sweep rate is fast enough to avoid flicker.
On the slower sweeps, 1 ms/cm or longer, the switch
selects the chopped mode (the CRT spot switches
back and forth from one waveform to the other at a
200-kHz rate to trace both waveforms on the same

Cover: As new develop-
ments bring instrument costs
down, TV service shops join
the many other budgel-
restricted establishments that
can now avail themselves of
quality instruments, like the
Model 1220A Oscilloscope
: described here. Our thanks to
Alco Home Electronics Service Center, Santa
Clara, California, and to technician Jim Hagan for
providing the setting for this photo.
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sweep). Similarly, when triggering from a TV signal,
the sweep triggers on either the horizontal or the ver-
tical sync pulses according to the setting of the TIME
DIV switch.

But even with their operating simplicity, the in-
struments have the flexibility needed for a wide
range of applications. The operator can select the
source of sweep triggers (internal, external, ac line,
TV) and he can select the point on the waveform
where he would want triggering to occur (slope, le-
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Fig. 1. New Model 1220A dual-
channel Osc -ope has perfor-
mance lly found
only in labc nstruments,
;r'Ef it carries a down-to-earth price

Suitable for the general run of
audio, video, logic, and control
measurements, it can also make

low-level measurements

vel). External signals can also be applied to the hori-
zontal deflection amplifiers for making X-Y plots or
the Lissajous figures commonly used for phase-shift
measurements, There is also a rear-panel Z-axis in-
put for modulating the CRT beam intensity.

These instruments also have reduced bulk and
weight, weighing about 16 lbs (8 kg) each.

Reducing Costs

Obtaining reliability and versatility at low cost re-
quired some departures from traditional practice. A
major expense in producing a complicated instru-
ment like an oscilloscope is in assembly and test. The
design of the new oscilloscopes eliminates several
production steps both in fabricating parts and testing
the circuits. For example, the cabinet is made of a
molded, thermosetting resin (Fig. 3) that has a me-
chanical stability comparable to that of aluminum
and that is widely used as a replacement for metal in
automobiles and household appliances. It allows
these oscilloscopes to be used in production areas,
around process control equipment, and in other
areas whereruggedness is needed. Because the cabin-
et can be molded in one operation with all mounting
posts, bar stiffeners, access holes and the like in
place, several manufacturing steps are eliminated.
The cabinet is metallized on the inside surfaces
where RF shielding is desired.

The internal chassis parts were designed in modu-
lar form for quick assembly by plugging together.
This has the further advantage that the modules can
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Fig. 3. The major structural component is molded with a
thermosetting resin, greatly reducing the number of opera-
ffons needed to manufacture the instrument.

be completely pre-tested by an automatic test system
before final assembly. Most interconnections are
made on printed-circuit boards with intermodule
connections made by plug-in flat cables, significant-
ly reducing wiring and assembly time.

In some cases, costs were reduced by using pre-
mium components rather than the least expensive.
For example, precision resistors and capacitors are
used in the sweep timing circuits. It was therefore
not necessary to include the trimmers that otherwise
would be needed had lower cost components with
looser tolerances been used. Hence, no time is taken
at the test station for adjusting those variable com-
ponents that are no longer included.

Part of the cost reduction is simply a matter of ad-
vancing technology. High-performance solid-state
components are now obtainable at lower prices and

the wide variety of available off-the-shelf integrated
circuits make it possible to be almost extravagant in
the use of functions. For instance, selection of most
input sensitivity ranges is performed by switching
the gain of the amplifiers. The input attenuator there-
fore needs only two positions and a straight-through
position, reducing the number of adjustable fre-
quency-compensating capacitors needed.

The Overview

A simplified block diagram of the new Model
1220A dual-channel oscilloscope is shown in Fig. 4.
As can be seen, the general scheme of things is not
much different from other dual-channel oscillo-
scopes. The Model 1221A single-channel version is
similar except that it omits channel B and the circuits
needed to multiplex two input channels into the
single vertical CRT drive channel.

Solid-state circuits are used throughout. Power
consumption is low, less than 40W, reducing inter-
nal heat rise with a consequent enhancement of relia-
bility. No vent holes are needed, lessening the prob-
lems associated with operating in adverse environ-
ments.

The CRT

Although the design of any oscilloscope begins
with the cathode-ray tube, the CRT design has to take
into account the circuits that may be used. The Hew-
lett-Packard Model 1310A large-screen Graphic Dis-
play had shown that substantial drive voltages at
high frequencies can be obtained at moderate cost
from solid-state circuits.* This meant that the expan-
sion-mesh electrode—which had originally made
high performance economically possible in all solid-
state oscilloscopeS—would not be needed for the new
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Fig. 5. The cathode-ray tube for the new oscilloscopes
uses an uncomplicated structure that reduces the number of

manufacturing steps

scopes. Furthermore, the drive voltage available
meant that beam acceleration could be obtained en-
tirely in the electron gun, and a post-accelerating
field would not be needed. All this added up to a re-
latively simple structure that eliminated several pro-
cessing steps.

One processing step that was not eliminated was
insertion of the internal graticule. The black grati-
cule lines are deposited on the inner surface of the
faceplate and fused onto the faceplate before the
phosphor (P31) is deposited, placing the graticule in
the same plane as the phosphor. This eliminates the
parallax errors that otherwise occur when the grati-
cule is external to the CRT (Fig. 6). The improvement
in reading accuracy is considered to be well worth
the extra expense. Vertical deflection accuracy is
within 3%, about as close as the eye can discern. This
accuracy enables the oscilloscopes to be used as volt-
meters as well as waveform tracers.

Gain Switching

A skeleton diagram of the input attenuator and
first preamplifier stage is shown in Fig. 7. Input impe-
dance on all ranges is 1 M in parallel with 30 pF.

The input signal goes to a high-impedance FET stage
that is part of a differential amplifier. The other input
to the amplifier is a dc balance voltage. The two in-
put FET’s are mounted on the same substrate and
thus have good thermal stability so once the balance
voltage is set, it seldom needs readjustment. This
made practical the instruments’ high sensitivity
(2mV/cm deflection factor).

The gain of the differential amplifier is changed by
switching current sources Q5 and Q6. On the three
most sensitive ranges, Q6 is turned on and Q5 off so
emitter resistors R1 and R2 in parallel with R3 and R4
determine the gain of the amplifier. On all other
ranges, Q5 is on and Q6 off so the smaller resistors
are effectively cut out of the circuit by the decou-
pling diodes, reducing the amplifier gain by a factor
of 10. As gain switching is performed by control vol-
tages, the electrical and mechanical design could be
simplified.

The output of the first stage passes through a se-
cond differential stage (not shown) that has adjust-
able feedback to calibrate the gain of the vertical
amplifier. From there, the signal goes to another
stage that uses three sets of switched emitter resistors
to give gains proportional te- %1, %2, and x5,

The signal then passes through a dc shifter to give
vertical positioning control and a diode gate that mul-
tiplexes the two channels into a single channel (Fig.
4). The single channel goes to the CRT driver.

Economical Drive

One leg of the CRT driver stage is shown in Fig. 8.
By dividing the 95V supply voltage across four tran-
sistors, lower-cost, low-voltage, high-frequency tran-
sistors may be used to obtain the 60V swing needed
for each CRT deflection electrode.

The lower two transistors (Q10, Q11) are con-
nected as a cascode amplifier for better high fre-
quency response. The upper two (Q12, Q13), also in
cascode, serve as a constant-current load for Q10 and

Fig. 6. Placing the CRT graticule
in the same plane as the phaosphor
assures high measurementaccur-
acy from any viewing angle by
eliminating parallax
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Fig. 7. Vertical input needs only two frequency-compensated attenuator sections. The other
ranges are obtained by using dc voltages to switch the gain of the amplifiers.

Q11. A constant-current source supplies more cur-
rent for charging the distributed load capacitance
than a passive load would (at the same power dissipa-
tion), thus speeding up the transient response.® How-
ever, the steady-state current flow normally estab-
lishes the maximum charge rate. To permit the
steady-state current to be small, and hence keep
power dissipation low, the current source in this cir-
cuit is modulated by the signal through capacitor
C11. High-speed transients passing through C11 to
Q13 increase available current during fast transients
to speed up the response of the amplifier. This con-
figuration thus gives fast transient response with low
steady-state current.

The circuit shown in Fig. 8 supplies the drive vol-
tage for one CRT vertical deflection electrode and an
identical amplifier drives the other electrode in the
opposite phase. The horizontal drive amplifiers use a
similar configuration but with higher-voltage transis-
tors operating from a +210V supply. This obtains the
higher drive voltage needed for the horizontal deflec-
tion plates.

Logical Triggering

Triggering is often a problem with oscilloscopes,
most of the problems arising because a new trigger
may occur before the sweep circuits have fully re-
covered from the previous sweep. This results in an
erratic display.

Basically, the new oscilloscopes’ trigger and
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Fig. B. Output stage uses a cascode driver (Q10, Q11)
with a constant-current load (Q12, Q13). R10 establishes the
steady-state current
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Fig. 9. Trigger and sweep generating circuit uses two holdoffs to prevent erralic sweeps
(see text).

sweep circuits follow established laboratory oscillo-
scope practice. The trigger signal is applied to a dif-
ferential amplifier and the polarity switch selects
one of the inputs according to the trigger slope de-
sired (Fig. 4). The negative-going slope of the output
switches a Schmitt trigger as it crosses the threshold-
voltage level (Fig. 9). The resulting positive-going
step at the output of the Schmitt circuit triggers the
gate generator, a flip-flop. It in turn switches off the
ramp capacitor discharge switch (Q20 in Fig. 9) and
unblanks the CRT. Ramp capacitor C20 now charges
through constant-current source Q21, generating the
sweep voltage. Once triggered, the Q output of the
gate generator holds off the Schmitt trigger by way of
gate-inverter F.

When the sweep ramp reaches 10V, it triggers the
cutoff Schmitt trigger circuit which in turn resets the
gate generator flip-flop. To prevent retriggering
while the ramp capacitor is discharging, the negative-
going reset trigger is processed through NAND gates

7

C and D, which act as a sweep hold-off circuit. The
output of gate D, which serves merely as an inverter,
is fed back to gate C, clamping the output of gate D
low until sweep holdoff capacitor C21 discharges suf-
ficiently to allow the gate D output to rise again. By
holding the CLR input to the gate generator low while
sweep holdoff capacitor C21 discharges, gate D pre-
vents a new sweep from being initiated during the
holdoff period.

This raises a new problem—an erratic sweep could
occur if a trigger arrives at the gate generator at the
same time that the holdoff circuit is removing the CLR
signal. An erratic sweep would result because the
switching time of the gate generator would be differ-
ent in this case. Therefore, a trigger inhibit flip-flop
and a signal delay have been added.

Normally, the low-to-high transition at the output
of the input Schmitt trigger initially causes a high-to-
low transition at the output of gate A, but the
Schmitt transition is also delayed and inverted in in-
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verters G so it causes the gate A output to go high
again a few nanoseconds later. This delayed transi-
tion passes through gate B and triggers the gate gener-
ator, starting the sweep. Gate B was enabled by the
trigger inhibit circuit which had been clocked by the
Schmitt trigger a few nanoseconds earlier.

During the holdoff period, the triggering transi-
tion cannot pass gate B so long as the trigger inhibit
flip-flop’s Q output is held low by the holdoff signal
at the CLR input. However, if a trigger arrives at the
trigger inhibit flip-flop at the same time that the hold-
off signal is being removed, the switching time of
the Q output would be affected, but this causes no
problem because the transition will be complete by
the time the trigger arrives at gate B because of the de-
lays in the inverters G. Thus it is not possible for a
trigger to arrive at the gate generator at the same time
the holdoff signal is being removed. The result is so-
lidly stable triggering.

The total delay from trigger Schmitt transition to
CRT unblanking and sweep start is about
0.1pus.

Always a Baseline

In the absence of triggers, the sweep circuit be-
comes self-triggering so the CRT trace is never
lost—there is always a baseline. The trailing edge of
the holdoff pulse starts a new sweep whenever the
autotrigger circuit enables gate E.

The autotrigger circuit is a monostable multivibra-
tor. With no input triggers, the Q output of this cir-
cuit is high, allowing the output of gate E to go low
on occurrence of the trailing edge of the sweep reset
pulse. The negative-going step out of gate E is ap-
plied to the “preset’” input of the gate generator, start-
ing a sweep. As long as gate E is enabled. sweeps will
occur automatically.

An input trigger sets the autotrigger monostable
multivibrator, blocking gate E. The monostable re-
sets itself 0.5 s after the last input trigger so in the ab-
sence of any input triggers, a baseline appears on the
CRT. Whenever there are triggers, the monostable re-
mains in the set state and gate E is closed, preventing
self-triggering of the sweeps.

Few Parts

The two Schmitt triggers are on one integrated cir-
cuit and the two flip-flops on another. Four of the
gates are on one IC and two more are on another (two
other gates in this IC are used elsewhere in the instru-
ment). All three amplifiers in the delay chain are on
one IC (three other amplifiers in the same IC are used
elsewhere). In other words, most of the trigger cir-
cuitry is implemented with six integrated circuits,
and these are low-cost, standard TTL logic circuits,
another example of how improved performance can
now be obtained at lower cost.
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TV Sync

Because it is expected that these oscilloscopes will
find wide use in service shops, a TV sync separator is
included (Fig. 4). This works along conventional
lines in that it clamps to the peak value of a compo-
site TV waveform and clips off 60% of the waveform,
leaving the TV sync pulses. These are cleaned up by
applying them to a Schmitt trigger before sending
them on to the sweep trigger circuit, or they are
passed through a low-pass filter to obtain the vertical
sync pulse, then shaped by a Schmitt trigger. The ver-
tical pulses are passed to a +2 circuit, however, so
that the resulting triggers occur on every second
field, and hence at the same point in each frame for a
clean display.

Economical Regulated High-Voltage

To assure a constant deflection factor and hence de-
flection accuracy, the new oscilloscopes have a regu-
lator on the high-voltage supply for the accelerating
electrodes. Recent practice has been to derive the ac-
celerating voltages by using an ultrasonic oscillator
to drive a step-up transformer that supplies the high-
voltage rectifier, making it possible to apply level
control signals at low voltage levels to the oscillator.

The Models 1220A and 1221A have a high-voltage
regulating system that does not require a separate os-

95V Power Supply

- : +95V
1 "
< 150k
| | .
+ o ov
P - 'J.\ -
030 < |j
- <
3 < 25M
| i
| .
| p O -
500k - CRT
Focus
| 165k
“  CRT
. Cathode
270V . -
J:". " 260k
b [ ] m—
v ‘@ . (intensity)
by : » 25M % cRT
1 bt g 0 < Grid
| L G Ui
| - 1960V

Fig. 10. High-voitage power supply uses a regulator that
operates at low vollage levels.

© Copr. 1949-1998 Hewlett-Packard Co.




cillator to enable control with low voltages. As
shown in the diagram of Fig. 10, the high voltage is
obtained from a separate winding on the power trans-
former. The ground return, however, passes through
a series-pass transistor Q30. The regulator amplifier
causes the voltage drop across Q30 to change in the
right amount to compensate for voltage changes in
the high-voltage supply, as sensed at a tap on the re-
sistive divider, using the regulated 95V supply as a
reference.

All the other voltages in the oscilloscope are regu-
lated too, a feature that costs relatively little to imple-
ment nowadays because of the availability of low-
cost integrated-circuit regulators.
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