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INTRODUCTION

This Oscilloscope is a portable, triggered-sweep,
single-trace, DG-to-10 MHz, laboratory-grade instru-
ment. Outstanding features such as the fast vertical
rise time, good trace brightness, and the high input
sensitivity make the Oscilloscope ideal for the wide
range of measurements typically encountered in elec-
tronics, development laboratories, and scientific re-
search. In addition, the rugged construction and de-
pendable operation make it a versatile tool for either
the hobbyist or the service technician.

The vertical input and X input channels, when used
in X-Y operation, provide amaximum signal sensitiv-
ity of 10 millivolt/centimeter. Their attenuator net-
works can be switched through 11 calibrated ranges
to set the deflection factor from 10 millivolts/centime-
ter to 20 volts/centimeter.

Calibrated time-base ranges from .2 seconds/centime-
ter to .2 microseconds/centimeter are readily
switched in a 1-, 2-, 5-step sequence. A control on the
Time Base switch provides variable sweep speeds
between switch positions. Any sweep speed can be
expanded 5 times when the X5 control is pulled out,
giving a maximum sweep speed of 40
nanoseconds/centimeter.

The Trigger Select switch and Level control atlow the
time hase to be precisely triggered at any point along
the positive or negative slope of the trigger signal,
Various trigger signals can be selected. These include
a sample of Channel Y input signal, an externally
applied trigger signal, or a sample of the line voltage.
The Trigger Mode switch controls the trigger input
bandpass. A special TV position cuts off unwanted
high frequency signals, This is especially useful
when you want to trigger on TV vertical frame sig-
nals,

A calibrated 1-volt peak-to-peak square wave signal is
provided through a front panel connector, for easy
probe compensation, vertical amplifier calibration.

Front panel display controls include Intensity, Focus,
Vertical, and Horizontal position. An additional con-
{rol, accessible through the rear panel, adjusts Astig-
matism. Internal switches are used to match the requ-
lated power supply to conventional line voltages
from 105 volts to 260 volts AC.

Thus, this Oscilloscope combines the most desirable
features required for precise measurement and dis-
play, while its solid-state circuitry provides excellent
sensitivity, stability, and versatility.
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SPECIFICATIONS
VERTICAL

Deflection Factor;

Sensitivity . .. ... TR 10 mV/cm to 20 Viem.

Attenuator ............................... 11 steps in 1-2-5 sequence.

Variable ................................. Gontinuous between steps to approximately 60 V/cm.

ACCUTACY . ovviirin i, Within 3% (10°C to 40°C), referred to 0.2 V/cm.,
Vertical Response:

DCCoupling ...........oocoi i, DC to 10 MHz (-3 dB) at 6 cm.

ACCoupling .........ooovooiin i, 2 Hz to 10 MHz (—3 dB) at 6 cm.

Rise Time ............oc.ooviniii L. 35 ns.

Overshoot ..................... ... ... Less than 5%.
Vertical Input:

Impedance ...............oviviiiiii . 1 M{} shunted by 38 pF.

Maximum Input.......................... 400 V peak combined AC and DC.

Connector ............ooovou oo BNC.
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HORIZONTAL

Time Base:

Ramp ... 0.2 sfcm to .2 us/cm.

Positions ........ ..ot 19 steps in 1-2-5 sequence.

Vardable ......... ... o i Continuous between ranges to approximately 0.6
sfcm.

ACCUTACY .+ttt i Within 3% (20°C to 30°C) 5% (10°C to 40°C). Refer-
enced to 1 ms/cm at 25°C.

Magnifier .........00o X5 (adds additional 2% to sweep accuracy specifica-
tion).

TRIGGER

Internal:
Automatic ....... ... ... e i i Adjustable over 10 divisions.
Normal ....ooiiiiiiiiii i Adjustable over 10 divisions,

Slope Selection .......................... + or -,
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External:

Sensitivity/Bandwidth
MODE 1 cm 1.5 cm
DC: auto DC to 20 MHz DG to 20 MHz
norm DC to 20 MHz DC to 20 MHz
AC: auto 20 Hz to 20 MHz 20 Hz to 20 MHz
norm 20 Hz to 20 MHz 20 Hz to 20 MHz
TV, auto 20 Hz to 1 kHz 20 Hz to 2 kHz
narm 20 Hz to 1 kHz 20 Hz to 2 kHz
Automatic ... i e Adjustable over 0.8 V.
Normal ... i, Adjustable over 0.8 V.
.......................... + or —.
Sensitivity/Bandwidth
MODE 05V 1V
DC: auto DC to 20 MHz DC to 20 MHz
norm DC to 20 MHz DC to 20 MHz
AC: auto 20 Hz to 20 MHz 20 Hz to 20 MHz
norm 20 Hz to 20 MHz 20 Hz to 20 MHz
TV: auto 20 Yz to 1 kHz 20 Hz to 2 kHz
norm 20 Hz to 1 kHz 20 Hz to 2 kHz

Impedance . ...

L0) 111 1201 (o) oA N

- BNC

1 M{) shunted by 40 pF.
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X-Y
YChannel ............0. 0 i Same as Vertical.
XChannel ... i, Same as Vertical, except response is limited to 1 MHz.
Phase Shift ................. .. ... ... ... ... Less than 8° at 1 MHz.
GENERAL
CRT:
Type oo 5" round, mono accelerator.
Acceleration Potential .................... 1.8 kV regulated.
Phosphor ............o oo P-31.
Graticule ................. [T 8 by 10 cm.
Power;
Voltage Range ...............covvvvnn.... 105 to 130 VAC/210 to 260 VAC switch selected, 70
watts at 120 VAC (240 VAQ).
Internal Supplies ......................... Fully regulated.
Operating Temperature Range ............... 10°C to 40°C,
DIimensions .. ...oovuii i Height: 6,937 in. (17.6 cm),
Width: 12.875 in. (32.7) cm).
Length: 19.25 in. (48.9), without handle.
Length: 21.5 in. (54.6 cm), with handle.
Weight .......... ... ... 22 lbs. (10 kg).

¢ ———— — i —

The Heath Company reserves the right to discontinue
products and to change specifications at any time
without incurring any obligation to incorporate new
features in products previously sold.
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OPERATION

This section of the Manual explains the function of
each control, swilch, and connector; gives a preset for
describes how to correlate
uency; and provides opera-

each control and switch;
between time/cm and freq

tional examples.

ALTERNATE PRIMARY VOLTAGES

In the United States 120 VAC line voltage is most
often used, while in other countries 240 VAC line
voltage is more common, If your line voltage is con-
sistently below 115 volis (or below 230 volts if you
intend to operate the Oscilloscope on 240 volts), per-
form the following steps. Otherwise, proceed to
“Control Functions.” NOTE: Electrical regulations in
S0me areas require a special line card and/or plug for
240-volt operation. Replace them if hecessary,

( ) Removethe top and bottom covers of the Qscil-
loscope.

If your line valtage is consistently below 115 {or 230)
volis:

() Shift switch SW5 to the LOW position,
(See Figure 21, Page 4, in the “Mustra-
tion Boaklet™),

f
S acsre
3

If you intend to operate your Oscilloscope on 240
volts:

() Shift the 120/240 slide switch to the 240
position. This switch is located on top of
the rear subchassis, between the CRT and
power transformer.

{ ) Removethe 1-ampere slow-blow fuse and
install the 1/2-ampere slow-hlow fuse
supplied with this instrument. The
fuseholder islocated on the bottom side of
the rear subpanel,

( ) Reinstall the top and bottom covers. Be sure the
cover edges fit into the side rail grooves befare
you tighten the two thumbscrews.
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CONTROL FUNCTIONS

NOTE: Some illustrations that are too large for the
Operation Manual are included in a separate “Illus-
tration Booklet.” Use these large illustrations when a
step refers to the “Illustration Booklet,”

Refer to Figure 1 (Page 1 in the “Illustration Booklet™)
for the location and explanation of the front panel
controls and switches.

PRESETTING CONTROLS

1.  Set the front panel controls and switches as fol-

lows:
INTENSITY  Fully counterclockwise (PWR OFF)
FOCUS Center of rotation
HORIZ POS  Center of rotation

TRIG MODE AC

TIME/CM 1 mS

VARIABLE-  Fully clockwise (CAL) and pushed

Pull for X5 in (X1)

TRIG Y, + (plus}

LEVEL Center of rotation and pushed
in (AUTO)

Y:

POSITION Center of rotation

VOLTS/CM 50 mV

VARIABLE Fully clockwise (CAIL)

INPUT GND

switch

X

VOLTS/CM 50 mV

VARIABLE Fully clockwise (CAL)

INPUT GND

switch

The following procedure will prepare the Oscillos-
cope for operation in any mode, and may be used at
any time to check the basic instrument operation.

2. Connect the line cord to an AC power source.

CAUTION: Do not permit a bright dot to remain on the
face of the cathode ray tube for a prolonged period of
time; a dot will burn the phosphors and leave a per-
manent image in the face of the CRT.

3. Turn the INTENSITY control! clockwise 1/3 of
its rotation.

4., Allow a minute or two for the instrument to
warm up.

5.  Slowly adjust the Y POSITION control and the
HORIZ POS control to center the trace on the
SCreern.

6. Adjust the INTENSITY control to obtain a trace
just bright enough for your room lighting condi-
tions.

7. Adjust the FOCUS control for the finest and
sharpest trace.

8.  Adjustthe HORIZ POS control so the trace starts
at the left edge of the graticule.

Your Oscilloscope is now prepared for operation in
the modes described in the “Operational Examples”
section,
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DC BALANCE (DC BAL)

The highly sensitive input circuits in this Oscillos-
Cope, as in other sensitive equipment, may exhibit an
occasional unbalance caused by aging components
and temperature effects. Even though the DC BAL
(balancs) control is not considered to be an operating
control, you should make it a habit to check the DC
balance periodically and readjust it when necessary,
You will need a small screwdriver to make this ad-
justment through the smal] hole in the front panel.

To check the DC balance, set the input switch (AC-
GND-DC) to ground (GND) and obtain a trace on the
CRT. Turn the VOLTS/CM VARIABLE gain control
from fully clockwise to tully Gounterclockwise, If the
trace moves vertically, readjust the DC balance as
follows:

1. Turn the VOLTS/CM switch to the 10 mV
position.

NORMAL OPERATING CHARACTERISTICS

The following information is provided to help answer
possible questions you may have about the operation
of your Oscilloscope.

Several minutes may be required for the trace to
stabilize when the Oscilloscape is first turned
on, especially on the more sensitive voltage
ranges,

USING A 10 MILLIVOLT OSCILLOSCOPE

When you use an Oscilloscope as sensitive ag this,
you must use special care to make reliable measure-
ments. Keep the following points in mind when you
measure very low level signals,

Placement of the ground clip may be critical if
the signal source ground carries an appreciable
current. Voltage differences of severa] millivplis
from one side of a chassis or ground foil to the

NOTE: If the trace does not move as the VARIABLE 1
gain control is turned, but moves when the
VOLTS/CM switch is changed, perform the “Vertical ,“ ;,
Amplifier Balance” on Page 23, ;

- Random noise on the input signal may cause

2. Turn the VARIABLE gain control fully
counterclockwise,

3. Center the trace on the screen,

4. Turn the VARIABLE gain control fully
clockwise to the CAT, position,

5. Adjust the DC BAL control to retwrn the
trace to the centerline,

6. Repeat steps 2 through 5 until the trace does
not move when the VARIABLE gain control §
is turned.

false triggering, especially on the most sensitive |
voltage ranges,

A baseline will automatically appear after a :
short pause when the trigger LEVEL control is 1
pushed into the AUTO position or when the
input signal is disconnected when automatic |
triggering is used.

other are common. Place the ground clip at the
paint that gives the least errgr, This is usually
nearest the signal source. You may have to move
the ground clip when you measure different
points,

Stray 60 Hz pickup may be hard to eliminate,
especially in high impedance circuits, Be sure to
use shielded test cables. Shield the signal source
if necessary,
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Wideband measurements in the millivolt region
are more difficult because of the inherent noise
{shot noise and thermal noise) generated by
electronic components. This may appear as a
widening of the baseline or the baseline appear-

ing out of focus, Noise on the baseline that ap-
pears as ““hash” or “spikes’” may be caused by
the electromagnetic pickup of man-made noise
such as ignition noise, appliance noise, etc,
Noise of any kind may cause erratic triggering.

OPERATIONAL EXAMPLES

This section of the Manual gives several examples of
how to use the Oscilloscope in its different modes of
operation. These examples will help you become
familiar with the controls, especially the sweep and
triggering controls.

EXAMPLE 1

Triggering the Sweep on the + or — Slope of a
Waveform

Signal source: Sine wave generator capable of a 1 kHz,
1 volls rms signal.

Be sure all controls and switches are in the positions
described in “Presetting Controls” (Page 9). Do not
change any of these settings unless you are directed to
do so in a step. Connect the Y vertical input cable to
the sine-wave generator output. Place the Y INPUT
switch (AC-GND-DC) in the AC position and set the
VOLTS/CM switch to 500 mV. Be sure the VARIABLE
control is fully clockwise,

Turn the TIME/CM switch to the .1 mS position. (The
VARIABLE—X5 control should be fully clockwise
and pushed in.)

Turn the LEVEL control to the 12 o’clock position and
be sure it is pushed in. Then turn it slightly each way
from the center and observe the leading (left-hand)
edge of the waveform. Note that the LEVEL control
sets the point on the waveform when the sweep starts.
See Figure 2.

. / >

N

Figure 3

Change the TRIG switch to Y minus () and note that
triggering now starts on the downward or negative
slope of the waveform as in Figure 3. Vary the LEVEL
control to move the starting point up or down on the
slope.

Return the TRIG switch to the Y plus (+) position and
the LEVEL control to center and pulled out. Then set
the INPUT switch to its center (GND) position and the
trace will disappear.

The waveform will appear only when the INPUT
switch is in either the AC or DC position. Leave the Y
INPUT switch in the AC position. A baseline will
automatically appear when the INPUT switch is in
the GND position and the LEVEL control is pushed in.

Now, assume that you want to examine the “spike” on
waveform A of Figure 4. First, adjust the LEVEL con-
trol so the sweep starts just before the spike, asin B of
Figure 4. Then decrease the time required for one
complete sweep by changing the position of the
TIME/CM and/or the X5 switch. The X5 expands the
sweep around the center two centimeters. The spike
is now spread across a large area of the screen for
closer observation, as in C of Figure 4.

7 \ /N N yi /\ /—\
7 G N\
TRiGGER : ; 5\
START 7 N ‘/ e
POINT / / A 1 1}
7 \ N 4 I ]
N NS N
i \..__/\___/ h

Figure 2

i
\
N
B

Figure 4
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Read the TIME/CM and X5 switch settings to deter-
mine the duration of the spike. This feature is also
useful to observe distortion in circuits using square
wave signals,

The X5 function causes the beam to theoretically
travel five times further. Thus, to sweep across one
centimeter, the trace must now travel this distance in
1/5 the time specified by the TIME/CM switch. When
the X5 magnifier is used (pulled out), the true sweep
speed is found as follows:

Time/cm

True time/cm = 7

OR Time/cm (x) .2

Example: Time/cm switch setting = 2 mS/cm
X5 switch pulled out.

2 mS

True time/cm = = 0.4 mS/cm

5

EXAMPLE 2
Normal or Automatic Triggering

The AUTO mode {automatic triggering) provides a
base or reference line without the presence of a verti-
cal input signal. This line is used as a reference point,
especially for DC measurements.

With the controls and switches set as they were at the
conclusion of Example 1, and with a waveform of the
1kHz sine wave signal on the CRT, push in the LEVEL
control to the AUTO position. The trace will appear as
one complete cycle.

Make sure the TIME/CM switch is in the .1 m$ posi-
tion and the VARIABLE control is fully clockwise and
pushed in.

Slowly increase your signal generator frequency to 2
kHz and note that the display on the CRT remains
locked in. At 2 kHz, two complete cycles of the input
signal will be displayed as in Figure 5,

N\ /
/ /[ \
A \

Figure 5

EXAMPLE 3
X-Y Mode Operation

With the TIME/CM swilch in the X-Y position, Y
signals produce vertical deflection while X signals
produce horizontal deflection. In the X-Y mode, the X
controls and switches affect the horizontal display.

Trapezoidal and Lissajous patierns that are useful in
studying modulation characteristics, and frequency
and phase comparisons, result from applying sepa-
rate signals to the Y and X inputs in the X-Y mode.

Typical Lissajous patterns are shown in Figure 6. The
pattern depends upon the relative amplitudes, fre-
quencies, and phase of the two voltages. The fre-
quency ratio can be figured from the formula:

¢ _Th(h
X = TV

HORTZONTAL
TANGENT LINE

VERTICAL
TANGENT LINE

Figure 6

Where f; is the unknown frequency, Th is the number
of loops which touch the horizontal tangent line; Tv is
the number of loops which touch the vertical tangent
line; f is the known frequency.

When using Lissajous figures, it is good practice to
have the figure rotating slowly rather than remain
stationary. This eliminates the possibility of an error
in counting the tangent points. If the pattern is
stationary, a double image may be formed, In such
cases, the end of the trace should be counted as one-
half a tangent point rather than a full point. This
condition may occur when neither frequency can be
varied,
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Figure 7

Example 4
Phase Measurements (X-Y Function)

It is sometimes necessary to determine the phase rela-
tionship between two AC voltages of the same fre-
quency, This can be accomplished quite easily by
applying one of the voltages to the horizontal input
and the other vollage to the vertical input. The phase
relationship can be estimated from Figure 7.

NOTE: For proper displays, the horizontal amplifier
gain must be set to equal the vertical amplifier gain,

To calculate the phaserelationship, use the following
formula:

Sin 4 =~% , where @ is the phase angle.

As shown in Figure 8, distance A is measured from
the X axis to the intercept point of the trace and the Y
axis. The distance to B represents the height of the
pattern above the X axis. The axes of the ellipse must
pass through the point O.

Y AXIS

NS
S

Figure 8

X AXIS

001 #* XE_X 2 = .0004,and

N

50°,270°

Example 5

TIME/CM-to-Frequency Correlation

Eleven vertical and nine horizontal lines on the
graticule, spaced 1 centimeter apart, permit the mea-
surement of displayed waveforms. The short markers
on the centerlines are spaced 2 millimeters apart, Use
the following formula to determine the frequency of a
waveform displayed on the CRT.

TIME/CM*
setting in seconds 1 Centimeters
per cm. MAGNIFIER ° for 1 cycle of
unknown
frequency
Period of
= unknown and, '}71_(;1 = Frequency
frequency ero

EXAMPLE: If one cycle of a waveform measures 2 cm
on the graticule, with the TIME/CM switch at 1 mS
and the X5 switch pulled out, then -

1

1
m = 2500 Hz.

NOTES:

*The VARIABLE ~X5 control must be fully clockwise

to use the calibrated TIME/CM switch settings in this
formula,

**1 millisecond = .001 second; 1 microsecond =
.000001 second.

When the X5 switch is pulled out, the sweep travels 5

times further (theoretically}, which makes the sweep
time shorten by a factor of 5.
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THEORY OF OPERATION

The vertical amplifier circuit first attenuates the input
signal by a known factar, amplifies it to a usable level,
and provides the necessary positioning bias, before it
is applied to the vertical deflection plates of the CRT.
The signal at the vertical deflection plates produces
the display on the CRT screen which represents the
input signal.

The horizontal portion of the trace displayed on the
CRT screen is produced by the sweep and trigger
circuits in conjunction with the horizontal deflection
amplifier, The sweep circuit produces the linear sig-
nal {ramp) used to sweep the electron beam across the
CRT screen from left to right at a constant rate. This
circuit is switch controlled (by the TIME/CM switch)
to provide nineteen accurate sweep rates needed to
view and measure almost all input signals. This cir-
cuit can be triggered either.by a portion of the vertical
input signal, by an external signal, or by a portion of
the line frequency signal.

In the absence of a trigger signal, an automatic
baseline circuit causes the sweep circuits to operate
while in the automatic mode. This ensures that, even
though no signal is applied, a reference baseline
(trace) will appear on the CRT screen. The sweep
signal is coupled to the horizontal deflection
amplifier where itis amplified before being applied to
the horizontal deflection plates of the CRT, Other
circuits within the horizontal amplifier also provide
the necessary positioning bias.

At the end of each horizontal sweep, the blanking
circuits (which are triggered by the sweep circuits)
turn the trace off (blank it). This prevents a line (re-
trace) from being displayed as the electron beam re-
turns to the left side of the CRT screen to start a new
trace.

Regulated power supply circuits ensure overall accu-
racy as well as excellent control of the electron beam
size and intensity.
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CIRCUIT DESCRIPTION

Refer to the Block Diagram (Illustration Booklet, Page
5) and the Schematic Diagram (Fold-in) as you read
this “Circuit Description.”

Components are numbered in the following groups:

1-99 Parts on the chassis, -

100-199 Parts on the vertical circuit board.

200-299 Parts on the horizontal circuit hoard.

300-399 Parts on the low voltage circuit board,

400-499 Parts on the high voltage circuit board.

VERTICAL

The vertical preamplifier consists of two similar cir-
cuits: One for Channel Y and the other for Channel X.
Components in the Channel X vertical preamplifier
circuit are designated by a —1 suffix, while those in
the Channel Y preamplifier are designated by a —2
suffix. (For example: A Channel X divider resistor is
R101-1, while the same divider resistor in Channe! Y
is R101-2). Components without a suffix do not relate
to a specific channel. Since both channels are similar,
only Channel Y is described in this “Circuit Descrip-
tion."”

INPUT CIRCUIT

When Y input switch SW1 {AC-GND-DC) is in the DC
position, a signal applied to the Y input connector is
coupled to the input attenuator. When the Y input
switch is in the AC position, the signal is coupled
through capacitar C1, which passes only AC signals.
This permits an AC signal superimposed on a DC
potential to be seen without the DC component being

displayed. The GND position of this switch discon-
nects the input signal and grounds the attenuator
input. This allows the trace to be adjusted to a zero
reference without disconnecting the test leads from
the circuit under test.

Because the second (Q109-2/Q110-2) and vertical de-
flection amplifiers (Q111-Q114), which will be dis-
cussed later, operate at a fixed gain, any signal
applied to them must be within a usable range (ap-
proximately 80 mV/cm). Therefore, the primary pur-
pose of the vertical input circuits is to reduce or in-

crease the input signal by a known factor to this usa-
ble level.

The vertical input circuit basically consists of an at-
tenuator, an input follower, and a switched-gain
amplifier. These circuits function together, through
the VOLTS/CM swiich, to provide the total desired
attenuation or gain. The attenuator obtains its four
attenuation factors (1, 10, 100, and 1000) from four
divider networks (resistors R101-2 thru R106-2 and
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capacitors C101-2, C103-2, C104-2, C106-2, C107-2,
and C109-2). AtDC and low AC frequencies, the resis-
tive dividers reduce the input signal level; while at
higher frequencies, attenuation is determined by the
resistor-capacitor (RC) networks.

Trimmer capacitors C101-2, C104-2 and C107-2 are
used to adjust the capacitor division ratio tomatch the
resistor ratio. Trimmer capacitors C102-2, C105-2,
C108-2, and C111-2 are adjusted during calibration to
make the input capacitance of the Oscilloscope equal
cn all positions of the VOLTS/CM switch. This is
essential when an attenuation probe (usually X10) is
used.

The input follower circuit consists of a FET (field-
effect-transistor) source follower, DC current source,
and an impedance translator, The attenuated input
signal is coupled through resistors R108-2 and
R109-2, and capacitor G112-2 to the gate of FET
source follower, Q101-2. Capacitor C112-2 forms a
high frequency path around R109-2 for improved fre-
quency response. Input protection is provided by two
FET’s (D101-2 and D10z-2) wired as reverse biased
diodes. They are connected to the plus (+), and minus
(=) 15-volt supplies. Thus, if the input signal, after
the input attenuator, exceeds 15 volts the FET’s be-
come forward bhiased and clamp the signal to within a
diode drop of 15 volts. This prevents damage to
Q101-2 if the VOLTS/CM switch is in a low range, and
a high potential is applied to the input,

Transistor Q101-2 provides the high input impe-
dance necessary to prevent attenuator loading and a
low output impedance to drive emitter follower trans-
istors Q103-2 and Q104-2. To compensate for the DC
voltage present at the source of Q101-2 when no sig-
nal is applied, FET Q102-2 forms a DG current source.
DC BAL control R5 is adjusted so that the current
supplied is sufficient to produce a zero output at the
source of Q101-2 for a zero input at the gate of Q101-2.
The circuit formed by diodes D103-2 and D104-2, and
transistors ()103-2 and (Q104-2 acts as an impedance
translator. It reduces the output impedance of the
input follower to approximately 50 ohms. The output
of the input follower is coupled to the switched-gain
amplifier.

This switched-gain amplifier is formed by transistors
(QQ105-2 and Q106-2 to provide a doubled-ended out-
put from a single-ended input signal. A relatively
constant current is supplied through resistor R119-2
to the amplifier, so that an increase in current through
QQ105-2 will cause a corresponding decrease in cur-

rent through (Q106-2. Thus, as Q105-2 amplific; the
input signal, Q106-2 produces an equal but opposite
signal. This creates a push-pull effect on the signal,
which is amplified in the following stages to drive the
vertical deflection plates of the CRT. Front panel
VARIABLE control R128-2 adjusts the gain of the
amplifier when it is turned from its detented CAL
(fully clockwise) position.

Two switch-selected RC networks reduce the gain of
this switched-gain amplifier from 8 to 4 and 1.6. Tahle
I shows how the VOLTS/CM switch selects the vari-
ous attenuation factors and gains of the switched-gain
amplifier to provide the desired total gain. STEP BA-
LANCE control R124-2 adjusts the collector currents
of Q105-2 and (Q106-2 so that the CRT trace does not
shift when the gain (VOLTS/CM switch) is switched,

TABLE 1
VOLTS/CM | ATTENUATION §{AMPLIFIER | TOTAL
POSITION FACTOR GAIN GAIN
FACTOR
20V + 1000 4 .004
10V -+ 1000 8 008
5V + 100 1.6 .016
2v + 100 4 .04
1V + 100 8 .08
500mV + 10 1.6 .16
200mv + 10 4 4
100mV + 10 8 .8
50mv +1 1.6 1.6
20mV + 1 4 4
10mv +1 8 8

To illustrate how the attenuator and switched-gain
amplifier work together for the proper gain, assume
the VOLTS/CM switch is in the 10mV position and a
10mYV signal is applied to the input. Since the total
gain factor is 8, the input signal is amplified by a
factor of eight before it is coupled to follower Q107-
2/Q108-2. An 80mV signal at the follower will cause a
1 cm deflection in the CRT screen. Now assume the
VOLTS/CM switch is in the 500mV position and a
500m V signal is applied to the input. The total gain
factor is now .16. Multiplying the input signal by the
total factor results in an 80m V signal to the follower
{500m V x .16 = 80m V), again causing a 1 cm deflec-
tion on the CRT screen,

Differential emitter follower Q107-2/108-2 serves as a
buffer between the switched-gain amplifier and sec-
ond amplifier. It also provides vertical trace position-
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ing. Y Position control R138-2 controls trace position
by shifting the emitter current between the two emit-
ter circuits. From the follower, the signal is coupled to
the trigger amplifier and second amplifier. The trig-
ger amplifier will be described after the “Vertical
Deflection” section.

The second amplifier (3109-2 and Q110-2 is a differ-
ential amplifier with a gain of approximately 10, CAL
control R164-2 adjusts the gain of this amplifier and
the overall calibration of the vertical circuit, Q19 acts
as a current source.

VERTICAL DEFLECTION

This amplifier (comprising transistors 111, Q112,
Q113, and Q114) is wired in a differential cascade
configuration, with a gain of approximately 20.
Capacitor C126 across the emitters of Q111 and Q112
provides a high-frequency square wave compensa-
tion. Ferrite beads FB101 and FB102 in comman-hase
amplifier Q113/Q114 prevent oscillations in the
amplifier. Circuit loading is supplied by resistors
R174 and R176, while inductors L101 and 1.102 serve
as peaking coils. The output of this amplifier is
coupled to the vertical deflection plated of the CRT
for beam control. Vertical beam deflection requires
between 12 and 15 volts/cm, depending on indi-

vidual CRT characteristics. The vertical CAL control,
R164-2, in the vertical input circuit adjusts overall

vertical gain to match the CRT deflection characteris-
tics.

TRIGGER AMPLIFIER

A differential amplifier and follower comprise the
trigger amplifier circuit. Its output is used to supply a
trigger signal to the horizontal time base, trigger, and
sweep circuits.

A portion of the input signal is coupled from follower
Q107-2/Q108-2 to the input of the differential
amplifier Q115-2 and Q116-2 in the trigger amplifier
circuit. Emitter follower Q117-2 couples the trigger
signal from the inverting leg (Q115-2) of the differen-
tial amplifier (QQ115-2/Q116-2) to the horizontal time
base, trigger, and sweep circuits. Transistor 118-2 is
a temperature-compensated constant current source
for this circuit, The Zero control (R149-2) in the emit-
ter leg adjusts the current so that the output of the
follower will be zero with no signal to the trigger
amplifier. Thus, the circuit performs as a differential
to single-ended converter,

TRIGGER, SWEEP, AND CONTROL

On command from a trigger pulse, the horizontal time
base circuits generate a linear ramp signal (sweep) to
drive the CRT horizontal deflection plates and move
the dot across the screen at a constant rate. In the
automatic triggering mode, if no trigger is present, the
time base circuits free-run and generate an auto-
baseline, :

When a trigger pulse of sufficient amplitude is pre-
sent, the trigger comparator outputs change logic
state and a {rigger signal passes through the slope
selector gate. The signal from the gate turns on the
sweep control and allows the timing capacitor to be
charged through the “bootstrap” constant current
source. The charging of the capacitor produces a
linear ramp signal that is coupled through the voltage
follower to the horizontal deflection circuits,

The ramp signal is also coupled to the sweep end
circuit. When the ramp reaches a preset voltage level,

set by the Sweep Length control, the sweep end cir-
cuit triggers the blanking flip-flop and sweep end
monostable, The sweep end monaostable insures that
retrace will not occur until after the CRT has blanked.

TRIGGER

In the automatic triggering mode, the trigger circuit
examines the trigger signal for a proper trigger point.
If the signal is large enough, the sweep circuit is
activated by the trigger. If the signal is insufficient or
absent, the sweep circuits are allowed to free run,

Depending on the desired trigger mode, one of three
sources can be selected by the Trig switch: External
Trigger, Channel Y Trigger, or Line Sync. The Chan-
nel Y Trigger signal is provided by the vertical
preamplifier trigger circuits; while the Line Sync sig-
nal is tapped direcily off of one side of the 6-volt
transformer winding. The External Trigger signal is
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coupled through FET follower Q201/Q202 to the Trig
switch. Transistors ZD201 and ZD202 function as
reverse-biased zoner diodes to limit the signal level to
the input of Q201. FET Q202 is a constant current
source.

The trigger signal is coupled from the Trig switch,
through the Trig Mode switch, to the pin 5 input of
differential trigger comparator IC201. The trigger
comparator compares the trigger voltage at pin 5 to
the reference voltage at pin 4. If the trigger voltage is
greater than the reference voltage, the noninverting
output (pin 11} is at a logic high* and the inverting
output (pin 10) is low. When the trigger voltage goes
lower than the reference voltage, the comparator out-
puts will switch levels; the noninverting output will
go low and the inverting output will go high. Thus,
each trigger pulse, of sufficient amplitude, is con-
verted to a logic pulse. In both “auto’ and “normal”
operation, Level control R213 adjusts the reference
voltage level (Diodes D205 and D206 set the range of
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*A logic high (1) is greater than 2.4 volts DG, but less
than 5.5 volts DC. A logic low 0 is less than or equal to
0.8 volts DC,

the contral to approximately 0.7 volts). The com-
plementary trigger comparator outputis coupled to +
slope selector gate 1C202. (Feedback resistors R209
and R211 supply circuit hysteresis so that the com-
parator will not switch on Noise pulses.)

Trigger-slope selection is determined by the TRIG
switch and the slope selector gate, IG202, as shown in
Figure 9. The slope selector gate functions as a two
input multiplexer and couples the pin 11 or pin 10
output of 1C201 to the sweep circuits, as determined
Ly the TRIG switch. When the control line is at & high
level (+ slope), pin 4 of gate B is at a logic high. This
enables gate B so the pin 10 output of 1G201 is in-
verted and coupled through to gate C. The logic high
at pins 12 and 13 of gate I) is inverted and coupled to
pin 2 of gate A. The logic low at pin 2 disables gate A
and forces its output high. A high on pin 10 of gate C
enables gate G, to invert and couple the signal from
gate B to the sweep control circuit and auto-baseline
circuit. When the control line from the TRIG switch is
at a low level, the slope selector gate couples the
signal from pin 11 of IC201 to the sweep control
circuit and auto-baseline circuit,

SWEEP

The negative edge of the trigger pulse activates
[C203B and turns transistor Q203 off. This lets the
timing capacitor charge through the bootstrap current
source, and generates a linear voltage ramp. The ramp
(sweep signal) is coupled to the harizontal deflection
circuit, and the remaining sweep circuits. When the
ramp reaches a predetermined level, the CRT is
blanked, IC203B is reset, and Q203 is turned on to
provide a discharge path for the timing capacitor
(ramp returns to zero level).

Refer to Figure 10 for the following discussion.

When transistor Q203 turns off, the timing capacitor
begins to charge. After approximately 10 nS, the CRT
unblanks and the trace becomes visible, This short
delay hides any switching transients. At a preset
ramp level, the CRT is again blanked before the trace
is stopped (to give the CRT time to fully blank). After
the short delay, transistor Q203 is turned on and the
liming capacitor is discharged.

Initially, sweep control IC203B is in a reset condition
(Qislow and QQ is high) and transistor Q203 is turned
on. A trigger pulse from slope selector gate IC202 will
toggle IC203B and switch Q high and Q low. The low
from  turns transistor Q203 off and toggles blanking
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control IC203A. As Q203 turns off, the timing
capacitor begins to charge through the bootstrap cur-
rent source. At the same time, IC203A switches the
CRT blanking circuit and unblanks the CRT,

The “bootstrap” current source is part of the sweep
generator. FET Q204 and Q205, and transistor Q206
form a voltage follower with a gain of approximately
L. It has a very high input impedance to prevent
circuit loading, which could cause a non-linear volt-
ageramp (sweep). The junction of resistors R252 and
R253 are held to a level 10 volts above the output of
the follower by 5-volt zener diodes ZD210 and ZD211.
Since the follower input voltage equals the output
voltage, the voltage across the selected timing resistor
will always be constant. This will produce a constant
current to charge the selected timing capacitor. When
variable control R253 is turned from its Cal position,
the voltage differential is lowered. Thus the charging
current will be reduced and as a result, reduce the
sweep speed. The Variable control is used to provide
continuous sweep speeds between calibrated ranges,
Ramp Zero control R248 adjusts the follower for
proper voltage offset.

The output of the sweep generator is coupled through
‘esistor divider R259, R261 to the horizontal deflec-
ion amplifier. It is also coupled through Sweep

W

Length control R255 to sweep and Schmift gate
IC207A. Sweep Length control R255 is adjusted so
that the output of the Schmitt trigger-type gate will go
low when the ramp voltage exceeds approximately
1.6 volts. {This represents a horizontal sweep of ap-
proximately 11 centimeters.) The low from IC207A
resets (clears) blanking control IC2 03A, which blanks
the CRT. Zener diode ZD209 protects the Schmitt
trigger from misalignment or malfunction of the
Sweep generator, IC207B. The function of IC207B will
be described later.

The low from sweep end gate [C207A is also coupled
to the sweep end monostable IC204C and D. This
converts the low level signal to a short duration nega-
tive pulse (approximately 100 nS, which gives the
CRT time to fully blank) and couples it to hold-off
monostable IC206. The hold-off monostable toggles
(Q goes low) and remains in this condition wntil it
“times out.” The hold-off time is determined by the
TIME/CM switch, and is of sufficient duration to in-
sure complete retrace. With pin 1 of IC209A high
{from IC207B), the low from Q of IC206 will force pin
3 of IC209A low and reset sweep control IC203B. This
forces the Q output high and turns on Q203, which
quickly discharges the sweep timing capacitor (re-
trace). The low from pin 3 of IG209A does not affect
gate IC204A, because pin 2 of IC204A4 is already low
(auto-baseline monostable IC205 toggled by trigger
signal). The low from hold-off monostable IC206
“locks-up” sweep control IC203B, so that it cannot
toggle on a trigger signal until after hold-off. After
IC206 “times out”, IC203B can toggle on the next
trigger signal and start a new sweep cycle.

If for any reason the sweep control circuitry should
“hang-up”, such as at inijtial turn-on, the ramp volt-
age would continue to increase. A voltage level
would be reached where anti-lockup control IC2078
would activate and (through IC209A) reset (clear)
IC203B, and discharge the sweep timing capacitor, to
initiate a new sweep cycle.

Normally, reoccurring Trigger pulses hold monosta-
ble IC205 on. The low at the Q output is coupled
through IC209B and holds the output of IC204A high
fornormal sweeps to take place. However, with no
input trigger pulses, 1C205 times out and its Q output
goes high. This (through 1G209B) forces the output of
IC204A low, which allows 1G203B to “free run’’ and
produce sweeps for a base line, In “normal” mode
operation, the automatic base line will never appear
as this feature is overridden by switch Swzap4,
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HORIZONTAL

The horizontal signal is coupled from the sweep
generator to the base of Q210 in the first horizontal
deflection differential amplifier (Q210/Q211). A re-
ference voltage from the horizontal position control
provides a coarse {R263A) and fine (R263B) offset
adjustment at the differential amplifier (base of
Q211). Amplifier gain is approximately 10. Control
R268 adjusts the gain of this amplifier, and hence the
overall gain of the horizontal deflection circuit. This
is to compensate for the individual deflection charac-
teristics of the CRT. Control R272 adjusts the gain of
Q210 and Q211 for the X5/CAL position. Transistor
Q216 is the constant current source for this amplifier
section.

Components G235, ZD214, D216, R279, R280, D215,
ZD217, and C236 comprise the voltage clamp circuit.
This circuit limits the drive signal to Q212 and Q213
to reduce distortion in the X5 mode.

Final amplification occurs in the second deflection
amplifier. It is a cascade differential amplifier with a
gain of approximately 25. The output is coupled to
the horizontal deflection plates of the CRT for beam
control, Horizontal beam deflection requires between
19 and 25 volts/cm, depending on individual CRT
characteristics.

When X-Y operation is desired, the signal from the
Channel X amplifier is coupled to the base of Q210
through the TIME/CM switch. The TIME/CM switch
also presets the blanking control to insure that the
CRT remains continuously unblanked. X-Y CAL con-
trol R258 is used to calibrate overall horizontal deflec-
tion gain for the X-Y mode; while capacitor C233
reduces high frequency phase-shift.

POWER SUPPLIES

+170 AND +150 VOLTS

Full-wave bridge rectifier diodes D301, D302, D303,
and D304 produce the +170-volt supply used in the
horizontal deflection amplifier, the chop blanking
amplifier, and the Astigmatism control, A second fil-
ter divides the 170-volt source down to +150 volts for
the vertical deflection amplifier.

+15 VOLTS

Diocdes D305, D306, and D307, D308 comprise two
full-wave rectifiers that produce positive and nega-
tive 21 valts DC from the power transformer. These
are filtered and then coupled through pass transistors
Q301 and Q302. Transistor base voltage is set by the
dual-polarity tracking regulator IC301. Resistors
R306 and R307 set the maximum current that the
regulator will supply, This limiting, in turn, limits
the supply current for short circuit protection.

Voltage adjust control R309 calibrates the —~15 volt
line and, through the regulator, the +15 volt line.
Capacitors €307 and C308 reduce load transients.

=5 VOLTS

Full-wave rectifier diodes D309, D310, D311, and
D312 produce a positive and negative 8-volts DC from
the power transformer. Capacitors G309 and C311
filter the raw DC, while transistors Q303 and Q305
serve as pass elements. Their outputs are limited to 5
volts by zener diodes ZD313 and Z1314, which are
connected to the base of each transistor, In the posi-
tive 5-volt supply, resistor R315 sets the base-emitter
current of Q304 to shut down the supply above ap-
proximately 400mA. Resistor R313 and transistor
Q306 limit the negative 5-volt supply to approxi-
mately 100mA. Capacitors G313 and (312 reduce
load transients.

The line sync trigger signal is coupled from the 8-volt
transformer secondary winding through resistor
R206 to the Trig switch. The pilot lamp and resistor
R7 are also connected across the 8-volt transformer
secondary winding.
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HIGH VOLTAGE

Diodes D404 and D405, and capacitors €408, C409,
(410, and C411 comprise a voltage doubler that pro-
duces approximately —2000-volts DC at nominal line
voltage. The positive output of the doubler is con-
nected to the collector of pass transistor
2404/Q405/Q406. (The three transistors are wired in
series to form a single high voltage pass transistor.) At
nominal line voltage, the voltage at the collector of
Q404 is approximately +300 volts. The +300 volts
and —2000 volts add together to produce the —1700
volts supplied to the cathode of the CRT. Control
R409 is adjusted for optimum voltage regulation,
while resistor R427 provides cathode current limit-
Ing. Divider resistor string R423, R424, R3, R425, and
R426 supply a reduced voltage for the Focus control
(R3). A current summing junction at the end of the
divider string adds the high valtage current fapprox-
imately 340 wA) ta a reference current supplied by the
+15 volt supply through control R419 and couples it
to operational amplifier 1C401. Control R419 is ad-
justed so that the reference current is equal to, but
opposite the high voltage (HV) current, when the high
voltage is at the correct level (—1700 volts).

If the high valtage falls below —1700 volts, the cur-
rent difference at IC401 will cause IC401 to increase
the base drive to Q404/Q405/Q406 and thus decrease
the collector voltage until the high voltage again
equals —1700 volts. This will again make the HV
current equal to the reference current. The reverse
will occur when the high voltage exceeds —1700
volis.

The frequency response of this circuit is high enough
so that it also operates as a filter to remove 120 Hertz
ripple from the high voltage. Upper frequency re-
sponse is limited by capacitor C414 to suppress any
possible high frequency oscillation in IC401. Diode
D406 protects the pass transistor from a reverse out-
put from [C401. Resistors R411, R412, and R413 in-
sure equal voltage distribution between 404, 405,
and Q4086,

CRT BLANKING

The CRT blanking circuit is used to control the elec-
tron beam in the CRT. This includes blanking the CRT

during “retrace’ and “hold-off”, and trace intensity.
To fully understand this circuit, you must keep three
ideas in mind:

1. The CRT is blanked when the control grid is 68
volts more negative than the cathode.

2. As the 68-volt differonce between the grid and
cathode is reduced the CRT is unblanked, and
the beam intensity is increased.

3.  Since the cathode of the CRT is at —1700 valts,
the grid must vary between —1700 volts and
—1768 volts, Therefore, the blanking circuit
must be completely isolated from the other os-
cilloscope circuits, CAUTION: When measur-
ing voliages in the blanking circuit keep in mind
that "“circuit commen” is 1700 volts below oscil-
loscope ground.

Diodes D402 and ZD403, capacitors C401 and €402,
and resistor R401 comprise a —68 volt regulated
power supply. The positive end of the supply is tied
to the —1700 volt supply. The —68 volt supply pow-
ers a simple flip-flop (Q402, Q403). This flip-flop is
toggled through high voltage capacitors (C403, G406)
by blanking control IC203A. Because of the capacitor
coupling, normal ground-referenced logic levels can
be used for control,

Assumethe flip-flop is toggled so that Q402 is off, and
(2403 is on (unblanked CRT condition). The cathode
is near — 1700 volts and the other end of control R2 is
at —1768 volts [-68 (+) —1700[, As the Intensity
control (R2) is turned clockwise, the heam intensity
will increase {grid voltage approaches cathode vol-
tage).

A blanking signal from 1C203A (low-to-high logic
transition at C406 and high-to-low logic transition at
(403) will toggle the flip-flop and turn Q402 on and
Q403 off. Now both ends of control R2 are at —1768
volts, and the CRT will blank. The reverse will occur
when an unblanked signal from IC203A is sensed.
Resistors R404 and R405 hold the flip-flop in a stable
state after each toggle; while capacitors C404 and
€405 speed up the switching cycle. The RC network,
R407, R408, and C407, shape the blanking signal.
Resistor R408 also isolates the circuit.

CALIBRATOR

An oscillator circuit comprised of IC208A and
[C208D, and their associated circuitry components
generate an output of approximately 1000 Hz. This is
coupled to the base of transistor switch Q209. When

Q209 is turned off, a precise 1-volt level is connected
to the output. Divider resistors R236, R237, and R238
set the output level. When Q209 is turned on, it
grounds the output.
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CALIBRATION

This section of the Manual is divided into two parts:
“Initial Calibration” and “Touch-Up Adjustments.”
The “Initial Calibration” must always be performed
after the Oscilloscope has been serviced or parts have
been replaced.

The “Touch-Up Adjustments” must always be per-
formed after the “Initial Calibration” and any time
you doubt the accuracy of your calibrated Oscillos-
cope,

INITIAL CALIBRATION

The following equipment is needed to calibrate your
Oscilloscope:

—  VTVM - Accurate to within 1% at 15 volts
DC and able tomeasure 1700 VDC. NOTE: If
you have a high voltage probe, you can use
a voltmeter thalt measures less than 1700
VDG,

— Heathkit Oscilloscope Calibrator - OR - A
Square Wave Generator capable of produc-
ing 1 kHz to 1 MHz signals; with up to 5
volts output, rise time < 5 nS, and over-
shoot < 1%.

-— A 1000 Hz Square Wave Voltage Calibrator
{1 to 100 volt output) is also recommended,
but not necessary; accurate in amplitude to
1% at 1 volt; accurate in frequency to 1%.

Controls and adjustments associated with Channel X
are identified as X with a “-1” following the circuit
component number, such as R119-1, Channel Y con-
trols and adjustments are identified as Y with a «“-2”
following the circuit component number. Use a plas-
tic alignment tool to make the adjustments.

If you do not obtain the proper results, turn the Oscil-
loscope off, refer to the “In Case of Difficulty’’ section
of the Manual, and correct any difficulties before you
proceed.

Turn off the Oscilloscope and disconnect the line
cord plug from the AC power source.

Loosen the knurled knob on each side of the chassis
and remove the top and bottom covers. Be careful not
to touch any of the circuitry when you move the
Oscilloscope around for various adjustments.
Dangerous voltages are present, See Figure 21 (Illus-
tration Booklet, Page 4).

VOLTAGE ADJUSTMENTS

Connect the line cord to an AC outlet and turn your
Oscilloscape ON,

Refer to Parts A and B of Figure 11 (Illustration Book-
let, Page 2) for the following sieps.

1.  Adjustyour voltmeter to measure —15 valts DC.

2,  Connect the common voltmeter lead to the QOs-
cilloscope chassis.

3. Measure the voltage at test point 4 (TP4, on the
low voltage circuit board). Adjust control R309
{on the low voltage circuit board) for a —15 volt
meter indication, {Interchange your meter leads
if necessary.)

4. Adjust your voltmeter to measure —2000 volts
DC. -

5.  Measure the voltage at lug 1 of control R2. Ad-
just the HI VOLT AD]J control (R418, on the high
voltage circuit board) for —1700 volts DC (+10
volts). ‘
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BEAM ADJUSTMENTS

Refer to Figures 1 and 12 (in the “Illustration Book-

let”) for the circuit component number of any front
panel conirol or switch.

CAUTION: Do not permit a bright dot to remain on
the face of the cathode ray tube for a prolonged
period of time; a dot will burn the phosphors and
leave a permanent image in the face of the CRT.

1. Settheindicated front panel controls as follows:

X

INPUT switch GND

(AC-GND-DC)

VOLTS/CM 50 mV

VARIABLE Fully clockwise (CAL)
Y:

INPUT switch GND

(AG-GND-D(Q)

VOLTS/CM 50 mV

VOLTS VARIABLE TFully clockwise (CAL}

POSITION
OTHER;

VARIABLE- X5  Fully clockwise (CAL)
and pushed in.

Center trace on screen

TRIG Y, +
LEVEL Center of rotation and
pushed in.

TRIGGER MODE  AC
TIME/CM X-Y

HORIZ POS Center of rotation.
2. Adjust X ZERO control (R) on the Vertical cir-
cuit board to center the-spot on the screen.

3. Turn the INTENSITY control counterclockwise
to decrease the brightness of the spot. Readjust
this control as necessary to keep the spot small
when you make the following focus and astig-
matism adjustments,

4. Alernately adjust the FOCUS control and the
ASTIGMATISM control R427 (a screwdriver ad-
justment through the rear panel) to obtain the
smallest possible round spot on the CRT screen.

VERTICAL AMPLIFIER BALANCE

Channel Y: Perform the following numbered steps
1-10. Adjust only the controls associated with Chan-
nel Y.

NOTE: During the following steps, you may experi-
ence the rare situation that the amplifier will not
balance properly. If this happens, interchange trans-
istors Q101 and Q102 of the channel that does not
balance. The transistor leads are not soldered to the
socket pins.

1. Adjust the POSITION control to place the spot
on the horizontal centerline.

2. Turn the VARIABLE VOLTS/CM control fully
counterclockwise. The spot may move off the
Screen.

3. Adjust the POSITION control to return the spot
to the center horizontal graticule line,

4. Turn the VARIABLE fully clockwise (CAL).

5. Slowly adjust the DC BAL control (a screwdriver
adjustment through the front panel) to return
the spat to the center horizontal graticule line.

6. Repeat steps 2 through 5 until the spot does not
move when you turn the VARIABLE control,
Leave the VARIABLE control in the fully
clockwise position (CAL).

7. Turn the Y CH VOLT/CM switch to the 10mV
position.

8.  Adjust the Y BAL control (R124-2, on the verti-
cal circuit board, see Figure 12) to return the
spot to the center horizontal graticule line,

9. Turn the VOLTS/CM switch back and forth be-
tween the 10mV position and the 50mV position
and adjust the BAL control so the spot does not
move when the switch is turned from on posi-
tion to the other,
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10. Repeat steps 2 through 5.

Channel X: Perform the previous numbered steps

1-10, Adjust only the controls associated with Chan-

nel X. Adjust the spot with the HORIZ POS control so

the spot is on the vertical center line,

() Adjust the X ZERO control, R149-1, to center
the spot when the HORIZONTAL control is cen-
tered,

TRIGGER

1,  Set the TIME/CM switch to .1 mS,
2.  Set the Y INPUT switch tq GND.

3. Adjust the Y POSITION control to place the
trace on the horizontal centerline.

4,  Adjust yourvoltmeter to measure —3.0 volts DC.

5. Connect the common voltmeter lead to the Os-
cilloscope chassis.

6. Measure the voltage at TP15 on the vertical cir-
cuit board, Adjust the Y ZERO control (R149-2,
on the vertical circuit board) for zero volts.

7. Disconnect the voltmster.

VERTICAL AMPLIFIER

1.  Settheindicated front panel controls as follows:

TIME/CM 1mS

Y:

VOLTS/CM 200 mV

POSITION Center trace on screen

INPUT switch GND

2,  Channel Y: Perform the following letlered steps
(A-F). Adjust only the controls marked Y or as-
sociated with Channel Y,

A. Adjust the POSITION control to place the
trace on the horizontal centerline.

B. Make sure the VARIABLE control is fully
clockwise (CAL) position.

C. Set the INPUT switch to AC,

D. Connect the test cable inner lead to the 1V
P-P connector on the front panel. NOTE: A
Square Wave Voltage Calibrator, at approx-
imately 1 kHz, may be used instead of the
1V P-P output from the Oscilloscope.

E. Adjust the Y CAL control (R164-2, on the
vertical circuit board) and the POSITION
control for a waveform exactly 5 ¢m high
between the flattest portions.

F. Disconnect the test leads from the 1V P-P
connector.

SWEEP

1.  Settheindicated front panel controls as follows:

Y INPUT switch AC

TRIG Y, +
TIME/CM 1 mS
VARIABLE TIME/CM CAL

2. Connect a 1000 Hz square wave signal to the Y
INPUT connector. Adjust the signal amplitude
for a 2-4 ¢m vertical display.

Refer to Figure 13 on Page 3 of the “Tllustration Book-
let”” for the following steps.

3.  Adjust the SWEEP LENGTH control (R255, on
the horizontal circuit board) so the trace is 10 cm
long,

4.  Carefully adjust the X CAL control (R266, on the
horizontal circuit board) and the HORIZ POS
control for exactly 10 cycles in 10 centimeters {1
cycle per centimeter) as shown in Figure 14, Use
the leading edge of the second and tenth cycle
for this adjustment, The first cycle may be dis-
torted.

5.  Readjust the SWEEP LENGTH control (R255, on
the horizontal circuit board) so the traceis 10 cm
long.

6. 'Turn the HORIZ POS control counterclockwise
to move the right-hand end of the trace 1 cm to
the left,

7.  Adjust the SWEEP LENGTH control (R255, on
the horizontal circuit board) to move the right-
hand end of the trace back to the right 1 cm.
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Figure 14

Readjust the HORIZ POS control so the left-
hand edge of the trace starts at the left-hand
graticule line.

Pull out the VARIABLE —X5 switch.

Adjust the X5 CAL control (R278, on the hori-
zontal circuit board) and the HORIZ POS control
for exactly 2 cycles in 10 centimeters as shown
in Figure 15. When you make this adjustment,
place the leading edge of the first cycle on the
left-hand graticule line and the leading edge of
the second cycle on the center graticule line.

Push in on the VARIABLE — X5 switch.
Place the Y INPUT switch in the GND position.

Adjust the RAMP ZERO control (R248, on the
horizontal circuit board) until the bright spot on
the left end of the trace disappears. (This is not a
critical adjustment.)

Refer to Figure 13 (Illustration Baoklet, Page 3)
and carefully readjust the X CAL control (R268,
on the horizontal circuit board) and the HORIZ
POS control for exactly 10 cycles in 10 cen-
timeters (1 cycle per centimeter) as shown in
Figure 14. Use the leading edge of the second
and tenth cycle for this adjustment.
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Figure 15

Turn the TIME/CM switch to 1 MS.

Gonnect a 1 MHz square wave signal to the Y
INPUT connector.

Use a plastic alignment tool and adjust trimmer
capacitor C229 (located on the TIME/CM
switch) for 1 cycle per centimeter.

Disconnect the square wave signal.

Turn the X VOLTS/CM switch to the 200mV
position,

Turn the TIME/CM switch to the X-Y position.

Adjust the Y and HORIZ POSITION controls to
center the spot on the graticule.

Set the X INPUT switch to AC.

Connect the X test cable inner lead to the 1V P-P
connector on the front panel. NOTE: A square
wave voltage calibrator may be used instead of
the oscilloscope 1V P-P output.
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6. . Adjust the X-Y CAL control (R258, on the hori-
zontal circuit board) to place the two dots
exactly 5 cm apart as shown in Figure 16, Disre-
gard any lines projecting from the dots at this
time.

7.  Disconnect the X test cable from the 1V P-P
connector.

Y CHANNEL
ATTENUATOR COMPENSATION

The purpose of the following adjustments is to obtain
the proper amount of high frequency compensation
for each position of the VOLTS/CM switch. Parts A, B,
and C of Figure 17 (in the Illustration Booklet, Page 3)
show the conditions of too much compensation, too
little compensation, and the correct amount of com-
pensation respectively. Use a plastic alignment tool
to make the following adjustments.

1.  Settheindicated front panel controls as follows:
TIME/CM .2 mS

TRIG Y, +

Y CHANNEL:

INPUT switch AC

VARIABLE Fully clockwise (CAL).
VOLTS/CM 100 mV.

POSITION Center trace on screen.

Refer to Figures 12 and 17 (Ilustration Booklet,
Pages 2 and 3) and perform the following let-
tered steps {A-H). Adjust only the controls that
are marked Y or associated with Channel Y,

A, Adjust the POSITION control to place the
trace on the horizontal centerline.

B. Connecta 1000 Hz square wave signal to the
Y INPUT connector. Adjust the signal
amplitude of this signal for a trace 4 cm
high. Readjust the amplitude of this signal
as necessary in the following steps to main-
tain a suitable size trace (1-4cm). (If your
generator is a fixed amplitude type, you
may use the 200 mV or 500 mV VOLTS CM
position to obtain the proper display size.)

C. Adjust trimmer capacitor C107-2 (+ 10) on
the vertical hoard to obtain the proper
amount of compensation.

D, Turnthe VOLTS/CM switch to the 1V posi-
tion (ar 2V or 5V if necessary).

E. Adjust trimmer capacitor C104-2 (< 100) to
cbtain the proper amount of compensation.
F. Turnthe VOLTS/CM switch to the 10V posi-

tion (or 20V if necessary).

G. Adjust trimmer capacitor C101-2 (+ 1000)
to obtain the proper amount of compensa-
tion.

H. Disconnect the square wave signal.
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Figure 18 ' Figure 19
X CHANNEL ATTENUATOR COMPENSATION each adjustment is made, the lines’ width will ‘
increase and decrease. The carrect setting for
1.  Settheindicated front panel controls as follows: each adjustment is achieved when the lines :
are at their minimum width. :
TIME/CM X-Y.
: B. Connecta 1000 Hz square wave signal to the
HORIZ POS Center spot on screen. X input connector. Adjust the signal
amplitude of this signal for a trace of 4-6 cm
Y CHANNEL POS Center spot on screen. wide. See Figures 18 and 19.
X CHANNEL: : G.  Adjust trimmer capacitor C107-1 (< 10) to
obtain the proper amount of compensation.
INPUT switch AC.
D. Turn the VOLTS/CM switch to the 1V posi-
VARIABLE Fully clockwise (CAL). tion.
|
VOLTS/CM 100 mV. E. Adjust trimmer capacitor C104-1 (+ 100) to {
obtain the proper amount of compensation.
Y CHANNEI: K
F. Turnthe VOLTS/CM switch to the 10V posi- y
INPUT switch AC. tion,
VARIABLE Fully clockwise (CAL). G. Adjust trimmer capacitor G101-1 (+ 1000) :
to obtain the proper amount of compensa- !
VOLTS/CM 5V, tion. ;
2.  Refer to Figures 18 and 19, and perform the 3. Change the frequency of your signal source to 1
following lettered steps: (A-G). Adjust only the MHz, |
controls associated with the X channel. '
A, Adjust trimmer capacitor C118-1 to obtain
A, Connect the Y input connector to either the proper amount of compensation.
side of the pilot lamp. Adjust the
VOLTS/CM switch for a 4-6 cm display and B. Disconnect the square wave signal.
the POSITION control to vertically center |
the display. C. Disconnsct the pilot lamp signal. !
NOTE: In the following steps, the two parallel, =~ This completes the X and Y CHANNEL AT-
vertical lines will appear wide and fuzzy. As TENUATOR COMPENSATION adjustments.
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SQUARE WAVE COMPENSATION

1. Connect a 1 MHz square wave signal to the Y
INPUT connector.

2,  Settheindicated front panel controls as follows:

TIME/CM 2 uS

TRIG Y, +

Y rMIANNEL:

INPUT switch AC

VARIABLE Fully clockwise (CAL)
VOLTS/CM As necessary to produce

a display similar to that
shown in Figure 20.

POSITION Center the trace on the
SCreen.

NOTE: In the following step you will be instructed to
adjust the displayed square wave for a certain “over-
shoot.” This will produce the widest possible

bandwidth for your Oscilloscope. You may adjust the
square wave for a flat top. However, this will some-
what reduce your Qscilloscope bandwidth. Neverthe-
less, the bandwidth will still meet specifications.

3. Paosition the trace as shown in Figure 20, with

the VERT POS and HORIZ POS controls. The
bottom of the dip should be on a horizontal
graticule line. The “overshoot” peak height will
vary with the setting of C118-2, the high fre-
guency compensation frimmer (on the vertical
circuit board). Your waveform may not look like
the one shown.)

4, Adjust trimmer C118-2, with a nonmetallic

screwdriver, so the top of the peak is no more
than 4 mm from the bottom of the dip. NOTE: If
you have trouble with this adjustment, check
the two blue wires connected to the GRT socket
for proper positioning.

This completes the “Calibration” of your Oscillos-
cope unless you have a low capacitance { X 10) probe.
Proceed to “Touch Up Adjustments” if you do not
have such a probe. If you do, perform the following
steps,
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LOW CAPACITANCE PROBE

Perform the following steps only if you have a low
capacitance (X10) probe that will compensate to ap-
proximately 40 pF (35-47 pF).

Probe Compensation and Amplifier Equalization

This adjustment procedure equalizes the input
capacitance of both X and Y amplifiers so a low
capacitance probe can be used on either channel
without the need to recompensate. If you have two
probes, set one of them aside temporarily. Perform the
following adjustments using one probe. Then con-
nect the other probe and adjust only the probe trim-
mer for the proper amount of compensation.

1. Settheindicated front panel controls as follows:

Y:

VOLTS/CM 10 mv.

POSITION Center the trace on the
screern.

INPUT switch AG

TIME/CM .2 m§

TRIG Y, +

2.  Connect the low capacitance probe to the Y
INPUT connector,

3. Connect the probe end to a 1000 Hz square wave
signal. Adjust the amplitude of this signal for a
4-5 cm display.

4. Adjust the probe trimmer for the proper amount
of compensation as shown in Part C of Figure 17.
Do not try to obtain the ultimate adjustment at
this time,

NOTE: The trimmer capacitors called out in the fol-
lowing steps are on the vertical circuit board.

5.  Adjust the Y input trimmer capacitor C111-2 (=
1) to obtain the maximum amount of overshoot
on the leading edge of the waveform as shown in

10.

Part A of Figure 17. This adjustment sets the Y
input trimmer capacitor at minimum capaci-
tance.

Readjust the probe trimmer for the correct
amount of compensation.

Disconnect the probe from the Y INPUT connec-
tor and connect it to the X INPUT connector.

Set the indicated front panel controls as follows:

Y CHANNEL:
POSITION Center.trace on screen.
Y VOLTS/CM 5V
X CHANNEL:
HORIZ Center the trace on the
POSITION SCreen.
VOLTS/CM 10 mV
INPUT switch AC
TIME/CM X-Y.

Connect the Y channel to either side of the pilot
lamp. Then adjust the VOLTS/CM switch for a
4-6 cm display.

Adjust X input trimmer capacitor C111-1 (+ 1)
for the correct amount of compensation. If you
obtain proper compensation, disregard the fol-
lowing lettered steps and proceed to step 10. If
you cannot obtain proper compensation, per-
form the following lettered steps.

A. Adjust X input trimmer capacitor C111-1
(+ 1) for the maximum amount of overshoot
on the leading edge of the waveform. This
adjustment sets the X input capacitor to
minimum capacitance.

B. Adjust the probe trimmer for the proper
amount of compensation.

C. Repeat steps 1,2, and 3. Then readjust the Y
input trimmer C111-2 (+ 1) for proper com-
pensation.
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11. Setthe indicated front panel control as follows:

VOLTS/CM 100 mV (or 200 mV or

500 mV if necessary)

12, Connect the probe to the Y INPUT connector.

Input Compensation

NOTE: Readjust the 1000 Hz square wave amplitude
as necessary throughout the following procedure to
increase the display amplitude,

1. Channel Y: Perform the following lettered steps
(A-F). Adjust only the controls and trimmer

capacitors marked Y or associated with Channel
Y.

A. Adjust the POSITION control to put the
trace in the center of the screen.

B. Adjust trimmer capacitor C108 (+ 10} for
the proper amount of compensation.

C. Turnthe VOLTS/CM switch to the 1V posi-
tion (or 2V or 5V if necessary).

D. Adjust trimmer capacitor G105 (+ 100) for
the proper amount of compensation.

E. Turnthe VOLTS/CM switch to the 10V posi-
tion (or 20V if necessary),

F.  Adjust trimmer capacitor G102 (+ 1000) for
the proper amount of compensation.
Examine this display carefully as it may be
quite small.

Disconnect the probe from the ¥ INPUT connector
and connect it to the X INPUT connector.

Set the indicated front panel controls as follows:

TIME/CM X-Y.

HORIZ POS Center the trace on the
screen.

X VOLTS/CM 100 mV.

Y Channel: Connect the input to either side of the
pilot lamp and adjust the VOLTS/CM switch for a 4-6
cm display.

Repeat steps A through F, adjusting only those con- -

trols and trimmers associated with Channel X.

Proceed to “Touch-Up Adjustments.”
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TOUCH-UP ADJUSTMENTS

This section of the Manual deals with the final or
touch-up adjustments that insure the accuracy of your
Oscilloscope. Any time you perform the “Initial
Calibration,” operate the Oscilloscope for at least 48
hours, and then perform all of the following touch-up
adjustments. However, any time you doubt the accu-
racy of a particular circuit within your calibrated Os-
cilloscope, make only the appropriate touch-up ad-
justment,

Allow the Oscilloscope to warm up at least three
hours with the covers on and with the Oscilloscope
setting in its normal operating position. Do not stand
it on the rear panel to make the touch-up adjustments.
Keep it in the normal operating position.

To insure that the adjustments are made under actual
operating conditions, remove the appropriate cover
only long encugh to make each adjustment. Replace
the cover immediately after you make each adjust-
ment and allow 5 minutes for the Oscilloscope to
stabilize. Then recheck the adjustment.

If you have replaced a component or serviced the
Oscilloscope, you must perform the “Initial Calibra-
tion” before you make touch-up adjustments.

Touch-Up Sweep Adjustment (time base calibration)
— Carefully perform the “Sweep” calibration steps
(1-19) starting on Page 24. NOTE: The sweep calibra-
tion is affected when the voltage and horizontal
amplifier are readjusted.

Touch-Up Vertical Amplifier Gain Adjustment —
Carefully perform the “Vertical Amplifier” calibra-
tion steps (1 and 2) on Page 24. NOTE: The vertical
calibration is affected when the voltage is readjusted.

Touch-Up Trigger Adjustment — Carefully perform
the “Trigger” calibration steps (1-7) on Page 24. This
adjustment is not affected by other adjustments.

Touch-Up X-Y Adjustment — Carefully perform the
“X-Y"” calibration steps (1-7) on Page 25. NOTE: The
X-Y calibration is affected when the Y vertical
amplifier, horizontal gain, or voltage are readjusted.

Touch-Up Sweep Length Adjustment - The SWEEP
LEENGTH control (R437, on the time base circuit
board) can be readjusted as desired (usually for an 11
cm trace) without affecting other adjustments.
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IN CASE OF DIFFICULTY

The troubleshooting information for your Oscillo-
scope is presented as a general troubleshooting table
and in a series of test charts, If you know that a prob-
lem exists in a particular circuit, proceed to the test
chart that covers that circuit. However, if your Oscil-

loscope does not operate for an unknown reason, pro-
ceed to “General Troubleshooting” and/or the section
entitled “Lpcating the Problem.” Read the following
paragraphs carefully before you begin troubleshoot-
ing. You should also read the “Circuit Description.”

TROUBLESHOOTING PRECAUTIONS AND NOTES

WARNING: The full AC line voltage and high voltage
D(C is present al several points in the Oscilloscope. Be
careful to avoid personal shock when you work an the
Oscilloscope. Refer to Figure 21 {Illustration Booklet,

Page 4).

. Be cautious when you test transistors and integ-
rated circuits. Although they have almost un-
limited life when used properly, they are much
more vulnerable to damage from excessive vol-
tage and current than other circuit components,

® Be careful so you do not short any terminals to
ground when you make voltage measurements.
If the probe should slip, for example, and short
out a bias or voltage supply point, it may dam-
age one or more components,

. Do not remove any components while the Oscil-
loscope is turned on.

. When you make repairs to the Oscilloscope
make sure you eliminate the cause as well as the
effect of the trouble, If, for example, you should
find a damaged resistor, be sure you find out
what caused the resistor to become damaged. If
the cause is not eliminated, the replacement
resistor may also become damaged where the
Oscilloscope is put back into operation.

o Refer to the “X-Ray Views” and the “Schematic
Diagram’ to locate the various components.

® Use a high impedance voltmeter to make the
specified measurements in this section.
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The following symbols and procedures are used in
the troubleshooting charts: The numbered Test
Charts are in the “Illustration Booklst.”

Follow the “YES” arrow when you obtain
the proper measurement or condition,

Follow the “NO" arrow when you do not
obtain the proper measurement or condi-
tion.
This symbol, “APPROXIMATELY
~  EQUAL TO,” before a voltage measure-
ment indicates that this voltage may vary
as much as £20%.

REPEAT{ 7Thismeanstorepeata particular test after
TEST # | @ problem has been located and cor-

Tected.

All voltages given in the traubleshooting charts were
taken with a nominal line voltage of 120 VAC.

Components are listed in the order in which failure or
a problem is most likely to occur.

NOTE: In an extreme case where you are unable to
resolve a difficulty, refer to the “Customer Service”
information inside the rear caver of the Manual. Your
Warranty is located inside the front cover,

GENERAL TROUBLESHOOTING

PROBLEM POSSIBLE CAUSE
Oscilloscope does not turn on. 1. Line cord not plugged in.
2. Fuse F1.
3 Switch SW3, W4, or SW5.
Power lamp lights, no trace. 1. Proceed to "Locating the Problem” on Page 40.
Trace is visible, but channel will not center, or is not visible. 1. Perform DC Baiance adjustment.
2. Go to Test Chart #6.
3 Go to Test Chart #11.
Gain factor wrong. 1. Check high voltage (1700 VDC),
2. Calibrate QOscilloscope.
Gain Factor does not change in proper order. 1, Calibrate the Oscilloscope.
2, Check input attenuator RC networks.
3. Check switched-gain amplifier RC networks.
Bandwidth too low, or rise time excessive. 1. Adjust wire separation to vertical deflection plates in CRT.
2 Adjust high frequency compensation C118.
Excessive overshoot. 1. Adijust high frequency compensation C118 - (1 or 2).
Oscilloscope does not sweep. 1. Go to Test Chart #10.
Oscilloscope sweeps but does not trigger properly. 1. Adjust DC trigger ZERO control R149-2.
2. Go to Test Chart #9.
Oscilloscope triggers but auto-baseline does not function. 1. Check 1C205 and associated circuitry.
2. Check 1C209.
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PROBLEM POSSIBLE CAUSE
Sweep out of calibration. 1. Calibrate sweep.
Sweep will not calibrate. 1. Check high voltage (—1700 VDC).
. 2, Go to Test Chart #10.
Sweep is nonlinear. 1. Check Q203, Q204, (1205, Q206, and associated circuitry.
Time base ranges do not change in proper order. 1. Check TIME/CM switch and associated RC networks.
Trace too long or too short, Oscilloscope calibrated. 1. Perform the “Touch-Up Adjusiments” in the “Calibration” sec-
tion,
Some retrace appears when operating in the high Time/Cm This is normal.
settings when nottriggered (auto base line}. Whentriggered on
a waveform, no retrace is visible.
Oscilloscope does not blank (retrace vislble), or does not un- 1. Check pins 14 and 15 of |C203A for blanking signal.
blank (no trace). 2

Check holes H and F on the high voltage circuit board for the
blanking signal. CAUTION: The blanking circuil operates at
1700 volts below ground potential. If you suspect a defective
component, remove and check the component. Do not check it
on the circuit board, If your probe slips, a number of compo-
nents could be damaged.

Calibrator does not function,

Check Q209, G208, and associated circuitry.

X-Y not calibrated.

Adjust X-Y CAL control R258.

No “Y" position controf in X-Y.

Go to Test Chart #11.

Oscilloscope will not unblank in X-Y, unblanks in normal opera-
tion.

Go to Test Chart #11.
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IDENTIFICATION CHARTS

DIODES

DIODES

[

HEATH
PART NUMBER

MAY BE
REPLACED BY

DESCRIPTION

BASING DIAGRAM

p1o2-1, D102-2

70203, ZD204, 56- L INT51 (VIOLET- | ZENER DIODE NOTE:
70211, ZD210, GREEN-BROWN) 20mA 5. 1V HEATH PART NUMBERS ARE
STAMPED ON MOST DIODES.
D103-1, D103-2, D104-1,
D104-2, D106-1, D10G-2, 56-56 INd149 DIODE M
D107-1, D107-2, DID8-I, ' 1ImA, 75V
D108-2, D109-1, D109-2, OR
D110-1, DI10-2, D205,
D206, D207, D208, DA0G M
ZD105-1, ZDp105-2 56-50 DO-7 ZENER DIODE OR
70mA. 3. 6V
70209 56-59 INT50A ZENER D1ODE M
20mA, 4, 1V
OR
70401, ZDA03 56-68 ZVR-68 ZENER D10DE
TmA, 68V M
70313, ZD314 56-616 EN5232 ZENER DIODE
1mA, 5. 6V
OR
D301, D302, D303, D304,
D305, D306, D307, D308, 57-21 IN2071 DIODF
D309, D310, D311, D312, 1A, 600Y or
D402
DIODE /
404, D405 57-56 ]
bdod, 5CM-30 10mA, 3KV
EMITTERy
TRANS I STOR COLLECTOR//\:_
£b2ol, zbz0z, 417-118 2N3393 USED AS BA’;E CUT OFF
7p212, ZD213 i oR :;
“/CUT OFF
Dlol-1, DlOl-2, 417-854 SF50077 DIODE

e
CUT /\A
OFF
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HEATH MAY BF
TRANSISTORS PART NUMBER | REPLACED BY BASING DIAGRAM
EMITTER y
2304 417-118 2N3393 EMITTER
\% oR %
Q104-1, Qlo4-2, i //f BASE //f
Q208 G306, AL7-201 X29A829 COLLECTOR BASE
COLLECTOR
Ql]_]_, QI]Q} 417,1[}0 2N3053 COLLECTOR
36632 \\\‘3;;==="’£i)
/ \
Q203, Q206, 417-154 IN2369 EMITTER BASE
FLAT
Q305 417-234 2N3638A COLLECTOR
®
210, Q211, Q2 -235 2121 T 4¢%<fi””"’r 4f%éfi\\
210 qrd, aes, i BASE EMITTER COLLECTOR
BASE
Ql05-1, Q105-2,
: 417-297 2 EMITTER
Q106-1, Q106-2 1-29 N37T1 \\\\\
Q109-1, Q109-2; Q110-1, ///éiééé;
Ql10-2, Qli5-1, 417-293 INST70 BASE \\\\
Q115-2, Q116-1, Q116-2, COLLECTOR
Q117-1, Q117-2, Q209
EMITTER
Q103-1, Q103-2, Q107-1, \\\\ /A§§:>>
Q107-2, Q108-1, Q108-2, 417-801 MPSA20 ‘552555553
QI18-1, Gl18-2, Q119-2 ™
—
BASE COLLECTOR
COLLECTOR
\\\ EMITTER
0402, Q403 417-805 24889 Gﬁﬁﬁ”? \\\:¢4¢?
e < /\
BASE EMITTER  8ASE COLLECTOR
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Transistors (cont’d.)

HEATH MAY BE

TRANSISTORS PART NUMBER REPLACED BY

BASING DIAGRAM

Q302 417-818 MJE 181
Q301 417-819 MJELT]
Q101,1, Qlgl-2
Q102-1, Q102-2,  417-878 E304
Q201, Q202, Q204,
Q205
EMITTER
qQl13, Qll4, Q214, //6525
Q215, Q404, Q405 417-834 MPSU10 \\:225544?
aa0¢ - BASE —

\COLLECTOR

=
Q303 417-224 MPSUOS COLLE\CIOR//
~

BASE  EMITTER
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INTEGRATED HEATH MAY BE DESCRIPT|ON LEAD CONFIGURATION
CIRCUITS PART NUMBER | REPLACGED BY (TOP VIEW)
NC NC Y+ 0Pl OP2 GND NC
— 14|_. 13 0d12 b 10— 9 | 8 f—
DIFFERENTILAL /\
1¢201 442-50 U760 oM bARATOR b
—i 1 234 Hs 6 7
NC NC NC IPZ [PL V- NC
— -
- @ L o 5
) o v — o.
< s & 5 =
per . 1 . .
S o 208 9 o B
= = = = = = =
1A 1 31 e} 1110 5 8
+15 YOLT
[ C301 442-65 SGA430IN REGULATOR -
1 3 e[s 6 7
=) . . Lut —
= 3 £ 2 2 = =
<L Lo ] - -
w v m = =
5] . . o ;
= 7
= 2 ¢ 3 -
o e 2 v
[na] (]
o
[ —
o | Lt
o P
’ 2 L o2 52
| c401 442-22 MN5TA1V CPERATIONAL b

AMPLIFLER

OFFSET
NULL

2 3 4
= ' |
. -
== — =
Zzo 5
—_— -
To=Zz=
o=
=
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Integrated Circuits (cont’d.)

=SSR ATEIICITS

INTEGRATED HEATH MAY BE LEAD CONFIGURATION
CIRCUITS PART NUMBER | REPLACED py | DESCRIPTION (TOP VIEW)
Voo 4B 4A 4y 3B 34 3Y
s a1z 1t 9 8
. |
1C202, |C204, 443-1 SN7400 2-INPUT
10208 N POSITIVE-
NAND GATES
| Ds:
—
tHeHsHsHsHesH 7
1A 1B 1Y 2A 2B 2Y GND
1K 1Q 10 GND 2K 2Q 23 24
16l f1sl dia |3 di2 bl drol d o
DUAL J-K CfR |
ic203 - 443-16 SNT476N FLIP-FLOPS L ahH
WITH PRESET A
AND CLEAR W —ox
J PR Q
IH2H:H«HsHsH1H s
1¢K 1PR 1 1) Vce 2CK 2PR 7
cLR CLR
in
ce ngtl NG Cext NC Rint Q
1a—{ 131zl o 1 5
[ ‘.r_.N_] _J
RETRIGGERABLE Q
1C205, 1C206 443-23 SN74122N MONOSTABLE
MULTLVIBRATORS
WITH CLEAR )
CLR ]
1H2HssHFHaHsHsH]7
Al A2 BL B2 CLR & GND
Veco 20 2C NC 2B 2A 2Y
izl diold o 1] s
B
DUAL 4-INPUT 0
(C207 443-44 SN7413N POSITIVE-NAND
SCHMITT »
TRIGGERS A
1
IHeH:sHsHsHesH 7
1A 1B NC 1C 1D 1Y GND
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Integrated Circuits (cont’d.)
INTEGRATED HEATH MAY BE LEAD CONFIGURATION
CIRCUITS | PART NUMBER | REPLACED By | DESCRIFTION (TOP VIEW)
Veo 4B AA  AY 3B 3A 3y
Ll o) ul el 5 L
QUADRUPLE
(209 4434 2-INPUT |
> SN7408N POSITIVE-AND
GATES
1He:H:HHsH«H+
1A 1B 1Y 2A 28 2Y GND
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