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CATHODE RAY TUBE:
VERTICAL SECTION

Display:

Deflection sensitivity:
Rise time:

Input impedance:
Frequency response:
Overshoot:

Sag:

Isolation between
channels:

Chopping frequency:
Polarity inversion:

Maximum input voltage:

SWEEP SECTION
Sweep rate:

Sweep magnification:

Linearity:

SWEEP TRIGGERING
Mode:

Source and signal
requirement:

SPECIFICATIONS

130 ARB 1

(Specifications common to
both channels)

CH1 only, CH2 only, CHOP-
PED, ALTERNATE and ADD
0.01 V/em - 20 V/cm 5%,
continuously adjustable in all
11 ranges.

35 n sec.

1 M£2 shunted by 38pF

DC DC ~ 10 MHz (-3 dB)

AC 2Hz~ 10 MHz (—3 dB)

Less than 3% (100 kHz square
wave)

Less than 5% (AC, 50 Hz
square wave)

More than 55 dB at 1kHz

140 kHz
CH2 signal can be inverted.
300V (DC + AC peak) or 600

Vpp

0.5 usec/cm~0.5 sec/cm 5%,
continuously variable in all 19
ranges.

TV -V (3.6m sec/cm)

TV -H (13 usec/cm)

Each sweep rate can be in-
creased b times by horizontal-
ly expanding the center por-
tion of display.

Better than 3% (0.5 sec/cm~
2 usec/cm ranges)

Better than 5% (1 usec/cm ~
0.5 usec/cm ranges)

Automatic triggering or adjust-
able triggering at desired level
Internal triggering (with an
input signal level providing
more than 10mm deflection
CH1 (with an input signal level

on the CRT)
more than 10m Vpp)
External triggering (with an
input signal level more than
1 Vpp)
Coupling: AC 30 Hz ~ 10 MHz (with
AUTO position 50 Hz ~ 10
MHz)
LF 5 Hz~10kHz (with AUTO
position 10 Hz ~ 10 kHz)
DC DC ~10 kHz (with AUTO
position 10 Hz ~ 10 kHz)
Trigger slope: Either positive or negative
slope of the triggering signal

EXTERNAL HORIZONTAL

AMPLIFIER
Deflection sensitivity: 250 mV/cm
Frequency response DC ~ 1 MHz (-3 dB)
Input impedance 100 k2 (£20%) shunted by
less than 60pF
CALIBRATOR: 10 Vpp and 1 Vpp 5%,

1 kHz square wave
INTENSITY MODULATION
VOLTAGE: More than 15 Vpp
POWER REQUIREMENT: 100V AC (117V, 230V) 50/
60 Hz, 27 watts
DIMENSIONS
(include all protrusion): Width 250 mm max.
Height 224 mm max.
Depth 438 mm max.
WEIGHT: 8.4 kg
ACCESSORIES furnished
Probe (PC — 12) ...2: Attenuation 1/10
Input impedance 10MS shunt-
ed by 15pF
Cable assembly
(CA—-36) ....... 1: Shielded cable terminated on
one end with a dual banana
plug and on the other end
with alligator clips.
Instruction manual . . 1
(0.5A for 230V source) . ... 3
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CONTROLS AND CONNECTORS ON FRONT PANEL(1)

(9 Horizontal position control @ Sweep rate switch

(i) CH1 vertical position control ® Sweep rate fine adjust/
external horizontal am-

plifier sensitivity control

(9 CH1 vertical attenuator 1 ® Trigger coupling switch

@ Trigger slope (polarity)

(@® CH1 vertical attenuator fine adjust
switch

(D Triggering source
voltage switch

(@ Triggering level control
(® Triggering stability
control

External trigger
input connector

(2 Bezel adapter

@) Graticule

CH2 vertical position
control

@) Ornamental nut

@ CH2 vertical attenuator

@9 Ornamental head screw fine adjust

— ([ CH2 vertical attenuator

Calibration voltage
connector

CH2 vertical input
switch

CH2 vertical input

@) Power switch/ _—
connector

graticule illuminator

@ Neon bulb @0 CH1 ground connector

@ CH1 vertical input
switch

@9 Intensity control

@) Focus @) CH1 vertical input
connector

@ CH2 polarity switch

@2 Display switch

<




CONTROLS AND CONNECTORS ON REAR PANEL(2)

@3 Power cord compart-
@) Intensity modulation——ses ment
input connector
(INT MOD).

33 External amplifier
input connector
(EXT HORIZ)

@) Fuse holder

@9 Line voltage selector

35 Astigmatism adjust
(ASTIG)




CIRCUIT DESCRIPTION

NOTE: Components numbers given in parenthesis apply to CH1.

1. VERTICAL SECTION (X73-0011-00)

1) INPUT CIRCUIT AND ATTENUATOR

Input signals applied to the VERTICAL INPUT 1 and 2 connectors can
be ac-coupled, dc-coupled or internally disconnected by the AC-GND-DC
selector switch. The signals passed through the switch are coupled to the
frequency-compensated attenuators and are reduced to the desired level.
The input impedance of each channel is 1 MQ shunted by 38 pF through
11 ranges.

2) VERTICAL AMPLIFIER

The output signals from the attenuator networks are applied through the
excessive input protection circuit using FET (Field Effect Transistor) Q2 (Qa)
to the vertical Amplifier. The protection circuit, utilizing the diode charac-
teristic of FET limits Vebps of Qs (Q7) to below 1 volt. FET Qs (Q7)is
used as source followers to provide a high input impedance to the input
circuit Also, FET Qe (Q8) is used to form a balanced circuit for reducing
the effect of drift due to variation of power source voltage and temperature.
Further, the following stages Qs, 10 (Q11, 12) provide a low output imped-
ance and their output signals are connected to differential amplifier's Q13, 14
(Q1s, 16).

The dc level is adjusted by the DC BAL source resistor VR101a (VR102a)
to obtain the balance of the emitter GAIN circuit. VR103, VR1 (VR104,
VR3) placed in the emitters of Q13, 14 (Q1s, 16) respectively, provide the
gain adjustment, and Q17, 18 VR101b VR2 (Q19, 20 VR102b VRa) shift
the dc level to position the trace on the CRT at the proper position hori-
zontally. The sjgnal from CH1 is coupled directly to the dual-trace switching
gate, the signal from CH2 is coupled through the CH2 POLARITY switch
to the dual-trace switching gate circuit.

The dual-trace switching gate determines whether the CH1 signal or CH2
signal passes on to the differential amplifier Q23 ~ Q26 through the emitter

follower Q21 ~ 22.
This amplifier Q23 ~ Q26 is connected in a cascade connection to reduce

the Miller effect to the signal in the higher RF region. This allows the dif-
ferential amplifier to provide sufficient bandwidth.

The output signal of the differential amplifier is fed through Q27, Q28 which
presents low output impedance, to final stage amplifier. Also, the same
output signal is fed through Qa3 and Q44 serving as buffer and level shifter
to the sweep trigger circuit for the internal trigger source. VRe (INT DC
ADJ) provides dc level adjustment of the trigger signal at zero volts.

The final stage Q29 ~ Qa2, which forms a cascade differential circuit is a
frequency-compensated amplifier. In this stage, the signal is sufficiently
amplified and directly connected to the vertical deflection plates of the CRT.
The overall gain of the vertical amplifier is approximately 60 dB, which
corresponds to a deflection sensitivity (factor) of 10 mV/cm measured on
the CRT screen. Also, the frequency response of the vertical amplifier is
DC to 10 MHz (—3 dB).

3) DUAL-TRACE SWITCHING GATE CIRCUIT

D1 ~ Da (Ds ~ Ds) form the switching gate circuit. The four-diode
gate can be considered as a switch that selects the channel signal desired at
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CIRCUIT DESCRIPTION

the output amplifier. Two square wave outputs that are opposite in phase
are produced from the switching multivibrator Q41, Q42 and are used to
turn the four-diode gate circuits on and off. Thus, the preceding vertical
amplifiers are switched alternately by the switching gate.

4) SWITCHING MULTIVIBRATOR AND CHOP-BLANKING CIRCUIT

The multivibrator Qa1, Qa2 is operated as a flip-flop or an astable
multivibrator by biasing transistors. In the CHOP mode, the multivibrator
operates as an astable multivibrator with 140 kHz repetition rate, from which
the square wave output turns the four-diode gates on and off.

In the ALTER mode, the multivibrator operates as a flip-flop. Then, the
signal to trigger the multivibrator is applied from the gate multivibrator in
the sweep circuit through the unblanking amplifier and triggering circuit to
the bases of Qa1, Q42. Accordingly, at the end of each sweep, the output of
the flip-flop is inverted and turns the four-diode gate on and off.

In the ADD mode, the power supply to the switching multivibrator is dis-
connected. Therefore, the four-diode gates of both channels are opened,
and the added signal of CH1 and CH2 signal is connected to the output
amplifier. In the CHOP mode, when the multivibrator is inverted, the pulse
appears at the emitter of the multivibrator.

The pulse is amplified by Q4s. This pulse and the unblanking signal are
coupled to the first grid of the CRT for unblanking the switching interval
trace and transient distortion during the chopping period.

5) TRIGGER SIGNAL AMPLIFIER

In the CH1 position of the SOURCE switch, the sweep is triggered
by the signal applied from CH1 only.
Therefore, the trigger signal is applied from the emitter of Q11 (with a low
output impedance), placed in front of the switching gate circuit, to the
emitter follower Q33, Q47 which offers no disturbance to the preceding stage.
For elimination of drift, the circuit is composed as a balanced amplifier.
Further, the trigger signal is connected through Qa4, Q3s (amplifier), Qss,
Q37 (serving as impedance converter), PNP junction Qss, Q39 (amplifier and
level shifter) and Q4o (emitter follower with a low output impedance) to the
sweep trigger circuit.
The dc level of the trigger signal amplified in the above stages is adjusted by
the emitter resistor VRs.

2. SWEEP TRIGGER CIRCUIT (X65-0008-01)

1) PHASE INVERTER AND LIMITER CIRCUIT

The SOURCE switch determines the source of the trigger signal to be
coupled to this stage Qe, Q7. This circuit is a differential amplifier with a
ground potential at its input. Because of its narrowed dynamic range, the
level of its input signal is limited to a certain level. At the same time, this
stage operates as a phase inverter. That is, in the positive (+) position of the
SLOPE switch, the trigger signal is coupled to the base of Qs. While in the
negative (—) position, the signal is coupled to the base of Q7, this causes the
circuit to deliver the phase inverted output. In the above operation, the
transistor with no input signal is biased through VR10sa to adjust the trig-
gering level. Also, in the AUTO position, the circuit with a ground potential
input is biased with a fixed bias.




CIRCUIT DESCRIPTION

In the AC position of the MODE switch, the dc component of the trigger e
signal is blocked by the coupling capacitor C110 and the ac component of

trigger signal is coupled to the SLOPE switch. In this position, triggering

frequency bandwidth is 30 Hz ~ 10 MHz (50 Hz ~ 10 MHz, in the AUTO

position). In the LF position, since noise and unwanted components of the

chopping signal are rejected by the capacitor C111 (placed in the input cir-

cuit), triggering frequency bandwidth is limited to a very low frequency i.e.

5 Hz ~ 10 kHz (10 Hz ~ 10 kHz in the AUTO position). In the DC position,

the sweep is triggered with frequencies down to dc, since the trigger signal is q
directly coupled to the sweep trigger circuit. Also, as in the LF position, the

capacitor C111 is placed in the input circuit, and the triggering frequency

bandwidth is DC ~ 10 kHz. ‘

2) SQUARE WAVE SHAPER CIRCUIT

This stage consists of the Schmitt Circuit Qs, Qo mainly. In this cir-
cuit, when the input level of the trigger signal reaches a certain level, the
Schmitt Circuit produces a uniform square wave with a constant level coin-
cident with the input signal. This square wave is coupled through the dif-
ferentiation circuit to the gate multivibrator Q10 ~ Q13 as the triggering
signal. When in the AUTO position, the bistable multivibrator is turned into
an astable multivibrator with 40 ~ 50 Hz repetition rate. Under these condi-
tions, if the input signal is not applied the sweep repetition rate is 40 ~ 50 Hz.
Since this astable multivibrator is level sensitive, it will be easily pulled into
syhchronization with the input signal if supplied.

‘
|
I
3. SWEEP CIRCUIT (X65-0008-01) {
|

1) GATE MULTIVIBRATOR, MILLER INTEGRATOR AND
HOLD-OFF CIRCUIT

The gate multivibrator Q1o ~ Q13, i. e. a bistable multivibrator of the
square wave shaper circuit, the Miller integrator Q17 ~ Q20 and the hold-off
circuit, Q14, which is driven under control from the triggering signal, form
a dc loop to generate a sawtooth wave. When the STABILITY control is
adjusted, the multivibrator is cqnditioned to invert its state on the incoming
trigger signal. That is, when the triggering signal is fed from the square wave
shaper, the state of the multivibrator is changed and the switching diodes D3
and D4 are turned off. |
This charges the time-base capacitors inserted in the gate circuit of FET Q17
in accordance with the time constant determined by the value of the time-
base resistor and resistor. This charging signal is received through a high
input impedance FET Qi7, from which it is applied to the following stage
Qis, Q19 amplify the charging signal, and invert the phase.

The output of the emitter follower Q20 with a low output impedance feed the
horizontal amplifier. The amplified signal is the sweep voltage to the hori-

zontal deflection plates of the CRT which displays the trace.

A prat of the output of Q2o is fed back to one side of the time-base capacitor
mentioned above. This enables the time-base capacitor to be charged with a

constant current, thereby providing a linear sawtooth wave. The hold-off ‘}
circuit provides delay for the charging waveform back to the input of the

gate multivibrator until it reaches a given level, then it inverts the state of

the gate multivibrator to the original condition to complete one sweep.
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CIRCUIT DESCRIPTION

2) INVERTER CIRCUIT

The gate multivibrator produces a negative pulse for the output signal
during a display. To obtain a positive pulse for the unblanking signal, this
pulse is inverted in phase by Qis. The positive signal produced, together
with the chop-blanking signal, is coupled to the grid of the CRT. This cuts
off the CRT in the period of the blanking without input signal. Also, in the
ALTER mode the output of the inverter is coupled through the differentia-
tion circuit to the triggering circuit providing a trigger pulse for driving the
flip-flop Qa1, Qa2 (X73-0011-00).

3) HORIZONTAL AMPLIFIER CIRCUIT

The sawtooth wave output of the Miller circuit is applied to emitter
follower Q21, with a low output impedance. The output of emitter follower
is fed to the differential amplifier Q22, Q23.

The variable resistor VRe (MAG CENT) provides the shift of the bias of D23

to adjust the dc balance, which may be changed when the MAG switch is
pulled out or in. The amplifier is also provided with a variable resistor VR7

(POS ADJ1) which is inserted between the emitter resistor R4 and Rss of

Q22, D23, and provides a horizontal waveform position adjust on the CRT

screen. To obtain the rated gain as selected by the MAG switch, the switch

provides selection of VRs (GAIN ADJ) and VRe (MAG ADJ) inserted in the
emitter circuit of Q22, Q23. In the case where the trace is swept by an exter-

nal signal, the signal is connected from the EXT HORIZ connector to the
variable resistor YR106b (GAIN), where ist gain adjusted. The signal from
VR106eb is applied to FET Qie (serving as an impedance converter) and
then to the horizontal amplifier mentioned above.

The variable resistor VRa (POS ADJ2) is provided to adjust the dc level of the

external signal to the same level as the mean voltage of the internal sweep
signal in order to position the waveform to the horizontal center of the CRT
screen. In this case, the horizontal amplifier provides a deflection sensitivity
(factor) of 260 mV/cm and a frequency bandwidth of DC ~ 1 MHz (— 3 dB)..

4. CALIBRATOR CIRCUIT (X65-0008-01)

The calibrator consists of 1 kHz multivibrator Q1, Q2 and the Schmitt
circuit. The output of the 1 kHz multivibrator is fed to the Schmitt circuit.
The Schmitt circuit turns the 1 kHz signal from the multivibrator into the
square wave signal which is connected to the resistor voltage divider.

Thus, calibration voltages of 10 Vpp and 1Vpp are delivered to the respective
CAL terminals.

5. POWER SUPPLY CIRCUIT (Chassis and X65-0008-01)

The AC source voltage is applied to the primary windings of the power
transformer. The source voltage is induced across the high voltage secondary
windings and is rectified by high voltage selenium rectifiers D101 and D102.
A voltage doubler provides high voltage for the CRT. The voltage induced
across the low voltage secondary windings of the transformer is rectified by
diodes D104, D105, D9 and D10 to provide the B supply voltage.

The low voltages for the vertical and horizontal amplifiers are supplied by
the stabilized B supply through regulator Q24 and Zener diode D7.




TROUBLE SHOOTING

REMOVAL OF CABINET PLATES

1. Remove four screws located on the rear-panel of the instrument.

2. While holding the top plate at the handle, slide the plate backward
approximately 10mm and lift upward, then it comes off the side frames
qutie easily.

3. Slide the side plate backward after removal of the top plate until they
come off the side frame.

4, Remove six screws located on the bottom plate. Draw the plate back-
ward while lifting its rear end up slightly and it comes off the side
frames.

NOTE: The side plate and top plate can be separated independently.

CAUTION:  When performing the above procedure, always turn off the
power. Also, be careful not to touch 2500 volt section
after removal of the case plates.

ASSEMBLY OF CABINET PLATES

To assemble the cabinet plates to the case frames, reverse the order
given in REMOVAL of CABINET PLATES above. Note that the top plate
should be assembled to the frames while sliding it forward with the handle
being depressed by the hand.
CAUTION:  When performing the above procedure, be careful not to touch e;
a cathode ray tube socket, of which the metallic parts assume |
high voltage (1300V). ?
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