CIRCUIT DISCRIPTION

Vertical Amplifier

The vertical signal input via the BNC connector is
applied to the first ATT -via the AC-GND-DC
switch-when it is set properly. The ATT output
signal is applied to the dual FETs (Q228), which
has a high input impedance. (Use of dual FETs en-
sures stable DC balance under. varying
temperature conditions.) The signal is then applied
to emitter followers Q204 and Q205, which have
a low output impedance and are connected to the
second ATT. The second ATT varies the degree of
amplification by changing the emitter resistances
of Q206 and Q207. DC balance. of the source
follower at the first stage of the.second ATT is ob-
tained with VR201, so the trace is prevented from
moving when the attenuation is changed. The ver-
tical signal is then applied to the variable amplifier
consisting of Q208 and Q209, where the signal
level is adjusted. VR203 adjusts the DC balance
of the variable amplifier so that the trace does not
move when the VR is turned. VR1a varies the DC
level balance between the collectors of Q208 and
Q209 to adjust vertical positioning of the-input
waveform. The vertical signal is then applied to
both the mode selection circuit and the A/D buffer
amplifier.

The mode: selection circuit consists of 1C202,
IC204 and 1C205. IC202 operates as a mode
selection switch, IC204 passes the input signal
and IC205 passes the memory signal. Q216 and
Q217 form a cascode amplifier which amplifies
the signal to a sufficient level. The signal is then
amplified by the output amplifier consisting of
Q220 through Q227. Finally, the vertical signal is
applied to the vertical deflection electrodes of the
CRT.

VR205 and VR206, connected to pins 1 and 13
of IC204 and 206, respectively, adjust their gain.
The memory signal is amplified by IC203 after it is
subjected to D/A conversion, and is then applied
to IC205. Vertical positioning of the® memory
signal waveform is adjusted with VR1b, which is
connected to 1C203.

The A/D buffer amplifier output signal applied to
the cascode amplifier consisting of Q210 through
Q213, the its level is shifted by Zener diodes
D204 and D205. The signal is then applied to
IC201, which has single end output. The IC201
output signal is applied to the input terminal of the
A/D input terminal of the control section. The
signal from the emitter of Q215 is transmitted to

the horizontal circuits and is used as the sync.
signal.

Synchronizing Voltage

The trigger signal selected with the SOURCE
switch (INT/LINE/EXT) is applied-to differential
amplifier IC401. The ﬁsing or falling edge of the
waveform is used to determine the sweep starting
point. The edge used is selected with the SLOPE
switch. Variable resistor VR4 varies the DC level
of the trigger signal to shift the sweep starting
point. The trigger signal, after selection with the
SLOPE switch, is applied to a Schmitt-trigger con-
sisting of gate circuits in IC403 through emitter
follower Q402. The waveform of “the  trigger
signal is shaped into a square wave which is used

‘as the clock pulse signal for sweep control flip-flop

IC404. The flip-flop inverts its state according to
the clock pulse signal to turn Q403 OFF, then the
Miller integrator starts charging.
TheMiller-integrator determines the sweep time
according to the time constant of C and R, which
is selected with the SWEEP TIME/DIV selector. It
outputs a saw-tooth wave with good linearity.
The state of hold-off timer IC405 is inverted when
the Miller integrator output level at Q413 rises.
Therefore, sweep is stopped for the time deter-
mined. by the hold-off time constant. After the
hold-off time has been passed, the next clock
pulse-is awaited.

When the TRIG AUTO switch is ON, the trigger
signal output from the Schmitt trigger drives the
automatic sweep circuit, which consists of Q406
through  Q408. The coliector level of Q408 is
LOW and the flip-flop is in the free running state
when no trigger signal is input. The flip-flop is syn-
chronized with the clock signal when the trigger
signal is input.

The saw-tooth wave generated with the Miller in-
tegrator is applied to the horizontal amplifier,
which consists of Q416 through Q421, via the
SWEEP/EXT H selector, and its signal level is
amplified to the desired level. Then, the saw-tooth
wave signal is applied to the horizontal deflection
electrodes of the CRT.

When the DISPLAY MODE switch is set to the
EXT H position, the SWEEP/EXT H selector is
automatically switched to separate. the Miller .in-
tegrator .and the horizontal amplifier so that the
output of the EXT H buffer amplifier is applied to
the horizontal amplifier.
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Digital Memory

The vertical input signal applied to the A/D con-

verter from the A/D buffer amplifier is converted
into a digital signal. The A/D converter circuit con-
sists of the following circuits: analog comparator
IC530, which compares the A/D converter input
signal with the D/A converter output signal; se-
quential comparison register IC529, which com-
pares and latches MSB through LSB of the analog
comparator output in that order, and D/A con-
verter consisting of Q507 - Q514. The A/D con-
verter output is latched by register 1C578 each
time one word is converted. The sampling speed is
determined by the A/D start signal supplied by the
time base unit.

The time base unit consists of a crystal controlled
oscillator (IC54 1), which generates 10 MHz, and
a frequency divider (IC553, IC564, IC563,
IC552,1C551, IC540 and IC539). The frequency
dividing ratio is determined by the SWEEP
TIME/DIV switch. When the CLOCK switch is set
in the INT position in the SCOPE mode, a clock
signal with a period of 1/100: of the period
specified by the SWEEP TIME/DIV switch is out-
put from pin 8 of IC538. When the CLOCK switch
is in the INT position-in-the PEN mode, a clock
signal with aperiod of 10, 20 or 50 ms:(according
to the setting of the SWEEP TIME/DIV switch) is
output from pin 11 of IC538. When the CLOCK
switch is-in'the EXT position, the clock signal in-
put to the EXT CLOCK terminal is output from pin
12 of IC549. However, when the SWEEP
TIME/DIV switch is set in the range from 1
through 50 us, the frequency divider stops opera-
tion so that the A/D converter does not operate.
The clock signal generated by the time base unit is
applied to the address counter (IC526, 1C518 and
IC511) and the delay counter (IC533, 1C532 and
IC531) to write the data into memory (IC574 and
IC575) in sequency when the WRITE START
switch is set to ON. When a trigger pulse is
generated, the delay counter starts counting by
the number which is the complement of the
number set by the digital switch of TRIGGER
POINT to stop writing into memory. A latch circuit
(IC503 and IC502) stores the initial point data.
Memory read starts in synchronization with the
SWEEP GATE signal after memory write has been
completed. Memory output data is latched by
IC573, then applied to a D/A converter consisting
of Q215 through Q522 so that itis converted into
an analog signal. The analog signal is applied to a
voltage follower consisting of IC501 and IC580,
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then is applied to the memory amplifier in the ver-
tical amplifier for output to the MEMORY OUT ter-
minal.

CRT Power Supply Circuit

The CRT (Cathode Ray Tube) requires a voltage of
about 2 KV. This high voltage is generated using a
DC-DC converter, and is regulated by a feedback-
type voltage regulator.. A negative feedback
amplifier and a DC reproducing circuit are used to
prevent the high voltage from varying when the
brightness is “increased and to improve  the
unblanking - characteristics during high speed
sweep:

All the  power supply circuits use voltage
regulators; the main power supply circuit uses a
tracking generator, so it is particularly stable.

FREE RUN

S1a,b (X-77-1230-00) switches between the
normal and free run modes.

The free run mode is selected by pulling the S1a,b
knob out. In the free run mode, the ground level is
applied to one input terminal of IC2 via diode D1
and the R/W C signal is applied to the other input
terminal of IC2. When the R/W C signal becomes
low during its READ period, the gate output level
also becomes low; therefore, the timer {IC1) is
triggered. This ground level signal from the gate
circuit is-applied to: pin 2 (the clear terminal) of
1C203 in the vertical amplifier and pin 2 (the clear
terminal) of 1C404 in the horizontal amplifier
through diodes D2 and D3, respectively. The
timer (IC1) holds pin: 2 at the high level for the
time determined by VR1. When pin 2 of IC1:drops
to the low level, pin 6 of IC55 in the control unit is
set to the low level through diode D1 so that the
write state is entered (i.e., the R/W C signal level
is_high). After memory write has been finished,
the gate of 1C2 described above outputs a GND
level signal again to trigger the timer. The above
process is repeated automatically.
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MAINTENANCE AND ADJUSTMENT

MAINTENANCE

Removal of case

1.
2.

3.

Lift the handle to the upright position.
Remove the four screws holding the case at
the rear using a Philips type screwdriver.
Push the rear panel and the unit can be remov-
ed from the case.

Caution

High voltage of up to- 2000V is present at the
CRT socket, power supply circuit board and
focus control. To prevent electrical shock, be
sure to turn off the power when removing the
case. Special care should be used not to touch
the high voltage circuits after the case has
been removed.

VOLTAGE CONVERSION

(1)

The unit is factory adjusted to operate on
AC240 V.

When the unit is to be operated from 100 V,
120 V or 220 V, be sure to change the con-
nection of the voltage selector plug at the rear
panel observing the arrow mark provided on
the plug. For operation on 100 or 120V,
replace the fuse with one of 1.5 A rating.
For operation on 120V, plug the voltage
selector to 117 V position.

(2) Fuse is fitted in the fuse holder at the rear pan-
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el.
For operation on 220 or 240 V, insert a fuse
of 0.7 A rating.

Fig. 23

BATTERY (OPTION) REPLACEMENT

This instrument should be operated on alkaline
battery (nickel cadmium battery) for operating
backup battery.

Do not use manganese battery.

ADJUSTMENT

Before making adjustments, the following points
must be observed:

1.

The adjustment items outlined below have
been factory aligned prior to shipment. If read-

justments become necessary, make certain

that the power supply voltage is properly
calibrated (except for adjustments of probe).

.Adjustments can be made by the semi-fixed

resistors and trimmers. Use a well insulated flat
blade screwdriver. o

. High voltage (about 2000 V) is present on the

POWER SUPPLY circuit. Be sure to turn off the
power before removing the circuit boards.

. To insure optimum results, warm up the unit

for more than about 30 minutes before making
adjustments.

DC BAL Adjustment
1. DC BAL (1) adjustment

If the trace moves up or down at particular

ranges when the vertical attenuator

(VOLTS/DIV) is turned, perform the following

adjustment.

(1) -Set the DISPLAY MODE to REAL and the
input selector switch (AC-GND-DC) to
GND, then set the trace in the center of the
scale.




- (2)

Turn the vertical attenuator VARIABLE ful-
ly counterclockwise and adjust the STEP
BAL VR so that the trace is stationary at all
ranges when the VOLTS/DIV is turned.

2. DC BAL (2) adjustment
If the trace moves up or down at particular
ranges when the vertical attenuator VARIABLE
is turned, perform the following adjustment.

(1)

(2)

With the VARIABLE turned fully
counterclockwise, set the trace in the
center of the scale. Next, turn the
VARIABLE fully clockwise. If, at this time,
the trace moves up or down, adjust the
VAR BAL VR until it is centered.

Repeat the above steps so that the trace
stays still when the VARIABLE is turned.

- VAR.BAL @

@
STEP BAL

Fig. 256 DC BAL adjustment

Vertical Attenuator Adjustment (VOLTS/DIV)

(1)

- (2)

(3)

Using a square wave generator, apply
1kHz 0.5-100Vp-p signal to the vertical
input terminal.

Set the VOLTS/DIV to 0.1V and adjust the
trimmer TC202 until high quality‘of square
wave is obtained.

Similarly, adjust the TC204 for the 1V
range and the TC206 for the 10V range.

Probe and Input Capacity Adjustments

(1)
(2)

(3)

(4)

Set the VOLTS/DIV to 0.01V.

Set the probe to 10:1 and connect it to the
INPUT terminal. Apply 1kHz square wave
signal to the probe and adjust the trimmer
of the probe until high quality of wave is
obtained. During the adjustment, the input
voltage is attenuated to 1/10, while the in-
put impedance is 1OMQ and the input
capacity is less than 18pF.

Next, set the VOLTS/DIV to 0.1V. Adjust
the TC201 until high quality of square
wave is obtained. i
Similarly, adjust the TC203 for the 1V
range and the TC205 for the 10V range.

Vertical Sensitivity Adjustment

(1)

With the VOLTS/DIV set to 0.01V, turn

the VARIABLE fully clockwise to the CAL
position.

(2) Apply 0.05Vp-p square wave signal to the

vertical input.

(3) Adjust the VR205 (GAIN ADJ) so that the

vertical amplitude reaches 5 div.

CRT Center Adjustment
(1) Short the base of Q218 to the base of

Q2189.

(2) Adjust the V208 until the horizontal trace

comes to the vertical center.

Frequency Response and Overshoot Adjustments

(1)

(2)

(3)

Apply 100kHz square wave signal of good
rising characteristic to the input.

Adjust the trimmer TC207 for optimum
mid-range waveform (after the rising por-
tion).

Adjust the VR207 for optimum high range
waveform (rising portion).

Adjustments of Sweep Time (horizontal sensitivi-
ty) and Trace Length

(1)

(2)

(3)

(4)

Set the SWEEP TIME/DIV to 0.1 ms range
and turn the VARIABLE fuily clockwise to
the CAL position.

Apply a calibrated 1kHz sine wave signal
to the input. Adjust each POSITION control
so that ‘the waveform is in the vertical
center and the start point is extreme left of
the scale.

Adjust the VR407 so that one wave length
of the 1kHz signal is' 10 div on the scale.
Also, adjust the length of the horizontal
trace with the VR406 (LENGTH ADJ).
Since the VR406 adjusts only the end
point of the waveform, the length of the
waveform can be adjusted without affec-
ting the start point and sweep time. During
this adjustment, manipulate the <«» POSI-
TION and TRIG LEVEL to retain the start
point in the center at the left end of the
scale.

Adjust 1 us range with TC401.

X5 MAG Adjustment

(n

(2)

Set the SWEEP TIME/DIV switch to 1 ms
range. Apply about TkHz sine wave signal
to the vertical input.
Adjust the oscillation frequency and <«»
POSITION so that 11 peaks of waveform
appear and each peak is on the vertical line
of the scale.
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(3) Adjust the VR408 (MAG ADJ) so that the
peak-to-peak space is 5 div when the MAG
switch is pulled.

MAG Center Adjustment

(1) Set the SWEEP TIME/DIV to 0.1 ms. Apply
1kHz square wave to the vertical input.
Adjust so that one wave covers the entire
scale.

(2) Set the «» POSITION to the mechanical
center position (the waveform may deflect
in horizontal direction).

(3) Pull the MAG switch and adjust the
VR404 (MAG CENT) so that the rising (or
falling) portion in the center of the
waveform comes to the position of “’X1"’
(MAG switch is depressed).

(4) Repeat the above adjustment until the ris-
ing (or falling) portion of the waveform re-
mains in the same position regardiess of
the position of the MAG switch.

Adjustments of EXT-H, Horizontal Position and
Sensitivity
(1) Set the DISPLAY MODE to EXT. H and the
<p» POSITION to the mechanical center
position.
(2) Turn the VARIABLE fully clockwise to the
CAL position.
(3) Adjust the VR405 until the spot comes to
the center of the horizontal axis.
(4) Apply 1kHz 1.5Vp-p sine wave signal to
the HOR. INPUT terminal.
(5) Adjust the VR404 so that the trace
reaches 10 div on the scale.

Sync Level Adjustment

(1) Apply 1 kHz sine wave signal to the ver-
tical input and set the SOURCE switch to
INT.

(2) Adjust the VR401 so that the waveform
starts at the same position on the opposite
slope when the SLOPE polarity (““+’" and
“—"") is changed.

Calibration Voltage Adjustment
(1) Connect the calibration voltage output to
the vertical input. Set the VOLTS/DIV to
0.2 V and SWEEP TIME/DIV to 0.2 ms.
(2) Adjust the frequency to 1kHz with the
VR102, and the duty ratio to 50:50 with
the VR106.
(3) Adjust the VR101 to obtam output voltage
of 1Vp-p.
26

ASTIG Adjustment

Adjust the ASTIG VR until the trace is even in
thickness. This adjustmént should be made in con-
junction with the FOCUS control. Since the ASTIG
is stabilized, no readjustment is required.

® ASTIG

@ @

Fig. 26

High Voltage Adjustment
(1) Connect a high input impedance {(more
than 100MQ) DC voltmeter for. high
voltage measurement to the No. 1 pin of
P103.
Connect the other side to the chassis.
(2) Adjust the VR103 to obtain — 18.5kV.

Blanking Voltage Adjustment
(1) Set the LEVEL to PULL AUTO to display a
trace.
(2). Adjust the VR104 so that the trace disap-
pears at 9-11 o’clock position of the IN-
TENSITY knob.

Memory Ci_rcuit

Adjustments of Memory Position and Memory
Output Voltage

(1) Set the VOLTS/DIV to 0.1V and SWEEP
TIME/DIV to 1 ms. Write 200 Hz 1 Vp-p
sine wave signal in the memory (both the
““+'" and ‘‘—"'' sides of memory wave on
the scope are saturated).

(2) Adjust the VR2 (semi-fixed resistor on
MEMORY POSITION switch) until the
center level of the memory wave becomes
OV. Next, adjust the VR206 (VERTICAL

_circuit) so that the amplitude between the
““+'" and ' — "' saturation points becomes
8 div on the scope.




(3) Repeat the above adjustments a few
times.

A A
/1 JiR

e \ e OV 8 div

Fig. 27

(4) Adjust the VR505 so that the MEMORY
output center level is OV. Next, adjust the
VR506 until the amplitude between the
output voltage saturation points reaches
1.6Vp-p.

/—\ /—\ oV l.Gpr*P
v\

Fig. 28

Deviations of Real Wave and Memory Wave

(1) Set the DISPLAY MODE to DUAL, the
VOLTS/DIV to 0.1V, and the SWEEP
TIME/DIV to 1 ms. Write 0.6 Vp-p sine
wave signal in the memory (6 div
amplitude).

(2) When the real wave and memory wave are
deviated, adjust the position with the
VR502 and the sensitivity with the VR501
while writing the signal in the memory.
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