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1.

SPECIFICATIONS
CRT
Configuration and

useful screen:
Accelerating
potential:

External intensity

modulation:

Scale illumination:

VERTICAL DEFLECTION

Sensitivity:

Bandwidth:

Rise time:

Delay time:

Maximum input

voltage:

6-inch rectangular screen with internal
graticule; 8 x 10 div (1 div = 1 cm),

marking for measurement of rise time
20 kV approx.

Voltage: 5 Vp-p or more

Bandwidth: DC to 3.5 MHz

Maximum input voltage: 20V (DC + peak AC)
Input impedance: 12 k@ (typical)

Variable

[CH1 and CH2]

2 mV /(div) to 5 V/div in 11 <calibrated
steps +27,

(2 mV/div +4%) at +10 to 35°C,
Continuously variable control between
steps at least 1:2.5 (with UNCAL displayed
[CH3 and CH4]

0.1 V/div, 0.5 V/div +2% (at +10 to 35°C)
in 2 calibrated steps

[CH1 and CH2]

DC to 150 MHz, -3 dB

(2 mV/div: DC to 20 MHz, -3 dB)

[CH3 and CH4]

DC to 150 MHz, -3 dB

2.3 ns

(2 mV/div: 17.5 ns)

Permits viewing leading edge of displayed

waveform.

400 V (DC + peak AC at 1 kHz)



Input coupling: [CH1 and CH2]: AC-GND-DC,
[CH3 and CH4]: AC-DC

Input impedance: Direct: 1 M, approx. 22 pF

Display modes: CH1, CH2, CH3, and CH4 (Any combination
is available.)
ALT, CHOP (approx. 250 kHz),
ADD (DIFF mode can be established when
the CH2 is in the INV mode.)

Quad mode: Permits positioning independently.
Bandwidth
limitation: 20 MHz approx.

Polarity switching: + or - (CH2 only)

X-Y operation CH1: X axis, CH2: Y axis
Sensitivity: 2 mV/div to 5 V/div
Phase error: 39 or less from DC to 1 MHz
X bandwidth: DC to 2 MHz, -3 dB

Dynamic range: 8 div or more

Common-mode
rejection ratio: At least 20 dB at 20 MHz
Delay difference: Between CH1 and CH2: 0.5 ns max.

Others: 1 ns max.

HORIZONTAL DEFLECTION

Trigger mode: Trigger, Automatic trigger, Single sweep
Auto level: Possible
Trigger source: A: CH1, CH2, CH3, CH4, ALT (CH1 and CH2),
LINE
B: CH1, CH2, CH3, CH4
Trigger coupling: A: AC, DC, HF-REJ, LF-REJ, TV-V, TV-H
B: AC, DC, TV-H
TV trigger Sync pulse more than 1 div



Trigger sensitivity:

Trigger variable
range:

AUTO low bandwidth:
Trigger slope:

Time base

A (Main) sweep:

B (Delay) sweep:

A trigger variable

holdoff:

Display modes:

Delay time:

Delay time jitter:

Sweep magnification:

Maximum sweep rate:

DC to 30 MHz [30 to 150 MHz

CH1 and CH2 0.3 div 1.5 div

CH3 and CH4 0.5 div 1.5 div

+8 div approx.
Approx. 30 Hz
A: + or -, B: + or -

20 ns/div to 0.5 s/div +2% in 23
calibrated steps, 1-2-5 sequence

(at 10 to 359C), Uncalibrated continuous
control between steps at least 1:2.5

20 ns/div to 50 ms/div +2% in 20
calibrated steps, 1-2-5 sequence

(at 10 to 35°C)

Adjustable control permits a stable
triggering of repetitive complex waveform
A only, alternate, A intensitied by B,

B delayed

1 us to 5 s

Better than 1: 20,000

10 times (+47%)

2 ns/div




READOUT FUNCTION

Panel setting displays:

Vertical axis:

Horizontal axis:
Others:

Digital measurement:
DVM (CH2 only)

Frequency counter:

V/div (CH1 and CH2 only), INVERT, ADD,
BW LIMIT 20 MHz, UNCAL, Input coupling
s/div, UNCAL, MAG (converted value)

Delay time, Trigger source

DC voltage: Corresponds to the screen.

AC voltage: 50 Hz to 10 MHz (Conversion
method: Average measurement),
dB display is available.

Interlocking operation with the trigger

signal

Frequency: 10 Hz to 150 MHz



AC volt meter specifications: (CH2 only)
VOLTS/DIV Full scale Resolution Accuracy (X1 probe)
switch
2mV/div 0.02mV Not specified.
5mV/div 0 05mV Frequency: 1kHz to
——————————————————————— 1MHz
10mV/div 0.1mV +(27%Z of reading + 1.87%
——————————————————————— of full scale)
20mV/div 0.2mV
——————————— V/div x ———
50mV/div 2.8284 | 0.5mV
——————————— (= 8 div) -——-———-——--—-| Frequency: 50Hz to
0.1V/div 1mV 5MHz
——————————————————————— +(5% of reading + 1.87%
0.2V/div 2mV of full scale)
0.5V/div 5mV
1V/div 0.01V Frequency: 5 to 10 MHz
——————————————————————— +(107%Z of reading
2V/div 0.02V + 1.8%Z of full scale)
5V/div 0.05V
*

measurement.
* 3%

Over 2 divisions signals are recommended for AC V

Additional error +1.5% when using X10 probe.




DC volt meter specifications:

(CH2 only)

VOLTS/DIV

- Full scale Resolution Accuracy (X1 probe)
switch
2 to
50mV/div +499.7mV +(1% of reading
+ 0.25% of full scale)
0.1 to 1/2000 of
0.5V/div +4.997V full scale | +(27% of reading
+ 0.25% of full scale)
1 to +49.97V
5V/div

Set the DC-GND-AC switches to DC.
Additional error +1.57% when using X10 probe.
%#%% Although resolution range is 1/2000 (2.5) of the full

scale (

steps o

5000), the least significant digit is displayed in
f 0, 2, 5, and 7.




Frequency counter specifications:

Frequency

measurement:

Source

Measur

ing range:

A trigger signal (CHI,

CH2, CH3,

and CH4)

10 Hz to 150 MHz
Time base error: +50 ppm (15 to 35°C)

Ranges Display format Resolution Accuracy
(Max. frequency)
10Hz = £ < 100Hz 99.990Hz 0.01Hz
100Hz = f < 1lkHz 999.90Hz 0.1Hz
1kHz = f < 10kHz 9.9990kHz 1Hz
—————————————————————————————————————————————————— +(|time
10kHz = f < 100kHz 99.999kHz 1Hz base error
—————————————————————————————————————————————————— + resolu-
100kHz = f < 1MHz 999.99kHz 10Hz tion)
IMHz = f < 10MHz 9.9999MHz 100Hz
_____________________________________ B
10MHz = f < 150MHz 149.999MHz 1kHz
150MHz < £ Over range




Period measurement: Source

CH2, CH3, and

Measuring range: 6.7 ns to 100

A trigger signal (CHI,

CH4 only)

ms

Time base error: +50 ppm (15 to 35°C)

Ranges Display format Resolution Accuracy
10ms = T < 100ms 99.999ms 1us
Ilms = T < 10ms 9.9999ms 100ns
O.lms = T < 1ms 0.99999ms 10ns
—————————————————————————————————————————————————— +(|time
10us = T < 100us 99.999us lns base error
—————————————————————————————————————————————————— + resolu-
lus = T < 10us 9.9990us Ins tion)
O.1lus = T < lus 0.99990us 100ps
6.7ns = T < 100ns 99.990ns 10ps
s T < 6.7us Over range

Event counter
1) EVENT IN DELAY TIM
Source: A trigger
(CH1, CH2,
Maximum number of
Accuracy: A value
Maximum frequency:
2) EVENT IN B TIME
Source: A trigger
(CH1, CH2,
Maximum number of
Accuracy: A value

Maximum frequency:

E

signal or B trigger signal
CH3, and CH4)

count: 219-1

of reading +1 count

20 MHz

signal or B trigger signal
CH3, and CH4)

count: 219_1

of reading +1 count
20 MH:z




Cursor readout functions:

Cursors: REF, A

Voltage to the ground: v : A-GND
Voltage deviation: AV : A-REF
Amplitude ratio: AVZ A
AV dB : dB
A - REF
x 1007%
2 to 8 div
Time difference: T : A-REF
Time ratio: T7Z HA
A - REF
x 100%
2 to 8 div
Frequency: 1/T : A-REF
o
Phase: PHASE : (degree)
A - REF
x 360°
2 to 8 div
GND REF function: Displays GND reference cursors of

CH1 and CH2.



(o}

(o)

[0}

Comment display function:

OUTPUT SIGNALS
CH2 output
Output voltage:

Frequency response:
Output impedance:
Gate signal output:
CALIBRATOR
Waveform:

Voltage:

POWER SUPPLY
Voltage:
Frequency:

Power consumption:

Number of line: 2 lines

Number of characters: 30 characters
max.
Range of characters:

Figures: 0, 1, 2, 3, 4, 5, 6, 7,

8, 9

Letters: A, B, C, D, E, , G, H,
1, J, X, L, M, N, O, P,
Q, R, S, T, U0, v, W, X,
Y, Z

Symbols and others:

- ’
1 (space), (period), :, -,
1\’ +’ +’ _*a /9 +, <, >, m, n,

A (delta), d,

3
¥*

u, k, s, z, 7,
i, v, (degree),
Available lines for
comment display:
Any two lines among six lines
excluding the top and bottom

lines

Approx. 25 mV/div (corresponding to
the full scale on the CRT screen)
terminated into 50

DC to 100 MHz

50 Q

TTL positive gate pulse from A and B

Approx.

1 kHz +0.17%7 square wave
0.5V +1%

90 to 250 V AC (not selectable)
48 to 440 Hz

Approx. 75 W

10



o OUTER DIMENSIONS: Approx. 330(13 in)(W) x 160(6.3 in)(H)
x 410(16.2 in)(D) mm

o WEIGHT: Approx. 10(22 1b) kg

o ENVIRONMENT
Temperature: Operating: -10 to +50°C
Specification: +10 to +35°C
Storage: -20 to +70°C
Humidity: Operating: 35 to 85%

11



ACCESSORIES

The V-1150 Oscilloscope is shipped with the following standard
accessories:

Probes (AT-10AN1.5)
AC Power Cord
Operation Manual
Fuse (24)

Dust Proof Cover

=== N

PREVENTIVE MAINTENANCE

Preventive maintenance, when performed on a regular basis, can
prevent instrument breakdown and may improve the reliability of
the oscilloscope. The severity of environment to which this
instrument is subjected will determine the frequency of
maintenance. A convenient time to perform preventive maintenance
is preceding recalibration of the instrument.

Disassembly

"WARNING

DANGEROUS VOLTAGES ARE EXPOSED WHEN THE COVER IS REMOVED.
MATNTENANCE SHOULD BE CARRIED OUT ONLY BY QUALIFIED
PERSONNEL. "

Remove the top cover and the bottom cover of the instrument.

Most of the internal parts of the instrument are now accessible.
If access to the front of the circuit boards are necessary,
remove the knobs from the external control shafts on the board.

Cleaning

The instrument should be cleaned as often as operating conditions
require. Accumulation of dirt in the instrument can cause
component breakdown.

The covers provide protection against dust in the interior of the
instrument. Loose dust accumulated on these covers can be
removed with a soft cloth or small brush.

Dirt that remains can be removed with a soft cloth dampened in a
mild detergent and water solution. Abrasive cleaners should not
be used. Cleaning the interior should only be occasionally
necessary. The best way to clean the interior is to blow off the
dust with a dry, low-velocity stream of air. A soft-bristle
brush or a cotton-tipped applicator is useful for cleaning in
narrow spaces or for cleaning more delicate components.

12



4.1

4.2

Visual Inspection

The instrument should be inspected occasionally for such defects
as broken connections, improperly seated transistors, damaged
circuit boards, and heat-damaged parts. The corrective procedure
for most visible defects is apparent; however, particular care
must be taken if heat-damaged components are found. Overheating
usually indicates other trouble in the instrument; therefore,
correcting the cause of the overheating is important to prevent
recurrance of the damage.

CALTIBRATION

Hitachi Denshi, Ltd. provides complete instrument repair and
recalibration at our oversea's office, and authorized dealer.
Contact your local Hitachi Denshi, Ltd. office or representative.

Calibration interval

To maintain instrument accuracy, perform the calibration of the
V-1150 at least every 1000 hours of operations or every six month
if used infrequently.

Test equipment required

The test equipment and accessories, or equivalent listed in Table
4-1, are required for the complete calibration of the V-1150.
The given specifications for the test equipment are the minimum
necessary for accurate calibration. Therefore, the specifica-
tions of any test equipment used must meet or exceed the listed
specifications.

All the test equipment is assumed to be correctly calibrated and
operating within the listed specification. Operating
instructions for the test equipment are not given in this
procedure. Refer to hte instruction manual for the test
equipment if more information is needed.

13



4.3 Preliminary procedure

This instrument should be calibrated at an ambient temperature of
+20°C (+5°C) for the best overall accuracy.

1.

2.

Connect the instrument to AC line voltage, 48 Hz to 440 Hz
line source.

Set the instrument controls as given in the Preliminary
Control Settings (page 16). Allow at least fifteen minutes
of warmup before proceeding.

See the Adjustment Locations in the pullout pages.

14



Table 4-1

TEST EQUIPMENT REQUIRED

Examples of

Applicabl
Description Minimum Specification Usage ppT;:i N
Equipment
1. Constant 50 kHz reference frequency;|Check of hori-
Amplitude maximum frequency 200 MHz; |zontal, vertical
Signal variable amplitude and trigger
Generator bandwidth.
2. Standard Amplitude accuracy: 0.25%, |Check of hori-
Amplitude variable amplitude; 5 mV to|zontal and
Calibrator 40 V; frequency: 1 kHz vertical gain.
square wave
3. Square-wave Variable frequency: 10 Hz |Check of probe
Generator to 1 MHz; output amplitude;|and vertical
10 mV to 100 V compensation.
4, Digital 0.1% accuracy Check of power
Multimeter supply.
5. Digital 0.1% accuracy Check of CAL
Frequency frequency.
Counter
6. Time Mark 0.1% accuracy Check of sweep
Generator rate.
7. Cable | Impedance, 50 §2; type, Most check and |Hitachi
RG-58/U; length, 42 inches,|adjustment with |Part No.
connectors, BNC. connecting 4202
signal.
8. Termination Impedance, 50 Q; Check of verti-
connectors, BNC. cal amplifier
compensation.
9. Attenuator Ratio, 10X; connectors, Check of verti-
BNC; impedance, 50 §2 ‘| cal amplifier
bandwidth.
10. T-Connector Connectors, BNC. Check of X-Y Hitachi
operation Part No.
1301

11. DC Power Source

0.1% accuracy

Check of DCV
function

15




4.4 Preliminary control settings

Preset the instrument controls to the setting given below, when
starting the calibration procedures.
Controls Setting Controls Setting
FOCUS Midrange VERT MODE CH1
SCALE ILLUM CCw H.POSITION Midrange
TRACE ROTATION As desired A TIME/DIV 1 ms/DIV
INTEN- | A & B Midrange VAR HOLDOFF CCW
SITY
A B CCw Horizontal display A
mode
READ OUT CCw TRIGGER LEVEL Midrange
POSITION CH1 Midrange POSITION CH3 Midrange
CH2 Midrange CH4 Midrange
V.VARIABLE CW A/B SWP SEP Midrange
AC-GND-DC GND CURSOR, DLY/COUNTER
DLY/COUNTER
NOTE

4.5 Initial starting procedure

f—
.

Turn instrument POWER on.

CCW: Counterclockwise

CW : Clockwise

2. Wait a few seconds for the cathode ray tube (CRT) to warm up.

A trace should appear on the display of the CRT.

3. If no trace appears, increase (clockwise) the INTENSITY A & B
control setting until the trace is easily observed.

v &~

16

Adjust FOCUS control for the best focused display.
Read just POSITION controls if necessary, to center the trace.




[POWER SUPPLY SYSTEM|

Refer to the ADJUSTMENT LOCATIONS in the pullout pages.
Control Settings

Preset the controls as given in the Preliminary Control Setting.
<:> Check Low-voltage Supply, if necessary.

a. Connect the digital voltmeter (DVM) from the +12 volt line.
4+11.975 V to +12.025 V (P1840-3)

b. Connect the DVM from the -12 V line.
-11.75 V to -12.25 V (P1840-7)

c. Connect the DVM from the +5 V(d) line.
+4.75 V to +5.25 V (P1840-4)

d. Connect the DVM from the +5 V(a) line.
+4.75 V to +5.25 V (P1840-5)

e. Connect the DVM from the +45 V line.
+44.,90 V to +45.10 (P1840-2)

f. Connect the DVM from the 100 V line.
496 V to 104 V (P1840-1)

(:) Adjust Low-voltage Supply.

a. Adjust the adjustment RV1853 for DVM reading of +45 V
(+0.10 V).

b. Adjust the adjustment RV1885 for DVM reading of +12 V
(+£0.025 V).

<:> Check High Voltage Supply.

a. Connect the DVM to the H.V., test point (PEF-738) by High
Voltage Probe.

b. Check for a reading of -1805 V to -1995 V.
<:> Check/Ad just CRT Bias.

a. Set the horizontal display mode switch to the X-Y position,
and AC-GND-DC switch to GND.

b. Rotate the INTENSITY A & B control, and set the voltage of
TR1747-Collector to 15 V.

17



C.

d.

Observe the trace of CRT.

Adjust the Grid Bias Adjustment RV1779 so that the trace
appears.

<:> Check/Ad just Trace Rotation

a.

Set the A TIME/DIV switch to 1 ms/DIV, and the horizontal
display mode switch to A.

Set a trace to the center of screen, using a position
control.

Check that the trace is aligned with the center horizontal
line.

Adjust TRACE ROTATION control on the front panel for a trace
that is aligned with the horizontal graticule lines.

RETEVE FUTT FTUTS FUW
LARARARRARAAARIARA

ES
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LARBRRRARARARERAAAL AAS

¥
adeadaluaaiTattla gl il
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(:) Check/Ad just GEOMetry

a.

b.

Set the A TIME/DIV switch to 0.1 ms/DIV, and AC-GND-DC to DC.
Connect a 1 MHz sinewave to the input.

Set the signal for a full-screen (8 divisions) deflection.
Check that horizontal bowing is less than +0.1 division.

Adjust the GEOM adjustment RV1730 for a display that is
parallel with top and bottom horizontal lines.

18



Less than *0.1 div

D

—

v

Less than *0.1 div

<:> Check/Ad just ASTIGmatism

a.

b.

Set:

Horizontal display mode ..........
AC-GND-DC .. ivvviiiinennnnnnnnnnns
INTENSITY READOUT ...ccvvvvnnennnn
BW LIMIT 20 MHzZ ...vvvviennnnnennn

Locate the spot as illustrated in the
CH1 and CH2 position controls.

following figure, using

Spot -~

Lz div

. _—Screen

2,5 div

AN

The center
of screen

Rotate the INTENSITY A & B control just before the spot has a

halation.
Rotate FOCUS control fully clockwise.

Check that the spot is round.

Adjust the ASTIG adjustment RV1731 for a round spot.

Rotate FOCUS control to obtain a smallest spot, and push the

BW LIMIT 20 Mhz switch off.

19



[HORIZONTAL SYSTEM

Control Settings

Set the controls as given in the Preliminary Control settings on
page 16.

Check/Adjust Sweep Reference.

a.

b.

Within 0.8 div -F

Turn the READOUT control on.

Set:
VERT MODE .. tiniineinnnnnnnennnnns CH1
CH1 AC-GND-DC ...evveivinrnnnnnnnns DC
Horizontal display mode ........... ALT
A TIME/DIV .ttt iieiinnnennnns, 1 ms/DIV
B TIME/DIV ....cvvvvnnnnnnnn.. «ee.. 10 us/DIV

Set the CURSOR, DLY/COUNTER select switch to the DLY/COUNTER
position (delay mode).

Connect the time mark generator to CHl and set the time mark
generator for 1 ms time marks.

Rotate the A/B SWP SEP control to position the B sweep trace
for easy observation.

Turn the DLY POS control and set the delay time to 9.00 ms.
Pressing turn is available for the fast operation.

Check the intensified portion of A sweep to align with the
tenth time marker and the leading edge of the marker of B
sweep to align with the left side graticule line, within 1.0
div.

(If the tenth time marker is off the screen, preadjust the H
GAIN adjustment RV 1601, so that the tenth time marker will
locate in the screen.)

‘10 B sweep

A sweep

/

2nd marker/// //

10th marker

20



Adjust RV 1326 for the leading edge of the marker of B sweep
to align with the left side graticule line, within 0.8 div.

Set the delay time to 1.00 ms by turning the DLY POS control.

Check the intensified portion of A sweep to align with the
second time marker and the leading edge of the marker of B
sweep to align with the left side graticule line, within 1.2
div.

Adjust the DLY 1 DIV adjustment RV1251 for the leading edge
of the marker of B sweep to align with the 1left side
graticule line, within 0.8 div.

Repeat both RV1326 and RV1251 adjustment for no visible
tnteraction.

(:) Check/Ad just Horizontal Gain.

a.

Set the horizontal display mode switch to A and A TIME/DIV
switch to 1 ms/DIV.

Connect a 1 ms time mark generator.

Check that the time marks align with the ten divisions
graticule lines, within 2 7

Ad just H GAIN adjustment RV1601 for the time marks to align
with the graticule lines.

To align

Check/Ad just Horizontal x10 MAG Gain.

a.

Set the horizontal display mode switch to A and the A
TIME/DIV switch to 1 ms/DIV.

Connect a 1 ms time marker generator.
Set the x10 MAG switch to on.

Check the one-cycle time marks to align with the ten-
divisions graticule lines, within 27.

Adjust the MAG GAIN adjustment RV1608 fo one-cycle time marks
to align with the ten-divisions graticule lines.

Set the x10 MAG switch to off after the check and adjustment.

21



(11) Check/Adjust MAG CENTer

a.

b.

Set the A TIME/DIV switch to the 1 ms/DIV.
Connect a 1 ms time marker generator.

Set the x10 MAG switch to on and align the second time marker
with the center vertical graticule line.

Set the x10 MAG switch to off.

Check the discrepancy of the second time marker from the
center vertical graticule line, within +0.5 division.

Adjust the MAG CENT adjustment RV1602 for the discrepancy
within +0.2 division.

(@ 2) Check/Adjust TIME/DIV

a. Set:
VERT MODE .......ccovtnnn CH1
CH1 VOLTS/DIV .......... As required
CH1 AC-GND-DC ......uu.. DC
b. Connect the time marker generator to CHI.
c. Set the TIME/DIV switches and the time marker generator as
illustrated in the following table.
d. Check and adjust that the time marks align with the ten
divisions graticule lines, within 27.
It Displ
Yor | mepeY | A TIME/DIV | B TIME/DIV |Timer Marker | Adjustment
(1) A 0.1 pus/DIV | ———- 0.1 ps Cv1314
(2) A 10 ps/DIV | ———- 10 us RV1327
(3) A 10 ms/DIV | ———- 10 ms RV1325
2 ns/DIV
(4) A 20 ns/DIV, | ———— 2 ns CV1640
x10 MAG
(5) B 0.2 us/DIV 0.1 us/DIV 0.1 us CV1414
(6) B 20 us/DIV 10 us/DIV 10 us RV1427
(7) B 2 ms/DIV 1 ms/DIV 1 ms RV1426
(8) B 20 ms/DIV 10 ms/DIV 10 ms RV1429
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VERTICAL SYSTEM|

Control Setting

Preset the controls as given in the Preliminary Control Settings.

(13) Check/Adjust DC BAL

a.

b.

Set the VERT MODE switch to CH1.

Set the CH1 VOLTS/DIV switch to 5 mV/DIV and the CH1 AC-GND-
DC Switch to GND.

Position the trace to the center horizontal graticule line.
Change the CH1 VOLTS/DIV switch to the 10 mV/DIV.

Check that the discrepancy of the trace is within 0.3
division of the center horizontal graticule line.

Adjust the CH1 DC BALl adjustment RV28 for the discrepancy
within 0.1 division of the center horizontal graticule line.

Set the CH1 VOLTS/DIV switch to 5 mV/DIV.
Position the trace to the center horizontal graticule line.
Set the CH1 VOLTS/DIV switch to 2 mV/DIV.

Check that the discrepancy of the trace is within 0.3
division of the center horizontal graticule line.

Adjust the CH1 DC BAL2 adjustment RV60 for the trace within
0.1 division of the center horizontal graticule line.

Change the VERT MODE switch to CH2.
Repeat b through e for CH2.

Adjust the CH2 DC BALl adjustment RV228 for the trace within
0.1 division of the center horizontal graticule line.

Repeat h through k for CH2.

Adjust the CH2 DC BAL2 adjustment RV160 for the trace within
0.1 division of the center horizontal graticule line.

(14) Check/Adjust ~ POS CENT

a.

b.

Set the VERT MODE switch to CHI.

Set the POSITION control at the midrange.
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Check that the trace is within 1 division of the center
horizontal graticule line.

Adjust the CH1 POS CENT adjustment RV140 for the trace align
with the horizontal center line.

Change the VERT MODE switch to CH2.
Repeat b through ¢ for CH2.

Adjust the CH2 POS CENT adjustment RV340 for the trace at the
horizontal center line.

Set the VERT MODE switch to CH3 and CH4.
Repeat b through ¢ for CH3.

Adjust the CH3 POS CENT adjustment RV470 for a trace at the
horizontal center line.

Repeat b through c for CH4.

Adjust the CH4 POS CENT adjustment RV570 for a trace at the
horizontal center line.

<:> Check/Ad just ADD Balance

a.

b.

Set the VERT MODE switch to CH1 and CH2.

Position both CH1 and CH2 traces to coincide at the center
horizontal graticule line.

Change the VERT MODE switch to ADD (press both the CH1 and
CH2 buttons).

Check that the trace added to CHI and CH2 is within +0.4
division from the center horizontal graticule line.

Adjust RV711 for the trace within +0.2 division from the
center horizontal graticule line.

Check/Ad just X1 DC GAIN

a.

Set:
VERT MODE ...iiviiiiinnnnnnnnn. CH1
CH1, CH2 VOLTS/DIV ............ 10 mV/DIV
A TIME/DIV ittt ieennnnnnn 1 ms/DIV
CH1, CH2 AC-GND-DC .......c.... DC

Connect the square-wave generator (using 1 kHz output range)
to CHI.

Adjust the output amplitude of that generator for 5 divisions
deflection of screen.
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Check the high-voltage level of pulse is flat.
Adjust the CH1 x1 DC GAIN RV26 for a flat level.

Move the signal to CH2 and change the VERT MODE switch to
CH2.

Repeat b through d for CH2.

Adjust the CH2 x1 DC GAIN adjustment RV226 for a flat level.

P
/4 To be flat
\\
L

5 div

Check/Adjust ~ VERTICAL GAIN

a.

b.

Set the standard VERT MODE switch to the CH1 position.

Connect the standard amplitude calibrator to the CHl input
connector.

Set the CH1 VOLTS/DIV switch to the 10 mV and the CH1 AC-GND-
DC switch to DC.

Set the standard amplitude calibrator for a 50 mVp-p signal.
Check for a 5 divisions display.

Adjust the V GAIN adjustment RV726 for a display for 5
divisions within 27.

Change the VERT MODE switch to CH2, and move the signal to
CH2.

Repeat b through e for CH2.

Adjust the CH2 GAIN adjustment RV290 for a display of 5
divisions within 27.

Set the VERT MODE switch to the CH3 and CH4 position.
Move the signal to CH3.
Set the standard amplitude calibrator for a 0.5 Vp-p.

Set the CH3 0.1 V/DIV, 0.5 V/DIV switch to 0.1 V/DIV.

Check a 5 divisions display.
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o. Adjust the CH3 GAIN adjustment RV433 so that a display of 5
divisions is within 27.

p. Move the signal to CH4.
q. Set the CH4 0.1 V/DIV, 0.5 V/DIV switch to the 0.1 V/DIV,
r. Check a 5 divisions display.

s. Adjust the CH4 GAIN adjustment RV533 so that a display of 5
divisions is within 27%.

Check/Adjust CH1, CH2 Step Response.

a. Set:
VERT MODE ...vivrrienneennnnns CH1
CH1, CH2 VOLTS/DIV ........... 10 mV/DIV
CH1, CH2 AC-GND-DC ......ov... DC
A TIME/DIV i ifiiee it enennnnnns 20 ns

b. Connect the fast-rise (less than 1 ns), positive output of
the square-wave generator to the CHl input. Use a 50-ohm
termination and cable.

c. Set the square-wave generator to 1 MHz. Adjust the square-
wave generator output for a 5 divisions display.

d. Adjust CV708, CV731, CV732, RV709 and RV708 so that a flat
square wave is obtained.

e. Move the signal to CH2 and set the VERT MODE to CH2.
f. Adjust CV280 and RV280 for over-shoot that is +0.1 div.

0.1 div
- \\-L
P I

5 div 5 div

Check/Ad just CH1, CH2 Attenuation Compensation.
(ATT: +10, +100)

a. Set the VERT MODE switch to CH1 and the CH1 and CH2 AC-GND-DC
switch to DC.

b. Connect the square-wave (10 kHz) generator to the CH1 input

terminal check for a square wave that is flat (flat top)
under the following settings.
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ATT VOLTS/DIV Square-wave generator output

+ 10 0.1V 0.5V

+100 1V 5V

c. Adjust the trimmer capacitors so that the square waveform is
flat under the following settings.

Square-wave .
ATT VOLTS/DIV generator output Adjust
+ 10 0.1V 0.5V Comp-1/10
+100 1V 5V Comp-1/100

d. Move the signal to CH2 and set the VERT MODE switch to CH2.
e. Repeat b through c for CH2.
Check/Adjust CH1, CH2 Input Capacity, (ATT: +10, +100)
a. Connect the L-C meter to the input terminal.
b. Check the input capacity for a approximately 23 pF.

c. Adjust the trimmer condensers for a 23 pF input capacity
under the following settings.

ATt | voLts/ony | o 3bern,
s 1 10 mV

£10 | 0.1V |[Cin- 1/10
+100 1V | Cin - 1/100

(:) Check/Ad just CH3, CH4 Attenuator Compensation

a. Set:
VERT MODE ...ceveeeececcanns CH3, CH4
CH3, CH4 .5V/DIV .......... V/DIV (button i
"1V/DIV .5V/DIV (button in)
CH3, CH4 28 ............... DC (button in)
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e.

f.

Connect the square-wave generator to CH3 input.
Check that a square wave is flat (flat top).
Adjust CV410 so that a square wave is flat at top.
Move the signal to CH4.

Check and adjust CV510 so that a square wave is flat at top.

Check/Ad just CH3, CH4 Input Capacity

a.

C.

d.

Set:

VERT MODE ......covvvevnnnn. CH3, CH4

CH3, CH4 :? ¥§g§¥ “““““ .5 V/DIV (button in)
Connect the L-C meter to CH3 (or CH4)
Check the input capacity for approximately 23 pF.

Ad just CV405 (or CV505 for DH4) for a 23 pF input capacity.

Check/Ad just CH3, CH4 Step Response.

a.

Set:
VERT MODE .....evvieennnnn. CH3, CH4
CH3, CH4 .5 V/DIV ........ V/DIV
1 V/DIV .5 V/ (button off)
A TIME/DIV ..iviieinnnnnnns 20 ns

Connect the fast-rise (less than 1 ns), positive output of
the square-wave generator to the CH3 input. Use a 50-ohm
termination and cable.

Set the square-wave generator to 1 MHz. Adjust the sqare-
wave generator output for a 5-divisions display.

Check for over-shoot within +0.35 division.
Adjust CV433 and RV434 for over-shoot within +0.25 division.
Move the signal to CH4.

Check for over-shoot within +0.35 division.
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h. Adjust CV533 and RV534 for over-shoot that is within +0.25

division.
0.25 div
\‘\(:\ —\L
. 2N T
5 div 5 div
— )
TRIGGER
(24) Check/Adjust TRIG CENT
(1) A TRIG LEVEL CENT
a. Set:
A TRIG SOURCE ........ ees... CH1
A TRIG COUPLING .....oo0u0un. AC
A TRIG SILOPE ...v.vivnrnnnn +
VERT MODE .......... e .. CH1
VOLTS/DIV v'ivvvivenrennnnnnn 10 mV/DIV
TIME/DIV . .vviiiennnnnnnnnn . 20 us/DIV

b. Connect a sine-wave generator to the CHl1 input and adjust
the signal amplitude for 2 div (50 kHz).

c. Set the A TRIGGER LEVEL knob to the midposition.

d. Adjust RV902 so that the trigger is effected on the point A.

of the waveform.
Adjust RV902 for
symmetry when the
/ SLOPE polarity is
/
3 / inverted.
\ /
\\ /
v/ \\\‘//fl__ Input waveform

e. Set the A TRIGGER COUPLING to DC.

(2) CH1 TRIG LEVEL CENT

f. Adjust RV1O4 so that the trigger is effected on the point A
of the waveform.
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(3)

(6)

CH2 TRIG LEVEL CENT
Move the signal to CH2.

Change the VERT MODE switch to CH2 and A TRIGGER SOURCE to
CH2.

Adjust RV304 so that the trigger is effected on the point A
of the waveform.

CH3 TRIG LEVEL CENT

Move the signal to CH3.

Set the VERT MODE switch to CH3.
Change the A TRIGGER SOURCE to CH3.

Set the 0.1 V/DIV, 0.5 V/DIV switch to the 0.1 V/DIV position
for CH3.

Set the generator to 2 divisions display.

Adjust RV417 so that the trigger is effected on the point A
of the waveform.

CH4 TRIG LEVEL CENT
Move the signal to CH4.

Change the A TRIG SOURCE switch to CH4, and push both the
QUAD and ALT buttons of VERT MODE.

Set the 0.1 V/DIV, 0.5 V/DIV switch to the 0.1 V/DIV position
for CH4.

Adjust RV517 so that the trigger is effected on the point A
of the waveform,

B TRIG LEVEL CENT

Set:
VERT MODE tvvvererennnnennnn .. CH1
VOLTS/DIV ..... teecetesnesess. 10 mV/DIV
A TIME/DIV ..... e veeeees 20 us/DIV
B TIME/DIV ..... Ceeerecenaans . 5 us/DIV

A and B triggering ........... SOURCE : CH1
COUPLING: AC
B MODE : NORM

SLOPE : +
Horizontal display mode ...... INTEN
A and B TRIG LEVEL ........ «++ Midposition



(7)

Connect a sine-wave generator to the CHl input for 2 div (50

kHz).

Adjust RV1101 so that the trigger is effected on the point A

of the waveform.

AUTO TRIG LEVEL

>et:
VERT MODE ......civvvivinennnn CH1
VOLTS/DIV .ivivininnnnnnnnnnns 10 mV/DIV
TRIG SOURCE ..vvvvvvinennnnnnn CH1
TRIG COUPLING .....cievnveennnn AC
TRIG SIOPE ....cviiviieinennn. +
TRIG MODE ......covvvivvninnnnn. AUTO
MENU SELECT ....cvvvvieennnnn. p—p AUTO ON

Apply a 4 div (50 kHz) signal to CH1 input.
Rotate the TRIG LEVEL control fully toward (+) side.

Adjust RV904 so that the upper side of the waveform
triggered.

Rotate the TRIG LEVEL control fully toward (-) side.

Adjust RV903 so that the lower side of the waveform
triggered.

is

is

When the signal amplitude is changed from 4 div to 8 div,
check that the variable range of the trigger level changes

according to the signal amplitude.
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®

[X=Y OPERATION|

Check/Ad just X Gain

a. Set:
CH1 VOLTS/DIV .iuviverennnnn. . 10 mV/DIV
CH1 AC-GND-DC ....ivvvennun. «ees AC
CH2 AC-GND-DC ......... ) ¢

Horizontal display mode ...... XY
b. Connect the standard amplitude calibrator to CHI.
c. Set the standard amplitude calibrator for 50 mV.
d. Check that a display of 5 divisions is within +37.

e. Adjust RV1560 so that the display of 5 divisions is within
+1.5%.

Check/Ad just X CENTer

a. Set:
CHI AC-GND-DC ...... eecesesesss GND
Horizontal display mode ........ XY

Horizontal POSITION ............ Midrange

b. Cueck that a spot at the center vertical graticule line is
within +1.0 division.

c. Adjust RV125 so that the spot at the center vertical grati-
cule line is within +0.2 division.

[SIGNAL OUTPUT]

Check/Ad just CAL

a. Jumper between 1 pin and 2 pin of P1607.

b. Connect a digital volt meter to the CAL terminal.

c. Check that the CAL output voltage is 0.495 V to 0.505 V.

d. Adjust RV1606 so that CAL output voltage is 0.495 V to 0.505
V.

Check/Ad just CH2 OUT DC LEVEL

a. Set the CH1 AC-GND-DC switch to GND and the VERT MODE switch
to CH2.
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b.

C.

d.

Connect a digital volt meter to the CH2 OUT terminal.
Check that the voltage O V is within #0.1 V.

Adjust RV328 so that the voltage O V is within +0.1 V.

[READOUT & CURSOR]

Check/Ad just Readout gain.

a.

Set READOUT INTENSITY control as required for well defined
characters.

Set:
VERT MODE ....... Ceetessseennes CH1
CURSOR, DLY/COUNTER .......... . CURSOR
CURSOR, MOdE +viveeveneannccans \Y
Horizontal display mode ....... A

Jumper between 1 pin and 2 pin of P1607 (set in the
calibration mode).

Check that delta and REF cursors are aligned with the
horizontal graticule line within #0.2 div. (see the below
figure)

Adjust RV865 for 6 divisions between the delta and REF
cursors.

Adjust RV874 so that the delta and REF cursors are aligned
with the horizontal graticule line (see figure).

Repeat items e through f as required.

{ Within 0.2 div

=

- —-— e eum G- ‘i
T"TTTT77 T Within 0.2 div
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Check/Ad just Cursor center

a.

d.

Set READOUT INTENSITY control as required for well defined
characters.

Set:
VERT MODE ......civvivnrnnnnnn. CH1
CURSOR, DLY/COUNTER ........... CURSOR
CURSOR mode +.ivvurnvnnnnnnennns GND
REF
Horizontal display mode ....... A
CH1 POSITION ...vvvvvvnnnnnnnnn midrange

Check that the GND REF CURSOR is aligned with the trace
within 0.2 DIV.

Ad just RV892 as required.

(::) Check/Ad just CHR-X gain

a.

Set READOUT INTENSITY control as required for well defined
characters.

Set:
VERT mode .....ecvvvuvnnnennnn. CH1
CURSOR, DLY/COUNTER ........... CURSOR
CURSOR mode v.vveveenennnnnnnns T
Horizontal display mode ....... A
TIME/DIV .iiiiiiiiiiinnnnnnnn 1 ms/DIV

Jumper between 1 pin and 2 pin of P1607 (Set calibration
mode).

Check that the delta and REF cursors are aligned with the
vertical graticule line within 0.2 DIV (see the figure below).

Adjust RV1585 so that the delta and REF cursors are just
aligned with vertical graticule line (see the figure below).

Adjust RV1573 so that the delta and REF cursors are aligned
with the horizontal graticule line (see the figure below).

Repeat items e through f as required.

I rrrer s

—o e o
Within 0,2 div Within 0,2 div
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DVM

<:> Check/Ad just DVM function

(1)

a.

(2)

DCV

Set READOUT INTENSITY control as required for well defined
characters.

Set:
VERT MODE ....cvveeeennen CH2
MENU SELECT ............. DVM
DVIM mode v.vevevneenennnn DCV
CH1 VOLTS/DIV ........... 50 mV/DIV
CH1 AC-GND-DC .....c..... DC

Connect 250 mV DC voltage to CHl1 input.

Check that the display on the upper side of CRT is 250 mV
+3.75 mV.

Ad just RV2571 as required.

ACV
Set:
MENU SELECT .......c.c.... DVM
DVM mode v.ovveenneneennn ACV
CH1 VOLTS/DIV .......... 50 mV/DIV
CH1 AC-GND-DC ..... ve... AC

Connect a 200 mVp-p 50 kHz sinewave to CH1 input.

Check that the display on the upper side of CRT is 70.7 mV
+5.3 mV.

Ad just RV2572 as required.

(Note)
Vp-p

242

Vrms =
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5. TEST AND EXERCISER

The oscilloscope is provided with service programs of "TEST" and
"EXERCISER".
The setting procedure and its results are described below.
5.1 Setting procedure
1 Set the CURSOR/COUNTER key to the COUNTER.
2 Press the MENU key.
3 After the menu is displayed on the CRT, press the X10 MAG
and the BLW keys simultaneously.
4  Then, "1. TEST, 2. EXERCISER" is displayed on the CRT.
5 Select the TRIGGER setting keys 1 and 2 to start the TEST

and EXERCISER program, respectively.

Notes:
1) When TEST is selected, set the CH1 and CH2 to GND
and do not apply signals.
2) Before starting TEST, perform initialization
according to the procedures in the Operation
Manual, and select the AV cursor and the GND REF

functions.

5.2 Result
1. TEST
When no trouble is found to exit after completion of all
the tests, "TEST PASS" is displayed on the CRT. When any

malfunction is found, "FAIL NO." is displayed on the CRT.
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FATL NOJ TEST Involved Involved Unit Remarks
circuits connectors
1 ROM sum DIGITAL PEF-745
check CONTROL —
CKT
2 RAM DIGITAL
check CONTROL -— PEF-745
CKT
3 SW1 TEST PANEL CKT/ P2000b-P2600 | PEF-745/
(Check key DIGITAL CONTROL PEF746
operation) CKT
4 SwW2 TEST DIGITAL CONTROL |P20001-P2010 | PEF-745
(Check ALT CKT/VPRE (ATT PEF-734
and CPL code output and
keys.) its peripheral
circuits)
5 Control TEST |DIGITAL CONTROL |P2006-P2600 | PEF-745
(Check the CKT/PANEL CKT
HPOS, SWP VAR,
CURSOR and
TRIG controls
6 COUNTER TEST |COUNTER CKT P2003-P2030 | PEF-745
P2004-P2040 | PEF-738
7 DVM TEST DVM CKT P1384-P1394 | PEF-745
P2008-P1382 | PEF-748
P601-P600 PEF-739
8 GND REF TEST |GND REF CKT P2003-P2030 | PEF-745
P710-P711 PEF-737
9 Shift DIGITAL CONTROL |P2002-P2020 | PEF-745
register TEST |CKT/VPRE PEF-734
(Check the (IC2321 and
transferred |its peripheral
data between |circuit)
the DIGITAL
CKT and the
VPRE.)
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2. EXERCISER

When the EXERCISER program is selected, the control setting values

and key switch status are displayed on the CRT.

Display example:

EXERCISER

@//mmm ‘-:\\

d o

@D and @ : Clockwise : 1FX
Counterclockwise : 00X

@ : 2X to FX approx.

@ : Clockwise : 00X

Counterclockwise : 1FX

Key and switch are allocated as shown below.

OO

H POS control
SWP VAR control
CURSOR control
TRIG control

Key switch status

1 2 3 4 5 6 7 8 9
1 1 1 0 1 CURSOR 1 1 1
1 1 0 1 LF REJ LINE 1 AC(TRIG)| CH2 INV

1 1 0 0 HF REJ | CH4(TRIG) SGL

1 BW LIMT

1 0 1 1 TV-V | CH3(TRIG) NORM

X10 MAG | ALT/CHOP

1 0 1 0 TV-H A(TRIG) AUTO

X-Y CH4 (VMODE)

1 0 0 1 DC B(TRIG) @

B(HDISP)|CH3(VMODE)
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6 7 8 9
CH2(TRIG) |ALT(HDISP) [CH2(VMODE) | V REF
CH1(TRIG) | A(HDISP) |CH1(VMODE) | T A
ALT(TRIG) | INTEN ADD 1/T TRACKING

39

One of them is "0", the rest is "1".

A11 is "1" when the switches are not pressed.




6. DETAILED CIRCUIT DESCRIPTION

6-1 CH1, 2 PREAMP PEF-734
6-2 <2 CH3,CH4 PREAMP PEF-733
6-3 VERTICAL SWITCHING PEF-734
6-4 <€>>VERTICAL OUTPUT AMP

‘ & GND REFERENCE CKT PEF-737
6-5 A & B TRIG SELECTOR - PEF-738 1/3
6-6 <6 > SWEEP GATE & HOLDOFF REF-676
6-7 7> A/B SWP GENERATOR PEF-739
6-8 Q HORIZONTAL OUTPUT AMP PEF-740
6-9 '<:> Z-AXIS AMP & CRT CONTROL PEF-738 2/3
6-10 <:> POWER SUPPLY PEF-741,-742,-749,-750
6—11<<>> PANEL INTERFACE PEF-746,-747
6-12.4:> DIGITAL CONTROL (1) PEF-745 1/2
6-13 DIGITAL CONTROL (2) PEF-745 2/2
6-14 COUNTER PEF-738 3/3
6—15<<>> DVM PEF-733,-734
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@ CH1, 2 PREAMP (PEF-734)

Figure 6-1 shows a detailed block diagram of this circuit. This
circuit consists of a CHI vertical circuit and a CH2 vertical circuit.
The operating principles of the both vertical circuits are identical
and the description is made for the CHl1 vertical circuit.

The CH1 signal (X signal in the X-Y mode) fed from J1 enters the CHL
INPUT COUPLING, where the coupling mode is selected by the AC-GND-DC
switch S4. Then, the CH1 V signal is supplied to the CHl lst
ATTENUATOR and the signal level is attenuated to 1/1, 1/10 or 1/100 in
accordance with the setting position of the VOLTS/DIV switch. This
attenuation is required because an amplifier in the oscilloscope is
designed for a small input signal and the gain of the amplifier is
constant. The attenuated signal is fed to the CH1 INPUT AMP (high
input impedance and low output impedance) and the impedance is
converted.

Further description on the CHl1 INPUT AMP is made, using Figure 6-2.
The AC component of the CH1 V signal flows in the sequence of Cl1,
TR12 gate, TR12 source, TR12 base and TR22 emitter. The DC component
of the CH1 V signal flows in the sequence of R8, pin 3 of IC16, TR20
emitter, TR20 collector, TR22 base and TR22 emitter. Part of the DC
component is negative fed back in the sequence of R24, pin 2 of IC16,
TR20 emitter, TR20 collector and TR22. TR12 is a source-follower and
the voltage gain is 1. Since TR22 is an emitter-follower, the voltage
gain is 1.

IC16 is a DC amplifier. Since TR20 is base-grounded, it serves for
the separation of an AC component and a DC component. In other words,
it operates so that the AC component does not become a load to the DC
component, and vice versa.

Though it is ideal that when the input to ICl6 is zero, the output is
zero, some voltage (called an offset voltage) is developed in an
actual DC amplifier. CH1 DC BAL RV28 is provided to compensate for
such an offset voltage and adjusts the DC input to pin 2 of ICl6.

In other words, RV28 is adjusted so that a trace on the CRT does not
move when the VOLTS/DIV switch (S4B) is selected. CH1 DC GAIN RV26
adjusts a DC feedback amount so that the DC gain matches the AC gain.
In other words, RV26 is adjusted so that the output waveform is the
same square wave as the input signal. D16 protects IC16 from a plus
surge input. D14 and D15 protect FET TR12 from a minus surge input
and a plus surge input, respectively. D22 protects TR22 from a minus
surge input.

Now, let's return to the description on Figure 6-1. The CH1 V signal
from the CH1 INPUT AMP enters the CH1 2ND ATTENUATOR and the signal
level is attenuated to 1/1, 1/2, 1/4 or 1/10 in accordance with the
setting position of the VOLTS/DIV switch. The output impedance of the
attenuated signal is approximately 150 ohms. Then, the CHl V signal
enters CH1 PREAMP IC50, where the signal is amplified to 6.25 times
when the VOLTS/DIV switch is at 2 mV, and to 2.5 times when the switch
is at the position other than 2 mV.

41



The CH1 V signal fed out from the CH1 PREAMP is fed out from via
CH1 VAR RV51. RVS51 is in the CAL state at the position when R60 is
shorted. When RV51 is turned fully to UNCAL, the CH1 V signal level
is less than 1/2.5 times the value at the CAL state. The information
on the CAL or UNCAL setting and the input signal coupling mode is
delivered as the CH1-2 signal to the microcomputer via .

The switches S4D and S4d of the VOLTS/DIV INF CIRCUIT (1) are switched
in accordance with the VOLTS/DIV switch. The sum of the current
flowing through R2704, R2705, R2706 and R2707 varies according to the
switch selection. The difference in the current is converted into a
difference in a voltage by the PANEL STATUS (1). This converted
signal is the CH1-1 signal. In other words, the information on the
VOLTS/DIV switch setting is delivered as the CHI-1 signal to the
microcomputer via .

The CH1 GND CONT signal whose level becomes "H" at a certain interval
is delivered to the RELAY DRIVE CIRCUIT (1) from the microcomputer via
(5] . When the CHI GND CONT signal is "H", TR2300 is on and relay
K2300 is activated.

The input of the CH1 PREAMP is thus grounded and the GND reference
line can be displayed on the CRT.

S4, S4A, S4B, S4C, S4D, S4d, INPUT COUPLING, 1ST ATTENUATOR and 2ND
ATTENUATOR constitute an attenuator block. C01, which is not describ-
ed on the schematic diagram, is incorporated in the attenuator block.
Table 6-1 shows the relationship between the overall gain and the
VOLTS/DIV switch.
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@ V-1150
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@ V-1150

Table 6-1
VOLTS/DIV || 1st INPUT | 2nd CH1 Overall VOLTS/DIV x
SW Attenuator |AMP Attenuator | PREAMP | Gain Overall Gain
| Position Gain Gain (approx.)

2mv |1 1 {1 6.25 | 6.25 12.5 mV/div

5 mV 1 1 1 2.5 2.5 12.5 mV/div

10 mV 1 1 0.5 (+2) 2.5 1.25 12.5 mV/div
20 mV 1 1 0.25 (+4) 2.5 0.625 12.5 mV/div
50 mV 1 1 0.1 (+10) 2.5 0.25 12.5 mV/div
0.1 V |{0.1 (+10) 1 0.5 (+2) 2.5 0.125 12.5 mV/div
0.2V [|0.1 (+10) 1 0.25 (+4) 2.5 0.0625 12.5 mV/div
0.5V | 0.1 (+10) 1 0.1 (+10) 2.5 0.025 12.5 mV/div
1V 0.01 (+100)| 1 0.5 (+2) 2.5 0.0125 12.5 mV/div
2V 0.01 (+100)| 1 0.25 (#4) 2.5 0.00625 12.5 mV/div
5V 0.01 (+100)| 1 0.1 (+10) 2.5 0.0025 12.5 mV/div
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<2> CH3, CH4 PREAMP (PEF-733)

Figure 6-3 shows a detailed block diagram of this circuit. This
circuit consists of a CH3 circuit and a CH4 circuit. Since the both
circuits are identical, the description is made on the CH3 circuit.
CH3 POS RV470 and CH4 POS _RV570 are described in the Figure 6-4
Detailed Block Diagram of §;>.
The CH3 signal fed from J400 enters the CH3 INPUT COUPLING and the AC-
or DC- coupled signal is fed to the CH3 ATTENUATOR, where the signal
is attenuated to 1/1 or 1/5. The attenuated CH3 signal is fed to the
CH3 INPUT AMP (high input impedance and low output impedance) and the
impedance is connected.

TR413A and TR413B are the same type of FET and the drift in
temperature is suppressed. TR413 is a source-follower and the gain is
1. TR420 is an emitter-follower and the gain is 1. D409 is a diode
which protects the FET from a minus surge input.

The output of the CH3 INPUT AMP is fed to TR430. This transistor is
an emitter follower and operates as a buffer circuit. One output of
TR430 is fed out from [9] as a CH3 TRIG signal. The other is fed out
from as a CH3 signal.

Though the DC level at the TR420 emitter is higher by Vgpp than that at
the TR420 base, the DC level is reduced by Vg by F 450, Conse-
quently, the DC level at TR420 base is regarded as same as that at the
TR450 emitter. The Vpgts of TR420 and TR430 suppress the'drift in
temperature.
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<;> VERTICAL SWITCHING (PEF-734)

Figure 6-4 shows a detailed block diagram of this circuit. The CH1 V
signal fed from is amplified to 2.5 times the supplied voltage by
X2.5 AMP(1) IC80 and fed to pin 3 of CH SW CIRCUIT IC150.

Part of the amplified signal enters X2.5 AMP(2) IC100 and is further
amplified to 2.5 times the supplied voltage.

The output of ICl00 is fed out from as the CH1 TRIG signal.
IC2950 (2/2) in <€> is a voltage follower and operates as a buffer.
Consequently, the “DC voltage set by CH1 POS control RV2952 is the
output voltage of IC2950 (2/2). The DC voltage corresponding to the
output voltage is routed to pin 4 of CH SW CIRCUIT IC150 and changes
the vertical position of the CH1 V signal.

In the operating modes other than the X-Y mode, X-Y signal level is
"H".  Consequently, TR122 turns to on and the base of TRI20 is
grounded.  In the X-Y mode, TR122 is off and the X signal fed from
is routed to via X2.5 AMP(1) - X2.5 AMP(2) - TR109 - TR120 base —
TR120 collector. The position in the X direction (horizontal
direction) in the X-Y mode is adjusted by CH1 POS control RV2952.
Adjust X CENT control RV125 so that the position in the X direction of
the spot comes to the center graticule (horizontal direction), when
RV2952 is set to the mid-position of its variable range.

Since the output impedance of IC2950 (2/2) is extremely small, X CENT
RV125 and CH1 POS CENT RV140 do not interact. The DC voltage which
determines the position in the X direction is routed to via CH1
POS RV2952 — IC2950 (2/2)~—-R123—-TR121—~7TR120. The temperature
compensation against Vpp is done by TR120 and TR121.

The CH2 V signal fed from is amplified to 2.5 times the supplied
voltage by X2.5 AMP(3) and routed to pin 7 of CH SW CIRCUIT IC150.
Part of the output of IC280 is further amplified to 2.5 times the
supplied voltage by X2.5 AMP(4) IC300 and is fed out from as a
CH2 TRIG signal. Part of the output of IC300 is fed out from CH2 OUT
J201 as the CH2 signal via a buffer consisting of TR320 and D321.
Part of the output of IC300 is fed to the <$> DVM circuit.

The CH3 signal and the CH4 signal enter CH SW CIRCUIT IC150 at pins 11
and 15, respectively. The DC voltages which determine the vertical
positions of CH2, CH3 and CH4 are fed to pins 8, 12 and 16 of IC150.

The signals fed from the <:> Z AXIS & CRT CONTROL circuit to 24
, P6] and enter CH SW CIRCUIT IC150 at pins 32, 31, 24 and
23, respectively, via CH SW CONTROL IC2320. Among these control
signals, only the channels corresponding to the signals which turn to
"L" are selected and fed out from and via the DELAY LINE.

For example, if the CH1 EN and CH2 EN signals are "L", the CHl signal
fed from pin 3 and the CH2 signal fed from pin 7 are selected. When
characters are displayed, the CHR EN signal from turns to "L".
Consequently, the CH1 EN, CH2 EN, CH3 EN and CH4 EN signals turn to
"H", neither of the channels is selected and no signal is delivered

from and .
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SHIFT REGISTER I1C2321 performs a serial-parallel conversion (1 bit - 3
bits). The DB ¢ data fed from EQ is supplied to Qp,, using the
rising portion of the clock pulse SHIFT CK3 fed from . In this
case, the data at QO and QlA__gre shifted to Q and Qoy,
respectively. In the Q—Y mode, X-Y turns to "L". %ﬁen the ﬁﬁg
signal is inverted, CH2 INV turns to "L". In the X10 MAG mode, X10
MAG turns to "L". Part of the output of Qy, is fed out from

as the CHECK 1 signal. This signal is used to check if connector

P2020 of and connector P2002 of are connected or not.

A SWP-1 and A SWP-2 are the signals which inform the microcomputer of
the state of the TIME/DIV switch for A SWEEP. The setting state of
the switch is represented by a difference in voltage. The microcom-
puter recognizes the setting position of the TIME/DIV switch by
reading the voltage value.

B SWP-1 and B SWP-2 are the signals which inform the microcomputer of
the state of the TIME/DIV switch for B SWEEP.
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<:::>VERTICAL OUTPUT AMP & GND REFERENCE CKT (PEF-737)

Figure 6-5 shows the detailed block diagram of this circuit. A
vertical signal (an X signal in the X-Y mode) fed from Ez and Eﬂ
enters the BANDWIDTH LIMITER (BWL) via the CASCODE AMP 1. The BWL
consists of an analog switch and capacitors C729 and C730.

The analog switch consists of D729a, D729b, D730a, and D730b.
Usually the analog switch is off and the BWL does not operate. The
BWL operates only when the BW LIMIT/20MHz switch on the front panel is
pressed, and a high frequency_of 20 MHz or more is limited. In other
words, the BWL signal from Ea becomes "H" when the BW LIMIT/20MHz
switch 1is pressed, and switching transistor TR814 becomes on. As a
result, electric potential at point in the analog switch becomes
lower than that at point <:> , the analog switch becomes on, and
points (:) and (:) are shorted. Then, the BWL circuit operates.

The vertical signal from the BWL enters CRT DRIVER IC760 via the
CASCODE AMP 2,  Transistors composing IC760 are connected in parallel
to allow a large current to flow.

The output from the CRT DRIVER is fed out to the Y-plate of the CRT
from ﬁ and via 15V zener diodes D765 and D766 so that the DC
potential from the CRT DRIVER matches with the rated DC potential of
the CRT.

The DC voltage (A/B SEP signal) set by A/B TRACE SEP RV2951 in the
circuit enters the ALT SEP CIRCUIT, which makes the vertical
position of A SWEEP different from that of B SWEEP. Usually the A/B
SEP CONT signal from B4 is "H." TR804 becomes on and D801 becomes
off. Consequently, the base voltage of TR807 is not affected by the
DC voltage of the A/B SEP signal from B3 . In other words, the ALT
SEP CIRCUIT does not operate.

In case of the character display, the CHR EN from B3 becomes "H",
and switching transistor TR821 becomes on. As a result, the emitter
voltage (level) of TR821 rises, and TR804 is forced to become on to
disable the ALT SEP CIRCUIT.

(TR804 becomes on regardless of the level of the A/B SEP CONT signal.)

Consequently, the ALT SEP CIRCUIT does not operate '"when the ALT SEP
operation is not performed" or "when the characters are displayed."

In this case, the base potential of TR807 and TR808 is grounded, the
values of the current flowing to the collectors of both transistors
are equal.

When the ALT SEP operation is performed, an A/B SEP CONT pulse is
supplied to the ALT SEP CIRCUIT. (In this case, the CHR EN from

is "L" and TR821 is off.) The A/B SEP CONT pulse is "H" for A SWEEP
and TR804 is on, and the pulse is "L" for B SWEEP and TR804 is off.
When TR804 is off, the base voltage of TR807 is determined by the DC
voltage (A/B SEP) from 63 and the collector current of TR807 is
different from that of TR808. As a result, the vertical positions of
the A SWEEP and the B SWEEP are different each other.
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D801 ensures the switching separation. TRACE FINDER S1710 in the
circuit <2> switches the TRACE FIND function. The TRACE FIND function
reduces the bias current of the horizontal and the vertical amplifiers
to control their amplitudes so that their maximum amplitudes are
within the screen of the CRT,

The TRACE FIND function for the vertical amplifier is described below:
Usually S1710 is directly connected to the voltage of -12 V and the
emitter current I; of the differential amplifier consisting of TR737
and TR740 becomes Igy which is determined by R737, R739, R740, and
R742.  (TR852 is off since its base potential is =12 V.)

S1710 is open when TRACE FINDER S1710 on the front panel continues to
be pressed, and Iy becomes Ip, which is determined by R737, R739,
R740, R742, and R851. That 1is, IE decreases in accordance with an
increase of the current across R851, the amplitude of the differential
amplifier is limited, and the vertical TRACE FIND functions. In this
case, the voltage of I, x R851 is supplied to the base of TR852, and
TR852 becomes on.

(1) When TR852 becomes on, the collector current flows through R749
and R750. The collector bias current of TR745 and TR746 which
have changed by the decrease of Iy is restored. Therefore, the
collector bias current is controlled to be constant by TR852
regardless of the TRACE FIND function.

The CHR EN from [B7 is "L" for the character display, and is "H" for
the waveform display. The CHR EN is supplied to the base of TR855
via emitter follower TR860. TR855 is off and TR862 is on for the
character display, and TR855 is on and TR862 is off for the waveform
display. TR855 and TR862 are current switches. When TR862 becomes
on, the character amplifier consisting of TR864 and TR865 becomes on,
a CHR Y signal (which determines the vertical position of the
character signal) from the base of TR865 is supplied to each collector
of TR745 and TR746 through the character amplifier, That 1is, the
current Iy,y flows through TR855 via R749 and R750 for the waveform
display, and no current flows for the character display.

On the other hand, no current flows through TR865 for the waveform
display, and the current I-yp flows through TR862 via R755 and R758.
Therefore,

(2) Fach collector bias current of TR745 and TR746 is constant for
both waveform display and the character display.

As described in (1) and (2), the character display position is
almost constant regardless of the TRACE FIND function.
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The GND REFERENCE CIRCUIT consisting of IC871(2/2), 1C888, 1IC891,
C889, and D886 allows the ground reference line to be displayed on the
screen of the CRT. The vertical position on the screen is determined
by the DC potential difference between the two output lines from the
CRT DRIVER. In other words, the vertical position of the trace on the
screen is known by the DC potential difference when the input coupling
condition in the circuit <§> is GND.

The DC difference voltage 1is supplied to differential amplifier
1C871(2/2) to be converted from a paraphase signal to a single-ended
signal, and to be adjusted to the signal level suitable for the input
operational range of comparator IC888 at the next stage. That 1is,
1C871(2/2) operates as a buffer and the DC difference voltage is fed
out from its output terminal. The output, in accordance with the GND
level, is supplied to (+) terminal of IC888 and IC891. The GND SMPL
from the microcomputer via is a control signal for switching
sample holder IC891 to on or off.

The condition that sample holder IC891 is on is called a "track mode,"
and the voltage corresponding to the output voltage i.e. the ground
level (analog signal) of IC871(2/2) is held to analog memory C889.

The condition that sample holder IC891 is off is a "hold mode." 1In
the hold mode, comparator IC888 compares the hold voltage of C889 with
the half voltage of the full scale of the D/A converter in the circuit
(§> , and sets the GND A/D from KO to "H" or "L." Then, IC888
compares the hold voltage of C889 with the one-fourth voltage of the
full scale of the D/A converter.

By repeating the above comparisons 12 times, the GND level is
converted from an analog signal to a digital signal. That is, a
successive approximation conversion to a digital signal is performed.
The digitized GND level is stored in the RAM in the circuit , and
the GND reference 1line is displayed on the screen of the CRT.
Whenever relay K2300 (K2310) selects GND of the input of the CH1 (CH2)
PREAMP, the above mentioned conversion is performed, and the GND
reference line is renewed.
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<<::>A & B TRIG SELECTOR (PEF-738 1/3)

Figure 6-6_shows_a detailed block diagram of this circuit. The TRIG
SIG from , , [9] , and are supplied to TRIGGER SELECTOR
1 IC901 and TRIGGER SELECTOR 2 IC1101 which select trigger sources of
A TRIG and B TRIG, respectively. The two selectors use same ICs,
UH-207. The UH-207 incorporates an analog switch for 5-channel
switching and a 4X amplifier and a bandwidth can be switched between
150 MHz and 20 MHz by the BWL signal. (When the BWL signal is "L,"
the bandwidth of 20 MHz is selected.) The TRIGGER SELECTOR 1 uses
four channels and the remaining one channel is not used.

A control signal fed to terminal A, B, or C determines the channel to
be selected. See Tables 6-2 and 6-3 for details of the TRIGGER
SELECTOR 1 and the TRIGGER SELECTOR 2, respectively.

The output signal from the TRIGGER SELECTOR 1 always flows through the
PATH A and the PATH B. The signal is selected at the following stage
of each path, and is determined whether the signal is used as the A
TRIG SIG or not. Only when the trigger coupling mode is TV-V, or TV-
H, the signal which has passed the PATH A becomes effective. In other
modes, excluding the LINE mode, the signal which has passed the PATH B
becomes effective. In the DC, AC, or LF REJ mode, the output signal
(trigger signal) flows PATH C, too. In the LINE mode, the LINE SIG
from becomes the trigger signal.

IC1103c 1is an analog switch for reversing a signal polarity. The TV
POLA signal fed out from I/0 EXPANDER controls the  switching
operation.  When the TV POLA signal is "H," terminals Z and Z; are
connected, and terminal (-) of IC1102b is grounded so that a signal is
supplied to terminal (+) of IC1102b via R958. Therefore, the polarity
of the signal is not reversed. When the TV POLA signal is '"L,"
terminals Z and Zn are connected, and a signal is supplied to terminal
(=) of IC1102b via R957. Therefore, the polarity is reversed.

The trigger signal in the TV-V or the TV-H mode is supplied to the
SYNC  SEPARATOR via IC1102b. TR905 and D903 separate a sync
component from the composite TV signal. IC911d is used as a waveform
shaper.

The output from IC911d is the TV-H signal (a composite sync signal
including the horizontal and the vertical sync signals).

When the composite sync signal passes through the low pass filter
consisting of L1901 and C923, the TV-V signal including only the
vertical sync signal is obtained at the output.

IC905 is an analog switch for switching the trigger coupling mode. A
control signal from terminal A, B, or C determines the mode to be
a selected. IC1103a is an analog switch, and is controlled by the
output signal from IC91la. The output signal from IC91la is controll-
ed by the A CPL SEL 1, the A CPL SEL 2, and the A CPL SEL 3 signals.
Only when the trigger coupling mode is TV-H, the output signal from
IC911a becomes "H," and terminals X and X, are connected. In other
modes, the output signal is "L," and terminals X and X, are connected.
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Relay K906 is controlled by the A CPL SEL 3 signal. When the A CPL
SEL 3 signal is "L," no drive current flows in the RELAY DRIVER, and
pins 1 and 4 of K906 are connected. When the A CPL SEL 3 is "H," a
drive current flows in the RELAY DRIVER, and pins 7 and 4 of K906 are
connected.

Table 6-4 shows the relationship between the setting positions of
analog switches 1IC905 and IC1103a, relay K906 and the control signals
A CPL SEL 1, A CPL SEL 2, and A CPL SEL 3.

IC903a, IC903b, and IC1102a are buffer circuits.

Circuit operations in each trigger coupling mode are described below:

(1) DC mode

The TRIG SIG flows in the sequence of

1C901 €903 : > .
'—, R907 = IC905(Xy) = IC903b = RI26 —T

(2) AC mode
The TRIG SIG flows in the sequence of

1C901 > €903 j — .

L R907 = €925 = IC905(X;) = IC903b - R926

That is, the TRIG SIG flows through the parallel circuits of C903
and C925.

(3) LF REJ mode
The TRIG SIG flows in the sequence of
IC901 - K906(pin 1 = pin 4) = C903, and is fed out from .
L926  is grounded via IC903b since X, and X of 1IC905 are
connected. Then, the TRIG SIG passes the high pass filter
consisting of C903, R926, and L926. As a result, only the signal

of several tens of kilohertz or more passes in this mode, while
the signal of several tens of hertz or more passes in the AC mode.
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(4)

(5)

(6)

(7

HF REJ mode
The TRIG SIG flows in the sequence of

IC901 = R907 - €925 - IC905(X,) = IC903b -= R926, and is
fed out from [J .

C903 is grounded via IC903a since pins 4 and 7 of K906 are
connected, and terminals X and X; of IC1103a are connected. As a
result, the TRIG SIG passes the low pass filter consisting of
1926, R926, and C903.

LINE mode

The LINE SIG from is used as the TRIG SIG in this mode. The
LINE SIG (TRIG SIG) flows in the sequence of

IC905(X5) = IC903b = R926, and is fed out from 54 .

The LINE SIG passes the low pass filter consisting of L1926, R926,
and C903 in the same way as the HF REJ mode.

TV-V mode

The TRIG SIG flows in the sequence of

I1C901 -= R952 = R957 or R958 -= IC1102b = SYNC SEP -~ IC905(X6)
== IC903b = R926, and is fed out from .

The TRIG SIG (TV-V signal) passes the low pass filter in the same
way as the HF REJ and the LINE modes.

TV-H mode

The TRIG SIG (TV-H) flows in the sequence of

IC901 -—== R952 == R957 or R958 = IC1102b -= SYNC SEP

= IC1103a(Xy = X) = TC903a = K906(pin 7 = pin 4) = C903 - 53
10905()(7) = 1C903b = R926

Part of the TV-H signal is supplied to the TRIGGER SELECTOR 2.

IC1103b is an analog switch for switching the trigger coupling mode of

the

B TRIG SIG. The B CPL SEL signal controls the analog switch.

When the B CPL SEL signal is "L," terminal Y and Y5 are connected, and

the

DC mode is established.

When the B CPL SEL signal is "H," terminal Y and Y; are connected, and
the AC mode is established.
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In the DC mode, the B TRIG SIG flows in the sequence of 1IC1101 —
R1107 - IC1103b(Yy == Y) = IC1102a == R1115, and is fed out from

In the AC mode, the B TRIG SIG passes through the parallel circuit
consisting of C1103 and Cl111, and is fed out from Eé .

As shown in Figure 6-6, D906, D907, and TR910 constitute a circuit
equivalent to a negative OR circuit.

The A SCE SEL 3 signal which is one of the input signals to the OR
circuit is always "L" and its output is "H." The A SCE SEL 3 is "H"
only when the V., MODE switch is set to ALT, and the output from
the OR circuit is determined by the CH1 EN signal from 75 .

When the V. MODE switch is at ALT, the CHI EN signal alternately
becomes '"H" and "L" so that the trigger source is switched to CHl and
CH2. (In this oscilloscope, the ALT TRIG operation is performed for
the CH1 and CH2, excluding for CH3 and CH4.) When the V. MODE switch
is at CHOP, the trigger source is CHI.

I/0 EXPANDER IC2340 functions as an output port in_this circuit.
IC2340 consists of four output ports , C) , ® , @ as shown in
Figure 6-6. The PROG signal from controls the output port to
which the data (DBO, DB1, DB2, and DB3) from the microcomputer is
supplied.

One of output ports CZF y () , C) , and () is selected at the
rising portion of the PROG signal, and the data are supplied to the
selected output port at the falling portion of the PROG signal.

The microcomputer selects 1IC2340 by setting the CS1 signal from )
to "L."

Part of A TRIG SIG is supplied to the (+) PEAK DETECTOR and the (-)
PEAK DETECTOR via R9O36. Then, the (+) peak current_and the (-) peak
current of the A TRIG SIG are supplied from B3 and B4 ,
respectively.

These detector circuits and other circuits are described below by
using Figure 6-7.

When the A TRIG SIG is supplied to TR901, a charging current flows
across capacitors (€915//C926 in the direction of arrow ——=> via
R938 (10 ohms).

On the other hand, a discharging current flows in the direction of
arrow —-—-—-> via R939 (470 kilohms) so that the time constant of the
discharge becomes very large. As a result, the (+) peak voltage is
held at C915//C926, and is supplied to voltage follower IC907a as a
+Vp (a DC voltage).

The Vg of TR908 compensates for the DC voltage drop by the Vg of
TR901.  +Vp ADJ control RV904 adjusts the (+) peak voltage of the A
TRIG SIG at the base of TR901 to be equal to the output (the DC
voltage) of IC907a. The (-) peak voltage of the A TRIG SIG is
detected in the same way as the (+) peak voltage. However, the (+)
peak voltage is detected at charging, and the (-) peak voltage is
detected at discharging.
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The (+) peak voltage (+Vp) and the (-) peak voltage (-Vp) are supplied
to the analog switch in the circuit . The analog switch is
controlled by the signal from terminal A, B, or C. Switches S1, S2,
and S3 in the analog switch are simultaneously switched. When the
control signal is "L," S1, S2, and S3 are set to Zy, X5, and Y,
respectively. When the control signal is "H", S1, S2Z, and S3 are set
to Zy, Xy, and Y;, respectively.

When the P-P AUTO functions, voltages at the ends of A/B TRIG control
RV2957 become the +Vp and the -Vp. With this, the variable range of
RV2957 can correspond to the amplitude of the trigger signal, and an
easy setting of the trigger level is performed.

When the P-P AUTO does not function, voltages at the ends of RV2957
become the +V (+2 V approximately) and the -V (-2 V approximately).
These voltages are produced in the circuit . That is, the voltage
of 12 V is divided by R2969 and R2970 to obtain the voltage of +2 V.
The voltage of +2 V is supplied to voltage follower IC2954(1/2) so
that the 4V (+2 V) is obtained. Then, the +V is supplied to
IC2954(2/2) so that -V (-2 V) is obtained.

DLY POS control RV2956 is a variable resistor having multiple
functions and the five kinds of value (CURSOR (A, REF, REF/A), the DLY
POS, and the CHR SEL) can be set. RV2956 controls the setting values
since the rotation angles corresponding to each setting value are
stored in the microcomputer.

The output range of IC2951 is +2 V.  The output signal of IC2951, the
A/B TRIG voltage, the SWEEP VAR voltage, and the H POS voltage are
supplied to analog switch IC2952. When the INH 1 signal is "L," the
microcomputer selects 1C2952., 1C2952 is switched by the signal from
terminal A, or B. The output signal of IC2952 is, fed out to the
microcomputer via COMPARATOR IC2008 in the circuit ng.

For detailed description of IC2008, see the circuit Q@b.
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Table 6-2 TRIGGER SELECTOR 1

CONTROL SELECTED TRIGGER SOURCE
SIGNAL e ha s — —
A SCE SEL1 H L H L .
A SCE SEL2 H H L n .
A SCE SEL3 L L 0 L "
Table 6-3 TRIGGER SELECTOR 2
CONTROL SELECTED TRIGGER SOURCE
SIGNAL p— ia o — —
A | B SCE SELI H L H L .
B | B SCE SEL2 i H L L .

Note: To select the TV-H mode, A TRIG COUPLING IC905
should be in TV-V or TV-H mode and both A CPL
SEL2 and A CPL SEL3 should be "H."

Table 6-4 A TRIG COUPLING

DC AC |LF REJ| HF REJ LINE TV-V TV-H

A CPL SEL1 L H L L H L H
A CPL SEL2 L L H L L H H
A CPL SEL3 L L L H H H H
IC905 XO Xl XZ X4 X5 X6 X7
K906 #1 #1 #1 #7 #7 #7 #7
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<<::>SWEEP GATE & HOLDOFF (PEF-676)
Fig. 6-8 shows a detailed block diagram of this circuit.
A SWEEP (For A SWEEP timing chart, see Fig. 6-9.)
NORM mode

When the A AUTO from is "H" in the NORM mode, ICl1006 output
becomes "L," and the output from IC120la is decided by the input of
pin 12, In other words, output from pin 3 of ICl is not fed out to
IC1201a.

The A SWEEP signal in the NORM mode is passed as indicated by /—> .

(1) When the holdoff period comes to almogt the end, the voltage of
HOLD OFF signal (pin4 of ICl1) from starts to decrease, IC1
detects the low level, that is the end level of hold off period,
and the output from pin 2 of ICl is changed to "L." Thus, the
mode of input to terminal S of FF IC2 becomes "L," the holdoff
setting is released.

(2) The output Q is changed from "L" (not-triggering level) to "H"
(triggering 1level) by the trigger pulse supplied to T .

As a result, the triggering starts in the A SWP GEN circuit of
<:>. (Sawtooth wave is generated.)

(3) When the sawtooth wave passed through TR1352 of the circuit of
comes to the maximum level, the voltage of pin 4 of ICl starts to
rise, and ICl detects the HIGH level (the maximum triggering
level.) The resultant output from pin 2 of ICl is changed from
"L" to "H", which allows FF IC2 to establish set mode. The
mode of output Q from IC2 is converted from "H" to "L",
which inhibits triggering.

(4) Then, the sawtooth wave is reset at the level of sweep starting
point.

(5) On the other hand, Cy (holdoff capacitor) selected by analog
switch IC1358 is charged to high level by TR1352 during the sweep
period.

(6) When the sawtooth wave is reset at the level of sweep starting
point, Cy starts to be discharged by TR1361 and becomes the mode
of (1) escribed above in the time corresponding to the
capacitance of Cpy.
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AUTO mode

When the AUTO mode is selected, the trigger sweep or the free running
sweep is automatically selected. The trigger sweep signal is passed
as indicated by t=——"> (same as the main signal of NORM mode).

The free running sweep signal is as indicated by ————-—= >, in other
words, the free running sweep signal from ICl is directly passed to
IC1201a not via IC2,

The trigger sweep signal or free running sweep signal is selected by
the AUTO GATE output status.

(1) In the AUTO mode, output from IC1006 becomes open since the
A AUTO from [BQ is "L."

(2) 1In case the given trigger pulse is not applied, the output Q from
FF IC2 is held "L," AUTO GATE output is "H."

Note:

The output from IC120la is detected by input of pin 13 since
input of pin 12 of IC120la is "L". In this time, D1004 becomes
off since AUTO GATE output is "H",

(3) When holdoff is completed, the mode of output from pin 3 of
IC1 is changed from "L" to "H" and D1003 becomes off. Then the
mode of input to pin 13 of IC120la is also changed from "L" to
"H. "

<%§ a result, the triggering starts in the A SWP GEN circuit of

(4) After that, the same operations are followed as those of the NORM
mode.

(5) 1In case the given trigger pulse is applied, the mode of output Q
of FF IC2 is changed from "L" to "H," and the AUTO GATE output
becomes "L."

(6) Then, the free running sweep signal passed from pin 3 of IC1 to
pin 13 of IC120la is shut out, and the trigger sweep starts in
the AUTO mode as same as in the NORM mode.

SINGLE mode

(1) Then SINGLE RESET pulse produced when the Egﬂ,key is pressed is
passed to holdoff line through the microcmomputer.

(2) Then, the mode of output of pin 2 of ICl1 is changed from "H" to

"L," and cancels the holdoff, and allows FF IC2 to be in the
standby mode for triggering pulse.
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(3)

(4)

When the triggering pulse enters FF IC2, the A SWP GEN starts
sweeping. After the sweeping is completed, the holdoff circuit
is clamped at H level by TR1360. Consequently, the sweeping is
inhibited.

Since the holdoff mode is designed not to  automatically
cancelled, the key is required to be pressed again to enable
next sweep to activate. (The next sweep enable mode is called
"ready status.")

The [SGL] indicator is kept illuminated during items (1) to (4).

The READY indicator 1lights when the SINGLE RESET pulse is
produced; turns off after sweeping.

Fig. 6-10 shows the simplified circuit description.

B SWEEP (For B SWEEP timing chart, see Fig. 6-11.)

A AUTO mode (B STARTS AFTER DELAY)

(D

(2)

(3)

(4)

(5)

The B SWEEP GATE generator inhibits sweeping (IC4 is in the set
mode) when the A SWEEP GATE starts sweeping.

Note: (1) corresponds to the holdoff state of A SWP.

Negative delay trigger pulse is applied to pin 4 of IC3 by delay
comparator the specified delay time after the A SWEEP GATE
generator starts sweeping.

Thus, the output from pin 2 is changed from "H" to "L'", which
allows IC4 to release the set mode. On the other hand, since
the B AUTO signal mode is "L", TR2 is set to ON, pin 3 output
whose polarity is reverse to pin 2's of IC3 is supplied to
terminal R of IC4.

Consequently, in the A AUTO mode, IC4 simultaneously establishes
the reset mode when IC4 releases_the set mode. Then, Q output is
changed from "H" to "L" while Q output is changed from "L" to
"H," and the B SWEEP GEN sweeps.

After the B SWEEP GEN completes sweeping, positive sweep end
pulse (B END) enters pin 4 of IC3, and pin 2 output of IC3 is
changed from "L" to "H." Then, IC4 comes to be in the set mode,
and the B SWEEP GEN inhibits sweeping.
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NORM mode (B TRIGGERABLE AFTER DELAY)

In the NORM mode, TR2 becomes off since the B AUTO is "H," and
the signal route from pin 3 of IC3 to terminal R of IC4 becomes
off (open.)

Consequently, terminal R of IC4 is always set to "L."

The operations in the NORM mode is as shown below.

(1) Same as item (1) of the AUTO mode operations.

(2) Same as item (2) of the AUTO mode operations.

(3) When the delay trigger pulse is applied to pin 4 of IC3, pin 2
output is changed from "H" to "L," which allows IC4 to release
the set mode.

(4) As a result, IC4 establishes the sweep enable mode.

Note:
B sweep will stop when the A sweep is completed. When the B
trigger pulse is not produced in the interval from the time after
delay to the end of A sweep, B sweep sawtooth wave is not
generated.
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<<€>>A/B SWP GENERATOR (PEF-739)

Fig. 6-12 shows a detailed block diagram of this circuit. The opera-
ting principles of the A SWP GEN and the B SWP GEN are identical and
the description is made only for the A SWP GEN.

The A SWP GEN is a Miller integrator circuit, by which a sawtooth w
with a good linearity can be obtained. When A GATE signal from ?%%
is supplied to SW(1l), the A GATE and A GATE signals are fed out. When
A GATE signal changes from "H" to "L," D1313, DI1312, and D1311 become
off, and the timing capacitor (Cp) consisting of CV1314, C1314, C1359
to Cl1361 1is charged by a time constant determined by the setting
position of the TIME/DIV switch. As a result, a sawtooth wave is fed
from the A SWP GEN. When the A GATE signal changes from "L"
to "H," D1312 and D1311 become on immediately, and the Cp is rapidly
discharged. Thus, the sawtooth wave voltage drops to the voltage at
starting point of a sweep operation (the voltage corresponding to the
leftmost point of the x-axis on the CRT).

On the other hand, DI1313 does not become on until the sawtooth wave
voltage becomes the voltage at the starting point of the sweep
operation. When D1313 becomes on, the input and the output signals
of the A SWP GEN are short-circuited, and the output voltage of the A
SWP GEN is kept constant (the voltage level at the starting point of a
sweep operation).

The DLY POS signal from B2 is a DC voltage, which determines the
delay trigger level, is fed to the DLY COMPARATOR via emitter follower
TR1251. The output from the A SWP GEN is also fed to the DLY
COMPARATOR. The output from the DLY COMPARATOR is shaped to a
trigger pulse by the differentiating circuit (R1259 and C1259) and
gate IC1258b, and fed to the circuit <€> as the DLY TRIG signal.

When the delay circuit does not operate, i.e. the horizontal display
mode is A or the X-Y, DLY EN signal is set to '"L," and IC1258b
prevents  the DLY TRIG from being fed from the DLY COMPARATOR. When
the DISPLAY mode is "B," "ALT," or "INTEN," the comparator output is
not cut off and the delay circuit activates.

The output from the A SWP GEN is converted from a voltage signal to a
current signal by R1355, and is fed to the HORIZONTAL PREAMP via the
SW(3). The same operation is applied to the relationship among the B
SWP GEN, R1435, and the SW(4).

A DSP from 53 controls SW(3) and B DSP from @3 controls SW(4).
When the A DSP is "L," A SWP GEN output is fed out to the HORIZONTAL
PREAMP; when the B DSP is "L," B SWP GEN output is fed out to the
PREAMP,

The status of the A DSP and B DSP signals are selected by the
horizontal display mode.
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There are five modes in the horizontal display as shown below.

(1) A : Only the A sweep is displayed. This mode is established
when the [A]switch is pressed.

(2) B : Only the B sweep is displayed. This mode is established
when the@switch is pressed.

(3) INTEN : Only the A sweep whose delayed zone is intensified is
displayed. This mode is established when the [A]and the
EETfswitches are simultaneously pressed.

(4) ALT : Both the B sweep and the A sweep whose delayed zones are
intensified are displayed. In this mode, the A sweep
whose delayed zone is intensified is displayed once and
the B sweep is displayed twice. This mode is established
when the [ALT] switch is pressed.

(5) X-Y : No signal for the A sweep and the B sweep is fed. This
mode is established when the [X-Y| switch is pressed.

Table 6-5 shows the relationship of the horizontal display mode and
the control signal.

The HORIZONTAL PREAMP converts the the sweep signal from a single-
ended signal to a paraphase signal, adding a H POS (DC voltage for
horizontal position) to the sweep signal.

The sweep circuit operation is described below. (See Fig. 6-13.)

A pulse, of which duty differs according to the time ratio of 1:2:5,
is supplied from D/A circuit IC2023. According to the voltage value
"H" or "L" of the pulse, CURRENT SWITCH S&4 is switched. When S4 is
on, the current I, flows into the INTEGRATOR. The DC voltage Vy
corresponding to the duty of the output pulse of D/A circuit IC2023 is
supplied from the INTEGRATOR. Since analog switch S3 is switched
according to the setting of the TIME/DIV switch, V, is also switched.
The V, is converted into the I, through R2099 in the V/I CONVERTER (2)
R2099.

VO of V/I CONVERTER (2) is kept constant when the A SWP VAR control is
set to "CAL." When A SWP VAR control is rotated, Vo changes.
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RV1325 (A 10 ms/DIV), RV1326 (DLY 9 DIV) and RV1327 (A 10 us/DIV) vary
the absolute value of the current source of the SWP GEN (sweep
generator), to change the tilt of the sweep.

Therefore the performance ununiformity of the Cr (timing capacitor) is
corrected in any range.

The output Vl of the INTEGRATOR is converted into the timing current
I, through the V/I CONVERTER (1). The I, is selectable to x1, x10,
or x100 by analog switch S2 in IC1331.

The galue of the timing capacitor is switched to 1, 1/102, 1/104, or
1/10° by analog switch Sl.

Consequently, a sawtooth wave corresponding to the setting of the
TIME/DIV switch is supplied from the SWP GEN.
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Table 6-5
Display modes
Control signd A INTEN ALT B X-Y
H MODE1l (DBO) L L L H H
H MODE2 (DB1) L L H L H
ALT- INTEN H L L H H
X-Y H H H H L
DLY EN L H H H L
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HORIZONTAL OUTPUT AMP (PEF-740)

This circuit switches the horizontal amplifiers. The horizontal
amplifiers can be switched to the X1, the X10, the X-SIG, or the CHR-X
amplifier.

Fig. 6-14 shows a detailed block diagram of this circuit.

The sweep signals from bd and are supplied to the X1 AMP and
X10 AMP. The X-SIG from RO is supplied to the X-SIG AMP. One of
the three amplifiers is selected by the CURRENT SW1, and the output
from the selected amplifier is supplied to the AMP 3 via the AMP 2.

On the other hand, the CHR-X signal from P8 is supplied to the CHR-X
AMP via the AMP 1. The output from the AMP 3 or the output from the
CHR-X AMP is selected by the CURRENT SW2, and is supplied to the H.
OUTPUT AMP. The output from the H. OUTPUT AMP is applied to the X-
plate of the CRT via Ea and Ej .

TR1571 compensates for loss of the temperature characteristics of Vgp

of TR1570.

The X10 MAG signal is supplied from EE , X-Y signal is supplied from
, and the H. TRACE FIND CONT signal is supplied from B3 as

control signals for the CURRENT SW1. When the X10 MAG signal is

"L" and the X-Y signal is "H," the X1 AMP is selected.

When the X10 MAG signal and the X-Y signal are "H," the X10 AMP is

selected. __

When the X-Y signal is "L," the X-SIG AMP is given priority over the

X1 AMP and the X10 AMP.

The H. TRACE FIND CONT signal voltage is usually +45 V., The voltage
of +45 V drops when the TRACE FINDER switch is pressed for the TRACE
FIND function. As a result, the bias current of the horizontal
amplifier (the X1 AMP, the X10 AMP, or the X-SIG AMP) decreases, and
the maximum amplitude is limited to be displayed within the CRT
screen.,

The CURRENT SW2 is controlled by the CHR EN signal from ﬂ! . When
the CHR EN signal is "H," the AMP 3 is selected, and when it is '"L,"
i.e. in the character display mode, the CHR-X AMP is selected.
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@ Z-AXIS AMP & CRT CONTROL (PEF-738 2/3)

This circuit consists of the DISPLAY SEQUENCER, the DISPLAY
CONTROLLER, the DYNAMIC FOCUS and the HIGH VOLTAGE CRT & Z-AXIS AMP.
Fig. 6-15 is the block diagram .

(1) DISPLAY SEQUENCER (IC2341, IC1524, IC1522, IC1523)

In this circuit, the orders and combinations of the control
signals for the selection of the vertical channel and the sweep
mode are determined. The resultant control signals (CH1 EN
through CH4 EN, A DSP and B DSP) are fed out from this circuit.

The data fed from the microcomputer to the output port IC2341 are
fed out from each port of IC2341 by the control signals PROG and
CS2 fed from the microcomputer.

The used ports are P40-P43, P50, P51 and P73. As for the output
signals from the other ports, see the appropriate circuit
description.

The output signals from P40, P41, P50 and P51 designate the
addresses of ROM. These addresses are the upper addresses which
designate the kinds of modes displayed on the CRT. Then the
lower addresses are automatically designated, and the data and
the lower addresses to be designated are read out from ROM.
The relationship of the lower addresses Al10-A8 and A3-AO and the
data stored in the places is described below.
Let us consider the case that the CH1-CH4 ALT are designated.
When the bit arrangement of the output of LATCH IC1523 is CH1 EN,
the designated addresses A3-AO are Q4-Ql and the data memorized
in the places of the addresses A3-AQ are read out from 03-0¢4 by
the input of the clock pulse. The read-out data are CH2 EN. The
bit arrangement of the data is the address designated next. In
the place of these addresses, the data of CH3 EN are memorized.
Thus, CHI EN — CH2 EN — CH3 EN — CH4 EN — CH1 EN are
repeated and the ALT mode is established. The clock pulse
applied to LATCH 1IC1523 is the CH SW PULSE fed out from the
DISPLAY CONTROLLER.
A10-A8 are related to the outputs of A DSP and B DSP and the
operational sequence is same as above.
The output signals A DSP and B DSP_of LATCH IC1522 are supplied
to gate IC 1526 together with the A GATE and B GATE signals from
, and they are fed out to as the DSP ST(display state)
Signal. This gate circuit consists of a logic circuit that the
DSP ST signal becomes "H" when both of the A DSP _and A GATE
signals are "L" or when both of the B DSP and B GATE signals are
"L". In other words, the DSP ST signal is "L" in the blanking
period and "H" in the unblanking period regardless of the A sweep
and the B sweep.
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(2)

(3)

The output from P50 and P51 of OUTPUT PORT IC2341 are delivered
as the X-Y control signal to DISPLAY CONTROLLER IC1521 via__NAND
GATE 1IC1525b. In the X-Y mode, P50 and P51 are "H" and X-Y is
The P51 output and the Ql output (B DSP) of LATCH IC1522 are fed
out as the A/B SEP CONT signal to <:> via NAND GATE IC1525a.

DISPLAY CONTROLLER (IC1521)

As shown in the block diagram, the eleven control signals are
applied and the three signals CH SW PULSE, UNBLANK and FOCUS are
supplied.

The CH SW PULSE is used as a clock pulse of LATCH IC1523.

An oscillator is built in IC1521.

The oscillator changes the repetition _cycle of the CH SW PULSE to
that of the chop frequency when the CHOP CONT signal is "L".
C1524 is a capacitor which determines the chop time constant.

The input signals A&B INTEN, AB INTEN and R/O (READ OUT) INTEN
are the DC voltages for brightness, which are adjusted by the
variable resistors on the front panel. Three brightness controls
A&B INTEN, AB INTEN and READ OUT INTEN are provided. The A&B
INTEN control adjusts the brightness of the entire waveform. The
AB INTEN control adjusts the difference of the A sweep and the B
sweep in the delay mode. The READ OUT INTEN control adjusts the
brightness of characters. By the combination of the DC
voltages, the CHR Z, CHR Z EN and GND BLK signals and the A GATE,
B GATE and A _DSP signals which determine the timing of the
display, the UNBLANKING signal current and the FOCUS signal
current are fed out to Z-AXIS AMP and DYNAMIC FOCUS CKT,
respectively.

HIGH VOLTAGE CRT & Z-AXIS AMP
(A) DC/DC CONVERTER

The oscillator consisting of TR1761 and T1701 oscillates
sine waves of 4500 Vp-p and 1950 Vp-p, which are fed to the
HV MULTIPLIER and the HALF WAVE RECTIFIER. In the HV
RECTIFIER, the cathode voltage (-1900 V) is produced and in
the HALF WAVE RECTIFIER, the 3rd anode voltage (+18 kV) is
produced. The ERROR DETECTOR AMP is provided to maintain
the output of the HALF WAVE RECTIFIER constant and +100
volts is used as the reference voltage. An output error is
detected by the ERROR DETECTOR AMP through feedback resistor
R1770 and controls the bias current delivered to the
oscillator. Thus, the amplitude of the oscillator output is
maintained constant and the HALF WAVE RECTIFIER output also
becomes constant.
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(4)

(B) Z-AXIS AMP

The unblanking signal fed from the DISPLAY CONTROLLER is fed
to the Z-AXIS AMP through BUFFER TR1728 and LIMITER. The
input to the Z-AXIS AMP is limited by LIMITER and the
blanking level of the output is not saturated.

The DC component and the low frequency component of the Z-
AXIS AMP are applied to Gl of the CRT via the DC RESTORER,
while the AC component is applied to Gl via C1778. Another
control signal is added to the unblanking signal fed to the
Z-AXIS AMP.

When the sweep mode is ALT or INTEN, the ALT INTEN signal
("L'") fed out from P73 of OUTPUT PORT IC2341 is fed to pin 9
of IC1526d. The B GATE signal is fed to pin 8. In case of
the waveform display, the output signal (point(Z)in Fig. 6-
15) of the OR GATE becomes "H" only during the A sweep
period and the unblanking signal is reduced. (The unblink-
ing signal is the current signal whose flowing direction is
positive when it flows from the emitter of TR1728.)

This operation serves to reduce the entire brightness of the
modulated waveform for easy observation.

(c) CHOPPER/DC RESTORER

These circuits produce the voltage applied to Gl of the CRT.
As for the sine wave voltage (approx. 300 Vp-p) applied from
the OSC via R1755, the positive peak is limited to E, by
D1775 and the negative peak is limited to the output voltage
E, of the Z-AXIS AMP by D1778. The chopped waveform having
the envelope of the difference of the CRT bias E, and theZ-
AXIS AMP output EZ is thus obtained at pointC)

The chopped waveform is fed to D1776 via C1777. The
positive peak is clamped to the cathode supply -1900 V.
The negative peak is rectified by D1777 and C1778 so that
the negative DC voltage is produced. As a result, the
signal whose DC level is shifted to the negative side with
respect to the cathode voltage is applied to Gl. The wave-
form of the signal is same as that of the Z-AXIS AMP out-
put.) The rapid changing component of Ej, is transmitted
directly to Gl via C1778.

DYNAMIC FOCUS CKT

The focus of the CRT is controlled by FOCUS RV1787 on the front
panel. For the waveform display, the AUTO FOCUS circuit is
provided to deliver the correction signal which assures an opti-
mum focus even if the brightness varies. The DC current corre-
sponding to the DC voltage A&B INTEN flows to TR1781 to attain
the AUTO FOCUS function. Further, the difference of the bright-
ness setting between the waveform display and the character
display is detected by IC1521 and the output signal current FOCUS
is amplified by the AMP 1.

During the character display period, the signal (pulse)
corresponding to the brightness difference between the waveform
display and the character display is superimposed on the AUTO
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(5)

display and the character display is superimposed on the AUTO
FOCUS correction voltage via C1785, and the focus voltage is thus
obtained. The focus voltage is applied to focus electrode Pl of
the CRT.

TRACE ROTATION

The TRACE ROTATION circuit consisting of TR1700 and TR1701
rotates the waveform displayed on the CRT.

The rotating direction is controlled by changing the direction of
the current flowing to the rotation coil. The rotating angle is
controlled by changing the amount of the current.
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POWER SUPPLY

This circuit is a switching regulator. Fig. 6-16 is a simplified
schematic diagram and Fig. 6-17 is a block diagram.

When the power switch is set on, the AC signal is applied to
rectifying diode D1800 via the LINE FILTER and the charge current
flows to C1806. D1801 is off immediately after the power is on and
the charge current flows across R1802.

When the DC voltage at the plus side of C1806 gradually increases and
reaches the voltage which allows the STARTER to be actuated, the 30
kHz OSC also starts to oscillate. As a result, the switching pulse is
applied to switching transistor TR6 via_ the DRIVER, and a voltage is
generated at the primary side (between <:> and (:)) of T1810. Thus, a
voltage is also generated between and of the secondary side.
The minus DC voltage generated by D3 and C1824 is applied to G (gate)
of D1801, and D1801 becomes on. D1801 is a triac thyristor, which
serves as an in-rush current protector.

When a voltage is produced between <:> and <:>, a voltage is also
produced between 8} and CD‘ When this voltage is applied to the
rectifier circuit consisting of D2 and C1823, the plus DC voltage is
fed out from the rectifier circuit to turn off STARTER TR2.

The output of the 30 kHz OSC is differentiated by Cl and impedance of
TR1//R1//impedance of transistor of IC1811. The differentiated
waveform is sliced at a constant level (logic level of IC3), resulting
in the switching pulse. Consequently, when the current across TRl or
the current across transistor of IC1811 changes, the impedance of each
transistor changes and the width of the switching pulse changes
accordingly. When the width of the switching pulse changes, the
output voltage also changes. Consequently, the output voltage can be
controlled by the current flowing the both transistors described
above.

When the TR3 base is "H," TR4 is off, TRS5 is on, and TR6 is off. When
TR3 base is "L," TR4 is on, TR5 is off and TR6 is on.

IC1811 is a photo-coupler and IC1812 is a photo-thyristor. With
IC1811, IC1812 and the converter transformer, the primary side and the
secondary side are insulated. The primary side and the secondary side
are connected to the AC line and the chassis, respectively.

The converter transformer separates the main energy supply path, and
IC1811 and IC1812 separate the feedback path. Photo-coupler IC1811
defects the secondary side output voltage and delivers the detected
voltage to the primary side to control the width of the switching
pulse so that the output voltage at the secondary side becomes
constant. In other words, when the +45 V line voltage of the
secondary side charges, the current flowing between<:>and of IC1811
changes. The impedance between<%>and 5)changes accordingly, and the
width of the switching pulse is changed.
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Photo-thyristor IC1812 is an over-voltage protector. When the output
of the secondary side is in over-voltage state, IC1812 actuates the
LIMITER to make the width of the switching pulse narrow. The output
voltage is thus controlled. Usually, the voltage obtained by dividing
the output voltage of rectifier D1800 by R1821, R1822 and R1829 is
applied to the TR1 base and IC1812 is off.
‘When the +13.5 V UNREG voltage of the secondary side is excessive,
urrent flows between and(Z)of IC1812 and current also flows between
and . Thus, the current across R1829 increases and the base
voltage of TRl is raised. As a result, the current across TR1
increases and the impedance of TR1 decreases. The width of the
switching pulse thus becomes narrow and the output voltage of the
secondary side is limitted. C1814 is a filter. R1820 maintains the
thyristors in IC1812 on as the gate bias of the thyristors.
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@ PANEL INTERFACE

This circuit consists of

(1) The panel switch information circuit for delivering the informa-
tion on the switches on the front panel to the microcomputer,

(2) the LED circuit for lighting the LEDs corresponding to the
switches after the microcomputer has recognized the switch
information, and

(3) the TRIG'D LED and the READY LED indicating the trigger state.

The above circuits are described below, using the block diagram Fig.
6_18 .
(1) Panel switch information circuit

The switches on the front panel are arranged in an 8-row-by-5-
column matrix and are always off. Each of the rows and the
columns of the matrix are always kept high by pull-up resistors.

When a switch is pressed, its contact is closed and the switching
transistor connected to the column side of the switch

becomes on. At this time, the column side and the row side of
the switch become "L."

The information on the column is supplied with 5 lines (5 bits).
On the other hand, the information on the row is shown with the
8-bit data, and fed to 8-TO-3 BITS ENCODER IC2905. The 8-bit
data consists of seven bits showing each level of 1 to 7 rows and
the least significant bit 0. The 8-TO-3 BITS ENCODER encodes the
data and supplies them with 3 lines (3 bits).

The information on the 8th row (the uppermost row in Fig. 6-18).
is independently delivered. The encoded 3-bit row data and the
5-bit column data are fed to INPUT PORT 2 IC2007 in the circuit
as an 8-bit parallel data in total.
e information on the 8th row is fed to INPUT PORT 3 IC2005 in
the circuit .

(2) LED circuit

This circuit consists of the series input/parallel output 8-BIT
SHIFT REGISTER X3 (IC2900 to IC2902 connected in series), the
series input/parallel output 8-BIT-SHIFT REGISTER X2 (IC2903 and
IC2904 connected in series), and LEDs connected to the output
pins of the 8-BIT-SHIFT REGISTERs.

When a switch is pressed, the corresponding LED is 1lit.

The switch information is delivered from the microcomputer as a
serial data ("H or "L") to pins A and B of IC2900 and IC2903.
The 8-BIT-SHIFT REGISTER X3 and the 8-BIT-SHIFT REGISTER X2 are
operated by clock pulses SHFTCK1 and SHFTCK2, respectively.
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When a switch is pressed, the clock pulse is supplied to the
shift register connected with the LED corresponding to the
switch. When the shift register connected with the LED corre-
sponding to the switch is IC2900, IC2901, or IC2902, the SHFTCK1
is supplied to pin CK, the data fed to pins A and B are shifted
in sequence by a rising portion of the SHFCKl. When the number
of the clock pulse reaches 24, the SHFTCK1 input is stopped, and
pins Qg to Qy of IC2900 to IC2902 are kept at a level at this
time. then, the LED connected to output pins with "L" level is
lit.

The level of pins are kept until the next switch is pressed and
the clock pulse is supplied to pins.

As for the SHFTCK2, 16 pulses are supplied in sequence to light
the LED in the same way as the SHFTCKI.
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@ DIGITAL CONTROL (1) (PEF-745 1/2)

Figure 6-19 shows a detailed block diagram of this circuit. The
voltages corresponding to the setting position of switches such as the
INPUT COUPLING, the CAL/UNCAL, the VOLTS/DIV , and the TIME/DIV on the
front panel are supplied to terminals X; to X; of ANALOG SWITCH 1
IC2001. One of the signals from the termlnaZs is selected by the
control signals from terminals A, B, and C, and is supplied to the
minus side of COMPARATOR IC2008 in the following stage.
To the plus side, the voltage from terminal I QUT of D/A converter
- IC2026 in the circuit is supplied via [IISI . At this time,
COMPARATOR 1IC2008 and D/A converter 1IC2026 function as an A/D
converter by the control from the microcomputer. The inputs at the
minus and the plus sides are compared and the resultant COMPARATOR
output is supplied to microcomputer IC2002 via INPUT PORT 1 IC2006.

command to the D/A converter IC2026 in the circuit , and supplies
another voltage to the COMPARATOR from terminal I OUT of IC2026. By
repeating the above comparisons many times, the microcomputer reads
the voltage value from the minus side of the COMPARATOR, and recog-
nizes the setting state of switches on the front panel.

After having read the result, the microcomputer %ssues the next

IC2006, 1IC2007, and IC2005 are input ports, which latch input data,
and supply them to the microcomputer by the control signal fed to
their respective terminals 1. Microcomputer IC2002 is Z-80 or
equivalent. IC2013 is an EP-ROM of 32 kbytes (256 kbits) and I1C2018
is a RAM of 2 kbytes.

ADDRESS DECODER 1 IC2014 controls ADDRESS DECODER 2 1IC2016, DRESS
DECODER 3 IC2015, RAM1 IC2018, and RAM2 IC2113 in the circuit ég%
ADDRESS DECODER 2  IC2016 and ADDRESS DECODER 3 control the input
ports and the output ports, respectively.

The same IC is used for IC2014, 1C2015, and IC2016. The 1ICs are
controlled by the signal fed to their respective terminals A, B, and
C, which are available only when Gl is "H," G2A is "L," and G2B is
"L . "

Terminals A, B, and C denote 20 21, and 22 digits, respectively.
The signals at C, B, and A denote 3-digit binary (CBA) When (CBA)
is equal to (000) R (001)2, and (111)2, terminals Y, Yl’ and Y5 are
selected, respectlvely.

The "L" signal is supplied from the selected terminal. For example,
let's consider the case that the data of INPUT PORT 1 1IC2006 is
delivered_to the microcomputer.

Terminal G2A of IC2014 is "L," and the "H" signal and the "L" signal
are supplied from the microcomputer to terminals Gl and G2B, respect-
ively.

Similarly, data (1,0,0) are delivered from the microcomputer to
terminals C, B, A, respectively, and terminal Y, is selected. The "L"
signal is supplied from Y, to_ G: G2B's of IC2015 and IC2016. The "L"
signal is supplied to terminal G2A of IC2016 from terminal RD of the
microcomputer.
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The "H" signal is supplied to Gl of IC2016 from A 1 of the micro-
computer. The "L" signal is supplied to terminai Gl of IC2015 by
I1C2009(2/4). Consequently, ADDRESS DECODER 2 IC2016 is selected.
Further, data (0,0,0) are delivered to terminals C, B, and A of IC2016
from the microcomputer, and the "L" signal is supplied from Y, of
IC2016. Then, INPUT PORT 1 IC2006 is selected.

As a result, the data at the INPUT PORT is delivered to the micro-
computer.

IC2003 is a clock pulse generator, and the clock pulses of 4 MHz,
2 MHz, and 1 MHz are generated. The 2 MHz clock pulse is used as a
reference clock of the microcomuter, The 1 MHz clock pulse is
supplied to the circuit 43> , and is used as a reference clock pulse
for the counter circuit. The 1 MHz clock pulse is further counted
down to 1 kHz in the circuit , and is fed back to the circuit
via . The 1 kHz clock pulse is supplied from J1606 via the
BUFFER consisting of IC2010(1/4) and IC2010(2/4). To keep the output
level at 0.5 V, adjust CAL ADJ control RV2001. The 4 MHz is used as a
reference clock for D/A (1) IC2003. The D/A (1) is a D/A converter
for modulating the pulse width. A periodical pulse which changes its
duty in accordance with the start point of the B sweep is supplied
from terminal DAC 1. This pulse is supplied to C-MOS IC2010(3/4), and
the constant "H" and "L" levels are obtained.
z
Then, the pulse is supplied to the LPF, and the DC voltage propor—
tional to the pulse duty is produced, and supplied from Eﬁé as a DLY
POS signal. The DLY POS signal (DC voltage) determines the voltage at
the starting point of the B sweep.
A periodical pulse which changes its duty in accordance with the B
sweep ratio (1:2:5) is supplied from terminal DAC 2 to the CURRENT
SWITCH 1. When the pulse is "H," TR2091 becomes on and TR2092 becomes
off. When the pulse is "L," TR2091 becomes off and TR2092 becomes on.
By this pulse, the reference current BT I from flows through
C2091 in accordance with the pulse duty of the output from terminal
DAC 2.
As a result, the DC voltage (average voltage) of the output pulse
from terminal DAC 2 develops at both sides of C2091, and is supplied
from [izﬂ as a BT REF signal. The output from terminal DAC 3 is used
for the A sweep, and the operation is same as that of terminal DAC 2.
A 500 kHz clock pulse is supplied to INTERRUPT GENERATOR IC2017 from
pin 11 of D/A (1) IC2003. The output from IC2017 allows the
microcomputer to perform several operations at regular periods.

The reset circuit and the memory backup circuit are described below by
using Figure 6-20. As shown in Figure 6-20, the reset circuit
consists of the RC circuit and the Schmitt trigger circuit. If the
power is off, the potential at point becomes zero volts. When the
power is turned on at this time, the charging current=(3 =>flows to
C2010 via R2007 and the potential at point %:) rises gradually. When
the potential reaches a certain value, the output of the Schmitt
trigger circuit changes from "L" to "H." That is, terminal RES of
the microcomputer is kept low in a certain period immediately after
the power is turned on. The Schmitt trigger circuit is provided since
an ideal exponential function waveform cannot be obtained at point .
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If the potential at point (:) is observed in detail, it deviates
faintly. The deviation makes a misleading judge of "H" or "L" near
the threshold level of the digital circuit. Then, the Schmitt trigger
circuit having a hysteresis characteristic is used.

If the power is frequently turned on and off, a quick discharge of
C2010 is required. Diode D2005 is then provided to shorten the
discharge time by allowing the discharging current to flow in the
direction of arrow . To reset the oscilloscope manually, press
the READOUT switch and the TRACE FINDER switch simultaneously. The
potential at point (:) becomes "L," and the oscilloscope 1is reset.
(This oscilloscope is not provided with an independent reset switch.)
Even if the power is cut or the +5V(d) line voltage drops, the built-
in memory backup circuit

(1) Supplies the voltage to terminal V_. of RAM 1 IC2018 ( (i) in
Figure 6-20) to prevent the data in the RAM from being destroyed,
and

(2) Sets terminal CS of RAM 1 IC2018 ( (i) in Figure 6-20) to "H" to
prevent the RAM from being selected (i.e. prevents the RAM from
reading and writing the data.)

When the 4+5V(d) line voltage is normal, TR2003 is on, and the current
flows in the direction of arrow =1)>>. Then, the voltage of +5V is
supplied to <i4 , TR2001 becomes on, and the control signal from pin
10 of IC2014 is supplied to RAM 1 IC2018. As shown in figure 6-20,
TR2001 can be regarded as a switch controlled by the voltage at point
b . C2025 is charged by part of the current shown with 1 « On
the other hand, TR2004 is on, the potential at point b is "L" and
D2003 is on. Then, the potential at point (E) becomes "L," TR2002
becomes off, and the potential at point (E) becomes "H."

If the +5V(d) line voltage drops, the potential at point (E) drops,
TR2004 becomes off, and the potential at point (E: becomes "H." Then,
D2003 becomes off, the potential at point <§> becomes "H," and__TR2002
becomes on. The potential at point (f) becomes "L," terminal RES of
the microcomputer becomes "L."

That is, when the +5V(d) line voltage drops, the microcomputer keeps
the reset state.

On the other hand, TR2001 becomes off since the potential at point CE
is "H," and TR2003 also becomes off. Then, the voltage (approximately
5V) at point <:> is supplied to points (i) and (2 .)

As shown above, the operations (1) and (2) of the memory backup
circuit are performed.
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@ DIGITAL CONTROL (2) (PEF-745 2/2)
OUTLINE
Fig. 6-21 1is a detailed block diagram, which consists of two blocks.

Block (1) generates signals required for the character display and
consists of:

i) The DISPLAY RAM and the DOT TIMING GENERATOR which produce "the
dot signals constituting a character" from a character pattern,

ii) the DISPLAY TIMING CONTROLLER which controls the display rate,
and

iii) the CLOCK CONTROLLER, the SCAN COUNTER, the VERTICAL CHARACTER
DAC, the RASTER GENERATOR, and the CURSOR TIMING GENERATOR and
the MODE SELECTOR which produce scanning lines for the display.

Block (2) controls circuits and consists of the READOUT CONTROL PORT,
the LOGIC CONTROL, and the ANALOG CONTROL

DISPLAY RAM and DOT TIMING GENERATOR

RAM2 IC2113 is a RAM for display. BUS BUFFER IC2114 controls the
following operations:

(1) In the writing mode: Supplies the character data from the ROM in
the circuit ng to the RAM2 via data bus (DO
through D7).

(2) In the reading mode: Supplies the data in the RAM2 to the data bus
via the BUS BUFFER.

(3) In the display mode: Supplies the data in the RAM2 to DATA
SELECTOR IC2115 in the following stage since
the data bus and the RAM2 are off,

DOT TIMING GENERATOR IC2127 generates a timing signal for the dot
display. DATA SELECTOR IC2115 supplies "H" signals from terminal Y
when a dot is displayed and "L" signals when a dot is not displayed.

When terminal Y of IC2115 becomes "H" with pins 2 and 5 of IC2127(1/2)
at "H," the "L" signal is supplied from IC2127(1/2). Pin 2 of IC2127
(1/2) becomes "H" when one dot display is completed. (See Fig. 6-22
for details.) At this time, pin 5 of IC2127 (1/2) is "L" and becomes
"H" when the inhibited period of dot display is completed. This
period corresponds to the period that the output of IC2109(2/2), part
of the DISPLAY TIMING CONTROLLER is "H." When the "L" signal is
supplied from IC2127(1/2), SHIFT REGISTER IC2123 in the following
stage is reset.
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After that, the data from terminal A (with "H" level since it is
connected to the voltage of +5 V) is shifted to terminals Q to Q7 of
IC2123 at each rising portion of a clock pulse fed to termlnal CK.

The CHR EN, the CHRZ, and the CHR EN Z signals are produced from
output signals from the output terminals of IC2123, Operations of
these signals are shown below, and Fig. 6-22 is the timing chart of
the operations.

(1) CHR EN signal
: Changes the operation modes of the vertical and horizontal
circuits from the waveform display mode to the character
display mode.
L: Changes the operation modes of the vertical and horizontal
circuits from the character display mode to the waveform
display mode.

Notes:

When the DISPLAY mode is set to ALT, the brightness difference is
always generated between the "A" and "B" displays. In other
words, the input to Z-AXIS AMP is changed by the brightness
difference. However, the brightness difference is not allowed to
occur in the character display. The difference in brightness is
allowed to occur only in the waveform display. The brightness is
controlled by the CHR EN and ALT*INTEN signals.

(2) CHR Z signal
H: Makes a dot bright.

(3) CHR EN Z signal
H: Allows IC1521 in <:> to change the operation mode of the
character display mode.

Note:

The Z-AXIS AMP is switched by the CHR Z EN signal to eliminate
transient since the switching timing of the Z-AXIS AMP differs
from that of the vertical or horizontal circuit.

DISPLAY TIMING CONTROLLER

This circuit sets the time intervals of the dot display equal regard-
less of of the position of the dots and makes more dots to be
displayed in the blanking period than in the unblanking period. As a
result, an easy-to-observe waveform is also obtained although the
characters are displayed with the waveform.
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A pulse having the frequency (F) proportional to the 1-line display
rate is supplied to the F-V CONVERTER from terminal QB; of counter
IC2122. The pulse width is constant, and its period is irregular. The
F-V CONVERTER supplies the voltage (V) proportional to the frequency
(F), and the following V-I CONVERTER controls ONE-SHOT MULTI
1C2109(2/2).

When the output pulse from the ONE-SHOT MULTI is "H," a dot can be
displayed. When it is "L," the dot display is inhibited. The output
pulse is supplied to pin 5 of 1C2127(1/2) mentioned above.

The DSP ST (display state) signal from [k4 is "L" in the blanking
period and "H" in the unblanking period.

CLOCK CONTROLLER and SCAN COUNTER

The SCAN COUNTER is controlled by the RAM2 signal, the outputs from
the OUTPUT PORT 2, the SCAN COUNTER itself, and terminal Y of IC2115
so that the following operations (1) to (4) are performed. (The 4 MHz
clock pulse is used as a clock pulse for the SCAN COUNTER.)

(1) The SCAN COUNTER is operated when characters are displayed.

(2) The SCAN COUNTER is stopped when waveforms are displayed.

(3) The SCAN COUNTER is stopped when one picture display is completed
in the character display mode.

(4) The address in the RAM2 is specified when the character pattern
data is supplied from the ROM to the RAM.

When one display is completed, the "L" signal is supplied to pin 13 of
the GATE 1, the 4 MHz clock pulse does not pass the GATE 1, and the
SCAN COUNTER stops. When characters are not displayed, the "H" signal
is supplied to pin 9 of the GATE 1, and the clock pulse does not pass
the GATE 1.

When the "L" signal is supplied to pin 3 of the GATE 2, the RAM signal
passes the GATE 2. When the "H'" signal is supplied, the output from
terminal QC; of IC2121 passes the GATE 2.

When the c%aracter pattern data is written in the RAM2, the RAM2
signal passes the GATE 2, and designates the address for writing the
character pattern data.

In the character display mode, the output from terminal QC; of IC2121
passes the GATE 2 and the SCAN COUNTER operates. However, the SCAN
COUNTER stops when dots are made bright.

As shown above, the character scanning signal with a digital level is
produced.
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VERTICAL CHARACTER DAC, RASTER GENERATOR, CURSOR TIMING GENERATOR, and
MODE SELECTOR

Eight lines are provided for the character display on a CRT screen.
One line consists of 8 scanning lines. Seven lines are used for the
character display, and the remaining one is used for the cursor
display. However, the maximum number of lines which can be displayed
at a time on the screen is four. (See Fig. 6-23.)

The D/A (2) and the D/A (3) designate the vertical position of dots
constituting a character and the vertical scanning line position,
respectively.

GATE 3 1C2127(2/2) is a gate for enabling the cursor display, and
detects the 8th scanning line in one line. When the 8th scanning line
is detected, the "L" signal is supplied form the GATE 3, and the "H"
signal is supplied to terminal A of IC2107 via I1C2009(4/4). When the
ground reference line is detected, the cursor should be displayed.
The output from the D/A (5) designates the horizontal position of dots
which are components of a character. 1C2029(1/4) supplies the data
for the vertical position of the cursor.

The ANALOG SWITCH (3) is controlled by the signals fed to terminals A
and B, and
(1) switches the character display and the cursor display, and

(2) switches the vertical cursor and the horizonal cursor. (See
Fig 3 6_24 . )

The output from terminal X of the ANALOG SWITCH 3 is a signal
designating the horizontal position of the character (or the cursor).
The output from terminal Y is a signal designating the vertical
position.

ANALOG CONTROL

ANALOG SWITCH 2 IC2027 switches its output terminals with the signals
fed to terminals A, B, and C.

In this circuit, the switching is performed in sequence so that hold
capacitors C2050 to C2053 and C2055 to C2057 are regularly charged.

The outputs from terminals X, and X; of IC2027 are used in the trigger
circuit and the outputs from terminals XS’ X6, and ; are used in
the sweep circuit .

The voltages for the REF cursor (shown with an alternate long and
short dash line) and for the A cursor (shown with a dotted line) are
supplied from terminals X, and X5, respectively.
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When the STB signal is "L":
One of inputs DO to D7 of IC2115 is selected by
the control signals A, B, and C, and fed out from Y.

When the STB signal is "H":
Y of 1C2115 becomes "L"; Y becomes "H".

Y is "H"

Pin 2 of IC2010 (4/4) is "H" —= A single

clock pulse of 4 MHz enters AL of counter IC2121. ——=
The clock pulse enters Al of counter IC2121. —=
Counter advances one more. — Each control signal
(C, B, A), of 1C2115 advances one more., — =

Since the"STB signal is "H" only in a single clock
pulse duration as shown above, the STB signal is

reset to '"L'".
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@ COUNTER (PEF-738)

This circuit has the following functions:
1. Measurement of the frequency and the period
1.1 Direct counting

With this method, the frequency is obtained by counting the
number of the input pulses (trigger pulses) in a reference time
(reference pulse width). The period is automatically obtained
by the microcomputer from the equation

T =1/f.

Period
Frequency

where, T
f

1.2 Indirect counting (reciprocal counter)
With this method, an input pulse (trigger pulse) is used as a
reference time, and the frequency is obtained by counting the
number of pulses of 1 MHz in the reference time. The period is
directly read on the CRT screen from the relationship of 1 MHz =
1 us.

2. Event counter

The number of the clock pulses in a designated period are
counted.

2.1 EVENT IN DLY TIME
The number of the clock pulses in the period from the beginning
of the A GATE to that of the B GATE are counted.

2.2 EVENT IN B TIME
The number of the clock pulses during the B GATE are counted.

Further descriptions on each circuit operation follow. Refer to the
detailed block diagram Figure 6-25 and counter function Table 6-6.
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1.1

1.2

2.

1

Direct counting

The_frequency and period of COUNT TRIG pulse (trigger pulse) fed
to are measured. The COUNT TRIG pulse is supplied to the
COUNTER (19 bits) via the SELECTOR 1 and gate IC2413c.

On the other hand, a reference pulse is produced from the 1 MHz
signal from [142] . The frequency of the 1 MHz signal is counted
down by the TIME DIVIDER to be 1 kHz, 100 Hz, 10 Hz, and 1 Hz. A
pulse whose frequency is most suitable for the measurement is
automatically selected among these pulses by the SELECTOR 4. (In
this case, the pulse width is left out of account.)

The selected pulse is supplied to the REF-PULSE GEN via gate
IC2416c. The REF-PULSE GEN generates only one pulse having a
width equal to of the selected pulse. This pulse is a reference
pulse, and is supplied to the COUNTER (19 bits) via gates I1C2413d
and IC2413c. The COUNTER counts the input pulses (trigger
pulses) in the reference pulse width, and delivers the result to
the microcomputer as the COUNT DATA from [26l.

Indirect counting (reciprocal counter)

The COUNT TRIG pulse (trigger pulse) from 74 is supplied to the
REF-PULSE GEN via the SELECTOR 2, the SELECTOR 4, and gate
IC2416c. At the time, the frequency of the COUNT TRIG pulse is
counted down to 1:1, 10:1, or 100:1. The REF-PULSE GEN generates
only one pulse having a width equal to the period of the counted
down COUNT TRIG pulse. This pulse is supplied to the COUNTER as
a reference pulse via gates IC2413d and IC2413c.

On the other hand, the 1 MHz signal from [142]is supplied to the
COUNTER via the SELECTOR 1 and gate IC2413c. The COUNTER counts
the number of the input pulses (1 MHz pulses) in the reference
pulse (trigger pulse). The relationship between the trigger
pulse and the 1 MHz pulse in this case is just reciprocal to that
in case 1.1 Direct counting.

EVENT IN DLY TIME (Event counting in the delay time)

The COUNT TRIG pulse (trigger pulse) from 73 is supplied to the
COUNTER (19 bits) via the SELECTOR 1 and gate IC2413c. The COUNT
A GATE signal from 78 is supplied to the SELECTOR 3 via the
DELAY TIME GENERATOR. The COUNT B GATE signal from is also
supplied to the REF-PULSE GEN via the DELAY TIME GENERATOR.
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2.2

A pulse having the width from the beginning of the A GATE to
that of the B GATE is obtained at pin 15 of IC2413d. (See
Figure 6-26.)

This pulse is a reference pulse, and is supplied to the COUNTER
(19 bits) via gate IC2413c. The COUNTER counts the number of the
COUNT TRIG pulses (trigger pulses) in the reference pulse.

EVENT IN B TIME (Event counter in the B GATE operation)

The COUNT TRIG pulse (trigger pulse) from 73 is supplied to the
COUNTER (19 bits) via the SELECTOR 1 and gate IC2413c. The COUNT
B GATE signal from BQ is supplied to the SELECTOR 3 and the
REF-PULSE GEN via the DELAY TIME GENERATOR.

A single pulse having the time width equal to that of the B GATE
signal is supplied from gate IC2413d. (See Figure 6-27.) This
pulse is a reference pulse, and is supplied to the COUNTER (19
bits) via gate IC2413c.

See the circuit diagram ngfor the following operation.

I1C2403a and IC2403b are flip-flop circuits. 1C2403a counts down
the frequency of an input signal to 2:1, and IC2403b controls so
that a single pulse is generated. The count end pulse which is
"L" only in the reference period is supplied to the collector of
TR2402. The count end sigpal is fed out from (26l to the micro-
computer in the circuit as part of the COUNT DATA via <C> s
and the microcomputer recognizes the end of counting. Then, the
COUNT ST pulse is supplied to [[35] from the microcomputer so
that IC2403b is set.

IC2402a, I1C2402b, and IC240la are ECL type, and constitute a
counter circuit. Three pairs of differential amplifiers match
the DC level logically among ICs by converting the ECL levels to
the TTL or C-MOS levels. 1IC2407 is a TTL type and IC2411 is a C-
MOS type. 1C2410, IC2411, and IC2412 are shift registers of C-
MOS type, and perform the parallel/serial conversion (20 bits to
1 bit).

The COUNT D CK signal from 132 and the COUNT CONT signal from
[149] are used for controlling the shift registers from the micro-
computer.

The COUNT RES signal from [157| resets the COUNTER (19 bits). The
COUNTER consists of the ECL, the TTL, and the C-MOS type ICs, and
TR2409 matches the DC level among ICs logically. (The DC levels
are changed from the TTL or the C-MOS level to the ECL level.)

As for the control signals COUNT RANGE 1, COUNT RANGE 2, COUNT

MODE 1, COUNT MODE 2, COUNT MODE 3, and COUNT MODE 4, refer to
Table 6-6.
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@DVM (PEF-733, 734)

This circuit is a digital voltmeter circuit. Measurement is performed
through the CH2 connector, and the effective value of the sine wave of
10 MHz maximum can be measured.

Figure 6- 28 shows a detailed block diagram of this circuit. The CH2
SIG from is supplied to the AMP 1 via buffer TR2501. The CH2 SIG
is supplied in the direction of arrow ——=>, and part of the signal is
negative fed back in the direction of arrow wmss via R2505.
R2502//R2506 and R2505 determine the amount of the feedback, and the
voltage gain G, is obtained as follows:

R2502//R2506 + R2505
G = = 9.4 (times)
R2502//R2506

Since the output from the AMP (1) flows to C2515, its AC component is
only supplied to the base of TR2505. The AC component is supplied to
the two-stage AC amplifier consisting of TR2505 and TR2506 in the
direction of arrow /——>.

DC AMP IC250la keeps the bias voltage so that the two-stage AC
amplifier operates stably. That is, the DC AMP keeps the voltage at
point (:) equal to that at point <:> (4 V approximately, constant).

Since the output from the two-stage AC amplifier flows across (2526,
its AC component is only supplied to the RECTIFIER CIRCUIT in the
following stage. When the signal is "H," the current iy flows, and
C2536 is charged. When the signal is "L," the current i, flows, and
C2529 is charged. (2529 and C2536 are discharged in the direction of
arrow —--=> via R2538. The currents i; and i, are proportional to the
voltage of the signal fed to point (b) . Since the currents i; and i,
flow across R2536, the voltage at point (:) changes in proportion to
the signal fed to point .

The voltage at point :;2 is negative fed back to point (E) in the
direction of arrow via R2530. The DC voltages developed at

points and are supplied to DIFF AMP IC2501b, and the voltage

difference (DC) between them is supplied. If the voltage at point

is E;, the voltage at point GD is -E;. The voltages at points (h

and are El and - , respectively, and 2E; is supplied to point
. As shown above, the C voltage corresponding to the AC component

of the CH2 SIG is supplied from the DIFF AMP, and is supplied to

ANALOG SWITCH IC2571.
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ACV RV2572 adjusts characteristic variation of the rectifier circuit.
ANALOG SWITCH IC2571 is controlled by the DVM CONT signal from .
When the DVM CONT signal is "L," the signal fed to terminal XQ is
supplied from the ANALOG SWITCH. When the DVM CONT signal is "H,"
the signal fed to terminal X; is supplied. To terminal X;, the CH2
SIG with the input coupling mode set to DC is supplied.

The analog signal from the ANALOG SWITCH is supplied to A/D CONVERTER
IC2572, and is converted to a digital signal. IC2572 is a double
integration A/D converter, and its pin 14 momentarily becomes "L"
after the analog signal has been converted into the digital signal.
At the time, the END CON signal (end of conversion) from [87] becomes
"H" momentarily. To pin 2 of ANALOG CONVERTER IC2572, the reference
voltage (200 mV DC) is supplied.

Terminals DSI, DS2, DS3, and DS4 denote 103, 102, 101, and 100 digits,
respectively. Data "1" is set to one of terminals DS1 to DS4, and the
figure corresponding to the digit for 1 is denoted with terminals Z
to Z3 (four bits). The digital signal from the A/D CONVERTER is
supplied to SHIFT REGISTER IC2574, and is converted from parallel data
(8 bits) to serial data (1 bit). The signal is then supplied from
128] as the DVM DT signal. The DVM CK from [I33] is a clock pulse,
and the DVM P/S from is a control signal.
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